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Abstract 

Aims and Objectives: 1) To evaluate the long-term effects of neurosurgery for 

mental disorder (NMD) on: Mental health and quality of life. 2) To evaluate the 

effects of NMD on cognitive functions such as learning and memory, and 

personality. Methods: 28 out of 31 individuals who had undergone Anterior 

Capsulotomy (ACAPS) or Anterior Cingulotomy (ACING) for Treatment-Refractory 

Depression (TRD) or Obsessive-Compulsive Disorder (OCD) in Dundee since 1992 

were assessed using a detailed battery of clinical assessments; clinical and 

computerised neuropsychological testing; and Magnetic Resonance (MR) imaging. 

Key Results: The mean (± SD) duration of follow-up was 336.0 ± 193.6 weeks. The 

primary indication for surgery was unipolar depression in 73.3%, bipolar depression 

in 10%, and OCD in 16.7%. The numbers of procedures were: ACAPS (20); ACING 

(5). Seven individuals underwent a subsequent ACING. At long-term follow-up, 

when both procedures were combined, 48% of patients met pre-defined criteria for 

response, and 40% met criteria for remission. Mean reduction in MADRS score was 

42%. Forty-four percent of participants had achieved „Clinically Significant Change‟ 

as described by Jacobsen & Truax, 1991. Forty-three percent met criteria for 

response after a second procedure. Validated measures of quality of life all improved 

following neurosurgery. No detrimental effect on personality could be identified and 

there was a non-significant reduction in neuroticism. General intelligence, memory, 

and executive function were not significantly impaired at long-term follow-up. There 

was a trend towards improvement in a number of areas. MR imaging analysis 

revealed a putative relationship between ACING lesion location, volume, and 

outcome. The burden of adverse effects was low, with most (e.g. headache, 

confusion) being predictable and of short duration. One patient experienced seizures 



 

 

xix 

in the post-op period. One patient experienced a severe intra-operative haemorrhage. 

There were no deaths and no suicides associated with the neurosurgery. 

Conclusions: Both Anterior Capsulotomy and Anterior Cingulotomy appear to be 

relatively safe procedures which can result in clinically significant improvement in 

symptoms in over 40% of patients with TRD or OCD. A relationship appears to exist 

between lesion location and outcome for ACING. This is the first study of the 

outcomes of Anterior Capsulotomy for depression since 1961, and it is also one of 

the largest prospective studies conducted of clinical and neuropsychological 

outcome. The findings may offer guidance on when a second procedure may be 

indicated and the putative relationship between lesion characteristics and outcome 

after ACING may have major implications for future surgery. Larger, and possibly 

double-blind, randomised trials of lesion placement should be considered and 

collaboration between different NMD centres will afford a greater sample size with 

which to assess the relationship between capsulotomy lesions and outcome. 
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1. Foreword 

 

Science is the great antidote to the poison of enthusiasm and 

superstition. 

Adam Smith (1723-1790) 

 

1.1 Overview 

First, this thesis describes the context in which the procedures under investigation 

have been developed and why they still have contemporary relevance. Whilst the 

huge burden of treatment-refractory psychiatric illness is the driving force behind the 

continued use of neurosurgical techniques, it cannot be used as justification for what 

many people may view as unnecessary or groundless interventions. Consequently, no 

attempt is made within this work to forward the argument that „if one cannot do 

anything, one must do something‟. To counter the argument that neurosurgical 

interventions lack an evidence base, we must appreciate the dearth of evidence that 

guides the management of difficult-to-treat major depression and obsessive-

compulsive disorder. This also permits the realisation that the evidence for 

neurosurgery is frequently of better quality than many of the „accepted‟ practises 

within modern psychiatry. 

Second, an overview of the historical development of neurosurgery for mental 

disorder (NMD) is presented. NMD has always been viewed as a „last-resort‟ 

treatment, and it would be insufficient to describe such views without understanding 

their origin. The opinions of society have always provided the context for any 

therapeutic intervenion, and in the case of NMD such opinions have influenced the 

surgical practice, the selection of patients, and perhaps more importantly the 
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assessment of outcome data. It is therefore necessary that we attempt to understand 

the factors which have possibly affected the objectivity of the data in order that we 

can manage them in the future. Further, understanding the weaknesses in the existing 

data informs future research. 

Finally, it is important to be cognisant that the historical procedure of lobotomy 

was not simply a product of socio-economic forces upon a malleable group of 

doctors. In the early days of psychosurgery, the practice was eagerly disseminated in 

Europe and the USA by individuals such as Egas Moniz and Walter Freeman, 

respectively. Both were men with strong personalities who, in retrospect, could not 

claim to be truly objective. It is therefore essential that those reporting outcomes 

from modern procedures retain objectivity and eliminate bias. 

1.2 Assessment tools used 

The long-term follow-up study described here uses a wide variety of rating scales for 

the assessment of symptoms, social functioning, and quality of life. Most of these 

tools are generally considered to be the „gold standard‟ for assessment of depressive 

symptoms or obsessive-compulsive symptoms. However, some of them, such as the 

Hamilton Rating Scale for Depression (HRSD) are over 30 years old, and in the 

intervening time depression has been operationalised as a diagnosis. It would be fair 

to say that the symptoms rated in the HRSD do not directly reflect the core symptoms 

recognised in the current classification systems: Diagnostic and Statistical Manual, 

4
th

 Edition (DSM-IV; American Psychiatric Association, 1994) and International 

Statistical Classification of Diseases and Related Health Problems, 10th Revision 

(ICD-10; World Health Organisation, 1992). Whilst such weaknesses are recognised, 

one of the most important reasons for continuing to use such a scale is to facilitate 

comparisons with scores obtained many years previously. 
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Another question that is acknowledged is the possibility that there may be 

different sub-syndromes of depression. For example, do depressive symptoms in 

obsessive-compulsive disorder (OCD) have a different pattern to those of unipolar 

major depression? A further complication is that many patients experience guilt 

about their obsessions, high levels of anxiety, and significant levels of occupational 

impairment. If so, we have to be aware of the difficulties in using standard tools 

(such as the HRSD) for measuring depressive symptoms in OCD. 

1.2.1 Lessons from the past 

It is clear that the early pioneers of lobotomy found themselves in a territory where 

their surgical willingness far exceeded their theoretical understanding. Without such 

knowledge there was no framework with which to investigate psychosurgery 

empirically, or to test it against explicit neurobiological hypotheses. The indications 

for surgery were frequently either unclear or non-existent and it was generally 

impossible to predict the likely effects of surgery, good or bad, in any one particular 

individual. It could be argued that it was almost an act of faith when recommending a 

patient for lobotomy, and not a reasoned, empirical decision. Unfortunately, it was 

frequently an act driven by desperation, and for many patients it was indeed a „last 

resort‟. 

1.3 Omissions 

The section describing the procedures employed in the last fifty years focuses 

primarily on the most common procedures used in the UK, and the two procedures 

under examination in the long-term follow-up study herein. Whilst there is a 

description of subcaudate tractotomy and limbic leucotomy, lesion analysis has only 

been performed for anterior capsulotomy and anterior cingulotomy. 
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There is considerable detail on the assessments used in the long-term follow-up 

study. This is necessary so that the strength and weaknesses of the findings can be 

judged fairly, and to inform further work on the development of rating scales and 

tools. This is of considerable importance when changes may be too small to be 

significant on standard scales, but of potential clinical significance. Further, it is 

considered possible that many of the „gold standard‟ tools may be too imprecise to 

detect very subtle changes in personality, social behaviour, and neurocognitive 

function. 

Finally, an appendix describes in greater detail the conversion techniques which 

have been employed to make comparison of pre-operative and long-term assessments 

possible. Hopefully, this information may serve as a reference for others who are 

struggling to perform such long-term follow-up assessments when using tools such as 

the Cambridge Neuropsychological Test Automated Battery (CANTAB, 1999) which 

have changed versions over time. 
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2. Background 

 

God went out of me 

as if the sea dried up like sandpaper, 

as if the sun became a latrine. 

God went out of my fingers. 

They became stone. 

My body became a side of mutton 

and despair roamed the slaughterhouse.  

Anne Sexton (1928 – 1974) „The Sickness Unto Death‟ 

 

2.1 Major depressive disorder (MDD) 

Major Depression is a common psychiatric disorder, with a 12-month prevalence of 

6.6 to 9.3% (Kessler, Berglund, Demler, et al, 2003; Kringlen, Torgersen & Cramer, 

2001; Lindeman, Hamalainen, Isometsa, et al, 2000) and a lifetime prevalence of 

13.2 to 17.8% (Hasin, Goodwin, Stinson, et al, 2005; Kessler, Berglund, Demler, et 

al, 2005; Kringlen, Torgersen & Cramer, 2001). By 1990, depression was the fourth-

ranked cause of disability worldwide (Murray & Lopez, 1997), and the World Health 

Organisation estimates that it will emerge as the second largest cause by 2020 (Lopez 

& Murray, 1998) (Figure 1). Indeed, the functional disability associated with 

depression is comparable to medical illnesses such as hypertension, diabetes, and 

arthritis, and “the degree of persistence in functional limitations was greater than 

might be expected for an episodic disorder” (Hays, Wells, Sherbourne, et al, 1995). 

Health-related quality of life, measured with the  Medical Outcomes Study SF-36 

(Ware & Sherbourne, 1992), a measure of health status, is lower in those with 

depression, compared to subthreshold cases and controls (Creed, Morgan, Fiddler, et 
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al, 2002). Employment-related impairments are greater than those associated with 

rheumatoid arthritis, and persist despite clinical recovery (Adler, McLaughlin, 

Rogers, et al, 2006). Individuals with major depression may be expected to lose over 

27 days of work per worker per year, and up to 225 million workdays may be lost per 

year in the USA (Kessler, Akiskal, Ames, et al, 2006). 

 

Figure 1: The global burden of disease, 1990-2020 
1
 

 

                                                 

1
 Reprinted by permission from Macmillan Publishers Ltd: NATURE MEDICINE. Lopez, A. D. & 

Murray, C. C. J. L. (1998) The global burden of disease, 1990-2020. Nature Medicine, 4, 1241-1243. 

Copyright 1998. 
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2.1.1 The Economic Burden of Major Depression 

UK estimates of the economic costs of depression confirm the huge societal burden 

of the illness. During 2000, the total cost was estimated at over £9 billion, with direct 

treatment costs of £370 million (Thomas & Morris, 2003). Hospitalisation consumes 

50-75% of the treatment costs, and drug treatments comprise 2-11% (Berto, D'Ilario, 

Ruffo, et al, 2000). The number of working days lost in the UK due to depression in 

2000 was 109.7 million (Thomas & Morris, 2003). 

In the USA, the treatment costs for depression have been estimated as 

approaching $43.7 billion in 1990 (Greenberg, Stiglin, Finkelstein, et al, 1993). By 

2000, the cost of depression to the US economy was $83.1 billion (Greenberg, 

Kessler, Birnbaum, et al, 2003). Over ten years the economic burden had increased 

by only 7% (the inflation-adjusted figure for 1990 was $77.4 billion), despite the 

treatment rate of depression increasing to over 50%. 

Treatment-refractory depression (TRD) places an additional financial burden 

upon the economy. Greenberg et al (2004) compared the costs for healthcare of those 

individuals with major depression but not TRD, with those who were likely to have 

TRD. Costs were twice as high in the TRD group, with TRD-likely patients using 

twice the amount of health services. Treating chronic depression is six-times more 

expensive than non-chronic depression, and patients with chronic depression are 

twice as likely to be hospitalised (Crown, Finkelstein, Berndt, et al, 2002). Some 

have even suggested that the costs of treating depression and anxiety are 

underestimates (Mykletun, Overland, Dahl, et al, 2006). 

2.1.2 The Natural Course of Major Depression 

For the majority of patients, recurrence after the first episode is highly probable. 

Solomon et al (2000) followed-up 318 patients (mean age = 39; age range 17-76; 
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M:F sex ratio = 41:59) with unipolar major depression over 10 years. 208 patients 

were followed-up for the entire 10 years, whilst 263 were followed-up for at least 5 

years. The mean number of episodes of major depression per year of follow-up was 

0.21 (SD=0.24). For each successive episode, the risk of recurrence was increased by 

16%; whilst for each successive six-month period of recovery, the probability of 

recurrence reduced. The probability of recurrence at 5 years was 60%, and in the 

group that had had at least one further episode, 74% went on to experience a second 

reoccurrence. 

Kennedy et al (2003) followed up 65 patients in the UK with recurrent 

depressive disorder.  Over a period of 8-11 years, recurrence had occurred in two-

thirds of subjects. Although 92% of subjects had achieved recovery from the index 

episode, 67% of recovered patients had a recurrence of depression during the follow-

up period: 54% of subjects had an episode lasting longer than one year; and 17% 

suffered from an episode of at least 2 years duration. Predictors of earlier recurrence 

included previous episodes of depression, severity of index episode, and female 

gender. The most consistent predictor of poor outcome was severity of initial 

episode. 

In a ten-year follow-up study of depressed patients Thornicroft & Sartorius 

(1993) found that one fifth (22%) had an episode lasting longer than 12 months, with 

24% of patients experiencing severe social impairment for over half of the follow-up 

period. Over one third (35%) were admitted to hospital at least once and one fifth of 

patients (21%) did not experience full remission. 

Van Londen et al (1998), in a 3-5 year follow-up of a Dutch cohort (n=56) 

receiving standardised pharmacotherapy (and psychotherapy as needed), found a 

relapse rate of 41% within 5 years. Patients with residual symptoms tended to relapse 
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earlier (within the first 4 months) compared to those without residual symptoms, who 

relapsed after 12 months. Most patients relapsed within the first 15 months after 

remission, despite active pharmacological treatment. 

Over longer-term follow-up, recurrence is the norm. In a 25-year follow-up of a 

small Australian cohort of depressed patients (n=49), Brodaty et al (2001) found that 

only 12% of patients had remained continuously well. Although 27% of subjects had 

improved symptomatically according to outcome categories defined by Kiloh et al 

(1988), at 25 years 55% were unchanged and 18% had worsened. 4% of subjects 

remained depressed and suicidal. 

Failure to treat depression to remission is a significant risk factor for further 

episodes, with the prevalence of residual symptoms carrying a three-times greater 

risk of relapse (76% versus 25%) (Paykel, Ramana, Cooper, et al, 1995). Similar 

findings have been described by Judd et al (1998a). In a cohort which included 82 

patients with sub-syndromal depressive symptoms (SSD) and 152 asymptomatic 

patients, those with SSD relapsed to their next major depressive episode (MDE) three 

times faster than those with full recovery, and to any depressive episode five times 

faster. SSD was more strongly associated with early relapse than a history of 

recurrent MDEs. In a prospective, naturalistic follow-up study of 70 asymptomatic 

patients and 26 patients with SSD following their first episode of major depression, 

Judd et al (2000) found that the presence of SSD predicted a more severe and more 

chronic pattern of illness. 

 

2.1.3 Defining ‘Treatment-Refractory Depression’ and ‘Chronic Depression’ 

Chronic depression is typically defined according to symptoms being present for 

more than two years (American Psychiatric Association, 1994). Estimates of the 
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prevalence of chronic symptoms are typically in the region of 20% of all cases (Judd, 

Akiskal, Maser, et al, 1998b; Kennedy, Abbott & Paykel, 2003). 

Defining „treatment-resistance‟ has been problematic for at least four decades. In 

1974, the World Psychiatric Association proposed that an inadequate response to 

150mg of imipramine indicated „resistant‟ depression (World Psychiatric 

Association, 1974). Such a strategy underpins a common definition of treatment-

refractory depression as an illness where there has not been an „adequate‟ response to 

an „adequate‟ treatment trial (Berman, Narasimhan & Charney, 1997). Defining what 

constitutes an adequate dose and duration of a specific treatment has been elusive, 

but attempts to standardise criteria have been used by Sackeim et al (2001) who have 

developed the Antidepressant Treatment History Form (ATHF). The dose of drug 

required for a trial to be classed as „adequate‟ is  equivalent to the minimum dose at 

which that treatment is effective in clinical trials in Major Depressive Disorder. 

Higher doses achieve greater scores and the minimum duration for each trial is set at 

four weeks. 

A staging approach to treatment resistance has been proposed by Thase and 

Rush (1997). Their five-stage model defines successive stages as demonstrating 

resistance to treatments which are considered to be of greater efficacy. This staging 

scheme is shown below in Table 1. 
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Table 1: Thase and Rush Staging Method 

Stage Description 

I Failure of at least one adequate trial of one major class of 

antidepressants 

II Stage I resistance plus failure of an adequate trial of an antidepressant 

in a distinctly different class from that used in Stage I 

III Stage II resistance plus failure of an adequate trial of a TCA 

IV Stage III resistance plus failure of an adequate trial of a MAOI 

V Stage IV resistance plus failure of a course of ECT 

 

The presumption of a failure to respond to particular treatments as reflecting greater 

resistance is, however, not supported by clinical evidence in all patients, although 

TCAs may have a slight advantage in hospitalised patients (Anderson, 2000; Thase, 

Rush, Howland, et al, 2002). The degree of resistance should be governed by the 

number of different treatments which have failed regardless of their pharmacological 

actions or class (Nierenberg & Amsterdam, 1990). The model also neglects to 

incorporate augmentation or combination treatments. 

The Massachusetts General Hospital (MGH) Staging Method (Fava, 2003) 

scores each drug treatment equally, whilst augmentation/ combination strategies and 

dose optimisation increase the overall score. This approach is non-categorical, and 

results in a continuous variable reflecting the strength of previous treatments. The 

model is shown below in Table 2. 
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Table 2: Massachusetts General Hospital (MGH) Staging Method for 

Treatment-Resistant Depression. 

Stage Criterion 

1 Non-response to each adequate (at least 6 weeks of an adequate 

dose of antidepressant) trial of marketed antidepressant generates 

an overall score of resistance (1 point per trial) 

2 Optimisation of dose, optimisation of duration, and augmentation/ 

combination of each trial (based on the MGH or ATRQ) increases 

the overall score (0.5 points per trial per optimisation/ strategy) 

3 ECT increases the overall score by 3 points 

 

Souery et al (1999) acknowledge the difficulties in defining specific criteria without 

clinical trials, but argue that resistance to two antidepressant trials not only represents 

an acceptable level for clinical research, but that two trials permits trials using a 

cross-over design with different drugs. Further, Souery goes on to propose a staging 

of treatment resistance which is shown below in Table 3. However, drug dose is not 

incorporated, and adequacy of trial is undefined. Further, there is little evidence to 

support the assertion that a failure to respond to an antidepressant trial of greater than 

8 weeks indicates higher levels of resistance, and it can be suggested that failure to 

respond to numerous antidepressants from different classes indicates resistance more 

than simple duration of treatment. 
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Table 3: Staging of Treatment Resistance proposed by Souery et al (1999) 

Stage Criterion   

A Non responder (NR) to: TCA 

  SSRI 

  MAOI 

  SNRI 

  ECT 

  Other 

 Non-response to one adequate antidepressant trial 

 Duration of trial: 6-8 weeks 

  

B Treatment Resistant Depression (TRD) 

 Resistance to 2 or more adequate antidepressant trials 

 Duration of trial(s): 

  TRD 1: 12-16 weeks 

  TRD 2: 18-24 weeks 

  TRD 3: 24-32 weeks 

  TRD 4: 30-40 weeks 

  TRD 5: 36 weeks – 1 year 

   

C Chronic Resistant Depression (CRD) 

 Resistance to several antidepressant trials, including 

augmentation strategy 

 Duration of trial(s): at least 12 months 

 

2.1.4 The validity of staging methods for major depression 

As yet, there is little published evidence to validate such staging methods. Peterson et 

al (2005) used the MGH Staging Method (MGH-S) and the Thase and Rush Staging 

(TR-S) to retrospectively review 115 case records. They reported a positive 

correlation between both staging scores, but found that higher MGH-S scores 

predicted failure to achieve remission whilst greater TR-S scores did not. 

2.1.5 Defining outcomes in depression 

One of the obvious problems with historical reports of outcomes following NMD is 

the lack of agreement over what constitutes a „good‟ response. The wide variety of 

interpretations of favourable or unfavourable outcomes makes analysis difficult at 
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best and impossible at worst. Most early reports did not report „raw‟ scores on rating 

scales and many did not use validated scales at all. This is one reason why many 

professions view the NMD literature with some suspicion. It is therefore necessary to 

ensure that future reports agree on what constitutes response and recovery. 

Prien et al (1991) reviewed the literature on the use of outcomes in studies of 

therapeutic interventions for depression. They found that the majority of studies 

(67%) used a cut-off score on the HRSD as the primary outcome criterion. However, 

the version of the HRSD was not always specified, and there was wide variation in 

the cut-off score, ranging from 5 to 15. The same group went on to propose 

consensus definitions of the key outcomes in treating depression (Frank, Prien, 

Jarrett, et al, 1991), which are outlined below in Table 4. 
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Table 4: Consensus Definitions of Outcomes in Major Depression (Frank, Prien, Jarrett, et al, 1991) 

Term Definition HRSD17 
1
 Criteria Duration 

Partial Remission The individual no longer meets diagnostic criteria 

for the disorder but continues to display more than 

minimal symptoms 

≥ 7 and ≤ 15  

Full Remission The individual no longer meets diagnostic criteria 

for the disorder and has no more than minimal 

symptoms 

≤ 7 ≥ 2 weeks to < 6 months 

Recovery A remission that lasts longer than F days ≤ 7 F = ≥ 6 months 

Relapse A return of symptoms meeting the full diagnostic 

criteria that occurs during remission, but before 

recovery 

≥ 15  

Recurrence A return of symptoms meeting the full diagnostic 

criteria that occurs during recovery 

≥ 15 ≥ 6 months without 

symptoms 

1
 17-item Hamilton Rating Scale for Depression (Hamilton, 1960) 
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2.1.6 Treating major depression effectively 

Despite the high prevalence and costs associated with unipolar major depression, 

there remain significant gaps in our knowledge on the most effective management 

strategy for this population. A systematic review of randomised controlled trials 

(RCTs) of both pharmacological and psychological interventions for treatment-

refractory depression by Stimpson et al (2002) was able to identify only 17 RCTs 

(incorporating a total of 645 patients) which met inclusion criteria. No RCTs 

assessing the efficacy of psychological treatments were identified. Furthermore, none 

of the trials met all the criteria of the CONSORT guidelines (Begg, Cho, Eastwood, 

et al, 1996) on reporting outcomes from RCTs. One of the most common weaknesses 

was inadequate sample size, and all trials were considered to be “severely” 

underpowered. The authors concluded that, “there is little evidence to guide the 

management of depression that has not responded to a course of antidepressants”. A 

systematic review of the cost-effectiveness of treatments for depression by Barrett et 

al (2005) identified 58 studies for inclusion. However, the effectiveness of a variety 

of interventions was assessed using over 30 different outcome measures and only 12 

studies included a cost-utility analysis. The authors were unable to perform a meta-

analysis due to the heterogeneity of the published evidence, and stated starkly that, 

“it is not possible to identify the most cost-effective strategy for alleviating the 

symptoms of depression”. 

Recent evidence from the U.S. (Rush, Trivedi, Carmody, et al, 2004) suggests 

that the „treatment as usual‟ rates of response for even minimally-defined treatment-

refractory depression within a protocolised system of treatment are low: 14% 

achieved a sustained response with 5% achieving sustained remission. Despite this, 

there is evidence that pharmacologically-based approaches to managing TRD can 
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improve outcomes. The Texas Medication Algorithm Project (For an overview, see 

Gilbert, Altshuler, Rago, et al, 1998) has demonstrated that a 7-step medication 

algorithm for major depression resulted in greater reduction in symptoms after 12 

months (Trivedi, Rush, Crismon, et al, 2004). 

In a 10-year follow-up study of 44 patients with chronic refractory depression 

who had been referred to a specialist affective disorders service, Kennedy and Paykel 

(2004) found that the most effective treatments tended to be those which would not 

be considered typical. The best results were seen with tricyclic-MAOI combinations 

with lithium, often with ECT. Only 16% of patients responded to high doses of single 

antidepressants. Response rates (using global change ratings) were: „improved 

markedly‟ 27%; „improved moderately‟ 59%; „mild improvement‟ 7%; „unchanged‟ 

7%. 

 

2.2 Obsessive-compulsive disorder (OCD) 

Obsessive-compulsive disorder (OCD) is a common neuropsychiatric disorder with a 

lifetime prevalence of 2.2 – 3.1% (Bebbington, 1998). It is frequently comorbid with 

anxiety disorders and depression (Overbeek, Schruers, Vermetten, et al, 2002; 

Welkowitz, Struening, Pittman, et al, 2000) and often results in significant 

impairment of function and quality of life (Lochner, Mogotsi, du Toit, et al, 2003). 

OCD is thought to be related to disorders of basal ganglia function such as Tourette‟s 

syndrome (Pauls, Towbin, Leckman, et al, 1986), and many believe that OCD shares 

pathophysiological links with other disorders such as trichotillomania and body 

dysmorphic disorder (Stein & Hollander, 1995). 
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2.2.1 The Course of OCD 

OCD is commonly a chronic disorder. Symptoms can be very persistent, and 

spontaneous or therapy-initiated full remission is relatively infrequent. In a long-term 

follow-up of 122 patients with OCD, Skoog & Skoog (1999) were able to report the 

outcomes of individuals after 40-years. Perhaps uniquely in follow-up studies of this 

length, the assessments were performed by the same individuals who had initially 

assessed and treated the subjects at baseline. At 40-year follow-up, 83% of subjects 

had improved, with 20% having recovered completed. Ongoing subclinical 

symptoms were found in 28%. As far as the study was able, the authors concluded 

that 48% of patients had been symptomatic for over 30 years. Poorer outcome was 

associated with early age of onset, low social functioning, and a chronic course of 

illness. 

 

2.3 Neurosurgery for Mental Disorder in Dundee 

Since 1992, the Dundee University Departments of Surgical Neurology and 

Psychiatry have offered neurosurgical treatments for patients with severe, chronic, 

and treatment-resistant forms of depression and obsessive-compulsive disorder. Since 

1992, 33 patients have undergone NMD (Matthews & Eljamel, 2003). 25 patients 

have had anterior capsulotomy, and 8 patients have had anterior cingulotomy (not all 

are presented here). Seven patients have had implantation of a Vagus Nerve 

Stimulator. 

Previous research has been criticised because of the manner in which NMD has 

been studied (Freeman, Crossley & Eccleston, 2000). Randomised-controlled trials 

of ablative NMD have yet to be performed, and are unlikely ever to be done – 

consent for randomisation is difficult to obtain, and blinding is virtually impossible. 
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In the absence of such data, prospective clinical audit is the preferred method by 

which such treatments are evaluated. Furthermore, because NMD is a treatment that 

is offered to only a few patients, it is extremely important that as much information 

as possible is collected concerning its effectiveness and any associated unwanted 

effects. 

From the outset, key data in Dundee have been collected in ways that have 

attempted to address many of the criticisms of previous reports of the alleged benefits 

and adverse effects of NMD. For example, videotaped clinical interviews permit 

independent scoring of clinical ratings, and automated testing of intellectual 

functions overcomes the possibility of observer bias in the interpretation and rating 

of neuropsychological performance. 
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3. A History of Neurosurgery of Mental Disorder 

 

The evil that that men do lives long after them; 

The good is oft interred with their bones. 

Antony, in Julius Caesar Act III Scene 2, by William 

Shakespeare 

 

3.1 Preface 

The convention regarding terminology has been one such that early (i.e. before 

stereotactic methods) references to psychiatric surgery adopt the contemporary title 

of the time, i.e. „psychosurgery‟. Later procedures such as cingulotomy and 

capsulotomy are referred to as „NMD‟ to reflect the change both in technique and 

thinking that accompanied these advances. 

Traditionally, the history of Neurosurgery for Mental Disorder (NMD) begins 

with trepanation and at some point crosses paths with the story of Phineas Gage. 

Both are worthy of a mention in the preface. We should note that the history of NMD 

is not a smooth continuum of progress, but instead is simply one of recognisable 

steps. 

Trepanation is not the starting point because it initiated a gradual evolution of 

surgical activity culminating in modern neurosurgery, but because we have clear 

archaeological evidence of such a human endeavour occurring early on in society and 

it give us an intriguing, and time-locatable point with which to begin the story. The 

two practices were guided by very different belief systems and medical contexts, and 
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it would be foolish to link such early „surgical‟ practices with those that emerged in 

the 19
th

 and 20
th

 Centuries. 

The inclusion of Phineas Gage is more problematic. There is little to suggest that 

he influenced the development of psychosurgery to any degree yet his story refuses 

to go away. Reasons for this are discussed later in Section 3.3, but perhaps his oddly 

morbid tale simply appeals to us all. 

 

3.2 A Prehistory of NMD 

Trepanation (a.k.a. trephination), the deliberate creation of holes in a person‟s skull, 

has been practised in various cultures for thousands of years. The trephined skull of a 

man in his fifties was discovered in France in 1996. Carbon dating revealed the skull 

to date from approximately 5100 B.C. Furthermore, the skull showed evidence of 

healing, suggesting that the man survived the procedure (Alt, Jeunesse, Buitrago-

Tellez, et al, 1997). The practice was probably widespread throughout early human 

societies, and there is evidence of such procedures in parts of North Africa, Europe, 

Asia, and South America. Trephining knives have been discovered in excavated Inca 

settlements. Trepanation was frequently used to treat „spirit‟ or „demonic‟ 

possession, which was probably a primitive „diagnosis‟ for many forms of mental 

illness, epilepsy, headaches, and other neurological conditions. 

Trepanation (in various forms) has continued throughout the last two millennia. 

Such an intervention was being recommended for mood disorders in the 12
th

 

Century. Ruggio Frugardi, a physician from the Hippocratii School of Medicine at 

Salerno, Italy wrote that, “For mania and melancholy the skin at the top of the head 

should be incised in a cruciate fashion and the skull perforated to allow matter to 

escape” (Cited in O'Callaghan & Carroll, 1982, p. 4). Trepanation continues to be 
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performed today by a small number of people, most of who believe that it can 

improve “brain pulsations” and hence overall well-being. The belief that brain 

pulsations have some impact upon health dates back to the work of Claudius Galen 

(c. AD 129 – c. AD 216) and despite there not being any scientific support for such 

beliefs, many modern devotees report positive health benefits (For example, see 

Henderson, 2000). 

 

3.3 The Story of Phineas Gage 

On 13 September, 1848, Phineas Gage, a fit 25-year-old railway-worker from 

Vermont was packing an explosive charge into a blasting hole. The tamping iron he 

was using to compress the charge struck rock instead of sand and it ignited the 

explosive. The resulting explosion drove the iron bar, weighing over 6kg, and 3 ft 7in 

in length, through Gage‟s skull. The bar entered his skull under the left zygomatic 

arch, passing through the sphenoidal bone, entering the cranium, before passing out 

through the top of his head (Harlow, 1848). Computerised reassessment of his 

injuries would suggest that the bar damaged the medial and lateral orbito-frontal, and 

dorsolateral prefrontal regions of the left frontal lobe (Ratiu, Talos, Haker, et al, 

2004). The only observable physical injury that Gage was left with was the loss of 

his sight in his left eye. 

Prior to the injury, Gage was described as having a “well balanced mind . . . a 

shrewd, smart businessman, very energetic and persistent in executing all his plans 

of operation”. Twenty years after the accident, in 1868, the local GP John Harlow 

that attended to his injury previously described Gage‟s personality as “radically 

changed, so decidedly that his friends and acquaintances said „he was no longer 

Gage‟” (Harlow, 1868). Gage lived for another 12 years after the accident, and whilst 
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some of the reports about his excess drinking, slovenliness, and disinhibited 

behaviour are probably over exaggerations and untruths inspired by 20
th

 Century 

reports of lobotomy patients (Macmillan, 2000), Gage‟s post-injury level of 

functioning was almost definitely reduced. In 1852 Gage went to South America, 

driving coaches and tending to horses in Chile until 1860. As his health failed he 

returned to the USA, living in San Francisco, but he never regained his health and 

after a series of fits, he died on 21 May 1861 (Harlow, 1868). 

Interestingly, despite the relative infamy of Phineas Gage‟s injury today, there is 

little evidence to suggest that it influenced any of the early practitioners of 

psychosurgery (MacMillan, 2002). Gage was not mentioned by Egas Moniz or 

Walter Freeman during their early presentations and there is nothing to suggest that 

Gage‟s story influenced neurosurgical technique or prompted greater understanding 

of neuroanatomy. Early neurosurgeons would have been acutely aware of reports of 

frontal lobe injury or removal due to tumours, and the frontal lobe syndrome was 

largely described by Brickner (1936), Feuchtwanger (1923), and others. Freeman and 

Watts, in their 1942 book Psychosurgery, did mention Gage‟s injury in some detail 

but made no suggestion that it was influential, merely of interest (Freeman & Watts, 

1942, p. 43-45). The second edition of the book did not contain reference to Gage, 

suggesting that his influence had dimmed. 

Perhaps the significance of Gage lies in his importance to those who were 

determined to forward the cause of cerebral localisation towards the end of the 19
th

 

Century. David Ferrier, a proponent of localisation, used the case in his 1878 lectures 

on the subject (Neylan, 1999). The story of Gage also illustrated the relationship 

between damage to the frontal areas of the brain and personality changes. His injury 
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continues to be discussed in the medical literature to this day (For example: Mataro, 

Jurado, Garcia-Sanchez, et al, 2001; Neylan, 1999; Ratiu, Talos, Haker, et al, 2004). 

 

3.4 The Nineteenth Century: Gottleib Burckhardt 

The first report of what we would recognise as „psychosurgery‟ was made by 

Gottleib Burckhardt, a Swiss psychiatrist, in 1891 (Burckhardt, 1891). In a paper of 

85 pages which included detailed case histories, he reported on six patients, 

described as “demented” and “aggressive” that underwent „temporal topectomy‟ in 

the Prefarger Asylum in Switzerland, commencing on the 29 December 1888. His 

subjects were deluded, hallucinated, and frequently violent, and probably suffered 

from schizophrenia (Berrios, 1997). His aim was to sever the nerve fibres connecting 

the frontal lobes and the rest of the brain. His results were mixed: one patient 

developed epilepsy and died five days postoperatively; a further patient developed 

epilepsy; and one patient suffered permanent motor weakness. One patient improved; 

two patients were reported as being quieter; and the other two patients showed no 

change. He presented his findings at the Berlin International Medical Congress in 

1889, but his actions met with a mixture of quiet disregard and open ridicule. Despite 

previously publishing a book on the physiological basis of mental illness, he never 

wrote further on the subject. 

The debate about surgical approaches to insanity continued, but the consensus 

view among most psychiatrists was that such interventions could not be justified. 

One of the most vocal critics was the US psychiatrist, Abraham Brill, who despite 

publishing criticisms of neurosurgical treatments, was forced to accept that some 

patients may benefit when no other treatment had succeeded. 
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The poor outcomes from neurosurgery for most patients with schizophrenia 

undoubtedly contributed to the scepticism among the medical community. Another 

factor in the resistance to psychosurgery was probably the development of 

psychoanalysis by Sigmund Freud in the last decade of the 19
th

 Century. His ideas 

and writings greatly influenced practice throughout Europe on both the aetiology and 

treatment of most mental disorders, and it could be argued that the biological 

approach to mental illness of the last half of the 19
th

 Century was only resurrected in 

the latter half of the 20
th

 Century. 

Despite a reluctance to employ surgical interventions for mental disorder at the 

end of the 19
th

 Century, intracranial surgery for tumours, epileptogenic foci, and 

brain injuries (often as a result of the First World War) continued, building the 

surgical base from which people like Egas Moniz and Walter Freeman would step. 

 

3.5 The 20
th

 Century 

3.5.1 Jacobsen and Fulton 

In the years following the First World War, the idea that specific brain areas were 

responsible for particular mental functions and aspects of mental illness was 

undergoing a renaissance. In 1935, Carlyle Jacobsen and John Fulton ablated the 

prefrontal cortex in two chimpanzees called Becky and Lucy (Jacobsen, Wolfe & 

Jackson, 1935). Jacobsen used the term “experimental neurosis” to describe Becky‟s 

frustration and anger at her mistakes and failure to achieve a reward during 

experiments. Lucy was less agitated at her errors, appearing more „laid back‟ under 

experimental conditions. After cortical ablation, Becky became more passive and did 

not show the same responses to failure. However, Lucy displayed much more 

agitated and aggressive responses during the tests. 
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The traditional history of psychosurgery would accord that it was Fulton and 

Jacobsen‟s presentation at the Second World Conference of Neurology in London 

which inspired the Portuguese neurologist Egas Moniz, to develop similar procedures 

in humans. Indeed, it is relatively certain that Moniz asked the question whether 

surgical ablation of the frontal lobes could treat anxiety states in humans, but it seems 

that Fulton, ever the cautious scientist, was cautious about such an extrapolation of 

his findings. However, it is difficult to see how contrasting responses to the same 

procedure in only two animals could be the sole justification for extending the 

procedure to humans. Indeed, Moniz subsequently reported that he had been 

considering such interventions prior to Fulton and Jacobsen‟s reports. It is more 

likely that Moniz was more influenced by Brickner and Penfield‟s presentations at 

the same all-day conference (also attended by Walter Freeman) when Brickner gave 

a detailed description of his famous case, Joe A.
2
, reporting that his psychic functions 

were affected quantitatively rather than qualitatively. MacMillan argues that this lead 

Moniz to conclude that frontal lobe damage had potentially non-significant, and 

transitory, effects on the individual (MacMillan, 2002). 

3.5.2 Egas Moniz 

Whatever the true inspiration for experiments in humans, at the end of 1935 Moniz 

teamed up with Almeida Lima, a neurosurgeon (who had trained under Hugh Cairns, 

England‟s leading neurosurgeon) who agreed to perform the procedures under the 

direction of Moniz. After practising on a cadaver, they went on to treat 20 patients, 

                                                 

2
 Joe A. was a 39-year-old stockbroker who underwent bilateral frontal lobe resection to treat a large 

glioma. After the procedure, despite having no motor or sensory deficits, his personality and social 

judgement was clearly impaired, and was unable to plan for the future. Despite being able pre-

operatively, post-operatively he was unable to work, having to rely on his family for care. 
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seventy percent of who came from the Manicome Bombarda asylum. The first 

operation, lasting thirty minutes, was performed by Almeida Lima with the assistance 

of Ruy de Lacerda on 12 November 1935 at the Neurology Service of the Santa 

Marta Hospital. Although Moniz‟s paper (1936) includes a note of thanks to Sobral 

Cid, the director of the asylum, Cid was apparently less than enthusiastic about 

Moniz‟s activities. Whilst the first four patients had been selected by Cid, all the 

postoperative assessments of the patients were performed by a young psychiatrist 

called Barahona Fernandes, and Cid refused to provide any more cases. The patients 

had been institutionalised with a range of psychiatric illnesses characterised by 

severe anxiety, obsessional behaviour, and irrational fears. Thirty percent of the 

patients came from “other sources”, and his cases were probably selected because of 

availability rather than other reasons (Valenstein, 1986, p. 105). A number of cases 

had schizophrenia. Subsequent analysis of Moniz‟s results by Berrios (1997) reveals 

that three factors predicted a better outcome: older age; female sex; and affective 

(rather than non-affective) psychosis. 

They started by injecting alcohol to cause the desired lesions, but this tended to 

track along the injection tracts causing extraneous damage, and after the seventh 

patient they switched to using a leucotome to cut the fibres connecting subcortical 

areas in the brain and the frontal lobes. The leucotome was a thin, cylindrical device 

with a retractable wire which allowed „cores‟ of tissue to be created in the white 

matter. They initially created six lesions bilaterally, but would create additional 

lesions during later procedures if the patient did not respond. 

Moniz‟s patients were probably suffering from a mixture of depression, 

schizophrenia, or panic disorder. Although there were no objective data collected 

other than case reports, he reported that: 35% had “clinical recovery”; 35% enjoyed 
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“ameliorations”; and 30% showed no improvement (Moniz, 1936). Moniz reported 

that, “none of the patients became worse after the intervention” and boldly stated 

that, “No deaths. The intervention is harmless.” They presented their results in Paris 

on 3 March 1936 and published their first paper shortly afterwards. So keen was 

Moniz to get to publication that the follow-up period for most patients was less than 

two months and for four of the „cures‟ the last observation was less than eleven days 

after the operation. 

Moniz was the first person to use the term „psychosurgery‟ in 1936 (Moniz & 

Lima, 1936), and he went on to be jointly awarded the 1949 Nobel Prize for 

Physiology and Medicine for his work in establishing leucotomy for psychosis. It is 

likely that Moniz‟s previous work (the development of cerebral angiography) 

contributed to the award, and along with Moniz‟s desire for recognition, this may 

explain why Moniz‟s tentative experiments received more attention than 

Burckhardt‟s. Moniz had been nominated by a Brazilian delegation at the First 

International Congress of Psychosurgery in Lisbon, and the nomination letter was 

written by António Flores, a renowned neurologist at the University of Lisbon. 

Incidentally, it was before Flores that Moniz had been awarded the professorship of 

neurology at the University of Lisbon in 1911. With regard to the Nobel Prize, Gosta 

Rylander, the Swedish neurosurgeon, was on the selection panel and was one of 

those who signed the award (Valenstein, 1986, p. 225). It was not the first time that 

Moniz had been nominated for the Nobel Prize. In 1928, less than six months after 

the first cerebral angiogram had been performed, the Nobel Committee received two 

nomination letters from Moniz‟s colleagues. He was nominated once more in 1933 

for his work in cerebral angiography, again by colleagues from the University of 

Lisbon (Valenstein, 1986, p. 77). 
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Moniz had started his career in politics, rather than surgery. He had been 

christened António Caetano de Abreu Freire Egas and had added the name Moniz in 

honour of Egas Moniz de Ribadouro, a Portuguese patriot who had helped to defend 

Portugal from the Muslim invasion of the Iberian Peninsula in the 12
th

 Century. Prior 

to his surgical career Moniz had served as a minister to Spain and was a signatory to 

the Treaty of Versailles. Later in his career, after a political shift in Portugal to a 

more right-wing government, Moniz ceased his psychosurgical activity and devoted 

his time again to cerebral angiography. Eventually, Moniz was shot and injured by a 

former psychiatric patient in 1939, and although many have claimed that this patient 

had undergone leucotomy under Moniz, this has not been substantiated. He ended his 

days incapacitated with gout, an illness that had affected him for most of his life. 

3.5.3 Freeman and Watts 

In July 1936 – only four months after Moniz started performing his leucotomies – a 

US neurologist named Walter Jackson Freeman had published a review of Moniz‟s 

work (Freeman, 1936). He discussed such reports with a neurosurgical colleague, 

James Watts and they ordered a number of Moniz‟s leucotomes from Moniz‟s 

instrument-maker in France. After practising the procedure on cadavers in the 

mortuary they modified Moniz‟s technique slightly (adopting a lateral rather than a 

superior approach), and started treating patients with depression, using a procedure of 

their own called bilateral frontal leucotomy. It is reported that when Freeman and 

Watts performed their lobotomies in the USA, Watts operated with the leucotome 

whilst Freeman gave „directions‟ from the head end of the bed (Slovick, 2004). 

Freeman‟s knowledge of neuroanatomy was probably unparalleled by most 

neurosurgeons, but his lack of surgical privileges prevented him from performing the 
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procedure himself. However, in 1937 whilst Watts was unwell he went ahead with a 

lobotomy, causing a surgeon at George Washington University to complain. 

At the Southern Medical Association conference in Baltimore in November 1936 

Freeman and Watts presented their results of the first six cases. Freeman chose to 

refer to their procedure as „lobotomy‟, both to reflect a more accurate term for the 

lesion but arguably also to distinguish his technique from Moniz‟s procedure. Such a 

semantic change would also allow him to retain „ownership‟ of the term when he and 

Watts went on to further develop the procedure. 

In the late 1930s and early 1940s, Freeman and Watts‟ results with chronic 

schizophrenic patients appeared poor, with many patients relapsing. This led 

Freeman to adopt the view that lobotomy should be made more readily available to 

other patient groups. One of the perceived problems with the standard frontal 

lobotomy was that it required a surgical team, and in 1945, inspired by the work of 

Italian Amarro Fiamberti who had published a report in 1937, he adopted a 

transorbital approach. Such a route to the brain was not new. A. M. Doglotti had used 

the route for ventricular puncture and Maurice Ducosté had used a transorbital 

technique for introducing malaria inoculations into the brain (Ducosté, 1932). 

Fiamberti had used the approach in approximately 100 patients using alcohol or 

formalin to create lesions in the frontal lobes before the outbreak of World War II 

diverted his attentions elsewhere. 

Freeman searched for the perfect tool with which to perform such a procedure 

and is reported to have eventually come across an ice-pick in his kitchen drawer. 

Indeed, his original tool had the name of the „Uline Ice Company‟ engraved on it. 

With a few modifications (including strengthening the tool), the „ice-pick lobotomy‟ 

(a.k.a. transorbital lobotomy) was born. The procedure involved inserting an 
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instrument under the eyelids, through the roof of the orbit, and into the fronto-orbital 

cortex. A quick sweeping motion cut the fronto-thalamic tracts. It was essentially a 

non-sterile procedure, could be performed with minimal anaesthesia (often two 

electroconvulsive treatments were used), and required a minimal team. 

The first transorbital lobotomy took place in January 1946 and the first 10 cases 

were performed in Freeman‟s office in the subsequent two months. Typically, 

patients were allowed home with a relative in a taxi after an hour or two, reportedly 

with little more than two black eyes and some disorientation. Watts disapproved of 

the procedure from the outset, arguing that „brain surgery should not take place as an 

office procedure‟, and he eventually moved out of their shared offices in 

Washington. Watts intervened to prevent Freeman from performing transorbital 

lobotomy at George Washington University and Freeman sought permission to 

perform transorbital lobotomy under ECT anaesthesia (and was successful) at two 

other hospitals in Washington D. C. Following Watts‟ separation from Freeman at 

this time, Freeman took on a new neurosurgical partner, Jonathan Williams, who was 

less surgically conservative than Watts. However, Watts and Freeman did not sever 

their partnership completely and Watts went on to perform 28 transorbital lobotomies 

with Freeman between 1949 and 1956, albeit in a neurosurgical operating theatre. 

Walter Freeman was undoubtedly a gifted neurologist who was devoted to the 

treatment of mental illness. Like Moniz, he was politically astute and desired 

recognition. He was very aware of the power of the media to further his cause, and 

has even been described as a „showman‟ at times. He exhibited at every American 

Medical Association conference from 1937-1946, reportedly using a clacker and 

shouting like a “carnival barker” to draw crowds (El-Hai, 2005, p.123). One frequent 

criticism of Freeman is that he was cavalier in his approach and there are certainly 
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episodes which do nothing to silence his critics. In the early 1940s, before the use of 

muscle relaxants during ECT, Freeman treated a private patient with ECT in his 

offices. His secretary, who usually helped, was unavailable and the patient‟s husband 

was too physically frail to assist. Alone, Freeman proceeded to give ECT but the 

patient‟s seizure broke both of her legs. Freeman gave her morphine before leaving 

to see patients at the hospital and when he returned he found the patient and her 

husband angry and litiginous. Freeman eventually settled out of court (El-Hai, 2005, 

p.133). 

Freeman also infamously performed a transorbital lobotomy in a motel room, 

after the patient had failed to attend for numerous appointments. The patient had 

been apprehended by police after causing a disturbance and Freeman collected his 

surgical tools and drove to the motel, where the patient underwent lobotomy after the 

police restrained him whilst Freeman used ECT to sedate him. 

Freeman was probably cavalier but he was undoubtedly committed, and through 

his efforts lobotomy entered the public and professional consciousness. Famous 

people who underwent prefrontal lobotomy include Rosemary Kennedy, the eldest 

sister of John F Kennedy who was operated on by Freeman and Watts in 1941, at the 

age of 25. Unfortunately, the operation was unsuccessful, and she lived the remainder 

of her years in institutional care, inert and with limited speech. Freeman is also 

widely reported to have operated on the actress Frances Farmer, and whilst it is still 

claimed in the popular media that she underwent the procedure (Toomey & Young, 

2006), there are no clear records to support this assertion and she and her family have 

persistently denied that she had a lobotomy (Tate, 2003). Despite such incorrect 

claims about lobotomy‟s alleged “victims”, it has nevertheless entered into the 

public‟s perceived history of psychosurgery. 
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3.5.4 Psychosurgery spreads 

Whatever the truth behind the initial inspiration of the lobotomy, the fact that it 

rapidly became such a widespread treatment for schizophrenia and other mental 

disorders is remarkable. James Watts was originally a student of John Fulton and by 

the end of the 1930s Fulton was a prominent figure in American psychiatry. Watts 

engaged in regular correspondence with Fulton, who met up with Watts and 

interviewed some of the early lobotomy patients. Convinced of the potential value of 

the procedure, Fulton spread the word among his network of influential colleagues 

and once Fulton was a public proponent of lobotomy, sceptics such as the Harvard 

psychiatrist Harry Solomon were won over. In particular, it is argued that Fulton‟s 

support gave the procedure a neurophysiological legitimacy (Pressman, 1998). 

It is interesting to acknowledge that a relatively small number of psychiatrists 

and neurosurgeons were responsible for spreading lobotomy across the globe. 

International travel in the 1930s and 1940s is insufficient to explain the widespread 

uptake. Moniz was a political man who was unlikely to have missed an opportunity 

for self-publicity. Walter Freeman, driven by his desire to achieve as much as his 

grandfather W. W. Keen, demonstrated his talent for „drawing a crowd‟ at most of 

the conferences he attended. Together, they managed to put lobotomy in most of the 

mental hospitals in the USA in the 1940s. In 1939 Freeman went to a conference in 

Copenhagen, and although many Scandinavian psychiatrists were shocked, within 2 

years the first lobotomy was being performed in Norway with Ørnulv Ødegård, the 

director of Gaustad Hospital in Oslo, at the helm. 

The fact that Ødegård led with such enthusiasm resulted in a board of inquiry 

being set up by the Ministry of Health in Norway in 1992 to investigate claims of 

falsifications over the lobotomy cases. In 1996, the Norwegian Health Department 
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agreed to pay compensation (approx. £10,000) to patients who had undergone 

lobotomy in Norway (Goldbeck-Wood, 1996). In an attempt to explain the use of 

lobotomy in Norway, the report (Utredning om lobotomy, 1992: 11) stated that: 

The attitude of trendsetting individuals may be decisive for a 

development, especially in a non-homogenous society like the 

Norwegian one. The attitude of chief psychiatrist Ørnulv Ødegård can 

offer an explanation of why the use of lobotomy reached such an 

extent in Norway. (Cited in: Tranøy & Blomberg, 2005) 

 

Norway was not alone, however. Within five years of Moniz‟s first reports of 

prefrontal leucotomy, the procedure was being performed, outside the USA, in: 

Brazil (by Pimenta); in France (by Ferdière); in Italy (by Ventura, Ody, Rizzatti, and 

Sai); in Romania (by Bagdasar and Constantinesco); and the UK (by Hutton and 

McGregor, amongst others) (Hutton, Fleming & Fox, 1941). 

3.5.5 Psychosurgery in a socio-economic context 

The neurosurgical techniques employed by Freeman, Watts, and others were, 

unsurprisingly, crude and inconsistent. The use of external skull landmarks was 

unreliable and resulted in wide variation in the plane of section from case to case. 

Whilst the surgeon thought he was cutting brain tissue, often he was merely moving 

the brain laterally with the leucotome (Swayze, 1995). Despite the surgical problems 

(which were probably recognised at the time but not widely reported) the lack of 

effective treatments for chronically hospitalised and psychotic patients meant that the 

potential benefit of the surgery for selected patients was more compelling than the 

apparent risks of the procedure. Menninger (1948) illustrates some of the challenges 

in the public healthcare system with some statistics: 

 In the USA in 1946, 46% of all hospital beds were filled with psychiatric 

patients. 



 

     

35 

 In 1943, there was an annual net increase of 33,000 in the hospital population, 

with 100,000 new admissions to state hospitals. 

 In 1946, the number of admissions had increased to 271,209. If the minimum 

standards set down by the American Psychiatric Association were to be met then 

the cost of inpatient treatment would be $500-700 million. The actual amount 

spent in 1945 was $165,743,122. 

 

Already by 1946 state hospitals were overcrowded by 17.5%. Surveys at the time 

revealed that the ratio of patients to doctors in the mid-1940s was at least 250:1 in 

one-third of the state hospitals (Pressman, 1998, p.151). The survival of a state 

mental hospital was dependent on three factors: the number of admissions; the rate of 

discharge; and the number of beds available. Funding for new beds was seldom 

available; admissions were continuously rising; and so the only factor that the 

hospital could control was the rate of patient discharge. Treatments were limited and 

the potential crisis in hospital care undoubtedly led many to seriously consider any 

treatment which may help to help patients out of hospital. 

Further, long-term patients in many public psychiatric hospitals in the first 

quarter of the 20
th

 Century had an alarmingly high mortality rate, often from 

tuberculosis. Between the years of 1950 and 1964, more people died in United States 

„mental institutions‟ than died in the Revolutionary War, the War of 1812, the 

Mexican War, the Civil War, the Spanish-American War, World War I, World War 

II, the Korean War, Vietnam, and the Persian Gulf War combined. In the twenty-five 

years between 1965 and 1990 the total number of inpatient deaths is estimated at 

over one million individuals (O'Meara, 2001). 
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Meanwhile, in the UK, the chances of discharge from mental hospital in 1949 

was dependent on duration spent in hospital, and ranged from 7% (2-3 years in 

hospital) to 0.5% (25-30 years in hospital) (Robin, 1958). The early reports of 

positive and often dramatic outcomes in patients for whom no treatment was 

previously available resulted in an optimism that is easy now to criticise. Many 

proponents of psychosurgery were probably blinded to adverse effects and poor 

outcomes, despite it being known that frontal lobe damage or removal could cause 

changes in behaviour (Ackerly, 1935). The poorer outcomes reported in 

schizophrenia within five years of the first leucotomy (Freeman & Watts, 1945) did 

not deter psychiatrists and surgeons sufficiently to abandon the procedure for this 

group. Edward Strecker‟s 1942 paper reported that out of five patients with chronic 

schizophrenia who underwent lobotomy, two were able to be discharged and three 

were improved (Strecker, Palmer & Grant, 1942). This paper, which was likely to 

have been widely-read at the time, is cited as having revitalised the role of lobotomy 

in chronic psychosis (Tierney, 2000). 

3.5.6 Psychiatry in a social context 

Prior to the 1920s, psychiatry as a medical specialty did not exist. Instead, patients 

with mental health problems would be treated by primary care physicians, 

neurologists, and physicians who were working in large public health asylums. 

Treatments were largely ad hoc, often improvised, and not influenced by any 

particular model or theory which underpinned the specialty. 

In the early 1920s, psychiatry in the USA began to coalesce under a single 

banner, primarily because of the influence of one man, Adolf Meyer (1866-1950). 

Indeed, he reclaimed the term „psychiatry‟ (which had become synonymous with 

asylum-based medicine) and sold this new specialty to a new generation of doctors. It 
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can be argued that Meyer‟s reforms would not have had such wide-reaching effects if 

it had not been for the First World War. 

Struggling to deal with „war neurosis‟ on an enormous scale, the USA needed 

new models of delivering psychiatric care to large numbers of people. The successes 

of the physicians on the front lines, in treating the mental health problems that arose 

out of the stresses of combat, convinced many that things could be done for sufferers 

of mental disorder and also illustrated the fact that mental ill health could arise in 

anyone if there was sufficient stress. The Great War also served to unite the private 

neurologist and public health asylum worker in the need to both screen out those 

unfit for military service because of vulnerabilities to neurosis, and also to return 

those suffering from the psychiatric consequences of combat to useful roles in 

society. Some may argue that the image of the psychiatrist as an agent of authority 

and social control was born out of this period. In 1926 William Healy, the chair of an 

American Psychiatric Association panel on the role of psychiatry in society, 

announced that: 

“…it is exactly the psychiatrist‟s proper business to take over the 

problems of mental adjustments that are so immediately and 

overwhelmingly involved in the problems of personality, of family and 

other social maladjustments, of misconduct, of vocational 

dissatisfactions, of educational misfittings in primary or secondary 

school or college.” (Cited in Pressman, 1998, pp 28-29) 

 

3.6 Psychosurgery in Europe 

Spurred on by excessively optimistic publications about the benefits of lobotomy, 

and driven by the pressures upon the public mental health system by the psychiatric 

casualties of World War II, psychiatrists and neurosurgeons in the USA and Europe 

emphatically embraced the new treatments that were available to them. Sweden, 
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Norway, and Denmark together performed two-and-a-half times as many lobotomies 

per capita as the USA (Tranøy, 1996), and after the USA (with 40,000 lobotomies) 

and Great Britain (with 17,000), Scandinavia was the third most active region (with 

9,500) in terms of absolute numbers. 

3.6.1 Psychosurgery in Sweden 

In 1939, Gösta Rylander proposed that psychosurgery should be performed in 

Sweden, and its psychosurgery programme has been active for the last 60 years. It is 

claimed by Tranøy (1996) that without the influence of Walter Freeman lobotomy 

might never have been adopted. Freeman visited Copenhagen in August 1939 and 

lectured on lobotomy. His book Psychosurgery was published in 1942. In Denmark, 

there was initial resistance to the new treatment but the early reports emerging from 

the USA and Great Britain were simply too compelling. 

The first lobotomy in Scandinavia was performed at Gaustad Mental Hospital, 

Oslo in 1941. The practice was led by Ørnulv Ødegård, the director of Gaustad 

Mental Hospital, who had studied under Adolf Meyer in the USA and he had retained 

many contacts there. It is estimated that 2500 patients underwent lobotomy in 

Norway, frequently in mental hospitals rather than neurosurgical centres as a 

consequence of the geography (Tranøy & Blomberg, 2005). Norway was a little 

unusual in that it embraced transorbital lobotomy, and its psychosurgery programme 

had high mortality rates with almost 30% of patients dying shortly after surgery 

(Tranøy, 1996). Psychosurgery was last performed in Norway in the mid 1970s and 

in Denmark in 1981. 

The Swedish lobotomy programme performed approximately 4,500 operations 

between 1944 and 1966, with 28% of all operations being performed in two 

hospitals; Umedalen, and Sidsjön State Mental Hospital. At Umedalen, women made 
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up approximately 63% of all cases, and 63% of all deaths, which averaged out at a 

mortality of 7.4% between 1947 and 1955, but peaked at 17% in 1949. Of 101 

women operated on between 1947 and 1949, only 14% were eventually sent home, 

and only 3% were able to work (Ögren & Sandlund, 2005). 

3.6.2 Eastern Europe 

Some countries, particular in Eastern Europe, were opposed to psychosurgery and the 

USSR announced a ban at the World Federation for Mental Health in Vienna in 

1953. Arguing that it turned “an insane person into an idiot” Russian psychiatrists 

concluded that “lobotomy is an anti-physiological method that makes the patient an 

intellectual invalid” (Laurence, 1953). Another oft-cited reason for the ban was that 

it was considered „anti-Pavlovian‟ and therefore anathema in the USSR at the time. 

3.6.3 Psychosurgery in the UK 

As stated above, Great Britain was second only to the USA in the total number of 

psychosurgical procedures performed. The rapid adoption of leucotomy in the UK 

during the 1940s is shown below in Figure 2. 
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Figure 2: Leucotomies performed by year 1942-1954. 

From data by Tooth and Newton (1961) 

 

In the 12 years between 1942 and 1954, there were 10,365 leucotomy procedures 

performed in England and Wales (Tooth & Newton, 1961). This was a questionnaire 

survey and is likely to have missed as many as 300 procedures per year. The 

diagnostic breakdown is given below in Table 5. The number of leucotomies by 

indication, during 1948-1954 is shown below in Figure 3. Whilst the procedure 

appeared to be in decline for both schizophrenia and affective disorders by 1954, it 

was increasing for the „Other‟ category.  
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Table 5:  Diagnostic Breakdown of Leucotomies performed, 1942-1954 (Tooth & 

Newton, 1961) 

Diagnosis Total 

Schizophrenia 6,591 

Affective 2,637 

Other 1,137 

 10,365 

 

 



 

     

42 

 

Figure 3: Number of Leucotomies performed in the UK, 1948-1954. 

From data by Tooth and Newton (1961) 

 

The numbers of procedures performed in the USA is difficult to estimate with 

accuracy, but a survey of all state hospitals reported that at least 18,600 operations 

had been performed by 1951 (Kramer, 1954).  Assuming an equal yearly distribution 

and that these figures do not include procedures before Freeman and Watts (1938), 

this equates to 1430 procedures per year in the USA. Elliot Valenstein estimates that 
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approximately 40,000 „earlier‟ procedures were carried out in the USA (Valenstein, 

1973, p. 55). 

These numbers should be viewed in context. Clozapine, an atypical 

antipsychotic drug is licensed for the treatment of refractory schizophrenia (Joint 

Formulary Committee, 2005). Over the fifteen years from 1990 to 2005, 41,500 

patients were treated with clozapine (Annan, 2005), and the rate of adoption of this 

new treatment is shown in Figure 4. This suggests that ablative neurosurgery was 

being used in both the UK and USA within the same order of magnitude as the most 

effective current treatment for treatment-refractory schizophrenia today. 
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Figure 4: New patients enrolled on Clozapine 1990-2005. 

From data provided by Novartis. 

 

3.7 The decline of lobotomy 

3.7.1 Introduction of drug treatments for schizophrenia 

The widespread introduction of chlorpromazine in 1954 was associated with reduced 

rates of psychosurgery across the globe, and gave State Hospital staff a valuable new 

treatment for psychotic and agitated patients (See Figure 5). In New York State, in 

1956 there were more discharges from hospital than the previous year, despite a 

greater number of admissions. The rate of readmission was reduced as well (Brill & 

Patton, 1957). 
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Figure 5: Somatic therapy and restraint-seclusion in New York Civil State 

Hospitals 
3
 

 

It is estimated that over 2 million people in the USA received chlorpromazine in the 

first year after its release (Feldman & Goodrich, 2001), and for the first time, there 

was an alternative to insulin coma, electroconvulsive therapy, and psychosurgery. 

Ironically, the effects of chlorpromazine on many patients were described in terms of 

reduced property destruction, improved behaviour, and satisfaction of relatives. 

Much of the structure that existed to assess the response to chlorpromazine in the 

state hospitals had been developed from, or had evolved from, experiences with 

psychosurgery (Pressman, 1998, p. 422). For example, the Inpatient 

Multidimensional Psychiatric Scale (IMPS), developed by Lorr in the early 1960s 

                                                 

3 
Reprinted with permission from the American Journal of Psychiatry, Copyright 1957. American 

Psychiatric Association. Brill, H. & Patton, R. E. (1957) Analysis of 1955-1956 Population Fall in 

New York State Mental Hospitals in First Year of Large-Scale Use of Tranquillizing Drugs. American 

Journal of Psychiatry, 114, 509-517. 

 



 

     

46 

was used to assess symptom improvement in the NIMH collaborative study of 

Chlorpromazine (Guttmacher, 1964). The scale itself was developed to assess 

responses to psychosurgery a number of years previously. 

Despite hopes, chlorpromazine was not perfect, and adverse effects were 

recognised within the first year or so (Cohen, 1956). Some patients who did not 

respond to the new medication still progressed to lobotomy as a treatment of last 

resort. 

3.7.2 Public attitudes towards psychosurgery 

During the 1950s, public antipathy to psychosurgery led to mounting socio-political 

pressure on psychiatrists and neurosurgeons to stop performing such procedures. The 

general public and a large, vocal proportion of the medical profession were 

vehemently opposed to such procedures. It is generally accepted that popular opinion 

led to a decline in psychosurgery but this is likely to be an oversimplification. In a 

review of magazine and newspaper articles from 1935 to 1960, Diefenbach et al 

(1999) found that from 1935 to 1944 articles were generally positive in their 

reporting of psychosurgery, often excessively so. However, from 1945-1954 

reporting became more balanced and authors debated the risks associated with such 

procedures, which were being widely performed. In 1949, Egas Moniz received the 

Nobel Prize for Medicine for the development of leucotomy for psychosis. During 

this period the press became increasingly negative, beginning to criticise an apparent 

eagerness to perform surgery without key questions about safety and efficacy being 

asked. 

Whilst much of the opposition to psychosurgery was critical of an absence of 

research detailing key outcomes, and the changes in personality and higher cognitive 

functions, many of the arguments took a rather „principled‟ approach, accusing 
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psychosurgery of irreversibly removing such attributes as “personal sovereignty” and 

“personal freedom” (Breggin, 1980). To better understand the opposition to 

psychosurgery that was developing, it is important to take into account a number of 

other factors (Sections 3.7.3 and 3.7.4). 

3.7.3 Diagnostic uncertainty 

During the period when psychosurgery was in its heyday many of the patients who 

were in psychiatric institutions would probably have been unlikely to warrant 

admission to hospital in the UK today. Many patients who underwent psychosurgery 

weren‟t even inpatients (Bernstein, Callahan & Jaranson, 1975). Furthermore, 

diagnosis was an inexact (and corruptible) science as David Rosenhan‟s famous 

experiment, “On being sane in insane places” demonstrated (Rosenhan, 1973). 

During the 1970s, there were significant cross-national differences in the rates of 

diagnosis of schizophrenia. In the USA (New York) the rate of diagnosis was 65% 

whilst the rate in London was 34%, despite similar rates of admission and the fact 

that both countries were using the same classification system, ICD-8 (Cooper, 

Kendall, Gurland, et al, 1972). In the USA, many patients with mania, for example, 

would be diagnosed as schizophrenic and Gurland and colleagues went on to 

comment that, “New York hospital staffs tend to give a diagnosis of schizophrenia to 

the major proportion of every kind of patient group” (Gurland, Fleiss, Cooper, et al, 

1970). The authors of the report also stated that, “there is a tendency in New York for 

most patients, other than those with organic or addictive states, to be regarded as 

schizophrenics regardless of their symptoms” (Cooper, Kendall, Gurland, et al, 

1972). This is undoubtedly a rather damming assessment of the robustness of a 

diagnosis of schizophrenia in the USA. It is a reasonable conclusion, therefore, that: 
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1. A significant number of patients who underwent psychosurgery in the 1960s 

and 1970s probably did not have schizophrenia as we would recognise it now. 

A diagnosis of schizophrenia was a poor prognostic indicator following 

psychosurgery in the UK, but less so in the USA. This may have reflected the 

inclusion of other diagnoses (with a greater likelihood of good outcome) 

within the „schizophrenic‟ category in the USA. The poor outcomes reported 

in the popular press and in various medical journals will reflect the effects of 

leucotomy on a heterogenous group of patients. Many patients received 

leucotomy because of a lack of response to other treatments, but the 

possibility of incorrect diagnosis is not mentioned as a cause of non-response 

in early reports of psychosurgical techniques. It is a noticeable point among 

most of the early literature on psychosurgery that the diagnosis was vague at 

best. Performing a retrospective diagnosis from early published reports is 

virtually impossible due to the lack of information given. 

2. Reports of a diminution of personality, drive, and other higher-order 

functions are easier to understand if we assume that many subjects reported in 

the literature would have not had indications that we recognise now as 

appropriate for neurosurgical intervention. Indeed, it is likely that in the 

absence of chronic depression or OCD, the operation was performed on what 

we would recognise now as „normal brain‟. 

3. Due to uncertainties in the diagnosis, the rates of improvement in an 

individual‟s condition would have been unpredictable and it would not have 

been safe to assume that an individual would have had an unremitting course. 

Rates of improvement following hospitalisation for schizophrenia ranged 

from 5% recovered (paranoid) to 20% recovered (catatonic) to 10% much 
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improved (paranoid) to 21% much improved (simple) (Cheney & Drewry Jr., 

1938). Other studies have found that in those cases with less than 6 months 

duration of illness, 34.5% were improved at 5-10 year follow-up (Rupp & 

Fletcher, 1940). Romano and Ebaugh (1938) found that 23% were improved 

although only one patient fulfilled criteria for remission/ recovery without 

defect. 

3.7.4 Theories of psychiatric illness 

By the end of the 19
th

 Century, biological psychiatrists had explored the brain and 

nervous system in great detail but had failed to connect abnormal brain structure or 

function with psychiatric illness, with the only exception being neurosyphilis. Carl 

Wernicke (who was convinced that psychiatric disorders were caused by 

disturbances of the associative system) and Jean-Marie Charcot (who believed that 

hysteria was caused by traumatic experiences in those individuals with “degenerate” 

brains) had both been unsuccessful in their attempts to discover demonstrable 

abnormalities in the brains of their psychiatric patients. At the same time, Sigmund 

Freud was developing his ideas about the causes of mental illness. Freud was first 

read in the USA in the late 19
th

 Century and first visited the USA in 1909. It wasn‟t 

long before his ideas were becoming popular and the American psychoanalytical 

movement sprang up within a few years of his visit to the USA. State hospitals were 

typically large, depressing buildings overflowing with patients for whom there was 

little treatment, and therapeutic nihilism among staff was undoubtedly widespread. 

The prospect of being able to take the practice of psychiatry to private offices in the 

community was appealing to many US psychiatrists, and the potentially lucrative 

nature of private psychoanalysis would have been attractive. 
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3.8 A renaissance (of sorts) 

In the 1960s and 1970s there was a modest revival in interest in psychosurgery, 

partly as a result of developments in stereotactic technique that moved surgical 

intervention away from the freehand procedures exemplified by the work of Freeman 

and Watts. This „second wave‟ of psychosurgery was undoubtedly not of the scale of 

the 1950s. A review of psychosurgical activity in the USA by Elliot Valenstein, 

commissioned by The National Commission for the Protection of Human Subjects of 

Biomedical and Behavioral Research (1977) was able to estimate that the number of 

procedures performed annually in the USA in the early 1970s to be 414. 

Corresponding estimates were 200-250 for the UK and 83 for Australia. It is 

interesting to note that four surgeons were responsible for 48% of the activity 

reported in 1973. A questionnaire survey of psychosurgery centres in the USA, 

inquiring about activity from 1971-1973 revealed that 195 neurosurgeons had 

performed 1,039 procedures for psychiatric conditions during those three years, 

supporting Valenstein‟s estimate to be reasonably accurate (Donnelly, 1978). 

The total number of NMD procedures in the UK from 1979-1995 is given in 

Figure 6. Although the rate of NMD was clearly decreasing by the late 1970s it is 

apparent that the introduction of the Mental Health Act 1983 may have had an effect 

on activity, and helped to keep procedures at a constant level. 
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Figure 6: Total number of NMD procedures in the UK (1979-95). 

From data by Freeman (1997). 

 

 

3.9 Definitions of Neurosurgery for Mental Disorder 

A universally-recognised definition of „psychosurgery‟, and more latterly 

Neurosurgery for Mental Disorder, has been elusive. Interestingly, definitions used in 

the last thirty years or so have mirrored contemporary thinking on the aetiology of 

mental disease. One of the first generally acceptable definitions of psychosurgery 

was provided by Professor Alan Stone in the Massachusetts Task Force Report on 

psychosurgery (published in 1975): 

“…any procedure which, by direct or indirect access to the brain, 

removes or destroys or interrupts the continuity of the brain tissue 
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that is histologically normal (i.e. tissue that is normal as seen under a 

microscope, though its physiological functions for properties might 

obviously be abnormal) for the purpose of altering behaviour or 

treating a psychiatric illness.” (Cited in O'Callaghan & Carroll, 1982, 

page xi) 

This definition specifically excluded procedures for intractable pain and epilepsy, 

adding that such conditions “are clearly demonstrable.” Around the same time 

(1976) the World Health Organisation defined psychosurgery as: 

“…the selective surgical removal or destruction…of neural 

pathways…with a view to influencing behaviour”. 

A similar description, two years earlier, was: 

“selective destruction of areas of the brain for the primary purpose of 

altering thoughts, emotional reactions, personality characteristics of 

social response patterns” (Chorover, 1974). 

These definitions contain within them the implicit assumption that psychosurgery‟s 

primary purpose was the modification of behaviour by a destructive surgical 

procedure. It is important to emphasise that such concepts do not reflect modern 

conceptualisations of the potential role for neurosurgery in the management of severe 

mental disorder. Moving away from surgically altering behaviour, the Canadian 

Psychiatric Association defined „psychosurgery‟ as: 

“..brain surgery performed on (i) normal tissues of an individual who 

does not suffer from physical disease, for the purpose of changing or 

controlling the emotions or behaviour of such an individual, or on (ii) 

diseased brain tissue of an individual, if the primary objective of the 

performance of such surgery is to control, change, or affect any 

emotional or behavioural disturbance in such an individual.” (Earp, 

1979) 

 

A more contemporary definition has been offered by the UK Royal College of 

Psychiatrists (2000), who defined NMD as: 

“A surgical procedure for the destruction of brain tissue for the 

purposes of alleviating specific mental disorders carried out by a 
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stereotactic or other method capable of making an accurate 

placement of the lesion”. 

 

This definition focuses on symptom relief being the primary goal of surgery and also 

reflects the notion that mental disorders have their origins in specific neural 

substrates of the brain. Further, it makes no assumptions about the functional or 

anatomical normality of the target tissue. Such a definition, incorporating specific 

anatomical lesions, is the one in general use today in the UK when referring to NMD, 

and is the one used in this study. 

 

3.10 Psychosurgery under the spotlight 

The first major review of neurosurgery was carried out by Tooth and Newton in 1961 

(Tooth & Newton, 1961). They reviewed over 10,000 procedures that were carried 

out between 1942 and 1954. Forty percent had been unwell for at least six years prior 

to neurosurgery. Eighty percent had a standard (freehand) leucotomy, and only 9% 

had one of the more modern (stereotactic) surgical techniques. Two thirds had 

chronic schizophrenia, and these patients had the worst outcome: only 17-20% of the 

patients had totally recovered. 

A review of neurosurgery for psychological disorders in the UK during the 

period 1974 – 1976 looked at main indications for surgery (Barraclough & Mitchell-

Heggs, 1978). Within the three main centres providing functional neurosurgery 

(accounting for 58% of the total operations), the primary indication for surgery was: 

1. Depression (63%) 

2. „Anxiety, tension, and phobic states‟ (12%) 

3. Violence (8%) 

4. Obsessive-compulsive disorder (7%) 



 

     

54 

 

By 2000, these figures had shifted, and the primary indications for surgery were 

(Freeman, Crossley & Eccleston, 2000): 

1. Depression (64.7%) 

2. OCD (20.6%) 

3. Bipolar Disorder (11.8%) 

4. Anxiety (2.9%) 

 

Although used for the treatment of aggressive states (Cox & Brown, 1977; Mayangi 

& Sano, 1979; Schvarcz, 1977), sexual deviation (Dieckmann, Horn & Schneider, 

1979), and drug misuse (Balasubramaniam, Kanaka & Ramanujam, 1973) 

throughout the 1960s and 1970s, today in the Western Hemisphere NMD is not 

considered a suitable intervention for aggressive, impulsive, antisocial, or 

hypersexual behaviour. However, it continues to be used for aggression and drug 

misuse in some parts of the world, including the Far East (Gao, Wang, He, et al, 

2003; Kim, Lee & Choi, 2002) and Russia (Medvedev, Anichkov & Polyakov, 

2003). As recently as 1996 it was being performed for schizophrenia in Brazil (da 

Costa, 1997). 

 

3.11 Conclusions 

Despite its chequered past, NMD remains a modern treatment for the most unwell 

and most disabled patients with severe and chronic mental disorders. In the present 

day there are few who would argue against the claim that the early adoption of 

„psychosurgery‟ lacked an evidence base, was driven by a frequently misplaced zeal, 

and performed on individuals with conditions that would not be indications for 

surgery now. 
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However, the evolution of NMD has followed a recognisable path that is shared 

with many treatments in medicine: “The practice of lobotomy went through stages of 

animal experimentation, clinical application, social and clinical criticism and 

modification, indirect scientific contributions, and finally substitution of another 

treatment.” (Kucharski, 1984). Of all the treatments in psychiatry, the two which 

have engendered the most emotive discussions in public and the medical profession 

namely NMD and electroconvulsive therapy (ECT), these are the only two which 

have emerged out of the first half of the twentieth century and remain in current use, 

albeit modified from their original form.  
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4. From Psychosurgery to Neurosurgery for Mental Disorder: A 

Review of Neurosurgical Procedures 

 

I had the impression that among some of the psychiatrists the 

attitude towards psychiatric surgery is a result of ideology, 

rather than of an unbiased evaluation of the method as a 

treatment of mental disease. 

Björn Meyerson, 1978. Bulletin of the International Society of 

Psychiatric Surgery; 8: 9 

 

4.1 Development of lesion technique and location 

Over the last 100 years, numerous lesions have been employed with the aim of 

alleviating psychiatric symptoms. In the last 40-50 years, the main development has 

been that of lesions becoming more discrete and more focused, destroying smaller 

areas of brain tissue. In the last 50 years or so, only four procedures have been used 

with any regularity, and in Europe and the USA only three procedures are still 

performed. In the UK, Subcaudate Tractotomy (SST) has not been performed since 

1996, but SST is still performed in a number of Asian countries (Kim, Lee & Choi, 

2002). The three procedures still used in Europe and the USA are: 

1. Anterior capsulotomy (ACAPS) 

2. Anterior cingulotomy (ACING) 

3. Limbic leucotomy 

Limbic Leucotomy is no longer performed in the UK. 
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4.1.1 Methods of lesion generation 

The most common method of lesion generation is radiofrequency thermocoagulation. 

An electric current is passed through the tip of a probe which has been placed in the 

target area using stereotactic technique. The tip reaches a temperature of 70-80 

degrees Celsius and size of the lesion can be controlled by the duration of heating. 

In 1958, Lars Leksell of the Karolinska Institute in Stockholm and Bjorn 

Larsson of Uppsala University developed the Gamma Knife as a non-invasive 

method of generating targeted lesions (Larsson, Leksell & Rexed, 1958). Using a 

Cobalt-60 radioactive source, 201 separate gamma rays irradiate the brain destroying 

tissue only at the convergence of the beams. Such a mechanism allows lesions to be 

created with an accuracy of 0.5-2mm (Young, Shumway-Cook, Vermeulen, et al, 

1998). The technique is commonly used for the treatment of brain tumours and 

intracranial arterio-venous malformations, and whilst use of the Gamma Knife is 

widespread in the USA and Sweden, its application for functional neurosurgery in the 

UK has not been explored. 

 

4.2 Modern Stereotactic Techniques 

4.2.1 The Development of Stereotactic Methods 

The term „stereotaxic‟ (derived from the Greek stereos, meaning three-dimensional, 

and taxis, meaning an arrangement) was chosen and was used until 1973, when 

„stereotactic‟ was agreed at a meeting of the International Society for Research in 

Stereoencephalotomy (Gildenberg, 1993). Derived from the Greek stereos, and the 

Latin tactus, meaning „to touch‟, this term identified both the localisation of a target, 

and the placing of a probe or electrode in that target. 
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Such accuracy would not be possible without a mechanism to locate targets 

within the brain of the subject. Stereotactic – then called „stereotaxic‟ – surgery was 

first proposed as a mechanism to study the feline cerebellum by Victor Horsley and 

Robert Clarke in 1908 (Horsley & Clarke, 1908). They developed a mechanism to 

localise „targets‟ for electrolysis in tri-axial space using reliable anatomical 

landmarks (the eyes and external auditory meatus). Extensive measurements of 

frozen sections of heads allowed them to measure the location of target areas. The 

brain was divided into eight segments which were further subdivided into units of a 

cubic millimetre. The target could then be described in three dimensions and using a 

rigid quadrilateral frame (which could be adjusted for different animals) fixed to the 

animal‟s head, they were able to translate the target area in frozen sections to live 

animals with accuracy. 

It wasn‟t until 1947 that Ernest Spiegel, a neurologist, and Henry Wycis, a 

neurosurgeon, developed an apparatus which could be used for human stereotactic 

surgery (Spiegel, Wycis & Marks, 1947). The apparatus consisted of a rigid frame 

(formed from plaster-of-Paris) which was fixed to the head, providing reference 

points which allowed a translation of landmarks in the brain to spatial coordinates in 

relation to the frame. Once the cast had hardened, „windows‟ were cut in the top, 

front, and sides to allow entry to the cranium and X-rays to be taken. Using 

pneumoencephalography (a technique where X-rays of the brain are taken after air is 

injected into the ventricles), they identified the pineal gland and the foramen of 

Monro as their intracerebral landmarks. Initially, the apparatus was used to perform 

medial thalamotomies in order to reduce emotional reactivity. 

The principle was further developed by Lars Leksell who fixed the frame to the 

head using drill holes. To develop greater accuracy, the mountings were attached to 
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an inner frame and could be adjusted in horizontal and vertical planes (Leksell, 

1949). The apparatus was modified to hold an X-ray tube to allow the treatment of 

brain tumours with a high-level of accuracy (Leksell, 1951). 

4.2.2 Anterior capsulotomy (ACAPS) 

The first description of anterior capsulotomy was given by Jean Talairach in 1949 

and it was further developed by Lars Leksell for the treatment of neuropathic pain 

(Leksell, 1971). ACAPS has been used to treat refractory depression, anxiety 

disorders, and OCD. 

The target of this procedure is the anterior one-third of the anterior limb of the 

internal capsule – a large white-matter bundle containing fibres which connect the 

frontal cortex and anterior cingulate cortex with thalamus, hippocampus, and 

amygdala. These areas are thought to form part of the „fronto-striatal-pallidal-

thalamic‟ circuits which are believed to be involved in the pathology of obsessive-

compulsive disorder (OCD). The location of ACAPS lesions are shown below in 

Figure 7. 
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Figure 7: Transverse Section of the Human Brain showing Capsulotomy 

Lesions. 

Lesions are represented by hatched circular areas. 

 

4.2.2.1 ACAPS lesions 

A summary of ACAPS lesions reported in the literature is given in Table 6. Few 

papers report lesion coordinates in sufficient detail and most describe either the 

intended lesion size or examine „typical‟ lesions in a small number of subjects. 

In terms of the relationship between lesions and outcome, Lippitz et al (1999) 

identified a lesion in the right internal capsule as being common to those patients in a 

cohort of 29 that had a favourable outcome following thermocapsulotomy or 

gammacapsulotomy. „Successful‟ lesions all overlapped a small area in the right 

internal capsule, and two patients with good clinical outcome had only right-sided 
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lesions on MRI. The authors were unable to detect a similar common location for 

left-sided lesions. Those with poor outcomes (n=7) had lesions in the more anterior 

part of the internal capsule. 

However, these results were not replicated in a study of 11 patients who had 

undergone bilateral thermocapsulotomy 8-23 years previously (Rück, Svanborg & 

Meyerson, 2005). In this study, none of the 8 patients with a favourable response had 

right-sided lesions in the region defined by Lippitz et al. In the Rück study, when 

outliers were removed from the analysis, there was a significant correlation between 

total lesion area and score on the Execution, Apathy, and Disinhibition (EAD) scale – 

a measure of frontal lobe dysfunction. As many as four out of 11 patients had 

symptoms indicating frontal lobe dysfunction. However, the Rück study used a scale 

– Karolinska Scales of Personality (Schalling, Asberg, Edman, et al, 1987) – lacking 

validity, and there was an absence of pre-operative testing. 
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Table 6: Summary of ACAPS lesion dimensions and locations 

 Study A-P 

dimension 

OR 

Diameter 

(mm) 

Lateral 

dimension 

(mm) 

Vertical 

direction 

OR Height 

(of 

cylinder) 

(mm) 

Volume 

(mm
3
) 

Distance 

from 

anterior 

horn of 

lateral 

ventricle 

(mm) 

Distance 

from 

midline 

(mm) 

Distance 

above the 

roof of the 

lateral 

ventricle 

(mm) 

 Notes 

Bingley et al (1977) 6  20      

Mindus et al (Cited in: 

Ovsiew & Frim, 1997) 

    5 20   

Lippitz et al (1997) 8  20      

Lippitz et al (1999)    520
†
;  

467
‡
 

   Lesion location and dimensions not 

reported using landmarks above. 

However, median volume is 

reported. 

Rück (2006)    2494 

(right); 

3981 (left) 

    

† 
for thermocapsulotomy 

‡ 
for gamma-capsulotomy 
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4.2.3 Anterior cingulotomy (ACING) 

Ablation of the cingulate cortex in two chimpanzees by John Fulton and Carlyle 

Jacobsen in the 1930s, resulting in behavioural changes and diminution of agitated 

responses to frustration in one of the chimps, led Fulton to propose that the cingulate 

cortex played a key role in emotion. 

The cingulate gyrus was first proposed as a target for surgical intervention by 

Fulton in the late 1940s (See Fulton, 1951, for a review) and Fulton‟s friendship with 

Hugh Cairns, an English neurosurgeon, led Cairns to start excising part of the 

anterior cingulate gyrus („cingulectomy‟) in July 1948. By 1952, Cairns was 

reporting the outcomes after bilateral destruction of large parts of Brodman Area 24 

in 29 patients, the majority of whom had schizophrenia (Whitty, Duffield, Tow, et al, 

1952). 

A slightly less destructive procedure, the anterior cingulotomy was developed 

using stereotactic methods by Eldon Foltz and Lowell White in 1962, initially for 

chronic pain (Foltz & White, 1962). Their rationale was that, “it was attractive to 

extrapolate that these influences [emotion and autonomic phenomena] from the 

medial frontal lobe via the cingulum might be in the „emotional sphere.‟” 

The first group of subjects were patients with chronic pain, but most appear to 

have been suffering from a variety of anxiety and depressive symptoms as well. In 

fact, Foltz and White grouped their cases (n=16) into three groups. Group I (n=5) had 

“psychogenic pain”; Group II (n=5) had “organic disease with paroxysmal pain 

related to emotion”; and Group III (n=6) had “neoplastic disease, organic pain, 

strong emotional factors”. One patient from Group I, a 68-year-old woman with a 

diagnosis of “severe depression with maximum anxiety”, had been suffering from 

burning vaginal and perineal pain which had not responded to ECT. She had been 
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bed bound because of her refusal to get out of bed or move her lower limbs. After 

cingulumotomy, the change was reported to be “striking” and she was able to return 

home to resume her “housework activities”. The pain was “still present but did not 

concern her now”, and after a 4 ½ year follow-up her pain had not returned to any 

significant degree. 

ACING has been the procedure of choice in the US for both treatment-refractory 

depression and OCD, primarily due to the activity of Thomas Ballantine and 

colleagues in Boston, Massachusetts (Ballantine, Cassidy & Flanagan, 1967), and is 

the most commonly-used procedure for treating refractory anxiety disorders. 

4.2.3.1 ACING lesions 

The primary target of ACING is the cingulum bundle (Foltz & White, 1962), a white 

matter tract running through the anterior cingulate cortex (ACC). Additionally, the 

lesions of ACING will commonly ablate a small area of the ACC. The cingulum acts 

as an association area for adjacent regions of cortex, and the bundle forms part of the 

Papez Circuit. First described in 1937 by James Papez, the Papez Circuit is a 

supposed neural circuit connecting areas of the limbic system such as the 

hippocampus, cingulate cortex, and hypothalamus (Papez, 1937). It is hypothesised 

to be responsible for mediating emotional experience. Typical ACING lesions are 

shown in Figure 8. 
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Figure 8: Sagittal MRI of human brain showing locations of ACING lesions. 

Scan performed at Ninewells Hospital, Dundee. 

 

A summary of lesion locations and sizes from published literature to date is shown 

below in Table 7. It can be seen quite clearly that different centres have their own 

target lesion coordinates and sizes. However, very few published reports have taken a 

systematic look at the actual size of lesions on MRI scanning. It should be noted that 

the volumes reported tend to be the volumes of the intended lesion size and have 

infrequently been calculated from MR scanning. 

 

Lesion 
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Table 7: Summary of ACING lesion dimensions and locations 

 Study A-P 

dimension 

OR 

Diameter 

(mm) 

Lateral 

dimension 

(mm) 

Vertical 

direction 

OR Height 

(of 

cylinder) 

(mm) 

Volume 

(mm
3
) 

Distance 

from 

anterior 

horn of 

lateral 

ventricle 

(mm) 

Distance 

from 

midline 

(mm) 

Distance 

above the 

roof of the 

lateral 

ventricle 

(mm) 

 Notes 

Ballantine (1987)        20 0.66 1   

Baer (1995) 10   20 1570.8 20 7 1 This is same procedure as Rauch 

(2000) 

Spangler (1996) 9   29 1844.9 22.5 7 1 Distance from anterior horn of 

lateral ventricle was 2 – 2.5cm 

Cohen (1999)    855.4 ± 

61.2 

    

Rauch (2000)       3580       Lesion dimensions not reported, 

only mean volume 

Ballantine et al (Cited in: 

Binder & Iskandar, 2000) 

10   20 1570.8         

Rauch (2001) 10 10 20 2000 20 7 1   

Dougherty (2002)        20 7 1   

Kim (2003) 13 6 18 1404 15 7 2  
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4.2.4 Stereotactic subcaudate tractotomy (SST) 

Developed in London by Geoffrey Knight (Knight, 1964; Knight, 1965), SST 

involves the division of fibres which connect the orbital cortex to subcortical and 

limbic areas, such as the thalamus, hippocampus, and amygdala. The basis for lesion 

choice was essentially empirical. From a series of 550 orbital undercutting 

operations, Knight observed that the best outcomes were obtained when the lesion 

involved the substantia innominata. He then went on to develop a method of placing 

lesions in this area only. The lesions are placed in white matter tracts, just below the 

head of the caudate nucleus, in the substantia innominata. The substantia innominata, 

part of the basal forebrain, contains several groups of neurones and has been referred 

to as one part of Heimer‟s „extended amygdala‟ (Alheid & Heimer, 1988). This part 

of the brain has been associated with reward processes and memory. 

Historically, the lesions were created using radioactive Yttrium
90

 rods implanted 

into the target areas under stereotactic guidance. Yttrium
90

 has a half-life of 62 hours 

and decays emitting beta radiation, destroying brain tissue up to 2mm from the rod 

surface. The target lesion size was typically 20mm x 20mm x 5mm, with a volume of 

2000mm
2
 (Newcombe, 1975). See Figure 9 and Figure 10 for MRI scans of 

postoperative lesions created using thermocoagulation. 
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Figure 9: Axial MRI Scan showing SST lesions 
4
 

 

                                                 

4
 Reprinted from Malhi, G. S. & Bartlett, J. R. (1998) A new lesion for the psychosurgical operation 

of stereotactic subcaudate tractotomy (SST). British Journal of Neurosurgery, 12, 335-339., Copyright 

(1998), with permission from Taylor & Francis (http://www.tandf.co.uk/journals) 

Lesions 
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Figure 10: Sagittal MRI Scan showing SST lesions 
5
 

 

SST is no longer performed in the UK, although a small case series was reported as 

recently as 1998 (Malhi & Bartlett, 1998). In 1995, due to a reduction in demand for 

the Yttrium rods, manufacture ceased and the Geoffrey Knight Centre in London 

stopped performing the procedure. However, some other countries continue to use it, 

including Korea (Kim, Lee & Choi, 2002). Since the end of radioactive lesioning, 

thermocoagulation is the preferred choice of method. In 1998, seven patients had 

undergone SST using the new procedure in the UK (Malhi & Bartlett, 1998). 

4.2.5 Limbic Leucotomy 

First described by Desmond Kelly (Kelly, Richardson & Mitchell-Heggs, 1973; 

Kelly, Richardson, Mitchell-Heggs, et al, 1973), the Limbic Leucotomy is a 

                                                 

5
 Reprinted from ---- (1998) A new lesion for the psychosurgical operation of stereotactic subcaudate 

tractotomy (SST). British Journal of Neurosurgery, 12, 335-339., Copyright (1998), with permission 

from Taylor & Francis (http://www.tandf.co.uk/journals) 

Lesion 
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combination of anterior cingulotomy lesions and lesions similar to those used in 

subcaudate tractotomy. Kelly chose lesions in the “lower medial quadrant of the 

frontal lobe” and the cingulum bundle, postulating that: 

“If lesions were made to interrupt some connections between the 

frontal cortex and the limbic system…[and] in one of the main limbic 

circuits in the anterior cingulate gyrus, improvement might be 

obtained in a number of psychiatric conditions” (Kelly, Richardson & 

Mitchell-Heggs, 1973). 

 

The cingulum bundle, a continuation of the median forebrain bundle, runs just 

superior to the corpus callosum and has been described as being to the limbic system 

what the internal capsule is to the frontal lobes. 

The „frontal‟ target lesion “overlaps” that of SST as described by Knight. 

Typically, the SST lesions will be a little smaller than those used in a „full‟ SST, and 

in the original procedure described by Kelly the ACING lesions are placed in the 

rostral part of the ACC. The lesions are usually created in a two-stage procedure. As 

many as seven lesions have been described, largely due to recurrences with fewer/ 

smaller lesions (Richardson, 1973). 

The lesions of limbic leucotomy are shown in Figure 11. 
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Figure 11: Sagittal MRI scan showing combined lesions in limbic leucotomy 
6
 

 

4.2.6  ‘Historical’ Neurosurgical Procedures 

4.2.6.1 Prefrontal Leucotomy 

First performed by Egas Moniz and Almeida Lima in 1936, the prefrontal leucotomy 

was essentially a „blind‟ procedure – the neurosurgeon relied on skull landmarks to 

determine the location of the lesions. Lesions were initially created by injecting 

alcohol into the subcortical white matter for the prefrontal area, but relatively quickly 

Moniz and Lima adopted the use of a leucotome to produce the lesions. By the eighth 

patient they had switched to using a leucotome. It is not known exactly why they 

changed technique but since the instrument had to be ordered from an instrument 

                                                 

6
 Reprinted from Montoya, A., Weiss, A. P., Price, B. H., et al (2002) Magnetic resonance imaging-

guided stereotactic limbic leukotomy for treatment of intractable psychiatric disease. Neurosurgery, 

50, 1043-1049., Copyright (2002), with permission from Lippincott Williams & Wilkins 

Lesions 
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maker in Paris it is likely that the alcohol injections were a temporary measure until 

the leucotomes arrived. 

4.2.6.2 Frontal Lobotomy 

The technique of choice of Walter Freeman was developed within months of Egas 

Moniz publishing his first report of prefrontal leucotomy. The aim of surgery was to 

cut “the white matter in both frontal lobes in such a way as to sever the connections 

between the thalamus and frontal pole” (Freeman & Watts, 1947). The procedure 

was broadly similar to Moniz‟s leucotomy, but dissatisfaction with various aspects of 

the surgery led Walter Freeman to develop the transorbital lobotomy. 

4.2.6.3 Transorbital lobotomy (Freeman, 1948) 

The first transorbital lobotomy was performed by Walter Freeman in his offices in 

January 1946. The procedure was an attempt to avoid what Freeman perceived as 

„obstacles‟ to delivering such a treatment to the hospitalised masses, namely the 

requirement of a neurosurgeon and operating theatre that accompanied the traditional 

lobotomy. The operation was remarkably simple and was perhaps the most „blind‟ of 

all psychosurgical interventions. The technique was not developed by Freeman, but 

had been described a number of years previously. Freeman stated, rather bizarrely for 

brain surgery, that, “transorbital leucotomy has proved valuable…where specialized 

neurosurgical techniques are rarely available” (Freeman, 1948). Anaesthesia was 

commonly induced by 1-6 electroconvulsive treatments given at two minute 

intervals. Then: 

 “the point of the transorbital leucotome is induced beneath the upper 

eyelid, 3cm from the midline…The shaft of the instrument is aimed 

parallel with the bony ridge of the nose, and the handle is truck 

sharply with a hammer…When the 5cm mark is opposite the upper 

eyelid, the handle of the instrument is drawn far laterally, then 
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returned to an angle of 30º…and driven to the 7cm mark” (Freeman, 

1952) 

The procedure is shown in Figure 12. 

 

Figure 12: Transorbital lobotomy 
7
 

 

The target of the procedure was the thalamofrontal radiation as the fibres passed 

around the frontal horn of the lateral ventricles. In a report of his first series of 50 

patients, Freeman stated that half of the patients benefited (Freeman, 1952). 

4.2.6.4 Topectomy 

Otherwise known as „bilateral fractional resection of the frontal cortex‟, topectomy 

was first described by Heath and Pool (1948). The extent of the lesions in one of their 

cases is shown in Figure 13. The lesions typically removed large portions of 

Brodmann Areas 9 and 10, and lesser parts of 46. 

                                                 

7
 Reprinted from Freeman, W. (1948) Transorbital leucotomy. Lancet, 252, 371-373., Copyright 

(1948), with permission from Elsevier. 
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Figure 13: Extent of cortical removal in Case III (Heath & Pool, 1948) 

 

4.2.6.5 Prefrontal Lobectomy 

Developed by Peyton (1948), the aim of the prefrontal lobectomy was to remove 

most of the frontal lobes. According to Peyton, the procedure had a number of 

advantages over „closed‟ procedures which included: an open approach; a guarantee 

that the sections of brain operated on do not function; and availability of brain tissue 

for microscopic study (Peyton, Noran & Miller, 1948). 

The operation is shown below in Figure 14. It can be clearly seen that large areas 

of brain were removed and although Peyton reported that the outcome of the 

procedure were comparable to other forms of lobotomy, insufficient details of 

neuropsychological functioning post-op are reported. It is likely that the 14 subjects 

would have been significantly and adversely affected by removal of such a large area 

of cortex. Weight gain (up to 68 lbs; 30.8 kg) was a particular problem. 
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Figure 14: Prefrontal lobectomy 
8
 

 

4.2.6.6 Orbital Undercutting 

Orbital undercutting was developed by William Scoville in 1949 as a method to 

“detach certain areas of the frontal cortex by making a line of cleavage at the 

relatively avascular junction of gray (sic) and white matter…thus interrupting the 

                                                 

8
 Reprinted with permission from the American Journal of Psychiatry, Copyright 1948. American 

Psychiatric Association. Peyton, W. T., Noran, H. H. & Miller, E. W. (1948) Prefrontal Lobectomy 

(Excision of the Anterior Areas of the Cerebrum): A New Form of Psychosurgery. American Journal 

of Psychiatry, 104, 513-523. 
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long association fibers of the overlying cortex.” One advantage was therefore that it 

constituted “a method of producing discrete cortical lesions without interference of 

the blood supply to adjacent areas of the brain.” (Scoville, 1949) 

Scoville was an undergraduate at Yale University along with Walter Freeman, 

and eventually became director of the Department of Neurosurgery at the Hartford 

Hospital (Heller, Amar, Liu, et al, 2006). Scoville differed from Freeman and other 

neurosurgeons in that he was one of the first to specificially target distinct pathways 

that were believed to be involved in mental illness, and his work was influenced by 

human and animal research into the biological basis of mental illness. 

Three areas of brain were targeted: the superior surface of the frontal lobe 

(Brodman Areas 9 and 10); the orbital surface of the frontal lobe (primarily BA 47); 

and the cingulate gyrus together with BA 32 and medial parts of BA 9 and 10. These 

sites were chosen from earlier reports into lobotomy and developing animal studies. 

The procedure had some advantages over standard open lobotomies: First, it resulted 

in 50-60 cm
2
 of cortex being separated from subcortical areas, compared with 160 

cm
2
; Second, it was reported that the procedure had slightly lower rates of seizures 

and comparable rates of improvement (Scoville, Wilk & Pepe, 1951). Undercutting 

also claimed favourable results particularly for schizophrenia and depression 

(Scoville, 1960). Whilst personality deficits were reported to be fewer, no standard 

instruments existed at the time to support this claim. 

Scoville‟s procedure came at a time when there was growing unrest regarding 

the adverse effects from prefrontal lobotomy, and there was a pressure to develop 

more refined methods. This zeitgeist also led to cingulate cortex isolation 

(Livingston, 1953) and cingulectomy (Whitty, Duffield, Tow, et al, 1952). Indeed, 

Scoville could be seen as the progenitor of modern cingulotomy. 
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5. The Neuroanatomical Basis of Neurosurgery for Mental 

Disorder 

 

5.1 Towards an understanding of the cerebral cortex 

5.1.1 The 19
th

 Century 

The route to an understanding of particular regions of the brain having specific 

functions was marked by a number of events. In 1861, Paul Broca described a patient 

who had a marked difficulty with expressive speech („expressive aphasia‟), and 

communicated using sign language (Broca, 1861). At post-mortem, a lesion in the 

frontal gyrus of the patient‟s left hemisphere was found, and Broca postulated that 

the posterior third of the left inferior frontal gyrus is the centre for expressive 

language. The significance of such a claim is that support for localisation of function 

in a particular brain area was now based on direct empirical observation and 

pathological evidence, albeit in one subject. A few years later in 1874, Carl Wernicke 

reported findings from a group of patients with receptive aphasia and lesions in the 

posterior third of the left superior temporal gyrus. His conclusions were based on the 

work by Theodor Meynert who was proposing a view that the cerebral cortex was 

divided into a posterior sensory domain and an anterior motor domain, with fibre 

bundles connecting the two. 

By the end of the 19
th

 Century, cerebral localisation was winning over the 

holistic view. At the Third International Medical Congress in London, in August 

1881, Friedrich Goltz, of Strassburg hotly debated the issue against David Ferrier of 

the West Riding Asylum in Yorkshire. Ferrier‟s arguments, supported by 

demonstrations in monkeys won the day and most of those who attended the congress 

were convinced that not only had the localisationists demonstrated their point, but 



 

 

78 

that behavioural symptoms could also be used to pinpoint pathology, such as 

tumours, in the cerebral cortex (Valenstein, 1986; p. 87-88). 

5.1.2 Psychosurgery: A justification 

In the first quarter of the 20
th

 Century, there was widespread debate over the role of 

the frontal lobes in human behaviour. Phineas Gage had suffered his infamous head 

injury in 1848 and in the subsequent fifty years or so there was constant reporting of 

cases of frontal lobe tumours and injuries. In 1923 Erich Feuchtwanger published his 

study of soldiers who had sustained gunshot wounds to the brain during the First 

World War. In 1932, Brickner was publishing his famous reports of frontal 

lobectomies. Already by this time there was awareness that frontal lobe damage 

could cause significant impairments to an individual‟s behaviour and intellect. 

Whilst the frontal lobes were supposed to harbour much of what we recognise 

now as personality, social behaviour, decision-making, and planning, there was little 

experimental data in the mid-1930s to support claims about how the surgery to the 

frontal lobes would affect the individual – most knowledge came opportunistically 

and empirically from clinical cases. 

In his book, Great and Desperate Cures, Elliot Valenstein (1986) argues that 

there was a distinct absence of rational argument for the intervention of prefrontal 

leucotomy on the part of Egas Moniz. Valenstein argued that Moniz would attempt to 

occupy both camps of the argument, simultaneously arguing that the prefrontal area 

was the seat of fixed ideas which could be removed surgically, and also supporting 

the view that higher cerebral functions were distributed. Geoffrey Knight, in 

describing the thinking behind the leucotomy, summed up this apparent bold gamble 

by saying: 
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“prefrontal leucotomy was devised to sever the central core of white 

matter in front of the ventricle, sacrificing an area  of importance in 

relation to personality and intelligence in an attempt to divide 

unknown pathways subserving emotion which were contained within 

it” (Knight, 1972). 

 

Freeman and Watts, by the time of their book Psychosurgery in 1942, were focusing 

heavily on the frontal lobes as being germane to symptom generation and also a 

target for treatment. In their book, eight chapters (58 pages) were devoted to 

discussion of the frontal lobes. The last three chapters consisted of an argument about 

the role of the frontal lobes in human behaviour and also the development of 

psychosis. They stated that: 

“To the normal individual the frontal lobes are indispensable; to the 

sick individual they may be destructive. Without the frontal lobes there 

could be no functional psychoses” (Freeman & Watts, 1942; p. 318) 

 

By the late 1940s the lobotomy procedure had been modified numerous times, 

generally with the aim of minimising the adverse effects of the operation but 

retaining whatever beneficial effects there may be. Although James Papez had first 

proposed his theory about a limbic circuit which subtended emotion as early as 1937 

(Papez, 1937), by 1950 it was starting to gain credibility in light of animal 

experiments where lesions to the limbic system could cause changes in behaviour 

(For a review, see MacLean, 1949). By 1951, John Fulton was recommending 

selective procedures on the orbital cortex and the anterior cingulate (Fulton, 1951; p. 

120). 

The early procedures affected large parts of the prefrontal cortex, as summarised 

in Table 8 (Hoch, 1949; Le Beau & Petri, 1953). 
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Table 8: Early psychosurgical procedures and the extent of brain damage 

Procedure Brodmann Areas affected 

Transorbital lobotomy 9, 10 

Topectomy 9, 10, 46 

Subcortical undercutting 9, 10 

 

5.1.3 Empiricists first, theoreticians second 

It is clear that surgeons started operating on the human brain long before there was a 

cogent understanding of the links between anatomy, pathology, and function. For the 

last hundred years or so, diligent observation and serendipity have provided us with 

much of our knowledge about the human brain. It is only in the last twenty years or 

so that cognitive neuroscience and imaging are helping to inform our understanding 

of the workings of the brain. What follows is a combination of reviews of current 

neuroimaging and informed conjecture about the links between the brain and the 

disorders we see, followed by an attempt to suggest reasons why the current NMD 

procedures may be effective in some cases. 

 

5.2 Imaging the brain 

5.2.1 Limitations of most imaging studies 

Most functional imaging studies involve comparatively small sample sizes, typically 

in the region of 8-30. This undoubtedly makes interpretation of results difficult, and 

some have argued that many imaging studies examining cerebral activation are 

underpowered (Murphy & Garavan, 2004). Further, there is likely to be great 

heterogeneity within the depressive syndrome, with different symptom patterns 

having different imaging correlates. For example, someone with high levels of 
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anxiety and rumination may have different regional Cerebral Blood Flow (rCBF) 

findings than another with psychomotor retardation. This means that many studies 

will have individuals with a variety of abnormalities. There is therefore some 

discrepancy in the data when comparing groups. For example, there remains some 

uncertainty as to whether it is Major Depression or Bipolar Affective Disorder which 

shows the greatest differences in neuropathology. 

Another confounder is that many studies are not in those who are drug-naïve and 

the effects of drugs on the brain, and on symptoms and therefore brain activity 

contributes to the lack of certainty about specific abnormalities. 

5.2.2 Brain regions of interest in Mood Disorders 

The main areas studied, including the Brodmann Areas, are shown below in Figure 

15. 
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Figure 15: Areas of the frontal lobes implicated in the neuropathology of major 

depression 
9
 

A = Lateral View; B=Medial View; C= Coronal Section. 

 

5.2.3 Major Depression 

An outline of the key functional imaging findings seen in major depression, 

summarised from Drevets (1998), is shown below in Table 9. Some of the increases 

are displayed in Figure 16. 

 

                                                 

9
 Reprinted from: Harrison, P. J. (2002) The neuropathology of primary mood disorder. Brain, 125, 

1428-1449., by permission of Oxford University Press. 
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Table 9: Summary of key functional imaging findings seen in major depression.  

Adapted from Drevets (1998). 

Region Brodmann Area rCBF 

Medial orbital Prefrontal Cortex (PFC) 32 Increased 

Lateral PFC 10, 46 Increased 

Left Amygdala 
a
 N/A Increased 

Medial thalamus 
a
 N/A Increased 

Dorsal anterolateral PFC 9 Decreased 

Subgenual ACC 25 Decreased 

Caudate nucleus 
b
 N/A Decreased 

rCBF = Regional Cerebral Blood Flow; PFC = Prefrontal cortex; ACC = Anterior Cingulate 

Cortex 

a
 In unipolar and bipolar depression 

b
 In unipolar depression only 

 

It should be recognised that these findings are not universal, although these are the 

most commonly reported imaging abnormalities in major depression. For example, 

Ebmeier et al (1997) found increased perfusion in the left fronto-cingulate gyrus (BA 

9, 24, 32, 45), the right anterior cingulate (BA 24, 32), and the posterior cingulate 

(BA 23, 31). 
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Figure 16: Areas of increased blood flow in major depression 
10

  

 

Structural imaging has also revealed abnormalities in many of these key brain areas. 

Drevets et al (1997) have reported volume reductions in the left subgenual PFC by 

39% in bipolar depressives and 48% in unipolar depressives compared to controls. 

These findings were associated with decreases in metabolism (See Figure 17). A 

reduction in the number of glial cells has been reported in the subgenual prefrontal 

cortex (sg24 in Figure 15), a finding which was greatest in those with a family 

history of major depression (Öngür, Drevets & Price, 1998). A reduction in neuronal 

size has also been described in the PFC (BA 9) (Cotter, Mackay, Chana, et al, 2002). 

                                                 

10
 Drevets, W. C. (1998) Functional Neuroimaging Studies of Depression: The Anatomy of 

Melancholia. Annual Review of Medicine, 49, 341-361. Reprinted, with permission, from the Annual 

Review of Medicine, Volume 49 © 1998 by Annual Reviews. www.annualreviews.org.  
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Cotter et al (2001), using the same brain specimens from the Stanley Foundation 

(Torrey, Webster, Knable, et al, 2000), have also identified similar reductions in glial 

density and reduced neuronal size in the supragenual part of the ACC (Area 24b in 

Figure 15 above). 

 

Figure 17: Reductions in metabolism in the Subgenual Prefrontal Cortex in 

Major Depression 
11

 

 

 

                                                 

11
 Drevets, W. C., Price, J. L., Simpson, J. R., Jr., et al (1997) Subgenual prefrontal cortex 

abnormalities in mood disorders. Nature, 386, 824-827. Reprinted by permission from Macmillan 

Publishers Ltd: NATURE. Copyright (1997). 
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5.3 Key Brain Areas 

5.3.1 Anterior cingulate cortex (ACC) 

The cingulate gyrus is the most recently developed part of the limbic system and 

from an evolutionary perspective it reflects functions that represent the transition 

from reptile to mammal. It has developed alongside uniquely mammalian behaviour 

such as the separation call
12

. MacLean (1985) has argued that the anterior cingulate 

plays a key role in three specific behaviours: nursing and maternal care; vocalisation 

for maternal contact; and play. 

Whilst such a claim is very difficult to establish, there are some intriguing 

aspects to this theory. The cingulate cortex has a comparatively high concentration of 

opiate receptors (Baumgärtner, Buchholz, Bellosevich, et al, 2006) and MacLean has 

suggested that opiate drugs may provide people with an amelioration of feelings of 

separation. Indeed, social exclusion and physical pain activate the same brain areas, 

including the ACC (Eisenberger, Lieberman & Williams, 2003). The fact that this 

study used „implied‟ social exclusion rather than physical exclusion would suggest 

that there are intrinsic pathways within the brain that are sensitive to social 

separation. Whilst addiction to opiates is more complex than a need to simply reduce 

separation fears, it offers support for the theory that the brain has inbuilt mechanisms 

for handling socially anxious situations which may be modified by exogenous drugs.  

Additional findings support the role of the ACC in social behaviour. The 

separation call in squirrel monkeys appears to be dependent on a band of rostral 

limbic cortex including areas 24 and 25. Ablation of areas of this band modifies or 

eliminates the call (MacLean & Newman, 1988). Mothers who hear their infant‟s 

                                                 

12
 The cry of an infant when separated from maternal care or proximity. 
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cries show activation of the ACC on MRI (Lorberbaum, Newman, Dubno, et al, 

1999; Lorberbaum, Newman, Horwitz, et al, 2002). Female hamsters deprived of 

their neocortex (including the cingulate and dorsal hippocampus) display marked 

deficits in maternal behaviour, as well as failing to develop play behaviour, whilst 

removing the neocortex but leaving the cingulate and hippocampus intact results in 

superficially normal behaviour (Murphy, MacLean & Hamilton, 1981). The cingulate 

has also been implicated in autism, a disorder characterised by impaired social 

cognition. Haznedar et al have reported reduced cingulate volumes and lower 

cingulate metabolism in individuals with autism (Haznedar, Buchsbaum, Metzger, et 

al, 1997).  

The ACC is likely to be involved in the experience of subjective emotional states 

(Berthoz, Artiges, Van De Moortele, et al, 2002; Hornak, Bramham, Rolls, et al, 

2003) and the ACC‟s extensive connections with brain areas such as the prefrontal 

cortex and amygdala suggests that such internal states are projected to other brain 

areas, and also undergo further processing. 

Others have implicated the ACC as having a role in empathy, another 

fundamental human characteristic and one closely related to affective states. Jackson 

et al (2006) asked individuals to view pictures of painful injuries and imagine the 

level of pain from two perspectives: themselves (the „Self‟ condition); and from other 

people‟s point of view (the „Other‟ condition). Empathising with other people‟s pain 

had greater activity in the ACC (BA 32), whilst imagining pain for „Self‟ resulted in 

activation of the rostral ACC (BA 24) suggesting that subjective emotional states are 

located in a slightly different area to those regulating wider affective regulation. Of 

course, given the ACC‟s role in pain perception (Bushnell, Duncan, Hofbauer, et al, 
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1999) such findings may simply involve the ACC in imaginal pain and other studies 

involving empathising with more affective states are warranted. 

Using verbal material to elicit affective responses, Kiehl et al (2001) reported 

reduced affective-related brain activity in the anterior and posterior cingulate gyri of 

criminal psychopaths (n=8) compared to non-criminal psychopaths (n=8).  

5.3.1.1 The functional organisation of the anterior cingulate cortex 

Reviewing functional imaging studies, and using two versions of a Stroop-like 

interference task (one cognitive and one affective), Bush et al (2000) have 

demonstrated that there is segregation of cognitive and affective functions in the 

ACC (see Figure 18). In a meta-analysis of 137 cognitive task studies and 44 emotion 

induction task studies of prefrontal cortex activation in normal subjects, Steele & 

Lawrie (2004) have confirmed that there is a significant difference in activation 

depending on the type of task. The estimated boundaries between cognitive task and 

emotion induction activation regions are shown below in Figure 19. 
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Figure 18: Localisation of cognitive and affective divisions of the anterior 

cingulate cortex 
13

  

Cognitive division is shown in red, and affective division is shown in blue. 

                                                 

13
 Reprinted from: Bush, G., Luu, P. & Posner, M. I. (2000) Cognitive and emotional influences in 

anterior cingulate cortex. Trends in Cognitive Sciences, 4, 215-222., Copyright (2000), with 

permission from Elsevier. 
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Figure 19: Estimated boundaries between activation regions in Anterior 

Cingulate for cognitive and emotional induction tasks 
14

  

Region c represents cognitive tasks and region e represents emotion induction 

tasks 

 

There is also support for the conceptualisation of rostral and caudal areas of the 

cingulate (BA 24 and BA23 respectively) as being different to each other from 

cytoarchitectural and pathway-mapping studies (Baleydier & Mauguiere, 1980). 

In terms of differences in role, further neuroimaging studies have identified that 

the dorsal ACC may be responsible for the „classic‟ ACC activities such as response 

conflict and expectancy violations, whilst the ventral ACC is responsible for social 

feedback and rejection (Somerville, Heatherton & Kelley, 2006). 

                                                 

14
 Reprinted from: Steele, J. D. & Lawrie, S. M. (2004) Segregation of cognitive and emotional 

function in the prefrontal cortex: a stereotactic meta-analysis. NeuroImage, 21, 868-875., Copyright 

(2004), with permission from Elsevier. 
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5.3.1.2 Spindle cells in the ACC – a unique population of cells 

One distinctive aspect of the ACC is the presence of a group of cells which are 

unique to humans and great apes. Spindle cells (Figure 20) are found in layer 5b of 

Brodmann‟s Area 24 (BA 24) of the ACC in volumes that are greatest in humans and 

reduces with increasing taxonomic distance from humans (Nimchinsky, Gilissen, 

Allman, et al, 1999). The projections of spindle cells have yet to be explored. 

However, the ACC is a phylogenetically old region of the brain and the presence of 

spindle cells in only those species that possess higher cortical functions suggests that 

the cells may connect inputs with emotional overtones and project to motor centres 

integrating vocalisation, facial expression, and autonomic function (Nimchinsky, 

Gilissen, Allman, et al, 1999). In this sense, the ACC may act as in interface between 

older areas of the brain subserving emotion and newer areas involved with higher 

cognitive abilities (Allman, Hakeem, Erwin, et al, 2001). 
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Figure 20: Human Spindle Cells found in layer Vb of the Anterior Cingulate 

Cortex 
15

  

 

The ACC also appears to play a role in the suppression of impulsive outbursts, both 

via its connections with the amygdala and also the PFC (Davidson, Putnam & 

Larson, 2000). Davidson et al (2000) reviewed the literature relating to the control of 

emotion and aggression and postulated that the OFC, ACC, and amygdala form part 

of a circuit that regulates emotion.  

In an interesting study where subjects were asked to consciously inhibit the 

sexual arousal caused by erotic visual stimuli, Beauregard et al (2001) found that the 

attempted inhibition of sexual arousal was associated with activation of the right 

                                                 

15
 Nimchinsky, E. A., Gilissen, E., Allman, J. M., et al (1999) A neuronal morphologic type unique 

to humans and great apes. Proceedings of the National Academy of Sciences of the United States of 

America, 96, 5268-5273. Reproduced with permission. Copyright (1999) National Academy of 

Sciences, U.S.A. 
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DLPFC (BA 10) and the right ACC (BA 32). Whilst normal viewing resulted in 

activation in limbic areas, ACC activation during attempted suppression was 

associated with an absence of limbic activation. The authors also found that 

attempted inhibition was associated with activation of the left inferior frontal gyrus 

(BA 44), a region involved in verbal working memory and speech, suggesting that 

this region was involved in the generation of internal speech associated with the task. 

This study supported the presumed role of the ACC in the processing of emotional 

conflict and the authors also postulated a neural network linking: right DLPFC; right 

ACC; right amygdala; right anterior temporal pole; and the hypothalamus, which 

may support a mechanism whereby an individual can monitor and regulate emotional 

responses. There are strong connections between BA 24 in the ACC and the OFC 

(Cavada, Company, Tejedor, et al, 2000). 

Critchley et al (2003) combined fMRI scanning with simultaneous 

electrocardiography to explore relationships between autonomic cardiovascular 

control (Heart rate variability; HRV) during motor and cognitive tasks (n=6). For the 

majority of brain regions examined, HRV-related activity was not related to whether 

the subject was engaged in cognitive or motor task performance. Three subjects with 

dorsal ACC lesions (caused by trauma (n=1) and glioma (n=2)) showed 

abnormalities in autonomic function when compared with data from 147 normal 

subjects on the same task. The ACC-lesioned patients were largely unimpaired on 

standard tests of cognitive function. This finding was consistent with the authors‟ 

prediction that dorsal ACC lesions would disrupt the autonomic responses associated 

with cognitive and motor behaviours. 
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5.3.2 Prefrontal Cortex (PFC) 

The Orbitomedial Prefrontal Cortex (OMPFC) is made up of Brodmann Areas 24, 

25, 32, and 10 (thereby incorporating the Anterior Cingulate Cortex) and it shares a 

high degree of similarity between apes and humans (Öngür & Price, 2000). The 

OMPFC has extensive connection with other brain areas, including many of those 

within the limbic system (Öngür & Price, 2000): 

1. mediodorsal nucleus of the thalamus 

2. ventromedial striatum 

3. hypothalamus 

4. brainstem 

The OMPFC receives processed input from all sensory modalities. In rats, cats, and 

primates it has reciprocal connections with limbic centres including the basal and 

lateral nuclei of the amygdala. Different areas of the OMPFC project to different 

striatal areas. The shell of the nucleus accumbens receives input from the infralimbic 

area of the OMPFC (BA 25). 

The main autonomic centres receiving input from the OMPFC are the 

hypothalamus and periaqueductal gray matter (PAG). In rodents, different nuclei in 

the PAG have associations with wide functions such as: aggression; eating; drinking; 

sexual behaviour and autonomic control (Öngür & Price, 2000). In humans the 

OMPFC projects to parts of the brainstem and diencephalon that mediate endocrine 

and somatic responses to emotional behaviour. 

Functions of the OMPFC include both the integration of sensory and motor 

functions, and also a role in the guidance of behaviour including emotional and social 

behaviour. Individuals with damage to the OMPFC show a range of deficits relating 

to social behaviour and decision-making. In a group of 5 individuals with sociopathic 
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behaviour and bifrontal lesions to the orbital and lower mesial frontal areas, Damasio 

et al (1990) reported abnormal autonomic responses (such as skin conductance 

response) to “socially meaningful stimuli” (for example, emotionally-laden images) 

whereas elementary stimuli such as a loud noise produced normal autonomic 

responses. Monkeys with damage to the orbitofrontal cortex show a loss of inhibitory 

control over affective processing (Dias, Robbins & Roberts, 1996), further linking 

activity in the prefrontal cortex with emotional regulation. 

Gehring et al (2000) examined six subjects with PFC damage using a letter 

discrimination task. Using EEG monitoring, an Error-Related Negativity (ERN) is 

usually seen at the moment of an incorrect response, and whilst controls showed a 

much reduced or absent ERN for correct trials, subjects with PFC damage displayed 

the same ERN for correct trials as for incorrect trials. This suggests that the PFC has 

a role in action monitoring, and damage to the PFC affects the brains ability to 

monitor for incorrect responses. 

The OFC plays an additional role in constraining emotional outbursts. 

Circumstantial evidence for this comes from imaging studies that have found 

prefrontal hypometabolism in: murderers (Raine, Buchsbaum, Stanley, et al, 1994); 

psychopathic personality (Soderstrom, Hultin, Tullberg, et al, 2002); offenders with a 

history of violent and impulsive crime (Soderstrom, Tullberg, Wikkelso, et al, 2000); 

and also borderline personality disorder (Soloff, Meltzer, Becker, et al, 2003), a 

condition characterised by impulsivity and emotional dysregulation. Prefrontal cortex 

volumes have been found to be lower in violent individuals with antisocial 

personality disorder, but after controlling for education and duration of alcohol intake 

(all subjects also met criteria for alcohol abuse or dependence) these differences were 

not significant (Laakso, Gunning-Dixon, Vaurio, et al, 2002). 
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Anderson et al (1999) reported on two individuals with early-life damage to the 

prefrontal cortex: one with a history of road traffic accident and the other who had 

had a right frontal tumour removed at three months of age. There were clear deficits 

in social behaviour: one individual (areas affected were BA 9, 10, and 11 bilaterally, 

and 46 and 47 on the right) displayed risky sexual behaviour, failure to plan for the 

future, disregard for social rules, and a lack or remorse or guilt; the second case 

(affected areas included BA 12, 24, and 32 on the right) was characterised by 

explosive outbursts of anger, reckless financial behaviour, lack of empathy, 

threatening behaviour, and no guilt or remorse. 

The PFC appears to be regulated by a monitoring system involving the ACC. 

This monitoring system is responsive to processing conflicts. Van Veen et al (2001) 

found a region of the ACC, BA 32, which showed activation in reaction to „response-

incongruent‟ stimuli. This finding indicates that the ACC is activated during response 

conflict rather than stimulus conflict. Using a modified Stroop task (to incorporate 

task-switching) in 12 subjects MacDonald et al (2000) identified regions of the ACC 

(BA 24 and 32) which were activated by incongruent stimuli, and part of the left 

DLPFC (BA 9) which activated during task preparation. The authors concluded that 

the left DLPFC is involved in the implementation of control, although they 

acknowledged that the ACC may have a transitory role in the control of attention. 

This is consistent with suggestions that the medial wall is part of the motor system 

(Picard & Strick, 1996). ACC activity increases when top-down control (possibly 

mediated via the DLPFC) is low (Botvinick, Nystrom, Fissell, et al, 1999; Carter, 

Macdonald, Botvinick, et al, 2000). The same group of authors have postulated that 

rather than detecting errors in response, the ACC monitors the competition between 
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processes that may conflict during the implementation of a task (Carter, Braver, 

Barch, et al, 1998). 

Rajkowska et al (1999) counted cells in the left rostral (area 10-47) and caudal 

orbitofrontal (area 47), and dorsolateral PFC (area 9) regions in the postmortem 

brains of depressed and control subjects. In depressed subjects there were reduced 

glial cell densities and decreases in neuronal size in the lower cortical layers in the 

caudal orbitofrontal cortex and the dorsolateral PFC. These findings would suggest 

that the functional imaging findings of metabolic abnormalities in the PFC may be 

related to underlying cellular changes. Glial cells are the primary site for glucose 

phosphorylation during neuronal activity and so a reduction in numbers may result in 

reduced metabolism in these brain areas. Whether they are causative, or result from 

some other dysfunction is not known. A reduction in neuronal and glial cell density 

has been reported in BA 9 of the DLPFC in Bipolar Affective Disorder (Rajkowska, 

Halaris & Selemon, 2001) implicating this region in the dysregulation of mood. 

Consistent with the concept that the regulation of affective behaviour is 

governed by a circuit involving a number of brain areas are the findings of 

Rosenkranz et al. In a group of rats that had been conditioned to a particular stimulus 

(odour) and response (footshock), stimulation of the prefrontal cortex suppressed 

activity in the lateral nucleus of the amygdala, suggesting that the PFC has the ability 

to modulate affective responses in the amygdala (Rosenkranz, Moore & Grace, 

2003). There are strong connections between the lateral amygdaloid nucleus and the 

posterior and medial orbital cortex. In addition, the frontal cortex receives projections 

from BA 24 of the ACC, with reciprocal connections back to the ACC (Carmichael 

& Price, 1995). It seems likely that the medial prefrontal cortex (such as ACC and 

medial frontal gyrus (BA 9)) plays a role in the interpretation of affect-laden 
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meanings which may have been further processed elsewhere (such as the amygdala). 

This is supported by neuroimaging findings implicating these areas in affective 

processing (Teasdale, Howard, Cox, et al, 1999). 

5.3.3 Amygdala 

The connections of the basolateral amygdala (the largest nuclear group in the 

amygdala) are shown in Figure 21. It should be noted that the amygdala consists of a 

number of different nuclei which are likely to serve a variety of different functions. 
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Figure 21: Schematic diagram of the basolateral amygdala (shaded gray) and its 

connections with limbic cortex, basal ganglia, and hippocampus. 
16

 

 

The amygdala has a number of functions in primates. The amygdala is involved in 

the emotional encoding of memories, particularly visual memories. Nuclei within the 

amygdala are responsible for the encoding of both the positive and negative qualities 

of visual stimuli (Paton, Belova, Morrison, et al, 2006). The lateral nucleus receives 

                                                 

16
 Reprinted with permission from the Journal of Neuropsychiatry and Clinical Neurosciences, 

Copyright (1998). American Psychiatric Association. Fudge, J. L., Powers, J. M., Haber, S. N., et al 

(1998) Considering the Role of the Amygdala in Psychotic Illness: A Clinicopathological Correlation. 

Journal of Neuropsychiatry and Clinical Neurosciences, 10, 383-394. 
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modality-specific inputs which are linked within the nucleus suggesting that the 

lateral nucleus of the amygdala acts as the sensory interface to the amygdala, 

particular in terms of emotional conditioning (LeDoux, Cicchetti, Xagoraris, et al, 

1990). The extensive connections within the amygdala provide the possibility that the 

amygdala has a complex role in mediating a range of aspects of behaviour and 

motivation relating to aversive and appetitive drives (Yaniv, Desmedt, Jaffard, et al, 

2004).   

Individuals with damage to the amygdala are specifically unable to recognise 

fearful facial expressions in others (Adolphs, Tranel, Hamann, et al, 1999). This 

deficit in discriminating fear appears to relate to the particular way that they look at 

faces, spending less time looking at the critical eye region (Adolphs, Gosselin, 

Buchanan, et al, 2005). Further, subjects with amygdala damage judge unfamiliar 

people to be more trustworthy based on facial appearance. Such deficits do not 

appear when asked to make judgements based on verbal descriptions (Adolphs, 

Tranel & Damasio, 1998). The amygdala appears, therefore, to play a key role in the 

way that individuals make social judgements of others on the basis of facial 

expression. It is interesting that an avoidance of eye contact and reduced facial 

expression is a behavioural characteristic of major depression. The individual may 

unintentionally hide state-dependent deficits in amygdala function by avoiding eye 

contact. This would, of course, be evolutionarily disadvantageous as it would reduce 

the likelihood of the organism identifying and responding to social threats. 

There is little doubt that the amygdala plays a key role in the experience of 

anxiety and is probably the central hub in fear processing. It is involved in 

conditioned fear acquisition, remaining active during the early phases of classical 

conditioning to an unpleasant experience (such as an electric shock) (LaBar, 
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Gatenby, Gore, et al, 1998). The amygdala is also activated during the early phases 

of extinction suggesting that the amygdala remains active during many phases of 

learning. LaBar et al have hypothesised that the amygdala is involved in the 

detection of affective signals in the early stages of learning, or when they are 

particularly novel. 

Abnormal amygdala responses have been reported in Post-Traumatic Stress 

Disorder (PTSD) (Rauch, Whalen, Shin, et al, 2000), with individuals with PTSD 

displaying exaggerated activity in response to general threat-related visual stimuli. 

There is also less activation of the ACC (BA 32) in PTSD (Lanius, Williamson, 

Densmore, et al, 2001) which would suggest that the ACC is failing to modulate 

fear-related activity originating from the amygdala. The amygdala is likely to be 

involved in the pathophysiology of Social Phobia, with reductions in amygdala blood 

flow observed in treatment-responders with Social Phobia
17

 undergoing treatment 

with either Citalopram or Cognitive-Behavioural Therapy (Furmark, Tillfors, 

Marteinsdottir, et al, 2002).  

Low spatial frequency visual images (coarse/ lacking in detail) regarding facial 

expression appear to take a subcortical „short-cut‟ from the thalamus directly to the 

amygdala bypassing the visual cortex (Helmuth, 2003). This allows a rudimentary 

part of the brain to analyse potential threats, and initiate avoidant action, before it has 

been fully processed by the cortex. This pathway results in information processing to 

occur at an unconscious level. 

                                                 

17
 The key characteristic of Social Phobia is “a marked and persistent fear of social or performance 

situations in which embarrassment may occur” American Psychiatric Association (1994) Diagnostic 

and statistical manual of mental disorders (4th edn). Washington. 



 

 

102 

Imaging studies have reported that the left amygdala is smaller, and the right 

anterior superior temporal gyrus larger, in patients with bipolar affective disorder 

(n=27) but not schizophrenia (n=46) compared to controls (n=60) (Pearlson, Barta, 

Powers, et al, 1997). Abercrombie et al (1998), using PET scanning in 27 

medication-free depressed subjects and 24 controls, reported a significant correlation 

between right amygdalar activation and dispositional negative affect and depressed 

mood, measured using the Positive and Negative Affect Schedule (PANAS) and the 

Beck Depression Inventory (BDI) respectively. 

Such findings are interesting as they may give clues as to how brain regions such 

as the amygdala contribute to aspects of the depressive syndrome. It is not known 

which symptoms are generated by amygdala activation, or whether this activation 

predates such symptoms. It is equally possible that the depressed state results in 

activation of a number of areas within certain pathways or circuits. It is possible, 

however, to speculate that if the amygdala is involved in the perception of threat, and 

this can occur at a primitive level, that symptoms of anxiety, fear, and dread may be 

mediated (partially) by amygdala dysfunction. Failure to modulate such activity by a 

hypometabolic anterior cingulate may also explain such findings. This is consistent 

with the study by Adolphs et al (1998) reporting that amygdala damage causes 

subjects to over-rate faces to be trustworthy. An over-active amygdala may increase 

the general perception of threat that the brain experiences. 

There is an emerging literature which would suggest that the amygdala plays a 

major role in social cognition. If this is the case, then it would be part of the pathway 

which would mediate social rank and social behaviour. Primates (macaque monkeys) 

with amygdala lesions ranked lower on behavioural indicators of social dominance 

when placed in groups of six other monkeys. Control animals and animals with 
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hippocampal lesions ranked higher than those with amygdala lesions (Bauman, 

Toscano, Mason, et al, 2006). Whilst amygdala-lesioned animals displayed reduced 

levels of aggression, social rank in primates is also dependent on other social 

activities such as recruiting allies, and therefore relies on the ability to recognise 

threats, respond accordingly, and to be alert to social signals – i.e. there is a reliance 

on social cognition. However, some studies have found that pre-established social 

rank did not change after amygdala lesions (Machado & Bachevalier, 2006). The two 

studies examined early lesions in the former, and later lesions in the latter, and there 

may be important differences in when the animal acquires the amygdala lesions that 

determine behaviour (Bachevalier & Malkova, 2006). 

It is possible to theorise that if an organism is challenged and defeated, it would 

be necessary to be aware of further threats to his standing. One might expect that 

socially submissive behaviour would diminish this threat by sending a clear signal to 

the group that he is „defeated‟ and is no longer a threat to the social standing of other 

members of the group. However, depressive illness may activate a range of social 

behaviours. For example, the classic social withdrawal is typically seen, but this may 

be accompanied by a persistent activation of pathways (including the amygdala) 

which signal persisting threat to the individual. This may result in the experience of 

anxiety, but may also perpetuate the behavioural symptoms of the disorder. A failure 

to „inactivate‟ the social behaviours that indicate defeat (possibly by the anterior 

cingulate) may herald a more chronic course of illness and in this sense amygdala 

activation may act as a marker for chronicity and/ or treatment resistance. 

Of potential significance is that amygdala volume has been described in 

childhood autism in relation to the classic social and communicative deficits 

(Munson, Dawson, Abbott, et al, 2006). Such a finding is suggestive that primary 



 

 

104 

dysfunction of the amygdala, and not an acquired abnormality due to stress, may be 

related to profound changes in social behaviour. 

5.3.4 Hippocampal Formation 

A number of MRI studies report smaller volumes of the hippocampal formation 

(dentate gyrus, Ammon‟s horn, subiculum, and parahippocampal gyrus) in Major 

Depression (For a review, see Harrison, 2002). The significance of this finding is that 

factors believed to be important in the aetiology of depression such as glucocorticoid 

dysregulation, are known to cause hippocampal atrophy in rodent models of 

depression (For a review, see Sapolsky, 2000). Stress appears to reduce cell 

proliferation in the dentate gyrus (Gould, Tanapat, McEwen, et al, 1998), a region 

known to be important in memory formation (Gould, Beylin, Tanapat, et al, 1999). 

Some authors have found reduced hippocampal volumes in women with a history of 

physical and/ or sexual abuse in childhood only (Vythilingam, Heim, Newport, et al, 

2002), linking stress and changes in the hippocampus. Interestingly, reduced 

hippocampal volumes have been reported to be related to executive dysfunction 

measured on the Wisconsin Card-Sorting Test (Frodl, Schaub, Banac, et al, 2006). 

Further, specific antidepressants such as electroconvulsive stimulation (Lamont, 

Paulls & Stewart, 2001) have the opposite effect. 

 

5.4 Putative pathways involved in NMD 

5.4.1 Major Depression 

The pattern of increases in blood flow and metabolism described in 
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Table 9 would suggest the involvement of at least two putative circuits in the 

pathophysiology of major depression. The increased metabolism in the (left) 

amygdala and PFC reflects increased activity in a limbic-thalamo-cortical circuit 

involving the amygdala, medial thalamus, and ventral PFC. The reduction in 

metabolism in the medial caudate implicates an additional circuit – a limbic-striatal-

pallidal-thalamic circuit which involves the above structures but also includes the 

striatum and ventral pallidum. 

5.4.2 A putative model for depression 

Is depression a disorder of social behaviour? In the same way that some have 

suggested that schizophrenia is the price we, as a species, pay for the development of 

language, is major depression the price we pay for having developed complex social 

and bonding behaviours? 

If one of the pathologies that are implicated in the development of depression 

(such as early trauma/ stress (see De Bellis, Keshavan, Spencer, et al, 2000 for 

effects of trauma on ACC metabolism)) affects the anterior cingulate, a range of 

behaviours may be affected: 

1. One of the roles of the ACC is to „filter out‟ conflicting responses or action 

patterns. If the ACC is under-functioning, then „negative‟ patterns of 

thinking may not be processed or reduced from consciousness appropriately. 

2. Failure to process information from the amygdala may lead to difficulties in 

making appropriate assessments of social threat. This leads to increased 

anxiety, amygdala activation, repetitive social comparison, and persistent 

negative patterns of thinking. Further, the emotional „flavour‟ to experiences, 

imparted by the amygdala, even those that are affect-neutral may be overly 

negative or depressive. 
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3. The ACC has a role in predicting the reward value of a specific response. If 

the ACC is unable to fulfil this role, the organism is unable to predict the 

likelihood or reward from conflicting actions and a particular course of 

action becomes devoid of goal-oriented value. This leads to a lack of 

motivation and a paucity of responses to any given situation. 

4. The connections that the ACC has with the somatic centres of the brain leads 

to dysregulation of appetite, sleep, and other biological processes. This may 

partly due to effects of glucocorticoids. 

5. Social withdrawal may be due to under-activity of the ACC, and activation 

of behaviours signalling „defeat‟ or „loss‟. However, it could also be due to 

anxiety in social situations where the individual is unable to process cues 

about social behaviour and threats appropriately. 

 

The role of the ACC in social comparison can be tested by looking at scores on the 

Social Comparison Rating Scale in those individuals who have undergone anterior 

cingulotomy. If the ACC is not processing social behaviour correctly, then ablating 

the ACC should have a relatively rapid effect on ratings of social comparison and 

social anxiety, potentially before ratings of mood improve. This is an interesting 

hypothesis to be tested. 

5.4.3 Patterns of depression 

It is possible to speculate that the particular characteristics of an individual‟s 

symptoms may indicate with some specificity the areas of the brain most 

significantly affected. For example, an individual with indecisiveness, doubting, 

concentration difficulties, and irritability and aggression may have greater 

involvement of the DLPFC. Another individual with social withdrawal, social 
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comparison, and feelings of defeat and loss may have greater involvement of the 

ACC. Such speculations are out with the scope of this thesis. 

5.4.4 The role of the lesions 

5.4.4.1 Anterior Cingulotomy (ACING) 

The most common placement for lesions in ACING is relatively dorsal (Richter, 

Davis, Hamani, et al, 2004; Spangler, Cosgrove, Ballantine, et al, 1996) and is 

certainly not in sg24, the region that is demonstrably hypometabolic in depression. 

However, high pre-operative metabolism in the left sg24 has been proposed as a 

predictor of post-operative improvement in major depression (Dougherty, Weiss, 

Cosgrove, et al, 2003). The significance of this is uncertain, since hypometabolism of 

this area is commonly reported in major depression (See Section 5.2.3). One 

possibility is that the procedure is of greatest benefit in those individuals with a 

specific pattern of neurocircuit dysfunction. 

What is clear is that the efficacy of the lesions is not due to the deactivation of 

the ACC per se but that the lesion may be affecting the pathways involved in the 

persistence of the depressed state. It should be noted that the mechanism of lesion 

generation may have little bearing on efficacy, whether it is electrical stimulation of 

sg24 or thermocoagulation of the more dorsal parts of BA 24 and 32. 

Animal studies may give us some insights into the effects of ACING lesions on 

brain function. Glees et al (1950) produced bilateral cingulotomy lesions in six 

monkeys. The locus of the lesion was primarily BA 24. In most of the monkeys there 

was increased tameness and a lack of previous responses towards potentially 

dangerous stimuli. Of interest is that these behavioural changes diminished after a 

few weeks. 
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5.4.4.2 Anterior Capsulotomy (ACAPS) 

Clearly, ACAPS is not affecting direct pathways between the hippocampus, 

amygdala, or the ACC. However, ACAPS will be interrupting signals between the 

DLPFC and structures such as the ACC, and other parts of the limbic system. It may 

therefore have a slightly different mechanism of action, and it can be posited that the 

characteristics of recovery will be different as the lesion may not be so directly 

affecting the social behaviour repertoire. 

There is some evidence from neuropsychological testing (using the Iowa 

Gambling Task) that would suggest that neurosurgery may bring about a reduction in 

the sensitivity to negative information (Dalgleish, Yiend, Bramham, et al, 2004). 

Since ACAPS interrupts connections between the frontal cortex and the anterior and 

mediodorsal thalamic nuclei (Spiegelmann, Faibel & Zohar, 1994), which then 

connects to the limbic cortex, capsulotomy may indirectly affect the emotional 

regulatory systems to the extent that there is a dissociation of the abnormal emotional 

states and the higher cognitive processes that contribute to the direct experience of 

depression. 

5.4.5 Chickens and Eggs 

An important question regarding the neuropathological and imaging findings in 

mood disorders has yet to be answered, namely: are the glial and neuronal changes 

the cause of the disorder, or are they the result of the disorder? Each possibility will 

be examined in turn. 

5.4.5.1 Depression is caused by abnormalities in glial cell populations 

This argument conceptualises depression as being a neurodevelopmental disorder, 

and posits that depression results from inherent abnormalities in cell populations in 

key parts of the brain. Although difficult to establish with certainty, there is some 
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evidence of the neuroimaging changes described above being present from a very 

early stage in the illness. 

Hirayasu et al (1999) performed volumetric analyses on forty-one patients who 

were tested during their first hospitalisation (n=37) or within the eight months 

following their first hospitalisation (n=4). Twenty-four patients (mean age 23.7 

years) had been admitted with an affective disorder (Bipolar disorder=21; unipolar 

depression=3), and seventeen (mean age 27.2) had schizophrenia. The left subgenual 

cingulate volume of those patients with an affective disorder and a family history of 

affective disorder was significantly smaller (by 24%) than other groups. Similar 

findings have been reported by Coryell et al (2005) who found reduced left 

subgenual ACC volumes were greatest in those with psychotic major depression 

(n=10), and Kaur et al (2005) who reported reduced cingulate volumes in a small 

number (n=16) of young individuals (mean age = 15.5 years) with bipolar disorder. 

Similar findings were reported in 30 young women (aged 18-23) with early-

onset major depression when compared with 8 age-matched controls (Botteron, 

Raichle, Drevets, et al, 2002). These, and the findings of Hirayasu et al, would 

support the proposal that brain changes in affective disorders are present from an 

early stage in the disorder, and are not simply the result of years of persistent 

symptoms. They do not answer the question of whether the changes pre-dated 

clinical symptoms, however. Ballmaier et al (2004) have reported reduced grey 

matter volumes in the ACC and orbital cortex in 24 elderly depressed individuals 

(mean age 65.9 years), further supporting the claim that whatever the underlying 

process, depression is associated with structural brain changes in key areas 

implicated in the modulation of emotion. 
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Regarding changes in the hippocampus, reduced volumes in late-onset 

depression (n=28) were confirmed by Lloyd et al (Lloyd, Ferrier, Barber, et al, 2004) 

but hippocampal volumes in those with early-onset depression (n=23) were similar to 

controls (n=39). MacQueen et al (2003) found a logarithmic relationship between 

illness duration and hippocampal volume, with a reduction bilaterally. The authors 

concluded that hippocampal changes with depression are not present in the early 

stages of the illness, but that they develop as the illness progresses. 

These findings suggest that either: atrophy is not universal in affected brain areas 

in depression; or that different forms of illness show different patterns of changes in 

the brain – i.e. depression as a syndrome may just be a final common pathway and 

does not reflect a consistent pathological process in all subjects. MacQueen et al 

proposed that there may be a „window‟ in the early stages of depression during which 

interventions (such as antidepressants) may prevent the morphological changes 

which develop later (MacQueen, Campbell, McEwen, et al, 2003). 

5.4.5.2 Glial cell deficits are secondary to major depression 

Some evidence that the deficits and neuroimaging findings are secondary comes from 

studies that have demonstrated normalisation of metabolic changes with treatment of 

depression (Brody, Saxena, Stoessel, et al, 2001). As yet, there is no agreed 

mechanism by which antidepressants can influence metabolism in specific brain 

areas, and no explanation of how psychological treatment has a direct biological 

effect on the tissues. 
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6. The Assessment of Outcomes following Neurosurgery for Mental 

Disorder 

 

In all science, error precedes the truth, and it is better it should 

go first than last. 

Hugh Walpole (1884 – 1941). Novelist. 

 

6.1 A review of attempts to assess outcomes following neurosurgical 

interventions for mental disorder 

Historically, one of the main criticisms of all surgical interventions for mental 

disorder is an absence of robust, objective outcome data. In most cases, this means 

that there are no randomised controlled trials (RCTs). In order to understand some of 

the issues relating to the methods and interpretation of the data in this thesis, we 

should look at some of the factors relating to previously-published outcome studies 

in turn. 

6.1.1 The use of discharge rates from hospital as an outcome measure 

Discharge rates from hospital are likely to be a highly problematic measure of the 

overall „successes‟ of a procedure. Whether or not a patient can be discharged from 

hospital after psychosurgery is probably just as dependent on the presence of a 

supportive and understanding family, as it is on symptomatic improvement. Further, 

agitated patients who were rendered docile due to brain injury are more likely to be 

discharged than those who had a better response, but who retained problematic 

behaviours. 

Although much of the early literature focused on psychosurgery helping to get 

patients home, some reports would suggest that the prognosis for many patients in 

http://www.visitcumbria.com/walpole.htm
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state hospitals was probably not as bleak as proponents of psychosurgery would 

suggest. For example, Hastings (1958) performed a follow-up study of 1,638 patients 

admitted to a psychiatric hospital during 1938 – 1944, defining outcomes according 

to an A-E scale. Outcomes A and B represented “Excellent” and “Good” social 

adjustments respectively. 1,261 (77%) of patients were followed up and interviewed. 

The proportions of patients with outcomes A or B was: 27% for schizophrenia; 31% 

for affective psychosis; and 44% for obsessive-compulsive.  

Improvement rates (encompassing „Remission‟, „Improved‟, and „Home‟) from 

standard lobotomy and transorbital lobotomy in patients with schizophrenia were 

typically in the region of 38-68% (Freyhan, 1954; Gardner, 1957; Jackson & Jaco, 

1954; Jones & Shanklin, 1950). Death rates for standard lobotomy patients could be 

as high as 20.1%, although they were lower for transorbital lobotomy (Freyhan, 

1954). 

However, due to the lack of good well-controlled trials of early procedures we 

do not know what proportion of patients would have improved with minimal 

intervention. Given the diagnostic uncertainty (discussed in Chapter 3) it is likely that 

many patients with a diagnosis of „schizophrenia‟ in the 1940s and 1950s would have 

recovered without psychosurgery. In a study by Cheney & Drewry (1938) of patients 

discharged from hospital, 10% of patients with paranoid schizophrenia and 21% of 

those with simple schizophrenia were rated as „much improved‟, which was defined 

as being symptom-free except for some “emotional blunting and stilted attitudes”. 

Rupp and Fletcher (1940) reported that in those patients with less than 6 months 

duration of symptoms prior to hospitalisation, 34.5% were improved at 5-10 year 

follow-up, although 13.9% of a cohort of 641 patients was dead. Similar results were 

found by Romano and Ebaugh (1938) who reviewed improvement rates in 
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schizophrenia in the literature from 1912 to 1937. Twenty-three percent of cases 

were „Well or Improved‟, although the recovery was not complete in most patients. 

In their own series of 345 patients examined, 1 had remitted; 25 (7.2%) had „Marked 

Improvement‟; and 54 (15.7%) had „Improvement‟. 

6.1.2 Blinding in outcome studies 

There are very few blinded studies reporting outcomes in NMD, for fairly obvious 

reasons. However, there are small numbers of case reports where the subjects were 

unaware that they had had a sham procedure. Livingston performed sham surgery on 

four patients as part of a larger psychosurgery programme, but the follow-up was a 

matter of months. The report is described in more detail in Section 6.1.10.1. Cosyns 

(1979) reported a single case of a 50-year-old man with “impulsion phobia” who was 

“very surgery seeking” so the psychiatric team decided to make burr holes under 

general anaesthesia without creating lesions. There was no change in his symptoms 

for two months when the full procedure was performed with subsequent changes in 

his symptoms. Finally, Corkin (1979) reported on one individual who had undergone 

a cingulotomy for pain but details as to outcome are sadly lacking and the follow-up 

was less than three months. 

Such sham (i.e. placebo) procedures are the „gold standard‟ in testing an 

intervention, but to perform such a study has been considered by many to be 

unethical, since the withholding of “such legitimate procedures from suffering 

patients is an exercise which flies in the face of the ethical basis of medical practice” 

(Earp, 1979).  

6.1.3 The subjective nature of outcomes 

From the early days of psychosurgery, the persuasive power of dramatic recoveries 

after long periods of illness and hospitalisation has always been an issue. The 
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propensity of NMD to polarise opinion among the public, as well as the medical 

profession, has meant that proponents may be blinded to negative outcomes, whilst 

sceptics often overlook reports where the outcome was positive. It is difficult for 

individuals to form balanced views when they feel that their practice is being 

criticised unfairly – often their views become more positive. In 1937, Egas Moniz 

was keen to conclude that, “Prefrontal leucotomy is a simple operation, always 

safe…” (Moniz, 1937). This was despite the fact that some of the patients in his first 

case series of 20 patients remained “somewhat apathetic”, and he also reported 

“disturbances referable to injury of the frontal lobes”, albeit temporarily. 

When discussing the possible outcomes from prefrontal lobotomy with relatives, 

Lothar Kalinowsky claimed to be able to state that: “the operation never makes the 

patient worse” and that “we can promise that the patient will be relieved from a 

mental suffering which is often agonising” (Kalinowsky & Scarff, 1948). The first 

claim was unlikely to be true (given that very few (if any) treatments in medicine 

have a 100% response rate and no risk), and by 1948, it was already known that all 

versions of lobotomy carried certain risks. Freeman‟s claims that “lobotomy gets 

them home” do not necessarily tally with controlled studies which have found that 

lobotomized and non-lobotomized patients (age and sex-matched) did not differ 

significantly in total discharged from hospital (84 vs. 80), nor the number of patients 

not readmitted (53 vs. 47) (Robin, 1958). The claims that lobotomy allowed 

discharge from hospital are not supported by results from Tooth and Newton‟s 

(1961) survey of 10,365 leucotomies performed in the UK during 1942-1954. At the 

time of the survey, the proportion of patients who had been discharged following 

leucotomy was 46%. Forty-five percent of patients were still in hospital, and 9% of 
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patients had died in hospital. These figures are a little better for those in the affective 

group, with 67% of patients being discharged. 

The apparent unwillingness to assess outcomes and adverse effects in an 

objective way obviously led to overly positive assessments of the procedure. Adverse 

effects were insufficiently reported, or even minimised. Walter Freeman, who was 

reporting the outcomes of his own procedure, stated that: 

“Intellectual deterioration is particularly difficult to assess in 

schizophrenics, and therefore should not be counted as of great 

importance” (Freeman & Watts, 1945) 

Many surgeons and psychiatrists were over-optimistic in their views on the potential 

for a new treatment for patients who were previously seen as untreatable. For 

example, in 1951 William Scoville, the pioneer of orbital undercutting wrote: 

“There is no reason to believe that technically precise and extremely 

selective operations should not be developed for those milder 

emotional and psychosomatic dysfunctions.” (Scoville, Wilk & Pepe, 

1951). 

Walter Freeman was so bold as to say that: 

“In services where prefrontal lobotomy has been carried out on any 

considerable scale the problem of the disturbed schizophrenic has 

been all but solved.” (Freeman & Watts, 1945) 

This exuberant enthusiasm, potentially blinding to potential adverse effects, was 

undoubtedly contagious. Ørnulv Ødegård, the Norwegian lobotomist said: 

 “[transorbital lobotomy] can easily be performed by the psychiatrist 

himself with the tools he might have in his pocket, and strangely 

enough it may be harmless and effective” (Cited in: Tranøy & 

Blomberg, 2005) 

Such a statement conspicuously betrayed the absence of a biological framework in 

which putting holes in someone‟s brain, and especially the white matter tracts, might 

affect their higher cognitive processes. It is truly difficult to know whether they 

refused to see adverse effects, did not recognise them, or did not reckon them to be of 
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any great significance in the absence of psychotic symptoms, or profound anxiety or 

agitation. A common reason for an apparent lack of adverse effects was probably that 

clinicians did not know how, or where to look for them, and lacked appropriate tools 

with which to assess them. Typifying the dangers of assuming that because deficits 

were not detectable they did not occur, when reporting the outcomes of 

cingulumotomy for drug addiction Balasubramaniam wrote: 

“A most important feature is the absence of any detectable deficit after 

operation.” (Balasubramaniam, Kanaka & Ramanujam, 1973) 

 

6.1.4 There is no ideal assessment tool with which to assess changes in 

personality 

There are at least two areas where high-quality tools, validated for repeated testing 

remain absent. The first is the assessment of personality. It is only in recent years that 

the characteristics of personality and its disorders have been operationalised to some 

degree. In early reports of NMD assessment of personality relied on imprecise and 

dubious tools such as the „Rorschach‟ (Inkblot) test. Despite decades of personality 

research, we still struggle to devise instruments to „measure‟ it. Fifty years ago, 

progress was much less advanced and the difficulties (and contradictions) are 

captured by a statement made by Carney Landis in 1950: 

“Several reports have claimed…that psychosurgery patients lose 

creative ability, imaginative ability or high level intellectual ability. 

Such claims are easy to make and most difficult to prove or disprove. I 

can report that with respect to the patients that we have 

examined…we have not a shred of objective evidence that they are 

less imaginative, less creative, or have less high intellectual 

ability…than they have before” (Landis, 1950) 

Landis went on to say that, “in every instance where any information was available it 

failed to indicate evidence of loss in these highest levels of ability” (Landis, 1950). 

Although he expressed an awareness of the limitations of their tests, he perhaps did 
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not state explicitly that one reason deficits were not found is that firstly they did not 

know where to look, and secondly they did not know how to assess them. 

The situation today is not dramatically different. We no longer see the gross 

frontal lobe syndromes that were seen after lobotomy, yet the brain areas targeted are 

very similar in newer procedures, albeit with much greater accuracy and without the 

collateral damage of older procedures. However, there is anecdotal evidence arising 

from this study and derived from interviews with numerous capsulotomy patients that 

individuals after anterior capsulotomy may have very subtle deficits in abstract 

thinking and social reciprocity that do not interfere with global functioning and 

would not necessarily appear on standard personality assessments. Yet they appear to 

be there to varying degrees in many individuals. There is also evidence that anterior 

capsulotomy can cause more severe deficits in executive functioning (Rück, 

Andreewitch, Flyckt, et al, 2003). 

The Personality Assessment Schedule (PAS; Tyrer, Alexander, Cicchetti, et al, 

1979) has been validated for making diagnoses of ICD-10 personality disorder, but 

the prevalent assumption in the assessment of personality is that personality does not 

change significantly over someone‟s lifetime. Consequently, the PAS is a useful tool 

for a single point in time, but the ability of the tool to detect significant changes over 

time is uncertain. This is important since one of the common criticisms of NMD is 

that it causes changes in personality. We are unable to assert with confidence that we 

can reliably identify subtle changes in someone‟s character and behaviour that may 

be attributable to surgery. However, this does not necessarily mean that we should 

not attempt to assess personality in as robust form as possible. As Moniz noted, it is 

difficult to draw conclusions if the preoperative state is not well classified: 

“Two or three of the patients in my first series have remained 

somewhat apathetic but even in these cases there is some doubt as to 
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the effect of the operation, because the personality of the patient was 

not very well known before the operation” (Moniz, 1937) 

 

6.1.5 Historically, physicians have rated clinical impression above objective 

measurement 

From the early days of psychosurgery, it seemed to be commonplace that patient 

outcomes were reflected in prosaic descriptions of recovery, often by the surgeon that 

had performed the procedure. Walter Freeman regularly related the receipt of 

Christmas cards from patients or their relatives to a favourable outcome (Freeman, 

1957). Other less-than-optimal outcome measures included a series of photographs of 

selected cases, or graphs charting an apparent reduction in episodes following 

surgery. Whilst superficially compelling, such measures do not lend themselves to 

objective assessment of the true outcomes for all patients. In the same way that a few 

positive outcomes cannot be used as evidence of benefit from a procedure, a series of 

negative outcomes cannot be sufficient to support a case that lobotomy causes 

widespread harm. 

With regard to the latter method (For example: Ström-Olsen & Carlisle, 1971), a 

graph displaying fewer bars (representing fewer episodes) following surgery for a 

whole series of patients hides the fact that surgery was typically performed at the 

peak of a period of illness. Further, the main indication for surgery (such as 

depression or schizophrenia) was usually a relapsing-remitting illness. It cannot be 

excluded that for many patients, a comparison of the first year post-op against the 

year preceding surgery reflects nothing other than an entirely predictable change in 

the illness. 

In their review of psychosurgery studies up to 1977, O‟Callaghan and Carroll 

(1982, pp 127-193) compared the quality of reports during three periods of 
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leucotomies: „first-wave‟ covering 1944-1972 (prefrontal, transorbital, bimedial, 

orbital, and rostral); „mid period‟ covering 1952-1977 (stereotactic tractotomy and 

cingulectomy); and „second-wave‟ covering 1953-1977 (thalamotomy, 

hypothalamotomy, amygdalectomy, limbic leucotomy, capsulotomy, and 

mesoloviotomy). None of the studies in any of the groups were even single-blind, 

and none included a control group. 

Although 15 out of 17 of the „first-wave‟ studies, 16 out of 17 of the „mid-

period‟ studies, and 11 out of 20 of the „second-wave‟ studies included some form of 

psychiatric rating this was almost universally a categorical rating scale of outcome. A 

psychiatric interview only formed the basis of 53% of first wave studies, 41% of 

mid-period, and 30% of second-wave studies. 

6.1.6 Are categorical outcomes sufficient reflections of outcome? 

Traditionally, categorical measures of outcome have been acceptable tools with 

which to report outcome of patients undergoing NMD. In the existing literature, the 

scale developed by Pippard (1955), or variants of it, feature highly. The Pippard 

Postoperative Scale is a five-point scale ranging from 1 (Completely improved), 

through 4 (Unchanged); to 5 (Worse). Other commonly-used global scales include 

the Clinical Global Impression - Improvement (National Institute of Mental Health, 

1970), which focuses primarily on symptomatic improvement. 

Advantages of such scales include their correlation with symptom-based scales, 

and comparison across different studies which may have used different symptomatic 

rating scales. However, weaknesses of such global measures include the possibility 

that changes may occur in a variety of domains. For example, the patient may have a 

good symptomatic improvement but have suffered an intracranial haemorrhage. 

Interpreting such an outcome becomes complex. Further, on the Pippard scale, an 
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individual may be completely asymptomatic but may remain on maintenance 

treatment. There is uncertainty over whether this merits a score of 1 or 3 on the scale. 

Comparisons between patients therefore become more difficult. 

6.1.7 Adverse effects are downplayed 

It is inconceivable that Walter Freeman and colleagues would not have noticed frank 

frontal-lobe syndromes in their lobotomy patients. Freeman was a gifted neurologist 

and he would have been aware of the earlier work on frontal lobe resections. Indeed, 

there was a chapter in his book entitled “Summary of the Frontal Lobe Syndrome 

after Lobotomy” (Freeman & Watts, 1942, p. 205). Freeman acknowledged the 

emergence of frontal-lobe damage following lobotomy in the Preface to his book: 

Not always does the operation succeed; and sometimes it succeeds too 

well, in that it abolishes the finer sentiments that have kept the sick 

individual within bounds of adequate social behavior (Freeman & 

Watts, 1942) 

Freeman, it can be argued, was a pragmatist. He was able to comprehend the 

problems with the State Hospital system and believed he had a valid solution. It is 

likely that rather than actively ignore the adverse effects from the surgery, he was 

able to view this as a „price‟ to be paid for symptom relief, discharge from hospital, 

and in many cases, a return to purposeful life. In the same way that those undergoing 

surgery for cancer may wake without a limb, Freeman realised that gains could not 

be made for nothing. For those undergoing lobotomy, there was a risk of losing some 

aspects of higher cognitive functioning and the finer points of personality. Perhaps 

the dilemmas that we face today relate to who should make such decisions and if 

society should allow individuals to make decisions such as these? 
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6.1.8 Not all outcomes from NMD are reported in the literature 

There is little doubt that not all centres who perform NMD publish their results in the 

scientific literature, thus obscuring the true picture. Unless all cases of NMD are 

published, the risk of over-estimating the beneficial effects of surgery is high due to a 

positive publication bias. In 1973, it was recognised that only 27% of neurosurgeons 

published their reports (National Commission for the Protection of Human Subjects 

of Biomedical and Behavioral Research, 1977). Whilst the figure is presumably a 

little higher today, we are far from the situation where all outcomes from all 

procedures are published, and at least one team in the USA have yet to publish their 

outcome data from gammacapsulotomy in peer-reviewed journals despite a 

longstanding programme of neurosurgery (Goldman, Norén, Rasmussen, et al, 2006). 

6.1.9 Patient characteristics and outcomes are insufficiently reported 

As suggested above, historically there has been little collaboration between different 

NMD centres and minimal agreement over which tools and assessments should be 

used for the assessment of outcomes. In his report for The National Commission for 

the Protection of Human Subjects of Biomedical and Behavioral Research (1977), 

Elliot Valenstein reviewed all published reports on the effects of psychosurgery and 

found that 54% contained no information obtained from objective tests. Of the 70 

articles that did report objective test results, 16 referred only to an IQ test. 41% of all 

reports received a rating which reflected “only descriptive information and lacking 

comparison groups”. 

In the review by O‟Callaghan and Carroll (1982, pp 127-193), they reported on 

the information reported in the studies. A summary is given in Table 10. 
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Table 10: Numbers of studies reporting information about subjects and previous treatment (From data reported by O'Callaghan & 

Carroll, 1982, pp 127-193). 

Period Number of 

studies 

included 

Age and Sex Duration of 

illness 

Previous 

treatment 

received 

Response to 

treatment 

Level of 

educational 

attainment 

Presence of 

Mixed 

diagnoses 

Presence of 

Confounding 

diagnoses 

First wave 17 9 7 3 2 0 2 0 

Mid-period 17 5 3 2 1 1 4 0 

Second wave 20 5 4 0 N/A 1 2 0 

 



 

     

123 

 

It is difficult to draw meaningful conclusions about the results of early studies when 

there is so much missing information. Of significance is that many of the factors that are 

not reported (e.g. diagnosis and duration of illness) are the factors which are likely to 

affect response following surgery. Even trying to draw conclusions from crude measures 

such as post-operative occupation is challenging. O‟Callaghan and Carroll (1982) put it 

bluntly when referring to a particular case in one study when they said, “The capacity of 

a professional agriculturalist to perform household tasks is a naïve and insufficient 

index of her occupational rehabilitation” (p. 137). 

6.1.10 A review of controlled studies of NMD 

It is admittedly difficult to counter criticisms that no-one has yet been able to 

demonstrate efficacy of NMD in RCTs. Although blinding is permissible with Vagus 

Nerve Stimulation and Deep Brain Stimulation, it is extremely difficult to do with 

ablative neurosurgery, although not impossible (For example: de Bie, de Haan, Nijssen, 

et al, 1999). A suitable control group for NMD patients has yet to be identified. Sham 

procedures may be unethical (Earp, 1979; p.359) and waiting list controls or „Treatment 

as Usual‟ would necessitate a period of at least 12 months, reducing the likelihood of 

consent being obtained from individuals who may be desperate for what is often viewed 

as „last resort‟ treatment. Further, many such patients are frequently highly-suicidal and 

there would be risks associated with denying a potentially life-saving treatment. Perhaps 

it is this reason which differentiates the viability of randomised trials in major depression 

from trials in Parkinsons Disease, for example. 
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The strength of double-blind RCTs is that they permit the comparison of the 

intervention with placebo. Most patients and many doctors wish for improvement in 

illness, regardless of the intervention. Indeed, some authors have suggested that, “if a 

placebo effect cannot be obtained in any other way, then let it be obtained by operation” 

(Price, 1979). This argument, of course, doesn‟t adequately balance the potential risks of 

the intervention under scrutiny. 

However, the principle of RCTs has been discussed for many years (Research 

Committee - The Royal College of Psychiatrists, 1977), although they have yet to be 

completed. The Royal College of Psychiatrists aimed to compare clinical and social 

outcomes in two groups of patients: one treated by brain surgery, and the other treated 

by non-surgical means. Over 36 months, it was hoped that 200 patients would have 

completed 12 months follow-up after surgery. The reasons for such a trial not taking 

place are unclear, but political reluctance to fund “experiments on the human brain” is a 

possibility (Price, 1979). A more likely reason is one based on the methodology of the 

study design, which entailed randomisation taking place after referral and assessment to 

the neurosurgical unit. Ethical challenges to the team providing the treatment are 

numerous, and selection bias could not be excluded. In practice, even today, it is 

extremely difficult to obtain consent for randomisation in a group of people that are 

often desperate, and who may view NMD as both a „last resort‟ and as their only choice. 

Determining the correct research methodology for an intervention as complex as 

NMD has been challenging. Many early reports are less than robust in terms of methods, 

and confounding factors are frequently overlooked. In a follow-up study of 3000 patients 
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who had undergone either prefrontal or transorbital lobotomy, Walter Freeman stated 

that: 

“In a preliminary study of 20 patients…there were 13 different diagnoses. 

Such morsellation would lead to little in the way of comparison of one 

group with another. In many instances a diagnosis on a hospital chart 

was made years beforehand and never revised” (Freeman, 1957). 

Obtaining meaningful conclusions about the efficacy of early procedures for particular 

indications is often a fruitless exercise, and even though diagnostic classifications have 

changed over time, many early studies neglected to include adequate (or even any) 

information about the diagnosis of subjects. 

It should be stated, however, that research in other fields of surgery is historically 

challenging. Out of 175 papers reporting original research in selected surgical journals in 

1996, only 12 (7%) used a randomised controlled trial (RCT). Case series accounted for 

46% of methods (Horton, 1996). In 1995, only 58 (53%) of 109 consecutive medical 

admissions received an intervention that was supported by RCT evidence. Thirty-two 

(29%) were supported by convincing non-experimental evidence, and 19 (18%) received 

interventions without substantial evidence (Ellis, Mulligan, Rowe, et al, 1995). NMD, 

therefore, is far from unique in having a conspicuous absence of robust research 

methods. 

Whilst it is easy to criticise an apparent absence of what we would recognise as 

„evidence-based medicine‟ today, the research framework in the first half of the 20
th

 

Century was noticeably under-funded, especially in mental health. For example, the 

amount per „case‟ invested into research into mental illness in the USA in 1945 was 87 

cents. This compares to $22 for tuberculosis and $94 for „infantile paralysis‟ 

(Menninger, 1948). Whilst the funding for mental health has increased in the UK over 
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recent years, it is still eclipsed by Cancer, Coronary Heart Disease, Children‟s Services, 

and „Improving Patient Experience‟ (Department of Health, 2003). 

Despite the challenges, there have been a number of controlled trials of early NMD. 

These are summarised in Table 11, and are described in more detail in Sections 6.1.10.1 

to 6.1.10.6. 
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Table 11: Summary of controlled studies of early NMD 

Study Procedure N 

(intervention 

group) 

Diagnosis Mean Follow-up 

period 

Matched? Outcome measures Comments 

Livingston (1953) Sham procedure 4 Psychosis 3 months No 1. Clinical impression Sham operation performed 

on four patients as part of 

larger study of cingulate 

lesions 

Freeman et al (1954) Transorbital 

lobotomy 

228 Schizophrenia; 

epilepsy; mental 

deficiency; organic 

disorder 

12 months Not described fully. 1. Death 

2. Discharge from 

hospital 

3. Ability to work 

 

Robin (1958) Most subjects 

(n=190) 

underwent 

„standard‟ 

leucotomy 

198 Schizophrenia; 

melancholia; 

neurosis; organic 

disorders  

Minimum of 5 

years; Range 5-

19 years 

Only for sex. Partial age 

matching. 

Discrepancies in 

diagnosis of two 

groups. 

1. Discharge from 

hospital. 

2. Death 

 

McKenzie et al (1964) Prefrontal 

Leucotomy 

183 Schizophrenia; 

affective disorders 

5 years Age, sex, diagnosis, and 

pattern of illness (e.g. 

chronicity) 

1. Discharge from 

hospital 

No difference between 

groups 

Marks et al (1966) Most subjects 

(n=13) Modified 

Leucotomy 

19 “Severe 

Agoraphobia”, 

together with 

pronounced general 

anxiety 

8 years for 

leucotomy 

patients, 4 years 

for controls 

(range 2-13) 

Matched for sex, 

symptoms, inpatient/ 

outpatient, age at 

treatment, and symptom 

duration 

2. 5-point scale for 

rating 4 symptom 

domains. 

Some subjects shared 

controls. 

Tan et al (1971) Bimedial 

leucotomy 

24 Obsessive-

compulsive 

neurosis 

Minimum 5 

years. 

Age, sex, symptom 

severity and duration. 

2. 5-point scale for 

rating 4 symptom 

domains. 

Ratings made by two 

psychiatrists who were 

blinded to intervention. 

Total  656      
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6.1.10.1 Cingulate cortex isolation for the treatment of psychoses and 

psychoneuroses. Livingston (1953) 

In what is probably the only double-blind sham procedure conducted in the last sixty 

years or so, Kenneth Livingston performed sham procedures on four patients. The 

group was part of a larger series of patients (n=24) undergoing open cingulate lesions 

performed using the Lyerly-Poppen approach, who were followed up for two years or 

more. 

Without informing the patients and the other hospital staff, Livingston 

performed the procedure as usual with the exception of not creating lesions. None of 

these patients showed improvement and underwent cingulate isolation approximately 

three months later. Of the group that received actual lesions, 12 (50%) were 

discharged; 4 (16.7%) made “good hospital adjustment”; whilst the remaining 8 

patients (33.3%) “still presented serious problems six to eighteen months after 

cingulate isolation”. 

Disappointingly, detailed comparisons with the operated group were not 

recorded and it is not possible to determine, three months after surgery, if this group 

differed markedly from the operated group. Such an approach is unlikely to ever be 

repeated again. 

6.1.10.2 West Virginia Lobotomy Project. Freeman et al (1954) 

The study by Freeman et al (1954) compared 228 patients who underwent 

transorbital lobotomy in the summer of 1952 to 202 „control‟ subjects whose 

relatives had not given consent to lobotomy. Outcomes are summarised below in 

Table 12. Length of follow-up was 12 months in most cases. 
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Table 12: Summary of Outcomes (Freeman et al, 1954) 

 Lobotomy (n=228) Controls (n=202) 

Deaths 7
†
 (3.1%) 2 (1%) 

Discharged from hospital 85
‡
 (37.3%) 5 (2.5%) 

Working 17 (7.5%) Not reported 

†
 Includes 4 operative and 3 „later‟ deaths 

‡
 Two years after surgery, 2 patients had been readmitted to hospital. 

 

Weaknesses of this study typify many of this period. Firstly, the characteristics of the 

cases and controls are poorly described, with only information about age, percentage 

at home, and length of hospitalisation being reported. Secondly, the diagnoses of the 

lobotomy patients were highly variable. Whilst 75.9% of patients had schizophrenia, 

10 (4.4%) had epilepsy, 12 (5.3%) had “mental deficiency”, and 5 (2.2%) had an 

organic disorder. There is no evidence that the control group was appropriately 

matched. One possibility for the difference is that those families who were more 

likely to give consent to the procedure had a more positive attitude towards 

supporting the patient at home, thereby increasing the likelihood of eventual 

discharge from hospital regardless of symptomatic improvement. 

6.1.10.3 A Controlled Study of the Effects of Leucotomy. Robin (1958) 

Robin (1958) followed up 198 patients who had undergone a variety of different 

forms of leucotomy: “standard” leuctotomy (n=190); orbital undercutting (n=6); 

medial undercutting (n=1); and transorbital leucotomy (n=1). Although the patients 

were not exactly matched to controls, the control group (n=198) was matched for sex 

and approximately for age, and the matching process was described. The control 

group was derived from patients who were admitted to the same hospital on roughly 

the same date. 
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A summary of key outcome measures is shown below in Table 13. 

Table 13: Summary of Outcomes. Robin (1958) 

 Leucotomy (n=198) Controls (n=198) 

Deaths 22
† 

(11.1%) 23
†
 (11.6%) 

Discharged from hospital 84
‡
 (42.4%) 80

‡
 (40.4%) 

Working Not reported Not reported 

Not re-admitted to mental 

hospitals since discharge 

42 (21.2%) 38 (19.2%) 

†
 In the leucotomy group, 20 subjects died during the same admission; in the control group, 

19 subjects died during the same admission. 

‡ Fewer patients in the leucotomy group were discharged within 2 years of surgery than in 

the control group (65 versus 69). 

 

This study suffered from inadequate matching of controls. The leucotomy group had 

fewer patients with schizophrenia (91 versus 97), more patients with „melancholia‟ 

(39 versus 30), more patients with „neurosis‟ (16 versus 7), and fewer patients with 

organic disorders (1 versus 10). This means that the lobotomy group potentially had 

more patients who could have been expected to have had a better long-term 

prognosis without the leucotomy, and who were more likely to have favourable 

outcomes post-surgery. 

6.1.10.4 Prefrontal Leukotomy: A Five-Year Controlled Study (McKenzie & 

Kaczanowski, 1964)  

In a five-year follow-up study of 183 patients who had undergone prefrontal 

leucotomy between 1955 and 1957, the authors set out to determine whether hospital 

discharge rates were higher in patients who had undergone prefrontal leucotomy. 

The diagnostic breakdown of the subjects is given in Table 14. Each group was 

further subdivided into two classifications: chronic patients (continuously unwell and 

incapacitated for at least three years) and those with an intermittent course of illness 
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(required hospitalisation for weeks or months at a time, but had better preserved 

personality and a higher level of function). Controls were matched by age, sex, 

diagnosis, and pattern of illness (chronic or intermittent). The authors then compared 

the two groups (operated versus controls) on rates of hospital discharge using χ
2
 tests, 

with a 0.01 level of significance. 

 

Table 14: Diagnostic breakdown of subjects (McKenzie & Kaczanowski, 1964) 

Group Number of subjects 

Catatonic schizophrenia 93 (50.8%) 

Paranoid schizophrenia 49 (26.8%) 

Other schizophrenia 8 (4.4%) 

Affective disorders 33 (18.0%) 

 

The main finding was that there was no statistical difference between discharge rates 

between the groups after five years. The only positive result was that operated 

subjects in the intermittent-discharged group had a lower rate of readmission during 

follow-up than controls (p < 0.001), leading the authors to posit that leucotomy may 

have a stabilising effect in intermittently unwell patients. 

Despite the use of a statistical approach to comparing the two groups, the study 

has a number of flaws. The chronic versus intermittent differentiation has 

questionable validity, and appears to have been a rather subjective assessment. 

Controls were not matched individually but average ages were comparable, leading 

to the possibility that there were differences between the groups in other areas which 

could have influenced the overall conclusions. Indeed, the authors acknowledged 

there was “methodological bias in favour of the operated groups”, but this would, of 

course, have made their findings more compelling. 
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6.1.10.5 Modified Leucotomy in Severe Agoraphobia: A Controlled Serial 

Inquiry (Marks, Birley & Gelder, 1966) 

In this study Marks et al (1966) followed up 22 patients who suffered from “severe 

agnoraphobia, with pronounced general anxiety” and who had had neurosurgery for 

phobic anxiety. Between 1952 and 1962 a variety of procedures were employed: 

modified prefrontal leucotomy (n=11); bimedial leucotomy (n=9); orbital undercut 

(n=1); and rostral “G” (n=1). 

Each patient who was considered a candidate for neurosurgery in one London 

hospital was „paired‟ with a control from another London hospital. Matching was 

performed blindly by someone who did not know the patients, and was matched for: 

sex; symptoms; inpatient/ outpatient; age at treatment; and duration of symptoms. 

Only sixteen controls were identified. 

The main outcome measure was a five-point scale for phobias, anxiety, 

depression, and work (1=minimum pathology, 5=maximum pathology), rated by two 

psychiatrists who were blind to the identity or history of the patient. The source of 

rating was the case notes, and clues as to the status of the patient had been removed 

prior to rating. A „leucotomy effect‟ scale was also used and ran from 1 (normal 

function), through 3 (moderately disturbed), to 5 (very severely disturbed, grossly 

disabled). 

Adverse effects in the first three months included: headaches (n=1); confusion 

for a few days (n=5); and double incontinence, once (n=1); excessive slowing and 

apathy (n=5); and transient disinhibition, euphoria and facile laughter (n=6). At six 

months follow-up, the following findings were reported: drug addiction (n=1); 

alcoholism (n=1); decline in memory or concentration (n=4); outspokenness or 

irritability (n=8); and apathy, laziness or blunting (n=6). 
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On their 1-5 scale, 2 or above was arbitrarily defined to represent “much 

improved”. In adopting this measure then the „response‟ rates (compared to controls) 

at three years were: Phobias 64% vs. 31%; Anxiety 50% vs. 44%; Work 64% vs. 

31%; and Depression 62% vs. 14%. 

6.1.10.6 Bimedial Leucotomy in Obsessive-Compulsive Neurosis: A Controlled 

Serial Enquiry. Tan, Marks & Marset (1971) 

Tan et al (1971) compared 24 patients who had undergone bimedial leucotomy with 

13 control patients who had been selected from case note reviews. Leucotomy 

patients underwent surgery between 1951 and 1965 and the notes of all other patients 

with obsessive-compulsive disorder who had been seen at the Maudsley Hospital 

between 1950 and 1964 were reviewed to find 33 cases potentially suitable for 

matching. Matches for 13 of the leucotomy patients were eventually found. Eleven 

leucotomy patients could not be matched due to a lack of controls with sufficient 

symptom severity and duration. 

The main outcome measure was that used in the Marks et al (1966) paper above. 

Whilst leucotomy patients had lower scores than controls on all four domains 

(phobias, anxiety, depression, and work) at 3-month, 1-year, 3-year, and 5-year 

follow-up, it is impossible to know how significant these improvements were. 

Indeed, five patients underwent a full prefrontal leucotomy within a year of their first 

operation, and a repeat bimedial leucotomy was performed in one patient. 

Adverse effects reported included: suicide (n=1); epilepsy (n=1); and arrest for 

shoplifting (n=1). Two other leucotomy patients died during the study period. Other 

adverse effects were: apathy or blunting (n=4); poorer memory (n=5); outspokenness 

or irritability (n=8). However, 6 of the controls also suffered from outspokenness and 

irritability. 



 

     

134 

Once again, poor matching for controls and outcome measures lacking detail 

prevents firm conclusions being drawn. Those patients who were not considered for 

leucotomy are very likely to be different in a number of important characteristics to 

those who underwent surgery. For example, 21 (88%) of the leucotomy cases had 

had previous admissions compared to 4 (31%) of the control cases. Further, where 

depression or obsessions were never mentioned in the notes they were assumed to be 

absent. This approach runs the risk of underestimating the presence of symptoms, 

particularly in the control group who may not have had such detailed records 

maintained. 

6.1.10.7 Treatment of chronic obsessive compulsive states with stereotactic 

anterior capsulotomy or cingulotomy (Fodstad, Strandman, Karlsson, 

et al, 1982) 

In a small cohort of patients with chronic OCD (n=4), Fodstad et al randomised two 

patients to anterior cingulotomy and two to anterior capsulotomy. The two patients 

who underwent capsulotomy had scored better on categorical rating scales of global 

outcome than the cingulotomy patients. 

However, details on previous psychiatric histories is lacking since the study 

presents a narrative view of the patients. Cases are presented sequentially and it is 

difficult to compare outcomes for each case side-by-side. 

 

6.2 A literature review of the quality of published research on NMD 

As part of an ongoing systematic review and meta-analysis of neurosurgery for 

obsessive-compulsive disorder, other anxiety disorders and depressive disorders, 

preliminary findings are reported below. The search strategy and full protocol for the 
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review is published elsewhere (Christmas, Crombie, Eljamel, et al, 2005), although 

the criteria for inclusion are listed below: 

All randomised-controlled trials or controlled clinical trials if: 

1. The study reports the diagnosis of the patients concerned, and that patients 

have a diagnosis of OCD, anxiety disorder, or depressive disorder. 

2. The study states by whom and by which criteria the diagnosis was made. 

3. The neurosurgical procedure, the location, and method of lesion generation is 

described. 

4. Pre- and post-operative assessments of symptomatology of the condition are 

reported; or a global rating of clinical change is given. 

5. The length of follow up is stated, and this period is at least 12 months for all 

participants. 

 

From the first application of the search strategy, 222 papers were identified. Of these, 

140 (63.1%) papers have been reviewed by one reviewer and 67 (30.2%) papers have 

been reviewed by two reviewers. 27 out of 67 (40.3%) papers involved some conflict 

between reviewers and have been assessed by a third reviewer. All reviewers were 

asked to give a rating of bias, which was rated A (minimal bias) to C (significant 

bias). 

The categories of paper (as rated by at least one reviewer) are shown below in 

Table 15. Over 50% of all papers were either „narrative‟ reviews or letters and 

editorials. Only 15% were prospective studies and only 7.9% were controlled trials. 
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Table 15: Types of study identified by initial search strategy (n=140) 

Type of paper % of studies 

(n=140) 

Review (non-systematic) 27.9% 

Other (Letters, Editorials, etc.) 23.5% 

Prospective report of outcome 15.0% 

Retrospective report of outcome 15.0% 

Case Series (multiple cases) 10.7% 

Controlled Trials (subjects as own controls) 4.3% 

Controlled Trials (concurrent controls) 3.6% 

 

Fifty-five papers were identified as being controlled trials or outcome studies. The 

percentages of these papers meeting the criteria listed above are shown below in 

Table 16. It is disappointing to see that less than two-thirds of papers include a 

follow-up of at least 12 months. 

Table 16: Percentage of papers meeting criteria for inclusion (n=55) 

Criterion % of papers 

(n=55) 

Diagnosis of OCD, anxiety disorder, or depressive disorder 83.6% 

Diagnostic criteria specified 49.1% 

The neurosurgical procedure detailed 81.8% 

Pre- and post-operative assessments of symptomatology of the 

condition are reported 

78.2% 

Follow-up of at least 12 months for all participants 58.2% 

 

Ratings of bias are shown below in Table 17. A relatively simple rating of bias as 

outlined in the Cochrane Collaboration Handbook (Higgins & Green, 2005) was 

adopted. Most existing rating scales (For example: Jadad, Moore, Carroll, et al, 1996; 
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Moher, Jadad, Nichol, et al, 1995) are specifically designed for the assessment of 

randomised controlled trials and therefore would not be suitable for most of the 

papers reviewed. 

For „older‟ procedures, no studies were rated as having no or minimal bias. The 

majority of papers (over 50% in most cases) were heavily biased in terms of their 

reporting of outcomes. For „newer‟ procedures, such as Vagus Nerve Stimulation 

(VNS) and Deep Brain Stimulation (DBS), there is a slight shift in bias, largely led 

by more detailed reporting of baseline characteristics and being able to perform 

blinded testing of interventions.  

Table 17: Bias ratings for outcome studies/ controlled trials of NMD 

Procedure Bias Rating (% of papers) 

A B C 

Capsulotomy (n=10) 0% 50% 50% 

Cingulotomy (n=12) 0% 25% 75% 

Limbic Leucotomy (n=5) 0% 20% 80% 

Subcaudate Tractotomy (n=9) 0% 33.3% 66.6% 

Vagus Nerve Stimulation (n=9) 33.3% 0% 44.4% 

Deep Brain Stimulation (n=4) 0% 100% 0% 

Multiple Procedures (n=5) 0% 20% 80% 

 

All raters were also asked to indicate whether the paper met specific criteria for 

reporting of baseline characteristics, giving a score out of fourteen: 

1. Gender 

2. Age 

3. Duration of current episode 

4. Number of failed treatments 

5. Description of failed treatments 
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6. Number of previous episodes 

7. Number of admissions 

8. How were subjects recruited? 

9. Have subjects had ECT? 

10. Were they ECT responders? 

11. Was psychological treatment recorded? 

12. Were assessors blind to group? 

13. Were assessors independent of treating physicians? 

14. Were validated rating scales used? 

 

The mean scores for each procedure are shown below in Table 18. Although not 

reported here, there is a trend towards greater scores with each decade from the 

1960s onwards. The high score for limbic leucotomy largely reflects the studies 

published by Desmond Kelly during the 1970s. VNS and DBS are lifting the score 

with the improved quality of reporting of outcomes in recent years. 

 

Table 18: Mean scores indicating detail of baseline characteristics of subjects in 

outcome studies/ controlled trials of NMD 

Procedure Number of 

papers 

Score ± S.D. 

Limbic Leucotomy 5 7.0 ± 2.3 

Vagus Nerve Stimulation 10 5.5 ± 3.5 

Deep Brain Stimulation 5 4.4 ± 3.6 

Capsulotomy 10 4.4 ± 1.3 

Cingulotomy 12 3.4 ± 2.9 

Subcaudate Tractotomy 9 3.4 ± 2.7 
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Overall, there are a small number of papers which meet basic criteria for inclusion. A 

summary of this process is given below in Table 19. The preliminary findings would 

suggest that even the most-cited papers reporting outcome from NMD frequently fail 

to meet stringent criteria that would permit a meaningful meta-analysis. Many also 

fail to meet „pragmatic‟ standards on reporting of subject characteristics and outcome 

from surgery (e.g. pre-operative assessment; minimum of 12-months follow-up). 

 

Table 19: Papers for inclusion of systematic review 

Criterion Number of 

papers 

Meets all five criteria 19 

Bias is „A‟ or „B‟ 28 

Meets all five criteria and bias is „A‟ or „B‟ 13 

Is RCT/ CT and meets all five criteria 2 

 

The two papers which met all five criteria and were a controlled trial are described 

briefly. It is useful to note that despite meeting these criteria, there are still 

deficiencies in the reports. 

Hay et al (1993) compared 26 patients with OCD who had undergone a variety 

of lesions (orbitomedial and cingulate lesions, n=17; cingulate lesions, n=6; and 

orbitomedial lesions, n=3) with 10 controls who were matched for age, age of onset 

of OCD, and duration of OCD. The duration of treatment was shorter in controls but 

not statistically significant. Eighteen (69%) patients were interviewed at a mean 

follow-up of 10 years. Ten (38%) of patients showed clinically relevant improvement 

at follow-up, and 3 (30%) of the matched NMD patients had sustained remissions 
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compared with none in the control group. However, a number of patients (n=6) had 

had open operations without MRI guidance, and the method of lesion generation 

changed during the period of study. Eight patients had second procedures. 

George et al (2005) compared outcomes in two groups of patients with 

treatment-resistant depression after 12 months.  One group (n=205) received Vagus 

Nerve Stimulation (VNS) whilst the other received treatment as usual (TAU) 

(n=124). Response rates (defined as ≥50% reduction in baseline HRSD-24 score) 

were 27% in the VNS group and 13% in the TAU group. Strengths of the study 

include the detailed ratings of previous treatments and illness characteristics, but it is 

important to note that there were some differences between the groups in terms of 

previous ECT treatments (the VNS group had greater exposure) and number of 

previous episodes of depression (the TAU group had almost three times the numbers 

of patients with >10 previous episodes). The study was non-randomised. 

 

6.3 Recommendations for reporting of outcomes following NMD 

Clearly, the gaps in the data which not only make comparisons between studies 

difficult but also cast doubts upon individual studies must be closed. Ideally, all 

outcome studies of patients undergoing NMD should report subject characteristics in 

a consistent way. Proposals for such information are given below. 

6.3.1 Subject characteristics 

It is proposed that in all future studies reporting the outcomes of neurosurgical 

interventions for psychiatric illness, the following information should be reported: 

1. Age and gender for the participants 
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2. Socioeconomic status – via occupational level, or other socio-economic 

indicators (such as DEPCAT
18

 scores) 

3. Highest educational level 

4. Marital status 

5. Place of residence (i.e. hospital/ home/ supported accommodation/ etc.) 

6. Diagnosis (according to ICD-10 and/ or DSM-IV) and an indication of how 

that diagnosis was obtained 

6.3.2 Illness history 

The following information would describe a group of subjects in enough detail to 

allow comparison across studies. This information primarily refers to patients with 

major depression. 

1. Age at first episode 

2. Age of onset of current Major Depressive Episode (MDE) 

3. Duration of current MDE 

4. Number of episodes (according to operational criteria such as those proposed 

by Frank et al (1991)) 

5. Total duration of illness (all episodes) 

6. Number of hospital admissions 

7. Total duration of admissions 

                                                 

18
 DEPCAT scores, from 1 (most prosperous) to 7 (least prosperous) for each postcode area in 

Scotland can be calculated from: the percentage of unemployed males; over-crowded households; 

households without cars and people from social classes IV and V. DEPCAT scores correlate with 

measures of morbidity and mortality. 
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6.3.3 Treatment histories 

A history of previous treatment is important in establishing the characteristics of the 

subjects undergoing NMD. Whilst there is an implicit assumption that all individuals 

undergoing NMD have undergone all possible treatments, there are likely to be 

differences between centres in terms of protocols. Variation in the refractoriness of 

subjects may account for differences in outcome. 

Therefore, the following information should be reported in as much detail as 

possible: 

1. Number of previous trials of antidepressants. Ideally, the adequacy of each 

trial should be assessed with a tool such as the Antidepressant Treatment 

History Form (ATHF; Sackeim, 2001) 

2. The number of previous trials from different groups of antidepressant. This 

should also include a description of the trials within each class of 

antidepressants 

3. Previous trials of ECT: number of treatments; duration of course 

4. Whether there is a documented response to ECT 

5. Scores on „established‟ methods of classifying staging of treatment 

resistance, such as the Thase and Rush staging method (Thase & Rush, 1997) 

or the Massachusetts General Hospital (MGH) scoring method (Fava, 2003) 
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7. Methods 

 

7.1 Aims and Objectives 

The study set out to address a number of objectives in relation to Neurosurgery for 

Mental Disorder (NMD), historically referred to as „psychosurgery‟. These were: 

1. To evaluate the long-term effects of neurosurgery for mental disorder on: 

a. Measures of mental health, such as symptom questionnaires, and; 

b. Quality of life. 

2. To evaluate the effects of NMD on: 

a. Cognitive functions such as learning and memory; 

b. Decision-making, and social reasoning; 

c. Personality. 

3. To determine if modern „psychosurgery‟ affects the personality, or related 

abilities such as the capacity for social insight, empathy and „decision-

making‟. 

4. To determine the prevalence of unwanted effects of NMD. 

7.2 Study Design 

7.2.1 Surgical Procedures 

After the induction of general anaesthesia and intubation, a stereotactic frame ring 

was fixed to the skull, parallel to the glabella-inion line to avoid tilt of the internal 

brain landmarks. The MRI/ CT stereotactic localiser was then fixed to the frame ring 

and a volumetric CT and MRI scan was obtained parallel to intercommisural plane. 

After removal of the localiser, the patient was transferred to the operating theatre and 

placed in a supine position at an angle of 30-45 degrees with the head up. 
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After the CT and MRI images had been imported into the planning software 

specific to the stereotactic frame, the Anterior Commissure, Posterior Commissure, 

and three internal midline points were localised to adjust the stereotactic cube in 

order to overcome any tilt, yaw, or rotation of the brain within the frame. Once the 

targets had been identified (see below), the software calculated the frame 

coordinates. 

Two small incisions were made 2.5cm from the midline and just anterior to the 

coronal suture. A six-millimetre tip radiofrequency lesion generator probe was then 

inserted to the previously-located target and the lesion was created by heating the 

probe to 70º Celsius for 90 seconds. 

The targets and lesion dimensions for ACAPS and ACING are as follows. For 

ACAPS, a lesion was placed in the anterior limb of the internal capsule 19-21mm 

anterior to the Anterior Commissure. The exact x- (Left-Right) and z- (Superior-

Inferior) coordinate was dependent on the neuroanatomy which was directly 

visualised using MRI. The intended lesion size was 18-20mm height and 8mm width. 

For ACING, the lesion target was 7 mm lateral to midline, 20 mm posterior to 

anterior portion of frontal horn, and 1 mm above the roof of the lateral ventricles. 

The intended lesion had a diameter of 8-9mm. 

Until 1997 the CRW™ (CRW MRI Stereotactic System; Radionics Inc., 

Burlington, MA) frame was used, and after 1997 the Fisher-Leibinger ZD™ frame 

was used. Both employ the „spherical principle‟ in that there is an aiming arc with a 

fixed radius. The radius is 160mm in the CRW frame and 190mm in the ZD frame. 

CT was the method of target localisation for the first seven ACAPS procedures. 

The first procedure using MRI was performed in September 1994 and the software to 

automate target selection from MRI scanning became available in October 1995. 
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7.2.2 Subjects 

All patients who have undergone NMD in Dundee since 1992 were considered for 

recruitment into the study. In order to maximise recruitment, the only exclusion 

criteria were: 

1. Inability of the investigator(s) to trace a subject due to death, foreign 

residency, or for any other reason. 

2. Inability of a participant to provide written informed consent for the study. 

7.2.3 Study Design 

All eligible participants were contacted by letter and invited to take part in the study. 

An information sheet, describing the study and what will be involved was also sent to 

every participant. The individual‟s General Practitioner and psychiatrist (where 

applicable) were also sent information regarding the study. Patients were able to 

return a reply slip indicating interest in taking part in the study, and they were 

supplied with a pre-paid envelope. 

Individuals who indicated willingness to take part were invited to attend the 

University Department of Psychiatry at Ninewells Hospital and Medical School in 

Dundee, where most of the testing took place. Travel expenses, accommodation, and 

subsistence allowances were provided. Subjects who were unwilling, or unable, to 

attend were asked if the researchers could visit them at home or in a suitable local 

venue. Patients who attended Dundee were refunded their travelling costs, and were 

offered accommodation. 

For most subjects, the testing was able to be performed over two days. As the 

psychological testing was extensive, any issues of fatigue that arose were dealt with 
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by allowing the subject to rest or take a break. It was stressed that if they found the 

testing too burdensome, they could withdraw at any point. 

7.2.4 Data Collection 

The following tests were administered. All observer-rated symptomatic assessments 

(i.e. HAMD and MADRS for depression, and Y-BOCS for OCD) were videotaped 

with the individual‟s written consent. 

7.2.4.1 Self-report questionnaires 

7.2.4.1.1 Symptom Assessments 

1. Beck Depression Inventory (BDI; Beck, Ward, Mendelson, et al, 1961) 

2. Yale-Brown Obsessive Compulsive Scale (Y-BOCS; Goodman, Price, 

Rasmussen, et al, 1989a; Y-BOCS; Goodman, Price, Rasmussen, et al, 1989b) 

3. Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, et al, 1988) 

4. Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) 

5. State/ Trait Anxiety Inventory (STAI; Spielberger, 1983) 

6. Maudsley Obsessive Compulsive Inventory (MOCI; Hodgson & Rachman, 1977) 

7.2.4.1.2 Quality of Life Measures 

1. EuroQol 5-D (EQ-5D; Brooks, 1996) 

2. MOS SF-36 (McHorney, Ware, Lu, et al, 1994; McHorney, Ware & Raczek, 

1993) 

3. Social Functioning Scale (SFS; Birchwood, Smith, Cochrane, et al, 1990) 

7.2.4.1.3 Personality 

1. Eysenck Personality Inventory (EPI; Eysenck & Eysenck, 1968) 

2. Inventory of Interpersonal Problems – Personality Disorder (IIP-PD; for an 

overview, see Kim, Pilkonis & Barkham, 1997) 
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7.2.4.1.4 Other 

1. Inventory of Interpersonal Problems (IIP-64; Horowitz, Alden, Wiggins, et al, 

2000) 

2. Brief Symptom Inventory (BSI; Derogatis & Melisaratos, 1983) 

7.2.4.2 Clinical Interview Assessments 

1. Hamilton Depression Rating Scale – 17-item version (HRSD-17; Hamilton, 

1960) 

2. Montgomery-Asberg Depression Rating Scale (MADRS; Montgomery & 

Åsberg, 1979) 

3. Yale-Brown Obsessive Compulsive Scale (interview version) (Y-BOCS; 

Goodman, Price, Rasmussen, et al, 1989a; Goodman, Price, Rasmussen, et al, 

1989b)  

4. Personality Assessment Schedule (PAS; Tyrer, Alexander, Cicchetti, et al, 1979) 

5. A structured review of adverse effects  

6. Categorical Rating Scales (e.g. Pippard Postoperative Rating Scale (Pippard, 

1955), Clinical Global Impression; CGI (National Institute of Mental Health, 

1970) 

7. Lancashire Quality of Life Profile (LQoLP; Oliver, Huxley, Priebe, et al, 1997) 

8. Positive and Negative Symptom Scale (PANSS; Kay, Fiszbein & Opler, 1987) 

7.2.4.3 Clinical Neuropsychological Testing 

1. National Adult Reading Test (NART; Nelson & Willison, 1991) 

2. Wechsler Memory Scale III (WMS-III; Wechsler, 1987): 

a. Information/ orientation 

b. List learning 

c. Paired associate learning 
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d. Logical Memory 

e. Visual Reproduction 

f. Digit Span 

3. Wechsler Adult Intelligence Scale – III – Revised (WAIS-III-R; Wechsler, 1981): 

a. Arithmetic 

b. Comprehension 

c. Block Design 

d. Digit Symbol 

e. Similarities 

4. „6 elements‟ test from the Behavioral Assessment of the Dysexecutive Syndrome 

(BADS; Wilson, Evans, Emslie, et al, 1998)  

5. Verbal Fluency Test/ Controlled Oral Word Association Test (COWAT; Ruff, 

Light, Parker, et al, 1996) 

6. Stroop test (Trenerry, Crosson, De Boe, et al, 1989) 

7. Trail-making tests A and B (TMT; Reitan & Wolfson, 1993) 

7.2.4.4 Computerised Neuropsychological Testing 

All subjects were additionally asked to complete the Cambridge Neuropsychological 

Test Automated Battery (CANTAB), a computerised series of neurocognitive tests 

(Sahakian & Owen, 1992). The majority of CANTAB testing was performed in the 

morning in order to minimise the effects of time of testing on performance (Moffoot, 

O'Carroll, Bennie, et al, 1994). 

7.2.5 Neuroimaging 

Finally, subjects were asked to undergo Magnetic Resonance (MR) imaging of their 

brain, in order that the lesion size and location can be determined. Measurements of 

lesion location, shape, and size were made by two independent assessors: a 

radiologist (GH) and the neurosurgeon that had performed some of the capsulotomies 

and all of the cingulotomies (MSE). Both raters were blinded to the current clinical 
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outcome of each participant, and both used standard imaging software (MagicView 

300 (Siemans AG, 2002)).  

7.2.6 Funding 

The study was funded by a grant from the Chief Scientist Office (Grant number 

CZG/2/223). 

7.2.7 Ethical Considerations 

The results from all of the testing were entered into a computer database and the data 

were pseudo-anonymised. The database was password-protected, and was stored on 

an encrypted file system (NTFS; Windows
19

 XP Pro). The encryption keys were held 

on a Trusted Platform Module (TPM) chip on a laptop computer, making 

unauthorised access to the database impossible. The database was regularly backed 

up and stored securely. 

The paper information was kept in locked filing cabinets in locked rooms in the 

University Department of Psychiatry. Video recordings were transferred to Digital 

Versatile Disk (DVD) and were stored in locked filing cabinets in the University 

Department of Psychiatry. 

The protocol for the study was approved by the Tayside Research Ethics 

Committee (Ethics Reference: 251/03). 

 

                                                 

19
 Windows and Windows XP are registered trademarks of Microsoft Corporation. 
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8. Statistical Methods 

 

Statistics will prove anything, even the truth. 

Noel Moynihan, British doctor and writer (1916- ) 

 

8.1 Statistical Approach 

All analyses were performed using Statistical Package for the Social Sciences (SPSS) 

version 12.0 (SPSS, 2003). 

8.1.1 Categorical data 

Categorical data were compared using the Chi-squared test. 

8.1.2 Continuous data 

8.1.2.1 Outliers 

Outliers were generally included for a number of reasons: 

1. The sample sizes were small. 

2. Even a small number of outliers may indicate significant deviations in 

symptoms/ neuropsychological performance away from normal, and this 

was considered important to capture. 

 

However, in a number of circumstances, the removal of outliers was considered 

acceptable. The conditions were: 

1. That their removal would allow the data to be analysed using parametric 

statistics. 

2. That the removal of outliers would still leave sufficient numbers to 

permit analysis using a pair-wise deletion (see Section 8.1.3). 
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8.1.2.2 Normality 

Parametric statistics were favoured due to their relative robustness when expected 

conditions are not met, and the slightly greater power than non-parametric statistics 

to detect significant differences. However, to determine suitability for parametric 

testing, each variable was tested for normality using a number of methods: 

1. Assessing the skewness of the data. Skewness between 1 and -1 was 

considered to be acceptable. 

2. Visual inspection of a standard histogram, with superimposed normal curve. 

3. Visual inspection of a Q-Q plot (a graphical comparison between the 

distribution of a given variable and the normal distribution – represented by a 

straight line): where there was good visual correlation between the points 

and the straight line, normality was accepted. 

4. Where there was still uncertainty over the distribution of the data, the 1-

sample Kolmogorov-Smirnov test was used. 

8.1.2.3 Descriptive statistics 

Where the data were normally distributed, summary data were presented using means 

± standard deviation (S.D.) unless otherwise specified. Where scores were not 

normally distributed, medians were reported along with the interquartile (IQ) range 

as an indicator of central tendency. In some cases, the minimum and maximum 

scores were given instead of IQ range. 

8.1.2.4 Parametric tests 

To examine for difference(s) between two normally-distributed variables, t-tests were 

used. Comparison between groups was performed with independent samples t-tests, 

whilst comparison across two time points was performed with paired-samples t-tests. 
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Where there were three or more categories, one-way ANOVA was used. Repeated 

measures ANOVA was used when there were more than two time points. 

8.1.2.5 Non-parametric tests 

To examine for differences between two variables (or categories) that were not 

normally-distributed, the Wilcoxon/ Mann-Whitney U test was used. For three or 

more categories, the Kruskal-Wallis test was used. To examine for differences over 

time, Friedman's two-way analysis of variance was applied. 

8.1.2.6 Transformations 

In some situations, particularly where the data were heavily positively skewed, the 

data were log-transformed (using base-10). Parametric statistics were performed on 

the transformed values, and scores exponentiated to give geometric means. 

8.1.3 Pattern of missing data 

The pattern of missing data was examined to determine if data were Missing 

Completely At Random (MCAR) or Missing Not At Random (MNAR). In the latter 

case, conclusions based on the existing data will not be representative for the whole 

group since the missing data may differ significantly. If data were MCAR, then 

analysis of completers only as well as pair-wise deletion of data will still lead to valid 

inferences about the data since it can be assumed that there are no factors (e.g. age, 

severity of symptoms, gender) which cause the available data to differ from the 

population as a whole. Similarly, in the case of Missing At Random (MAR) an 

assumption is made that the behaviour of two cases that have similar observed values 

will have the same statistical behaviour on the other observations, even if they are not 

observed. 
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To determine the pattern of missing data, participants with affective disorders 

were examined (n=25). OCD patients were excluded since the baseline illness 

characteristics could be expected to be different. If the individual had been seen at 

12-months and had a valid MADRS score, they were categorised as „non-missing‟. If 

there was no 12-month MADRS score, they were categorised as „missing‟. Long-

term follow-up data were not examined since all patients had „core‟ psychiatric 

measures performed. The two groups were then compared for differences on a 

number of variables: 

1. Gender 

2. Age at surgery 

3. Duration of current episode 

4. Duration of illness 

5. Number of previous episodes 

6. Duration of inpatient stay 

7. Vigorousness of previous treatments, measured using the ATHF 
20

 

8. Illness severity, as measured with MADRS performed at baseline 

9. Carstairs scores/ DEPCAT 

 

Table 20: Comparison between subjects where data were missing versus those 

with non-missing data 

 Data „Not-

missing‟ 

Data „Missing‟ Significance 

Gender M:F=3:11 M:F=2:9 χ
2
 = 0.041 

p=0.840 
c
 

Age at surgery 
b 

47.8 (15.4) 46.4 (9.1) U=52.000, p=0.171 
e
 

Carstairs score 
a
 0.53 ± 3.49 0.42 ± 2.74 t=0.099, df=21, 

p=0.931 
d
 

                                                 

20
 Antidepressant Treatment History Form. 
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 Data „Not-

missing‟ 

Data „Missing‟ Significance 

DEPCAT 
a
 4.2 ± 1.7 4.3 ± 1.8 t=-0.100, df=15, 

p=0.921 
d
 

Duration of current episode 

(weeks) 
b
 

304.2 (228.6) 357.9 (141.2) U=63.500, p=0.460 
e
 

Number of previous episodes 
b
 2.0 (2.0) 1.0 (1.0) U=58.500, p=0.284 

e
 

Duration of all episodes (days) 
b
 3021.5 (4992.0) 2544.0 (1227.0) U=70.500, p=0.722 

e
 

Number of hospital admissions 
a
 4.9 ± 4.0 8.5 ± 4.0 t=-2.195, df=23, 

p=0.039 * 
d
 

Duration of inpatient admissions 

(weeks) 
a
 

124.1 ± 111.7 153.0 ± 118.1 U=66.000, p=0.547 
e
 

Number of courses of ECT 

(lifetime) 
b
 

4.0 (3.0) 3.5 (5.0) U=54.500, p=0.505 
e
 

Number of adequate treatments 

(ATHF) 
a
 

8.93 ± 3.1 9.0 ± 3.7 t=-0.051, df=22, 

p=0.959 
d
 

Sum of all treatments composite 

scores (ATHF) 
a
 

120.9 ± 39.3 137.7 ± 37.5 t=-1.054, df=22, 

p=0.303 
d
 

Sum of all treatments adequacy 

scores (ATHF) 
a
 

40.6 ± 10.8 45.5 ± 11.2 t=-1.073, df=22, 

p=0.295 
d
 

Treatment Resistance Index 

Composite Score (See Section 

9.7.2.1) 
a
 

55.2 ± 17.5 52.0 ± 19.7 t=0.413, df=22, 

p=0.684 
d
 

MGH Staging Score 
a
 13.5 ± 2.1 14.0 ± 2.5 t=-0.512, df=22, 

p=0.614 
d
 

Thase and Rush Staging Score 
b
 5.0 (0) 5.0 (1) U=61.000, p=0.358 

e
 

MADRS baseline score 
a
 41.0 ± 6.4 37.7 ± 5.7 t=1.312, df=22, 

p=0.203 
d
 

ATHF = Antidepressant Treatment History Form 

MGH = Massachusetts General Hospital 

MADRS = Montgomery-Åsberg Depression Rating Scale 

a
 Mean score (± SD) 

b
 Median score (IQ range) 

c
 Chi-squared test 

d
 Independent samples t-test 

e
 Mann-Whitney U test 

All significances two-tailed. 

* = Significant at the 0.05 level; ** = Significant at the 0.01 level 
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This analysis found only one significant difference – the number of hospital 

admissions. Other major indicators of severity such as baseline MADRS score, 

number of adequate treatments in current episode, or duration of all episodes did not 

differ significantly. This provides support for the assumption that those cases where 

data were missing do not differ significantly from those with data present, and it is 

unlikely that data were missing because those individuals did not attend due to a 

greater severity of illness. 

Whilst it was still desirable that missing data was deleted in a list-wise pattern 

(deleting those cases with one or more missing variables), the small sample size and 

missing data made such an approach unrealistic: approximately 70-90% of cases 

would be deleted. Therefore, since the missing data were spread across several 

variables, and since there are no major differences between groups, missing data has 

been deleted in a pair-wise fashion in the majority of cases. 

 

8.2 Quality of the data 

8.2.1 Describing the quality of data available 

Whilst the goal has been to collect complete data on all measures for all participants 

for all visits, this has not always been possible. For example, unavoidable staff 

absence or technical problems prevented certain assessments being completed. In the 

case of baseline data, the typical timescale for neurosurgery has meant that it was not 

always practicable to reschedule without postponing the surgery. 

Therefore, the quality of the data available for analysis has been described 

below. Each assessment (baseline, 12 months, and long-term follow-up) for each 

group of measures (psychiatric symptoms, neuropsychological assessment, and 
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CANTAB) has been categorized as either: „Missing‟, „Partial‟, or „Complete‟.  It 

should be recognised that in many cases (e.g. only one or two tests missing), a 

conservative category (i.e. „partial‟) was assigned. Definitions are given below in 

Table 21. 

Table 21: Descriptions of data integrity categories 

Term Description Example 

Missing No data are available Test was not performed, or 

participant was unable to complete 

test(s). 

Partial Some (or most) data are available. 

Some of the „key‟ measures are 

missing, or were not completed. 

BDI is complete, but MADRS 

and/ or HRSD17 are missing. 

Complete All, or almost all, data are present. If 

data are missing, it is unlikely to be 

significant to the interpretation of 

outcome. 

All psychiatric assessments of 

mood symptoms are completed, 

but PANSS score is missing. 

 

8.2.2 Completeness of Data 

The status of all the assessments for Psychiatric assessments, CANTAB data, and 

Neuropsychological assessment are shown below in Sections 8.2.2.1, 8.2.2.3, and 

8.2.2.4 below. 

8.2.2.1 Psychiatric assessments 

Table 22 summarises the completeness of assessments of psychiatric symptoms, 

quality of life, personality, and social functioning. 
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Table 22: Psychiatric assessments and their completeness at each time point 

(n=30) 

 Baseline Immediate 

Post-Op 

12-months Long-term 
 

Complete 5 

(16.7%) 

5 

(16.7%) 

5 

(16.7%) 

16 

(53.3%) 

Partial 25 

(83.3%) 

21 

(70%) 

16 

(53.3%) 

11 
a
 

(36.7%) 

Missing 0 

(0%) 

4 

(13.3%) 

9 

(30%) 

3 
b c 

(10%) 

a
 A brief description of missing data is given below in Table 23 

b 
One participant decline to be involved in the long-term follow-up study. 

c 
Two participants had not reached the stage of long-term follow-up. This data was classified 

as missing. 

8.2.2.2 Reasons for missing data 

Table 23 outlines the reasons why data collection was not complete at long-term 

follow-up. As can be seen, the most common reason was that participants did not 

complete all the self-report measures in entirety. In most cases, the missing data was 

considered not crucial to the ability to draw valid conclusions from the analysis. 
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Table 23: Description of partially completed psychiatric data at long-term 

follow-up 

Reason Number of participants 

Self-report questionnaires not completed fully 6 

Interview assessments missing some information 1
†
 

Participant experienced a post-operative haemorrhage, 

resulting in cognitive impairment 

1 

Patient dead 1 

Self-report rating scales not in use at the time of 

assessment 

2  

Total 11 

† 
Personality Assessment Score not completed 

 

A number of participants (n=7) went on to have had a subsequent procedure. In these 

cases, the long-term follow-up assessments and the baseline assessments for the 

second procedure were considered identical. Therefore, the time of long-term follow-

up for the first procedure for such participants is much shorter than that for the 

majority of participants. 

It is disappointing that there exist a number of assessments (or scales used in the 

assessments) where data are missing. However, the core depression scales (such as 

the HRSD, MADRS, and BDI) are relatively intact, although patients prior to 1996/ 

1997 tended to have only the MADRS completed before and after surgery. 

8.2.2.3 CANTAB data 

The status of data completeness for the CANTAB is shown in Table 24. It should be 

noted that the availability of data for the CANTAB, especially for assessments prior 

to approximately 1997, was affected by major changes in software and hardware of 

the CANTAB. This necessitated a process of conversion from older data into results 
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that would be comparable to more recent assessments. The process is detailed in 

Appendix 2, and the numbers of tests which underwent this conversion are shown in 

Table 25. 

 

Table 24: CANTAB data and the completeness of assessments at each time point 

(n=30) 

 Baseline Immediate 

Post-Op 

12-months Long-term 

Complete 8 

(26.7%) 

8 

(26.7%) 

10 

(33.3%) 

15 

(50%) 

Partial 19 

(63.3%) 

16 

(53.3%) 

4 

(13.3%) 

10 

(33.3%) 

Missing 3 

(10.0%) 

5 

(16.7%) 

16 

(53.3%) 

5
 † 

(16.7%) 

† 
Two participants had not reached the stage of long-term follow-up. This data was classified 

as missing. 

 

Table 25: Number of CANTAB assessments where results were converted from 

old version of CANTAB 

 Baseline Immediate 

Post-Op 

12-months Long-term 

Scores converted from 

older version of 

CANTAB 

20 

(66.7%) 

18 

(60.0%) 

3 

(10%) 

2
†
 

(6.7%) 

† 
One participant underwent a further procedure approximately 12 months after the first. Her 

12 month assessments were carried forward (LOCF). The other participant was the one death 

reported in the study and his „long-term‟ CANTAB assessment was performed at 123 weeks 

post-op. 
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8.2.2.4 Neuropsychological assessments 

Neuropsychological assessment during the immediate post-operative periods was not 

routinely performed. A summary of the completeness of data is shown below in 

Table 26. 

 

Table 26: Neuropsychological assessments and the completeness of data at each 

time point (n=30) 

 Baseline 12-months Long-term 

Complete 
†
 0 

(0.0%) 

0 

(0.0%) 

1 

(3.3%) 

Partial 26 

(86.7%) 

16 

(53.3%) 

21 

(70.0%) 

Missing 4 

(13.3%) 

14 

(46.7%) 

8 ‡ 

(26.7%) 

† 
It was unusual for participants to have complete datasets. In most cases, one or more tests 

(e.g. Stroop) had not been completed, but main tests were generally performed. 

‡
Two participants had not reached the stage of long-term follow-up. This data was classified 

as missing. 
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9. Participants 

 

9.1 Follow-up of participants 

9.1.1 CONSORT diagram of patients included 

A CONSORT (Consolidated Standards of Reporting Trials; Altman, Schulz, Moher, 

et al, 2001) flowchart of all participants is shown below in Figure 22, and provides a 

useful outline of the participant pathway through the study. 
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Figure 22: CONSORT flowchart of patient inclusion into study 

 

Patients who had 

Neurosurgery for Mental 

Disorder in Dundee 

since 1992 (n=32) 

Suitable for, and invited 

to attend for follow-up 

assessment (n=31) 

Seen for long-term 
2 

follow-up assessment 

(n=28) 

Refused to attend for long-

term follow-up (n=1) 

 

Dead (n=1) 

 

Lost to follow-up (n=1) 

Long-term outcome data 

available for analysis 

(n=28) 

Subcaudate tractotomy in 

London (1991) prior to 

anterior capsulotomy in 

Dundee (1995) (n=1) 

1 
Mental Welfare Commission for Scotland. 

2
 Those patients who were only due to have 12-month or 24-month reviews 

during the study period were also seen and consented for the study. 

All patients who were 

included on a list of 

patients seen by MWC 
1
 

or who were recorded as 

having had surgery 

(n=34) 

Did not proceed with 

surgery (n=1) 

 

Recorded as having 

“bilateral thalamo-frontal 

projection lesions” in 

Dundee in 1979 (n=1) 
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9.1.2 Time and location of assessments 

All participants were seen for psychiatric assessment between 26 February 2004 and 

23 March 2006. Most participants were seen in the Department of Psychiatry at 

Ninewells Hospital, Dundee. Eight participants were seen at home, at their local 

General Practice surgery, or at their local hospital. 

CANTAB testing was performed in the Department of Psychiatry at Ninewells 

Hospital, Dundee, by Mr Craig Adam, although eight tests were performed either at 

the participant‟s home or in a local facility that had kindly provided accommodation 

for the researchers for the purposes of assessment. 

Clinical neuropsychological assessment was performed by Ms Alison 

Livingstone in the Psychology Department at Ninewells Hospital, Dundee. Two 

assessments were performed at the participant‟s home by the same person. 

9.1.3 Mortality 

One individual (ID=33; Anterior Capsulotomy, 1992) was unable to be followed-up 

because of death. 

At the time of operation the individual was 58.9 years. He died in January 2004 

in a general hospital 12 years later at the age of 70.9 years. A brief summary of his 

psychiatric history following the surgery is given in Chapter 14. 

9.2 Procedures 

9.2.1 Procedures by date 

A chronological list of all procedures performed between 1992 and 2004 is given 

below in Table 27. 
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Table 27: All procedures (1992-2004) sorted by date 

Patient 

ID 

Date of Surgery Procedure Sex Age at 

Operation 

Primary ICD-10 Diagnosis 

33 23 January 1992 Anterior Capsulotomy M 58.9 F31.4 Bipolar affective disorder, current episode severe depression 

5 10 November 1992 Anterior Capsulotomy F 37.7 F32.3 Severe depressive episode, with psychotic symptoms 

1 20 May 1993 Anterior Capsulotomy M 36.6 F32.2 Severe depressive episode, without psychotic symptoms 

2 22 June 1993 Anterior Capsulotomy F 43.0 F32.2 Severe depressive episode, without psychotic symptoms 

4 17 August 1993 Anterior Capsulotomy F 49.9 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

32 30 November 1993 Anterior Capsulotomy F 48.4 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

35 07 December 1993 Anterior Capsulotomy F 31.9 F32.1 Moderate depressive episode 

3 27 September 1994 Anterior Capsulotomy F 33.9 F32.2 Severe depressive episode, without psychotic symptoms 

12 17 January 1995 Anterior Capsulotomy F 51.6 F32.2 Severe depressive episode, without psychotic symptoms 

15 14 February 1995 Anterior Capsulotomy F 36.1 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

18 07 May 1996 Anterior Capsulotomy M 34.9 F32.3 Severe depressive episode, with psychotic symptoms 

19 02 July 1996 Anterior Capsulotomy F 38.2 F42.2 Obsessive compulsive disorder, mixed obsessional thoughts 

and acts 

13 25 February 1997 Anterior Capsulotomy F 37.8 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

36 18 March 1997 Anterior Capsulotomy F 64.2 F33.3 Recurrent depressive disorder, current episode severe with 

psychotic symptoms 

20 01 April 1997 Anterior Capsulotomy F 37.4 F33.1 Recurrent depressive disorder, current episode moderate 
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Patient 

ID 

Date of Surgery Procedure Sex Age at 

Operation 

Primary ICD-10 Diagnosis 

22 17 March 1998 Anterior Capsulotomy F 50.5 F31.4 Bipolar affective disorder, current episode severe depression 

14 02 June 1998 Anterior Capsulotomy F 36.0 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

23 27 August 1998 Anterior Capsulotomy M 44.4 F42.2 Obsessive compulsive disorder, mixed obsessional thoughts 

and acts 

26 03 December 1998 Anterior Capsulotomy M 55.8 F31.4 Bipolar affective disorder, current episode severe depression 

24 10 December 1998 Anterior Capsulotomy M 49.0 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

25 21 January 1999 Anterior Capsulotomy F 44.5 F42.2 Obsessive compulsive disorder, mixed obsessional thoughts 

and acts 

27 20 May 1999 Anterior Capsulotomy F 61.8 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

28 15 July 1999 Anterior Capsulotomy F 30.2 F32.2 Severe depressive episode, without psychotic symptoms 

21 23 September 1999 Anterior Capsulotomy M 35.7 F42.0 Obsessive compulsive disorder, predominantly obsessional 

thoughts or ruminations 

29 26 April 2001 Anterior Cingulotomy F 36.4 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

30 20 September 2001 Anterior Cingulotomy F 42.7 F32.2 Severe depressive episode, without psychotic symptoms 

31 17 January 2002 Anterior Cingulotomy F 30.7 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

45 27 November 2003 Anterior Cingulotomy M 30.8 F42.0 Obsessive compulsive disorder, predominantly obsession 

10 01 April 2004 Anterior Cingulotomy F 42.0 F33.2 Recurrent depressive disorder, current episode severe 

without psychotic symptoms 

82 25 November 2004 Anterior Cingulotomy F 58.2 F33.1 Recurrent depressive disorder, current episode moderate 
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9.3 Demographics 

9.3.1 Age, Gender, Ethnicity, etc. 

The age and gender of the entire sample (n=30; ACAPS and ACING) is shown 

below in Table 28. The male:female ratio is 1:2.75 which marginally exceeds that 

seen in depression and may represent a mild referral bias, with women being more 

likely to verbalise persistent depressive symptoms and so be considered, and 

eventually referred for NMD. 

The ethic groups of the participants are shown in Table 28. These groups were 

assigned by the investigator from information regarding personal history from the 

case notes. All participants were white Caucasian. The predominant ethnic group was 

White (Scottish) with two-thirds of the sample. Since each participant was not asked 

to specify their own ethnicity, this information should be interpreted accordingly. 
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Table 28: Demographics of participants (n=30) 

 N % Mean Median Range Min-Max S.D. 

        

Age at Operation   43.0 40.1 34 30.2 – 64.2 9.79 

Sex        

Male 8 26.7      

Female 22 73.3      

M:F Ratio 1:2.75       

Ethnicity        

White - English 9 30.0      

White - Scottish 20 66.7      

White - Irish 1 3.3      

Legal Status        

Informal 22 73.3      

28-day detention 1 3.3      

Six-month detention 7 23.3      

Marital Status        

Married 11 36.7      
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 N % Mean Median Range Min-Max S.D. 

Single 9 30.0      

Divorced 6 20.0      

Separated 1 1.3      

Widowed 2 6.7      

Co-habiting 1 3.3      

Employment Status        

Working 0 0      

Not working 30 100      

Main Activity        

Employed 1 
1
 3.3      

Retired 1 3.3      

Housework 1 3.3      

Other 4 13.3      

Unemployed 23 76.7      

Place of Residence        

Hospital Ward (Inpatient) 13 43.3      

Sheltered Housing 1 3.3      

Private House (owner occupied) 10 33.3      

Private House (rented) 4 13.3      
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 N % Mean Median Range Min-Max S.D. 

Private House (unknown 

ownership) 

2 6.7      

Educational Status        

Number of participants with 

education beyond minimum school 

leaving age 

16 53.3      

Number of participants with degree 

or equivalent professional 

qualification 

11 36.7      

Tobacco Use        

Never smoker 15 50      

Current smoker 12 40      

Ex-smoker 3 10      

 

1
 Whilst not actively working at the time of surgery, one participant was on long-term sickness absence from her job as a teacher.
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9.3.2 Referring Hospital Trust 

The referring NHS organisations are shown below in Table 29. It can be seen that the 

majority of patients were referred by hospital Trusts in Scotland. Most NHS Trusts 

reorganised in 2003-2004 and the referring body may longer exist, although the 

structure and resources of the organisation is largely unchanged. 

 

Table 29: Referring hospital trusts for all participants (n=30) 

NHS Organisation Number of 

patients 

undergoing 

neurosurgery 

Percentage 

of patients 

Argyll & Clyde Acute Hospitals NHS Trust 2 6.7 

Borders Primary Care NHS Trust 1 3.3 

Cheshire and Wirral Partnership NHS Trust 1 3.3 

Cornwall Partnership NHS Trust 1 3.3 

County Durham and Darlington Priority Services NHS 

Trust 

1 3.3 

Dumfries & Galloway Primary Care NHS Trust 2 6.7 

Fife Primary Care NHS Trust 1 3.3 

Forth Valley Primary Care NHS Trust 1 3.3 

Grampian Primary Care NHS Trust 3 10.0 

Greater Glasgow Primary Care NHS Trust 2 6.7 

Highland Primary Care NHS Trust 1 3.3 

Lanarkshire Primary Care NHS Trust 1 3.3 

Lothian Primary Care NHS Trust 1 3.3 
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NHS Organisation Number of 

patients 

undergoing 

neurosurgery 

Percentage 

of patients 

Lothian University Hospitals NHS Trust 
2
 1 3.3 

Newcastle, North Tyneside and Northumberland 

Mental Health NHS Trust 

3 10.0 

Tayside Primary Care NHS Trust 
1
 2 6.7 

West Lothian Healthcare NHS Trust 1 3.3 

Health Service Executive, Western Area (Eire) 1 3.3 

Southampton University Hospitals NHS Trust 1 3.3 

NHS Lothian - University Hospitals Division 
2
 1 3.3 

NHS Tayside - Primary Care Division 
1
 1 3.3 

North Bristol NHS Trust 1 3.3 

Total 30 100.0 

 

1
 Tayside Primary Care NHS Trust was renamed NHS Tayside – Primary Care Division in 2004 

2
 Lothian University Hospitals NHS Trust was renamed NHS Lothian - University Hospitals Division 

 

The Trusts with the highest number of patients were (in descending order): Grampian 

Primary Care NHS Trust (n=3), Newcastle, North Tyneside and Northumberland 

Mental Health NHS Trust (n=3), Tayside Primary Care NHS Trust (n=2), Argyll & 

Clyde Acute Hospitals NHS Trust (n=2), and Dumfries & Galloway Primary Care 

NHS Trust (n=2). Four out of five (80%) of these Trusts are Scottish and this would 

support the effects of proximity upon referral rate. The other Trust (Newcastle) has a 

specialist affective disorders service and affiliations with the Dundee Department of 

Psychiatry. 
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9.3.3 Legal Status 

The legal status of all patients at Operation 1 is shown above in Table 28. The 

English (Mental Health Act 1983) and Scottish (Mental Health (Scotland) Act 1984) 

acts are grouped by duration of compulsory detention, i.e. S3 MHA 1983 and S18 

MH(S)A 1984 are combined under „Six month detention‟. The majority of 

participants (73.3%) were informal at the time of surgery. 

The numbers of participants detained under Mental Health legislation by country 

is given below in Table 30. Four out of twenty-one patients (14.3%) were under 

detention in Scotland, whilst four out of eight patients (50%) from England were 

compulsorily detained. This difference was not significant (χ
2
 = 2.778, p=0.096).  

Table 30: Legal status of participants by country 

Country of origin Legal Status (Grouped by 

duration of detention) 

Total 

Informal 28-day 

detention 

Six-

month 

detention 

Eire 1 0 0 1 

Scotland, UK 17 1 3 21 

England, UK 4 0 4 8 

Total 22 1 7 30 

 

 

9.3.4 Educational Status 

Sixteen participants (53.3%) had continued education beyond the minimum school 

leaving age. The UK average is 65% of the working population having achieved at 

least upper secondary education (Department for Education and Skills, 2005a; p. 

103). The reason for a lower figure of the participants having achieved this is 
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unclear. It is unlikely that chronic mental illness plays a significant role since 

depression and bipolar disorder typically develop after the age of 18. 

Eleven participants (36.7%) possessed a degree or equivalent professional 

qualification. This is greater than the UK average of 25.9% of the English working-

age population possessing a degree (Department for Education and Skills, 2005b). 

The figure for Scotland is 14.4% (Calculated using data from Census Dissemination 

Unit, 2006a) but this figure represents individuals aged 16-74 and therefore 

incorporates a significant number of individuals who won‟t have a degree. The 

percentage of the workforce in Scotland possessing a degree was not obtainable 

using available sources. 

It is uncertain why the participants should have a higher proportion of degrees 

(or equivalent) but less than average have completed secondary education. It may 

reflect a selection bias in that well-educated individuals are more likely to be offered 

neurosurgery for mental disorder. However, this hypothesis was not supported by 

findings from the socioeconomic status of the participants (see Section 9.4.4.1). A 

possible explanation is that it reflects a reporting error, and participants are not 

accurately reporting the duration of their school education and/ or erroneously 

reporting higher degrees. 

 

9.4 Socioeconomic status 

9.4.1 Introduction 

Measures of deprivation are potentially important for a number of reasons. Firstly, 

socio-economic factors explain up to 50% of the variance in psychiatric admission 

rates between electoral wards (Koppel & McGuffin, 1999), and there is a two-fold 

increase in the probability that schizophrenia will result in inpatient treatment within 
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the NHS (Carstairs & Morris, 1991). Individuals with severe mental disorder from 

more deprived areas tend to have longer admissions (Abas, Vanderpyl, Robinson, et 

al, 2006). There is little doubt that deprivation is strongly associated with a wide 

range of mental health measures, and it is important to determine if deprivation is 

having an effect on outcome following NMD. 

Socio-economic deprivation (SED) is also linked with both the prevalence and 

outcome of depression, with strong associations between Jarman score and likelihood 

of remission or improvement at both six-weeks and six-months (Ostler, Thompson, 

Kinmonth, et al, 2001). This is significant when trying to determine predictors of 

response following NMD. If SED is a predictor of non-response (or lesser likelihood 

or response) after NMD, this will open up a potential target area for additional input 

and services which should not go unutilized by the service. 

9.4.2 Carstairs Scores (Carstairs & Morris, 1991) 

9.4.2.1 Description 

The Carstairs index is based on four variables from the national 10-yearly census: 

1. Unemployment: unemployed male residents over 16 as a proportion of all 

economically active male residents aged over 16  

2. Low Social Class: residents in households with an economically active head 

of household in social class IV or V as a proportion of all residents in 

households 

3. Car ownership: residents in households with no car as a proportion of all 

residents in households 

4. Overcrowding: persons in households with one and more persons per room 

as a proportion of all residents in households  
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The four variables are rescaled against the Scottish average so that they have the 

same degree of variation across Scotland. Scores are available for areas based on 

postcode sectors which have an average population of approximately 5000. 

The same approach is used for census data from England and Wales so that 

Carstairs scores per local authority ward are produced. Data from Northern Ireland 

uses a slightly different definition of overcrowding – more than 0.5 persons per 

room. 

9.4.2.2 Source Data 

Pre-calculated Carstairs scores for Great Britain from the 2001 Census for England 

and Wales from the Census Dissemination Unit (CDU) website
21

 were used. This 

dataset contains Carstairs scores for each electoral ward. 

Additional tables were downloaded from the Census Registration Service to 

allow the six-character ward code for the 2001 census to be identified from the 

postcode (Census Dissemination Unit, 2006b). This code was then used to obtain the 

Carstairs score for England and Wales addresses from the CDU table. Where the 

electoral ward identified using the postcode look-up tables was not listed in the 

Carstairs score tables (n=3; ID=22, 30, 60) the postcode was first checked using the 

Post Office‟s website
22

 to ensure that the listed postcode was correct. The current 

ward was identified from the postcode using an online database
23

. The ward was then 

searched for by name in the tables to ensure the correct ward (in the correct district) 

                                                 

21
 http://census.mimas.ac.uk/db/census91/censinfo/carstairs 

22
 http://www.postoffice.co.uk/link/postcode 

23
 http://www.upmystreet.com/enter-location/l/?fpage=%2Flocal%2Fmy-council-reps%2Fmy-

reps%2F 
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had been identified. The ward code was then used to obtain a corresponding Carstairs 

score. 

In the case of Scottish postcodes, Carstairs scores were obtained from 

publications by the MRC Social & Public Health Sciences Unit (McLoone, 2004). 

These tables contain Carstairs scores for the first 4-5 characters of the postcode (e.g. 

AB12 1, DD2 9). 

9.4.3 DEPCAT Scores (Carstairs & Morris, 1991) 

9.4.3.1 Description 

DEPrivation CATegory scores are based on the same data as the Carstairs scores 

above, and are derived from national censuses. The scale runs from 1 (most 

prosperous) to 7 (least prosperous) and can be calculated for each postcode sector in 

Scotland. The scores are correlated with measures of morbidity (such as hospital 

admissions, and cancer rates) and mortality in Scotland (Carstairs & Morris, 1990). 

9.4.3.2 Source Data 

DEPCAT scores for all patients with a Scottish postcode were obtained from the 

tables described above in Section 9.4.2.2 (McLoone, 2004). Tables were extracted 

and processed to allow automatic derivation of DEPCAT score from the postcode. 

9.4.4 Deprivation scores for participants 

Scores were unavailable for two patients. One was from Eire (ID=26), and 

deprivation scores are not available for Eire. The second (ID=10) was a long-term 

inpatient and had not had her own tenancy for a number of years. A previous address 

(and postcode) was not obtainable from case notes as she was an inpatient at the time 

of referral. 
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9.4.4.1 Carstairs Scores 

The mean Carstairs score for Scotland, calculated using data from the 1981 Census, 

presented by Carstairs and Morris (1990) is approximately 0.5. That this figure is 

over 20 years out-of-date should be borne in mind when making comparisons 

between the participants and the Scottish mean. 

The Carstairs scores for all participants (n=28) by country of origin are shown 

below in Table 31. The English patients are a little more deprived than the Scottish 

participants, and the Scottish participants are slightly more deprived than the Scottish 

mean. An independent samples t-test found no significant differences between the 

English and Scottish means (t=-0.38, df=26, p=0.97). A one-sample t-test was used 

to compare the mean Carstairs scores for the Scottish participants (n=21) with the 

pre-calculated mean for the Scottish population. No significant difference was found 

(t=0.104, df=20, p=0.918). 

 

Table 31: Carstairs Scores for all participants by country of origin 

 All participants 

(n=28) 

England (n=7) Scotland (n=21) 

Mean 0.59 0.62 0.57 

Median -0.02 -0.29 0.24 

Min/Max -4.76 to 6.39 -1.36 to 4.35 -4.76 to 6.39 

Standard Deviation 2.99 2.10 3.28 

 

In order to determine if there are significant differences in the level of socioeconomic 

deprivation between ACAPS and ACING patients, the scores for each group are 
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shown below in Table 32. Using an independent-samples t-test, these differences 

were found to be not statistically significant (t=0.893, df=26, p=0.380). 

 

Table 32: Carstairs Scores compared between ACAPS and ACING participants 

 ACAPS (n=23) ACING (n=5) 

Mean 0.82 -0.50 

Median 0.24 -1.36 

Min/Max -4.76 to 6.39 -3.16 to 4.14 

Standard Deviation 3.01 3.00 

 

9.4.4.2 DEPCAT Scores 

Since DEPCAT scores are only available for individuals with a Scottish postcode, 

there were missing values for six ACAPS patients, and three ACING patients. The 

scores are shown below in Table 33. 

 

Table 33: DEPCAT scores for ACAPS and ACING patients 

 All participants 
1
 

(n=21) 

ACAPS (n=18) ACING (n=3) 

Mean 4.33 4.44 3.67 

Median 4.00 4.50 3.00 

Min/Max 1 – 7 1 – 7 2 – 6 

Standard Deviation 1.68 1.65 2.08 

1
 All participants with a Scottish postcode 

 



 

     

179 

9.4.5 Relationship between deprivation scores and indices of illness severity/ 

duration 

The participants‟ Carstairs scores at time of operation did not predict Duration of 

Inpatient Stay; Duration of current MDE; or the vigorousness of previous treatments 

(using the „Sum of All Treatments‟ score on the DATA (see Section 9.7.2). 

 

9.5 Diagnosis 

9.5.1 DSM-IV Diagnoses 

Case note reviews were performed in order to extract information regarding 

symptoms experienced in the episode of illness leading to surgery. DSM-IV 

diagnoses were assigned to each participant using the OPCRIT checklist and 

computer program (McGuffin, Farmer & Harvey, 1991; OPCRIT, 2003). The 

OPCRIT system has been shown to have acceptable levels of reliability, with good 

levels of inter-reliability across all classification systems. Kappa values are 0.73 (SD 

0.08) for DSM-III-R and 0.70 (SD 0.08) for ICD-10 (Williams, Farmer, Ackenheil, 

et al, 1996). The study by Williams et al was performed before DSM-IV criteria 

were fully integrated but results with DSM-IV are likely to be similar to DSM-III-R, 

and have been assumed to be so. OPCRIT-generated lifetime diagnoses correlate 

well with best-estimate diagnoses according to DSM-III-R and Research Diagnostic 

Criteria. Agreement between consensus diagnosis and at least one out of two raters‟ 

OPCRIT diagnosis is very good, with kappa of 0.97 for DSM-III-R (Craddock, 

Asherson, Owen, et al, 1996). Some authors have suggested that the „procedural 

validity‟ of OPCRIT diagnoses from retrospective case notes for psychosis is too low 

to be reliable (Mihalopoulos, McGorry, Roberts, et al, 2000). In no instances did the 
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OPCRIT diagnosis contradict a clinician-based diagnosis, and there was no major 

discrepancy between the two in any cases. 

The OPCRIT system is unable to determine whether a DSM-IV diagnosis of 

Major Depressive Disorder is a single episode or is recurrent. Details regarding 

previous episodes, and the duration of inter-episode recovery were extracted from 

case notes to identify the presence of repeated episodes. The severity (i.e. mild, 

moderate, and severe) of the current episode was obtained from the OPCRIT 

diagnosis. 

9.5.2 ICD-10 Diagnoses 

In most cases, an ICD-10 diagnosis was recorded in assessments by a consultant 

psychiatrist prior to surgery and this was the diagnosis that was recorded. In a small 

number of cases, after further case note review, there was insufficient evidence to 

demonstrate sustained periods of inter-episode recovery. In such cases, a revision of 

the diagnosis from F33.x Recurrent Depressive Disorder to F32.x (Single) 

Depressive Episode was made. 

Where an ICD-10 diagnosis was not recorded, a diagnosis was agreed post hoc 

by the author and Professor Matthews after reviewing the previous history to ensure 

that necessary criteria were met. This was compared with the OPCRIT ICD-10 

diagnosis to ensure there was no marked disparity. 

A variety of diagnoses were the primary indication for surgery. These are shown 

in Table 34. Seven (29.2%) of the ACAPS sample and three (50%) of the ACING 

sample were diagnosed with Recurrent Depressive Disorder, current episode severe 

without psychotic symptoms (F33.2). The second most-common diagnosis was 

Severe depressive episode, without psychotic symptoms (F32.2) with 20.8% of the 

ACAPS group having experienced only one episode of depression. 
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Table 34: Procedures sorted by ICD-10 diagnosis (Percentage in brackets) 

ICD-10 Diagnosis ACAPS ACING Total 

F31.4 Bipolar affective disorder, current 

episode severe depression 

3 

(12.5%)  

0 3 

(10.0%) 

F32.1 Moderate depressive episode 1 

(4.1%) 

0 1 

(3.3%) 

F32.2 Severe depressive episode, without 

psychotic symptoms 

5 

(20.8%) 

1 

(16.7%) 

6 

(20.0%) 

F32.3 Severe depressive episode, with 

psychotic symptoms 

2 

(8.3%) 

0 2 

(6.7%) 

F33.1 Recurrent depressive disorder, current 

episode moderate 

1 

(4.1%) 

1 

(16.7%) 

2 

(6.7%) 

F33.2 Recurrent depressive disorder, current 

episode severe without psychotic symptoms 

7 

(29.2%) 

3 

(50%) 

10 

(33.3%) 

F33.3 Recurrent depressive disorder, current 

episode severe with psychotic symptoms 

1 

(4.1%) 

0 1 

(3.3%) 

F42.0 Obsessive compulsive disorder, 

predominantly obsessional thoughts or 

ruminations 

1 

(4.1%) 

1 

(16.7%) 

2 

(6.7%) 

F42.2 Obsessive compulsive disorder, mixed 

obsessional thoughts and acts 

3 

(12.5%) 

0 3 

(10.0%) 

Total 24 6 30 

Due to rounding, the sum of percentages may exceed 100. 

 

The diagnoses grouped into „major‟ ICD-10 category are shown in Table 35. The 

majority of patients (73.3%) were suffering from a depressive disorder. 
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Table 35: Number of patients by major ICD-10 category 

Diagnosis Number Percentage 

Bipolar Disorder (F31.x) 3 10.0 

Depression (F32.x – F33.x) 22 73.3 

OCD (F42.x) 5 16.7 

Total 30 100.0 

 

9.5.3 DSM-IV Diagnoses 

The DSM-IV diagnosis, listed by procedure, is listed below in Table 36. 
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Table 36: Procedures sorted by DSM-IV diagnosis 

DSM-IV Diagnosis ACAPS ACING Total 

296.22 Major Depressive Disorder, Single 

Episode, Moderate 

0 1 

(16.7%) 

1 

(3.3%) 

296.23 Major Depressive Disorder, Single 

Episode, Severe Without Psychotic Features 

7 

(29.2%) 

1 

(16.7%) 

8 

(26.7%) 

296.24 Major Depressive Disorder, Single 

Episode, Severe With Psychotic Features 

2 

(8.3%) 

0 2 

(6.7%) 

296.33 Major Depressive Disorder, 

Recurrent, Severe Without Psychotic 

Features 

8 

(33.3%) 

3 

(50.0%) 

11 

(36.7%) 

296.34 Major Depressive Disorder, 

Recurrent, Severe With Psychotic Features 

2 

(8.3%) 

0 2 

(6.7%) 

296.53 Bipolar I Disorder, Most Recent 

Episode Depressed, Severe Without 

Psychotic Features 

1 

(4.2%) 

0 1 

(3.3%) 

296.54 Bipolar I Disorder, Most Recent 

Episode Depressed, Severe With Psychotic 

Features 

1 

(4.2%) 

0 (3.3%) 

300.3 Obsessive-Compulsive Disorder 3 

(12.5%) 

1 

(16.7%) 

4 

(13.3%) 

Total 24 6 30 

 

 

9.6 Illness History 

9.6.1 Missing data 

The quality and detail of available information regarding previous illness history was 

variable. In many cases, there was access to the participant‟s „local‟ notes, containing 
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detailed episode history and previous admissions. In some cases, local notes were not 

available and data were extracted from treatment histories and previous records that 

were contained in the participant‟s Dundee case records. 

With regard to individual episodes, the operational criteria of Frank et al (1991) 

informed choices about the classification and recording of episodes. It is common in 

case notes to record „improvement‟ as being indicated by discharge from hospital. In 

determining the number of episodes that a participant has experienced, it was decided 

that unless there was clearly documented information of recovery lasting longer than 

six months, any readmission to hospital or recurrence of symptoms was considered to 

occur within the same episode of illness. 

Where assumptions were made about the nature of a participant‟s previous 

history, the values chosen were such that there would be a tendency to under-

estimate the severity or extent of the illness. 

Both ACAPS and ACING participants had had a mean duration of at least two 

years of total hospitalisation, with one participant (ID=35) spending just over 9 years 

in hospital, most of this continuous. The number of inpatient admissions is 

comparatively low, with some participants only having had one hospital stay. 

However, for some of these participants, this admission was prolonged. For others, 

the likelihood of some missing information means that the actual value will be 

higher. 
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Table 37: Clinical characteristics of the participants with a primary diagnosis of ICD-10 depression (n=22) 

 All participants (n=22) ACAPS (n=17) ACING (n=5) 

Mean Median Range Mean Median Range Mean Median Range 

Age at first episode (years) 27.8 26.8 13.6 – 48.4 28.2 26.6 13.6 – 48.4 26.5 28.5 15.3 – 35.9 

Age of onset of current Major 

Depressive Episode (MDE) 

(years) 

34.8 33.4 16.9 – 55.6 35.7 33.4 16.9 – 55.6 31.8 33.4 25.6 – 35.9 

Duration of current MDE 

(weeks) 

393.5 353.1 135.7 – 

1296.3 

352.2 348.4 135.7 – 

1032.1 

534.1 357.9 270.4 – 

1296.3 

Number of episodes (including 

current one) 

1.9 1.5 1 – 6 1.8 1.0 1 – 6 2.2 2.0 1 – 3 

Total duration of illness (all 

episodes) (weeks) 

545.6 423.2 184.6 – 

1311.6 

537.2 407.7 184.6 – 

1252.6 

574.3 438.7 307.7 – 

1311.6 

Number of hospital admissions  6.5 5.0 1 – 15 7.0 6.0 1 – 15 4.6 4.0 2 – 9 

Total duration of hospital 

admissions (weeks) 

130.6 108.2 5.6 – 468.9 124.6 99.0 5.6 – 468.9 151.1 140.6 22.7 – 

374.3 
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9.7 Assessing the adequacy of previous treatments 

The following descriptions of treatment resistance only apply to the patients with 

depression (n=22). As yet, there is no accepted method to assess the adequacy of 

previous treatments for obsessive-compulsive disorder and therefore patients with 

OCD (n=5) have not been included. Similarly, the rating of adequacy of treatments 

for bipolar disorder is underdeveloped and those patients (n=3) have not been 

included in ratings of treatment adequacy. 

9.7.1 Systematic approaches to recording previous treatments – the ATHF 

The Antidepressant Treatment History Form (Sackeim, 2001) attempts to score the 

„adequacy‟ of a specific treatment according to the dose achieved, the duration of 

maximal dosage, presumed adherence to the treatment, and the clinical outcome. 

Successful treatments are not rated. Treatment is concluded to be ineffective if 

„response‟ (≥ 50% improvement) is not achieved. Each trial of antidepressant is 

scored on an Antidepressant Resistance Rating (ARR) from 1 to 4. For all treatments, 

an ARR score of ≥ 3 is required to label that trial as being „adequate‟. 

Next, a confidence rating is also recorded for all treatments except for ECT. This 

number reflects the degree of confidence in the information used to make the 

assessment, and is expressed as a number from 1 (No Confidence) and 5 (High 

Confidence). In the case of ECT trials, the confidence rating reflects the number of 

individual treatments given and the eventual outcome. The ATHF makes no attempt 

to rate dosage of ECT and adherence is assumed to be 100%. Adequacy of ECT 

treatment incorporates type of ECT (unilateral versus bilateral) and the number of 

treatments. 
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 The ATHF avoids the implied hierarchical approach employed by the Thase and 

Rush method (See Chapter 2), and provides rigid definitions for the adequacy of 

treatments received. It also attempts to incorporate an assessment of the quality of the 

information used to draw conclusions about the vigour of previous treatments. It does 

not attempt to weight any particular treatment greater than any other, although certain 

subgroups may preferentially respond to particular drugs – for example, atypical 

depression and MAOIs (Liebowitz, Quitkin, Stewart, et al, 1984; Liebowitz, Quitkin, 

Stewart, et al, 1988) and fluoxetine (Pande, Birkett, Fechner-Bates, et al, 1996). 

Whilst the tool assists in systematically scoring previous antidepressant trials, it 

does not facilitate grading of degrees of resistance. It overcomes some of the 

problems with the Thase and Rush Staging Method but it does not provide a 

continuous variable reflecting resistance (as per the MGH Staging Method) which, 

within a research context, may provide important information on the spectrum of 

resistance within the patient population under scrutiny. It can be conceived that 

important predictors of outcome following any intervention for Major Depression are 

likely to include both the severity of baseline symptoms and the refractoriness of the 

illness. If we are to understand the effects that these factors may have on the outcome 

after NMD, we need to be able to score and rate the degree of resistance. 

A number of studies have used the ATHF clinically and the general pattern is of 

widespread inadequacy of treatment. Dew et al (2005) found that among 112 case 

notes of outpatients with mood disorders, just under 50% of outpatients were 

documented as having received adequate treatment. McCall et al (2001) studied 88 

patients with major depressive disorder admitted to hospital for ECT. At admission, 

70.4% of patients were receiving adequate antidepressant treatment but this had 

dropped to 60.3% at 12 months after discharge. Further, 53.2% of a group of subjects 
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(n=47) with depression were rated as having inadequate scores on the ATHF 

(Oquendo, Baca-Garcia, Kartachov, et al, 2003). Among a group of depressed 

individuals with a history of previous suicidal acts (n=52), the mean adequacy score 

was 1.9 ± 1.5 (Oquendo, Kamali, Ellis, et al, 2002). 

High scores on the ATHF appear to predict response to ECT, with those failing 

to respond to pre-ECT pharmacotherapy demonstrating a poorer response to ECT 

(Prudic, Haskett, Mulsant, et al, 1996; Prudic, Sackeim & Devanand, 1990). There is 

therefore some value in exploring whether intensity and/ or duration of previous 

pharmacotherapy can predict response to NMD. Perhaps unsurprisingly, the score on 

the ATHF increases with treatment duration (Dew, Kramer & McCall, 2005), and 

this is likely to be a significant confounder. 

9.7.2 The ‘Dundee Antidepressant Treatment Adequacy’ (DATA) Scores 

The following method endeavours to overcome a number of the methodological 

problems with other staging methods discussed above, the primary one being the lack 

of a robust continuous variable which reflects both degree of resistance and 

robustness of previous treatments. 

First, the ATHF is used to both summarise and score all antidepressant and ECT 

trials in the current MDE and confidence ratings are recorded for all trials. A 

confidence rating of ≥ 3 is required to be confident the information is correct, 

reliable, and worth rating. A score of three is based on “one source that appears 

reliable. Areas of doubt not critical in medication or ECT resistance rating” 

(Sackeim, 2001). 

Second, „composite‟ scores were calculated for each antidepressant trial: 

ScoreConfidenceScoreATHFScoreComposite     
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Finally, a number of scores were calculated for all trials: 

1. Sum of ATHF Scores of adequate trials: This represents only the total scores 

of ATHF scores of all trials which score ≥ 3. It represents the overall quality 

and strength of all trials of an adequate vigour 

2. Sum of Composite Scores of adequate trials: This is the sum of all composite 

scores (as calculated above) for all trials which score ≥ 3. It incorporates the 

overall quality of the information and reflects the degree of confidence that 

the rater can have in the overall score. 

3. Sum of Composite Scores of all trials: This is the sum of all composite scores 

of all trials, adequate or not, and it reflects the overall robustness of all 

treatment trials. 

4. Treatment Precision Index (TPI): This is the ratio of the sum of ATHF 

scores of adequate trials to the sum of ATHF scores of all trials. The ratio 

represents the proportion of the total score that is made up of adequate trials. 

A higher number indicates a higher proportion of adequate trials. The 

maximum score is 1. 

5. Treatment Resistance Index Composite (TRIC) Score: The TRIC score is 

calculated according to Section 9.7.2.1. 

9.7.2.1 Treatment Resistance Index Composite (TRIC) Score 

The TRIC score is calculated from the following equation:  

 

(MGH Staging Score + (Thase and Rush Stage x 3) + Composite Score for All Treatments) x 

TPI 

 

First, the Thase and Rush Stage (an integer between 0 and 5) is multiplied by three to 

make it the same order of magnitude as the MGH Staging Method score (a decimal 



 

     

190 

between 0 and 15 for the study population, but it can be higher). These two scores are 

then summed and added to the Composite Score for all trials. Finally, the sum of 

these three indicators of treatment robustness are multiplied by the Treatment 

Precision Index (TPI), a decimal between 0 and 1 which reflects the overall „quality‟ 

of previous treatment. 

The purpose of the TRIC score is to attempt to incorporate a number of different 

measures of treatment resistance or vigorousness into one unified measure. Since 

both the MGH-S and the TR-S methods are inadequate by themselves in describing 

an individual‟s previous treatments, combining these with a measure of the extent of 

previous treatments should create a more rounded measure of resistance. By using 

the ratio of adequate treatments to all treatments as a multiplier, it factors in the 

„quality‟ of treatment. 

9.7.3 Missing data 

There was missing information in a number of cases. In one participant (ID=35), the 

available case notes did not contain sufficient information to extract a detailed 

treatment history and this information could not be obtained from other sources. 

9.7.4 Participants’ Thase and Rush Staging (TR-S) 

One of the difficulties with the Thase and Rush staging method is the hierarchical 

nature of the tool. An individual may have had 25 different antidepressants and ECT, 

but if none of them is a MAOI they can never achieve stage 5. Further, Thase and 

Rush do not define what an adequate trial of antidepressants is to merit having met a 

particular stage. 

Consequently, two sets of scores are presented. The first is for „strict‟ TR-S 

score which is derived from scores on the ATHF. In order to reach a specific stage, a 
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trial must achieve an ARR score of ≥ 3. For example, Phenelzine 30mg per day may 

be considered reasonable, but it is inadequate according to the ATHF. 

The „Less-strict‟ TR-S score is based on a looser definition of adequate. If an 

individual has received a trial of an antidepressant at a dose commonly used in 

clinical practice, for at least four weeks, then the requirements for that stage were 

considered complete. 

Whilst information on previous treatments was available for most participants, 

the details of every single trial were less encompassing for participants prior to 1998. 

Mean (and Min-Max) scores for all participants, ACAPS, and ACING 

participants are shown below in Table 38. Scores were not available for 1 participant. 

 

Table 38: Mean Thase and Rush Staging Scores for all participants with 

depression 

 All participants 

(n=21) 

ACAPS (n=16) ACING (n=5) 

Thase and Rush score 

(„Strict‟) 

3.67 (2 – 5) 3.50 (2 – 5) 4.20 (3 – 5) 

Thase and Rush score 

(„Less Strict‟) 

4.71 (3 – 5) 4.63 (3 – 5) 5.00 * 

* As all 5 participants had a score of 5, the SD was not reported. 

 

Differences between ACAPS and ACING Thase and Rush „scores were not 

significant for „Strict‟ measurement (p=0.23) or „Less Strict‟ measurement (p=0.08), 

using an independent samples t-test, although there was a trend towards significance 

for the „Less Strict‟ scores. 
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9.7.5 Participants’ MGH Staging 

There is currently very little published research using the MGH Staging (MGH-S) 

method. In a recent paper by Peterson et al (2005) which compared the relationship 

between MGH-S scores and TR-S scores with response to treatment, the authors 

reported mean scores of 115 patients who were attending an academic psychiatric 

clinic. The mean MGH-S score was 1.6 ± 1.2 whilst the mean TR-S score was 1.2 ± 

0.9. 

The MGH-S scores for the participants‟ are shown below in Table 39. As can be 

seen, the participants‟ scores are significantly higher than those reported so far in the 

literature. This is to be expected since the patient data presented herein represents 

some of the most unwell patients that would be seen anywhere. 

 

Table 39: Massachusetts General Hospital Staging Method Scores  

 All  participants 

(n=21) 

ACAPS (n=16) ACING (n=5) 

Mean MGH-S score 13.7 13.0 15.8 

Median MGH-S Score 14.0 12.8 15.5 

Min – Max 9.5 – 17.5 9.5 – 17.5 14.5 – 17.0 

 

An independent samples t-test revealed that there was a significant difference 

between the ACAPS and ACING groups (t=-2.641, df=19, p=0.016). 

Since the total score is dependent on the number of previous trials, it is sensitive 

to the quality of the available data. As stated above, it is likely that the data presented 

does not include antidepressant trials that were not well documented in the notes, and 

as such the scores presented probably an under-estimate of the real score. 
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9.7.6 Participants’ DATA Indices 

Scores derived from the Dundee Antidepressant Treatment Adequacy tool are 

displayed below in Table 40. 

Table 40: Indices of treatment adequacy measured using the Dundee 

Antidepressant Treatment Adequacy tool. 

 All 

participants 

(n=21) 

ACAPS (n=16) ACING (n=5) 

Sum of all treatments score 42.24 ± 11.4 39.6 ± 11.1 50.8 ± 8.1 

Sum adequate treatments score 32.7 ± 12.4 28.8 ± 10.0 46.8 ± 9.4 

Sum of all treatments composite 

score 

126.71 ± 39.7 118.1 ± 37.6 154.2 ± 36.8 

Sum of adequate treatments 

composite score (exc. ECT) 

63.4 ± 31.0 52.8 ± 26.0 97.4 ± 19.6 

Sum of adequate treatments 

composite score (inc. ECT) 

108.0 ± 39.1 96.3 ± 32.3 145.4 ± 37.9 

Treatment Precision Index (TPI) 0.77 ± 0.2 0.73 ± 0.2 0.92 ± 0.03 

Treatment Resistance Index 

Composite (TRIC) Score  

54.4 ± 17.5 48.1 ± 14.0 74.7 ± 10.7 

 

It can be seen that the adequacy of previous treatments in the later-recruited group of 

participants (the ACING group) is greater, and the ratio of adequate trials (measured 

using the ATHF) is similarly higher. It remains difficult to determine if this simply 

represents a lesser degree of information being available for the ACAPS group, but it 

seems more likely that participants undergoing surgery more recently have had a 

higher number of treatments than those ten years earlier. 
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9.7.7 Details of previous treatments 

9.7.7.1 Sum of ARR
24

 scores for each treatment class 

The sum of ARR scores for each class of antidepressants/ treatment represents the 

scores for all antidepressants within a class, irrespective of whether a specific trial 

was „adequate‟, and it gives an indication of how extensive treatment has been within 

that class. It takes into account factors such as many patients having received an 

MAOI but not at an adequate dose on the ATHF. 

 

Table 41: Sum of ARR scores of each trial for different classes of 

antidepressants 

All scores are mean  All participants 

(n=21) 

ACAPS (n=16) ACING (n=5) 

SSRIs 7.43 ± 3.6 7.8 ± 4.0 6.4 ± 2.1 

TCAs 8.2 ± 2.7 8.2 ± 3.0 8.2 ± 1.5 

MAOIs 3.9 ± 3.0 3.8 ± 3.3 4.0 ± 1.6 

Other antidepressants 
1
 2.6 ± 4.6 2.7 ± 3.1 11.2 ± 1.5 

Augmentation strategies 6.6 ± 3.4 5.8 ± 3.3 9.0 ± 3.0 

ECT 11.4 ± 5.0 11.25 ± 4.4 12.0 ± 7.2 

SSRIs = Selective Serotonin Reuptake Inhibitors 

TCAs = Tricyclic Antidepressants 

MAOIs = Monoamine Oxidase Inhibitors 

1
 Includes Venlafaxine, Mirtazapine, Reboxetine, etc. 

 

                                                 

24
 Antidepressant Resistance Rating, derived from the ATHF. 
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9.7.7.2 Number of adequate trials of antidepressants/ treatments in each class  

Table 42 shows the adequate trials that participants had received during their current 

MDE at the time of neurosurgery. 

Table 42: Number of adequate trials of antidepressants/ treatments in each class 

All scores are mean ± S.D. All 

participants 

(n=21) 

ACAPS (n=16) ACING (n=5) 

Number of adequate treatment trials 

on the ATHF (includes ECT) 

9.1 ± 3.2 8.0 ± 2.7 12.4 ± 2.7 

Number of adequate treatment trials 

from different classes (includes ECT) 

4.6 ± 1.1 4.3 ± 1.1 5.6 ± 0.5 

Number of adequate trials of SSRIs 2.0 ± 1.0 2.0 ± 1.1 1.8 ± 0.4 

Number of adequate trials of TCAs 1.6 ± 0.9 1.4 ± 0.9 2.4 ± 0.5 

Number of adequate trials of MAOIs 0.6 ± 0.7 0.6 ± 0.8 0.6 ± 0.5 

Number of adequate trials of Other 

Antidepressants 
1
 

1.1 ± 1.2 0.6 ± 0.8 2.8 ± 0.4 

Number of augmentation trials 1.2 ± 0.9 0.9 ± 0.7 2.2 ± 0.8 

Number of adequate trials of ECT 2.6 ± 1.3 2.6 ± 1.3 2.6 ± 1.5 

SSRIs = Selective Serotonin Reuptake Inhibitors 

TCAs = Tricyclic Antidepressants 

MAOIs = Monoamine Oxidase Inhibitors 

1
 Includes Venlafaxine, Mirtazapine, Reboxetine, etc. 

 

The figures above for all participants may not look particularly treatment intensive 

for individuals who have failed all reasonable treatments. The mean number of trials 

of an MAOI is 0.6, suggesting that not all participants had received an MAOI. One 

explanation is that previous MAOI trials were not recorded well in, or missing from, 

the available psychiatric notes. Second, the figures above only include trials that are 

adequate according to the ATHF, and the actual numbers of trials of antidepressants 

will exceed the above figures. 



 

     

196 

It is to be expected, due to the introduction of new drugs and combination 

therapies, that patients undergoing NMD more recently will have had more 

treatments. This is investigated below in Section 9.7.7.3. Another factor is that the 

criteria for consideration for NMD have become stricter over time, requiring more 

trials before NMD is offered. 

9.7.7.3 Differences between ACAPS and ACING groups 

The difference between ACAPS and ACING participants in the numbers of 

treatments probably reflects the effects of time on expected numbers of failed 

treatments. The first anterior cingulotomy took place in April 2001 and all ACING 

participants will have undergone surgery whilst criteria for surgery were relatively 

strict and the evidence base pointed to a large number of treatments which could 

have been considered reasonable. P-values for differences between ACAPS and 

ACING groups for the above variables are shown below in Table 43. In some cases, 

the data were not normally distributed and non-parametric tests were used. 

It is probable that these differences are accounted for by the factors above. 
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Table 43: Differences between previous treatments of ACAPS and ACING 

groups 

Variable Statistical method P-value 

Number of adequate treatment 

trials on the ATHF 

Independent samples t-test 0.005** 

Number of adequate trials of 

SSRIs 

Mann-Whitney 0.929 

Number of adequate trials of 

TCAs 

Mann-Whitney 0.024* 

Number of adequate trials of 

MAOIs 

Mann-Whitney 0.676 

Number of adequate trials of 

Other Antidepressants 

Mann-Whitney 0.001** 

Number of augmentation trials Mann-Whitney 0.009** 

Number of adequate trials of ECT Mann-Whitney 0.966 

* = Significant at the ≤ 0.05 level 

** = Significant at the ≤ 0.01 level 

All tests two-tailed 
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10. Clinical Outcomes for Affective Disorders 

 

10.1 Outcomes for patients not seen at long-term follow-up 

One individual, who underwent anterior capsulotomy in 1995, had had a previous 

subcaudate tractotomy in 1991. Due to the complexities of assessing the outcome 

from capsulotomy in light of a previous neurosurgical procedure this patient was 

excluded from long-term follow-up. However, in an effort to assess the „crude‟ 

outcome from the capsulotomy, her case notes were requested and reviewed. What 

follows is a brief summary of her response to ACAPS. 

Patient J underwent anterior capsulotomy in a two-stage procedure in February 

1995, at the age of 50.5 after being chronically depressed since 1987. She underwent 

subcaudate tractotomy (SST) at the Brook Hospital in February 1991. In the months 

following SST there were complaints of lethargy and weight gain (likely to be 

adverse effects of the SST) but within six months she was reported as being “back to 

normal”, and was able to return to work after surgery. 

In the second year after surgery, her depressive illness returned and she was 

referred to Dundee for further neurosurgery. Approximately three months after 

ACAPS, her mood was at “a good level again”. She did not achieve full clinical 

recovery in the subsequent year, however, and continued to change antidepressants. 

It does appear that her functional level improved a little and repeat 

neuropsychological testing performed after ACAPS did not reveal any deterioration 

in scores. 
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10.2 Categorical Outcomes for mood disorders: Response and 

Remission 

10.2.1 Definitions of response and remission according to depression rating 

scales 

The definitions used to define „response‟ and „remission‟ are shown in Table 44. 

Remission was not defined using the CGI-I since this categorical scale lacks the 

precision needed to afford a meaningful reflection of a clinically significant absence 

of symptoms. 

Table 44: Definitions of response and remission 

Measure Definition 

HRSD17  

Response ≥ 50% reduction in baseline score 

Remission Score ≤ 7 

MADRS  

Response ≥ 50% reduction in baseline score 

Remission Score ≤ 10 

CGI-I  

Response Rating of 1 (Very much improved ) or 2 (Much improved) 

Remission N/A 

HRSD17: Hamilton Rating Scale for Depression (17-item version) 

MADRS: Montgomery-Åsberg Depression Rating Scale 

CGI-I: Clinical Global Impression – Improvement 

 

10.2.2 Categorical definitions of response and remission for mood disorders 

The definitions used to define „response‟ and „remission‟ at 12 month and long-term 

follow-up are given in Table 45. Due to the inclusion of the CGI-I, it can be argued 

that the criteria for response are „looser‟ than those for remission, which are 

dependent wholly on scores on symptom rating scales. The CGI score was 

incorporated to ensure adequate numbers for comparison, in the context of missing 



 

     

200 

rating scale data for a number of patients. However, a score of 1 or 2 on the CGI-I is 

still a meaningful indicator of clinical response, with good correlation between the 

HRSD score and CGI-I score. Fieve (1986) found that in subjects with a CGI-I score 

of 2, the HRSD score decreased by 54%. The CGI appears to be as equally sensitive 

to change as the HRSD and MADRS scales, with the CGI-I and CGI-S being broadly 

comparable (Khan, Khan, Shankles, et al, 2002). Effect sizes in antidepressant trials, 

measured with the CGI-I, are similar to those obtained with the HRSD (Khan, 

Brodhead & Kolts, 2004). 

 

Table 45: Categorical definitions of outcome for depression 

Term Criterion 

Response Response on the HRSD17 

OR 

Response on the MADRS 

OR 

Response on the CGI-I 

Remission Remission on the HRSD17 

OR 

Remission on the MADRS 

 

The categorical outcomes from NMD are shown below in Sections 10.2.5 to 10.2.8. 

Where data were missing, participants were classified as „No response‟, or „No 

remission‟. 

Due to the way that „response‟ and „remission‟ were defined, all participants 

who were remitters will also be responders. Participants in remission will therefore 

appear in both categories. However, this approach is justified in order to show how 

many participants can be expected to achieve a particular outcome. 
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10.2.3 Time of assessments 

The times of each assessment for participants with mood disorders are shown below 

in Table 46 and Table 47. In a number of participants who were undergoing a second 

procedure, pre-operative assessments for the second procedure were treated as 12- or 

24-month follow-up for the previous procedure. One participant (ID=5) underwent a 

second procedure approximately one year after the first. A second participant 

(ID=24) had a second procedure two years after a previous anterior capsulotomy. 

Finally, one participant (ID=12) had a further procedure 146 weeks after the first. In 

these three cases, the long-term follow-up is much shorter than the mean for the 

group. 

 

Table 46: Assessments and their timing (in weeks) for all NMD participants 

with mood disorders † 

Assessment Mean ± S.D. Median Min/Max 

Baseline (n=25) -1.2 ± 1.1 -1.0 -6.1 to -0.2 

Post-Op (n=23) 1.8 ± 0.7 1.7 0.8 to 3.2 

12 months (n=17) 54.0 ± 11.0 52.4 34.7 to 81.0 

Long-term (n=23) † 336.0 ± 193.6 353.7 0.9 – 12.7 yrs ‡ 

†
 Two participants have not yet reached long-term follow-up. 

‡
 The lower values in this group represent participants who underwent a further procedure 1-

2 years after the first. 

 



 

     

202 

 

Table 47: Comparison of assessment times between ACAPS and ACING. 

Assessment point. All 

figures represent mean 

± S.D. in weeks. 

ACAPS ACING Significance 

Baseline -1.3 ± 1.2 (n=20) -0.7 ± 0.5 (n=5) t=-1.049, df=23, 

p=0.305 

Post-Op 1.7 ± 0.7 (n=18) 2.4 ± 0.6 (n=5) t=-2.054, df=21, 

p=0.053 

12 months 53.6 ± 13.1 

(n=12) 

54.8 ± 2.8 (n=5) t=-0.204, df=15, 

p=0.841 

Long-term 364.6 ± 191.6 

(n=20) 

145.1 ± 22.1 

(n=3) † 

t=4.910, 

df=20.952, 

p<0.001 ** 

†
 Two participants have not yet reached long-term follow-up. 

 

The number of ACING participants is obviously much lower since all the recent 

procedures performed have been ACING and not enough time has passed for these 

participants to have been followed up to the same extent as the ACAPS group. 

10.2.4 Response and remission rates for ACAPS and ACING for depression 

The following tables detail the categorical response and remission rates for each 

procedure, separated by diagnostic category. At 12-months, data needed to determine 

response and remission rates was missing in eight cases (32%). At long-term follow-

up there was sufficient data to categorise response and remission rates in all 

participants, except for two ACING cases yet to reach long-term follow-up. Both are 

due to return for enlargement of the original cingulotomy lesions because of 

insufficient response to surgery. 
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All the participants with bipolar disorder were chronically depressed at the time 

of surgery, but this group has been listed separately to the group with unipolar major 

depression. 

Where data were unavailable, response or remission has been recorded as 

negative. However, in the eight cases where data at 12-months were missing, four 

(50%) were responders at long-term follow-up, whilst the remaining four (50%) were 

non-responders. Three of the four (75%) responders at long-term follow-up were also 

remitters. 

10.2.5 Response rates for affective disorders at 12 months 

The 12-month response rate is shown in Table 48. The response rate for ACAPS (all 

diagnoses) is 25.0%, whilst the response rate for depression is 17.6%. The response 

rate for ACING for major depression is 60%. 

Table 48: Response rates for ACAPS and ACING for affective disorders at 12 

months 

Procedure ICD-10 Diagnosis (Grouped into major 

category) 

Number of 

Responses 

(%) 

ACAPS (n=20) Bipolar Disorder (n=3) 2 (66.7%) 

 Depression (n=17) 3 (17.6%) 

 Total Number of Responses for ACAPS 5 (25.0%) 

ACING (n=5) Bipolar Disorder (n=0) 0 (0.0%) 

 Depression (n=5) 3 (60.0%) 

 Total Number of Responses for ACING 3 (60.0%) 

Overall Response Rate for both procedures at 12 months 

(n=25) 

10 (40.0%) 

Note: Response rate for each diagnostic category is expressed as % of total in that category. 
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10.2.6 Remission rates at 12 months 

Remission rates at 12 months are shown below in Table 49.  Due to the stricter 

criteria for remission, the rates are much lower than for response. The remission rate 

for ACAPS at 12 months for depression is 11.8%, and the overall remission rate for 

ACAPS is 10%. The remission rate for ACING for major depression is 20%. 

Table 49: Remission rates for ACAPS and ACING for affective disorders at 12 

months 

Procedure ICD-10 Diagnosis (Grouped into major 

category) 

Number in 

Remission 

(%) 

ACAPS (n=20) Bipolar Disorder (n=3) 0 (0.0%) 

 Depression (n=17) 2 (11.8%) 

 Total Number in Remission for ACAPS 2 (10.0%) 

ACING (n=5) Bipolar Disorder (n=0) 0 (0.0%) 

 Depression (n=5) 1 (20.0%) 

 Total Number in Remission for ACING 1 (20.0%) 

Overall Remission Rate for both procedures at 12 months 

(n=25) 

3 (12.0%) 

Note: Response rate for each diagnostic category is expressed as % of total in that category. 
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10.2.7 Response rates for affective disorders at long-term follow-up 

At long-term follow-up after ACAPS the response rate has increased to 47.1%. The 

rate has reduced to 40.0% for ACING but this is likely to be due to the classification 

of the two participants who have yet to reach long-term follow-up as non-responders/ 

non-remitters.  

Table 50: Response rates for ACAPS and ACING at long-term follow-up 

Procedure ICD-10 Diagnosis (Grouped into major 

category) 

Number of 

Responses 

(%) 

ACAPS (n=20) Bipolar Disorder (n=3) 2 (66.7%) 

 Depression (n=17) 8 (47.1%) 

 Total Number of Responses for ACAPS 10 (50%) 

ACING (n=5)
 †

 Bipolar Disorder (n=0) 0 (0.0%) 

 Depression (n=5) 2 (40.0%) 

 Total Number of Responses for ACING 2 (40.0%) 

Overall Response Rate for both procedures at long-term 

follow-up (n=25) 

12 (48.0%) 

Note: Response rate for each diagnostic category is expressed as % of total in that category. 

†
 The two participants who have yet to reach long-term follow-up have been categorised as 

non-responders/ non-remitters. 
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10.2.8 Remission rates at long-term follow-up 

Remission rates at long-term follow-up (mean time after surgery = 6.5 ± 3.7 years) 

are shown below in Table 51.  

Table 51: Remission rates for ACAPS and ACING at long-term follow-up 

Procedure ICD-10 Diagnosis (Grouped into major 

category) 

Number of 

Responses 

(%) 

ACAPS (n=20) Bipolar Disorder (n=3) 2 (66.7%) 

 Depression (n=17) 6 (35.3%) 

 Total Number in Remission for ACAPS 8 (40.0%) 

ACING (n=5) 
†
 Bipolar Disorder (n=0) 0 (0.0%) 

 Depression (n=5) 2 (40.0%) 

 Total Number in Remission for ACING 2 (40.0%) 

Overall  Remission Rate for both procedures at long-term 

follow-up (n=25) 

10 (40.0%) 

Note: Response rate for each diagnostic category is expressed as % of total in that category. 

†
 The two participants who have yet to reach long-term follow-up have been categorised as 

non-responders/ non-remitters. 

 

10.2.9 Trends in outcomes for depressive illness between 12 months and long-

term follow-up 

The changes in both response rate and remission rate for participants with depressive 

illness (n=22 at baseline and 12 months, and n=20 at long-term follow-up) are shown 

in Table 52. This table contains outcomes from the first procedure only. The long-

term outcomes of those who have had second procedures is summarised in Table 90. 

The response rate for ACAPS increases from 17.6% at 12 months to 47.1% at 

long-term follow-up. The increase in remission rate between 12 months and long-
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term follow-up is from 11.8% to 35.3%. However, whilst the remission rate for 

ACING increases from 20.0% to 40.0%, the response rate appears to drop from 

60.0% to 40.0%. This is very likely to be due to the two participants who have yet to 

have long-term follow-up assessments being classed as non-responders/ non-

remitters. One participant had an extension of the original ACING 116 weeks after 

the first procedure due to non-response. 

 

Table 52: Changes in response and remission rates for major depression 

between 12 months and long-term follow-up 

All figures are number of 

participants (%) 

Response Remission 

Anterior Capsulotomy (n=17)   

12 months 3 

(17.6%) 

2 

(11.8%) 

Long-term follow-up 8 

(47.1%) 

6 

(35.3%) 

Anterior Cingulotomy (n=5)   

12 months 3 

(60.0%) 

1 

(20.0%) 

Long-term follow-up 
†
 2 

(40.0%) 

2 

(40.0%) 

Note: Missing cases excluded pair-wise. 

† 
The two participants who have yet to reach long-term follow-up have been categorised as 

non-responders/ non-remitters. 

 

In order to determine more accurately transitions between responder and remitter 

over time, Table 53 shows Table 52 but including only those cases were data are 

available for both time points, ensuring that increases in each category are due to the 

same patients moving into the other category. 
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Table 53: Changes in response and remission rates for major depression 

between 12 months and long-term follow-up 

All figures are number of 

participants (%) 

Response Remission 

Anterior Capsulotomy (n=12)   

12 months 5 

(41.7%) 

2 

(16.7%) 

Long-term follow-up 6 

(50%) 

4 

(33.3%) 

Anterior Cingulotomy (n=3)   

12 months 2 

(66.7%) 

1 

(33.3%) 

Long-term follow-up 2 

(66.7%) 

2 

(66.7%) 

Note: Missing cases excluded list-wise. 

 

The majority of individuals who were responders at long-term follow-up were 

responders by 12-months, and the overall numbers for this analysis are small making 

comparison difficult. 
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10.3 Changes in Global Rating Scales following NMD for mood 

disorders 

10.3.1 Introduction 

The Dundee service has continued to utilise three global rating scales which are 

outlined below. The triad of scales is completed at each time point by: the assessing 

psychiatrist; the patient themselves; and their next-of-kin, typically their closest 

relative/ spouse. This permits the views of a variety of individuals to be taken into 

account when attempting to appraise the effects of neurosurgery. 

10.3.2 Clinical Global Impression (CGI; National Institute of Mental Health, 

1970) 

The CGI was developed to meet the needs of studies assessing interventions in 

mental health, and has been used subsequently in a wide range of conditions and 

interventions. The scale is shown in Chapter 18 (Appendix 1). 

10.3.3 Pippard Postoperative Rating Scale (Pippard, 1955) 

The Pippard Postoperative Rating Scale is described in detail in Chapter 18 

(Appendix 1). The results below reflect the domain scale rating Symptom 

Improvement. It is essentially a five-point global rating scale ranging from 1 

(Completely Improved) to 5 (Worse). A score of 4 represents „No Change‟. 

10.3.4 Clinical Global Psychiatric/ Social Status Scale (CGPSS) 

The CGPSS is a six-point scale which ranges from 0 (Worse) to 5 (Essentially well, 

functioning normally without treatment of any kind) and is described in more detail 

in Chapter 18 (Appendix 1). Since rating depend on the overall level of functioning it 

is not possible to rate in the immediate post-operative period, when the individual is 

typically still in hospital. Although it has not been widely used in the literature, there 
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are a small number of outcome reports that have utilised the scale (Montoya, Weiss, 

Price, et al, 2002; Spangler, Cosgrove, Ballantine, et al, 1996). 

10.3.5 Missing Data 

The proportion of global rating scale scores with a completed score is shown below 

in Table 54. Some of these values have been retrospectively scored (see below). In a 

number of cases, there was insufficient information recorded with which to 

retrospectively determine scores due to a lack of rating scales completed, or clinical 

notes which lacked sufficient detail to retrospectively determine functional status. 

Table 54: Proportion of completed categorical rating scale scores (scored by 

assessing psychiatrist) (n=25) 

Measurement Number (%) of 

completed scores 

CGI-S Baseline 25 (100.0%) 

CGI-S Post-Op 23 (92.0%) 

CGI-S 12-months 17 (68.0%) 

CGI-S Long-term follow-up 23 (92.0%) 

CGI-I Post-Op 23 (92.0%) 

CGI-I 12-months 17 (68.0%) 

CGI-I Long-term follow-up 23 (92.0%) 

Pippard Postoperative Rating Scale Post-Op 5 (20.0%) 

Pippard Postoperative Rating Scale 12-months 15 (60.0%) 

Pippard Postoperative Rating Scale Long-term follow-up 23 (92.0%) 

CGPSS 12-months 14 (56.0%) 

CGPSS Long-term follow-up 23 (92.0%) 

 

Where CGI, Pippard, or CGPSS scores had not been recorded by the assessing 

psychiatrist at the time, rating scale scores and clinical notes were reviewed in order 

to form an impression of the severity and/ or improvement. In determining severity, 

the baseline rating scale scores and description of clinical symptoms contributed 
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primarily to the score. To determine improvement scores, a comparison was made 

between baseline rating scales and the scores at time of assessment, and clinical notes 

were reviewed in order to form an impression of the global improvement. These 

scores were recorded as being made post hoc and the proportion of post hoc 

assessments contributing to overall outcomes is given in Table 55, which should be 

viewed in the context of Table 54 above. The post hoc ratings will include 

assessments which were not, or could not be, scored. 

It should be noted that the score was also recorded as being post-hoc when the 

assessing psychiatrist (usually the author) had not seen the participant prior to 

surgery and could not make a judgement about clinical improvement based on the 

assessment alone. Such an impression was harder to form using the CGI compared to 

the Pippard and CGPSS scales which include a functional assessment in their ratings. 

There were a number of instances (for example, at 12-month post-op) where it was 

not possible to make an accurate judgement as to the categorical outcome. The 

process was easier for participants at long-term follow-up since it was possible to 

gauge response according to clinical presentation. 

Twelve to twenty-eight percent of long-term follow-up scores have had to be 

retrospectively determined. One common reason was that a number of participants 

(n=7) underwent a further procedure and global ratings were not done at the time. 
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Table 55: Numbers of global rating scale scores which were determined 

retrospectively from symptom rating scales and review of clinical notes (n=25) 

Measurement Number (%) of 

assessments made 

post-hoc 

CGI-S Baseline 5 (20.0%) 

CGI-S Post-Op 12 (48.0%) 

CGI-S 12-months 4 (16.0%) 

CGI-S Long-term follow-up 3 (12.0%) 

CGI-I Post-Op 20 (80.0%) 

CGI-I 12-months 6 (24.0%) 

CGI-I Long-term follow-up 7 (28.0%) 

Pippard Postoperative Rating Scale Post-Op 4 (16.0%) 

Pippard Postoperative Rating Scale 12-months 8 (32.0%) 

Pippard Postoperative Rating Scale Long-term follow-up 6 (24.0%) 

CGPSS 12-months 8 (32.0%) 

CGPSS Long-term follow-up 7 (28.0%) 

Note: Post-operative CGPSS scores not available. See Section 10.3.4 for reasons why. 

 

10.3.6 Clinical Global Impression – Severity 

The CGI-S scores for each rater are shown below in Table 56. The mean baseline 

score for all procedures represents the midpoint between „Markedly Unwell‟ and 

„Severely Unwell‟. At long-term follow-up, the mean score for all procedures is 

between „Mildly Ill‟ and „Moderately Ill‟ (t=5.109, df=22, p<0.001). Reductions are 

also significant for ACAPS (t=4.637, df=19, p<0.001) but not for ACING (t=1.964, 

df=2, p=0.188). 
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Table 56: Clinical Global Impression (Severity) scores at each time point 

All figures are mean ± 

S.D. 

All participants ACAPS ACING 

Baseline 5.5 ± 0.8 

(n=25) 

5.5 ± 0.8 

(n=20) 

5.8 ± 0.8 

(n=5) 

Immediate Post-Op 3.8 ± 1.7 

(n=23) 

3.5 ± 1.6 

(n=18) 

5.0 ± 1.6 

(n=5) 

12-months follow-up 3.8 ± 1.4 

(n=17) 

3.8 ± 1.1 

(n=12) 

3.6 ± 2.1 

(n=5) 

Long-term follow-up 3.4 ± 2.0 *** 

(n=23) 

3.6 ± 2.0 *** 

(n=20) 

2.7 ± 2.1 

(n=3) † 

Note: Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

* = p<0.05, ** = p<0.01, *** = p<0.001 

 

This still represents a measurable burden of illness despite neurosurgical 

intervention. The median for this group was 3.0, and the standard deviation was 2.0, 

indicating that there was wide variability to the outcomes. The modest improvement 

in global ratings of severity probably reflects the difficulties in completely 

eradicating symptoms in this group of patients with chronic, treatment-refractory 

depression. It is interesting to note that there is no further reduction in score between 

the immediate post-operative period and 12-months, although there is a slight 

improvement at long-term follow-up. 

10.3.7 Clinical Global Impression – Improvement 

Improvement scores are shown below in Table 57. This part of the scale can only be 

rated after an intervention and scores are not available at baseline. Next of kin was 

not asked to complete CGI-I scores in the immediate post-operative period. 
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Table 57: Clinical Global Impression - Improvement scores pre- and post-op 

All figures are mean ± S.D. All participants ACAPS ACING 

Assessing psychiatrist  

Immediate Post-Op 2.6 ± 1.1 

(n=23) 

2.4 ± 1.0 

(n=18) 

3.2 ± 1.3 

(n=5) 

12-months follow-up 2.7 ± 1.4 

(n=17) 

2.8 ± 1.3 

(n=12) 

2.6 ± 1.8 

(n=5) 

Long-term follow-up 2.6 ± 1.4 

(n=23) 

2.7 ± 1.3 

(n=20) 

2.3 ± 2.3 

(n=3) 

Patient  

Immediate Post-Op N/A 

 (n=1) 

N/A 

 (n=0) 

N/A 

 (n=1) 

12-months follow-up 2.6 ± 1.5 

(n=7) 

2.4 ± 1.7 

(n=5) 

3.0 ± 2.0 

(n=2) 

Long-term follow-up 2.6 ± 1.6 

(n=13) 

2.5 ± 1.3 

(n=11) 

3.5 ± 3.5 

(n=2) 

Relative  

12-months follow-up N/A 

(n=1) 

N/A 

 (n=0) 

N/A 

 (n=1) 

Long-term follow-up 2.5 ± 1.7 

(n=12) 

2.5 ± 1.7 

(n=10) 

2.5 ± 2.1 

(n=2) 

Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

‡ 
Relatives were not routinely asked for their assessment in the post-op period. 

 

10.3.8 Pippard Postoperative Rating Scale  

Scores on the Pippard Scale are shown below in Table 58. The extent to which these 

scores have been inferred is discussed in Section 10.3.5. The mean score at 12-

months for all procedures was 3.2 ± 1.0 (n=15) and the mean score was the same for 
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ACAPS and ACING. The patient-rated score at 12-months for all procedures was 3.2 

± 1.0 (n=15). 

 

Table 58: Pippard Postoperative Rating Scale scores at long-term follow-up 

All figures are mean ± S.D. All participants ACAPS ACING 

Assessing psychiatrist 3.0 ± 1.2 

(n=23) 

3.1 ± 1.1 

(n=20) 

3.0 ± 2.0 

(n=3) 

Patient 2.9 ± 1.1 

(n=13) 

2.7 ± 1.1 

(n=11) 

3.5 ± 0.7 

(n=2) 

Relative 2.8 ± 1.4 

(n=12) 

2.8 ± 1.4 

(n=10) 

2.5 ± 2.1 

(n=2) 

 

10.3.9 Clinical Global Psychiatric/ Social Status Scale (CGPSS) 

The mean score for ACAPS did not differ from that for „all procedures‟ by more than 

0.1 and the numbers of scores for ACING were too small (n=5) to merit reporting. 

Mean scores for ACAPS were 2.3 ± 1.2 (n=9) at 12-months follow-up and 2.5 ± 1.4 

(n=20) at long-term follow-up. 

10.3.10 Correlation between clinician’s, patient’s, and relative’s assessments of 

outcome 

Comparison was only possible between scores for „All procedures‟ due to low 

numbers in the other groups. Spearman‟s Rank correlation was performed for scores 

given by the assessing psychiatrist, the patient, and the next of kin at long-term 

follow-up for the CGI-I, Pippard Scale, and CGPSS. The results are shown below in 

Table 59. 

 

 



 

     

216 

Table 59: Correlations between global assessments of outcome at long-term 

follow-up made by assessing psychiatrist, the patient, and the next of kin 

Assessment (performed by the assessing 

psychiatrist) 

Correlation coefficient 

 Patient Next of Kin 

CGI-I (n=23) r = 0.925, n=13, 

p<0.001 *** 

r = 0.804, n=12, 

p=0.002 ** 

Pippard postoperative rating scale r = 0.828, n=13, 

p<0.001 *** 

r = 0.641, n=12, 

p=0.025 * 

CGPSS r = 0.870, n=12, 

p<0.001 *** 

r = 0.860, n=12, 

p<0.001 *** 

Note: Missing cases excluded pair-wise 

* = p<0.05, ** = p<0.01, *** = p<0.001 (two-tailed) 

 

The correlation appears to be very good. On the Pippard Scale it is not possible to 

achieve category I (completely improved) or II (improved but no treatment required) 

and still be on maintenance treatment, and despite the degree of clinical 

improvement, this may contribute to slight differences in the way that the scoring is 

interpreted by clinician and next of kin. 

Studies have suggested that concordance between self-report scales and 

clinician-report assessments is poor during acute episodes but improves with follow-

up (Prusoff, Klerman & Paykel, 1972). Further, assessments of severity during the 

acute episode correlate poorly. The strong correlation described above may be related 

to the long-term nature of the follow-up, and the use of a categorical rating scale 

rather than an interval scale.  

10.3.11 Grouped categories for outcome 

In the existing literature, it has been common to condense each category into fewer 

outcome categories. For example, using the Pippard scale those subjects in groups I 
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or II form category 1; those in group III are in category 2; and those in groups IV or 

V form the third category (Göktepe, Young & Bridges, 1975; Hay, Sachdev, 

Cumming, et al, 1993). 

In order to provide comparative groups using information from global rating 

scales the following categories were defined (Table 60). It should be noted that 

assessments of „mild‟ improvement (i.e. a CGI-I score of 3 and Pippard score of III) 

have been categorised as „unchanged‟, in order to provide a more conservative 

estimate of treatment effect. 

Table 60: Outcome categories defined using the CGI-I and Pippard 

Postoperative Rating Scales 

Outcome Category Criteria 

Improved 

Score of 1 or 2 on the CGI-I 

or 

Score of I or II on the Pippard Scale 

Unchanged 

Score of 3 or 4 on the CGI-I 

or 

Score of III or IV on the Pippard Scale 

Worse 

Score of 5, 6, or 7 on the CGI-I 

or 

Score of V on the Pippard Scale 

 

Global outcomes at long-term follow-up using the definitions in Table 60 are shown 

below in Table 61. In order to compare the relative rates of improvement according 

to the measure used, and to permit comparison with published reports of outcome 

following NMD (particularly using the Pippard scale), these results are broken down 

by rating scale in Table 62. Scores for all participants are also presented. 
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Table 61: Global outcomes (derived from CGI-I and Pippard scores) at long-

term follow-up 

Outcome Category All participants 

(n=23) 

ACAPS 

(n=20) 

ACING 

(n=5) 
†
 

Improved 13 (52.0%) 11 (55.0%) 2 (40.0%) 

Unchanged 9 (36.0%) 7 (35.0%) 2 (40.0%) 

Worse 3 (12.0%) 2 (10.0%) 1 (20.0%) 

† 
The two participants (ACING) who have yet to reach long-term have been classed as 

„Unchanged‟. 

 

Table 62: Global ratings broken down by scale used (CGI-I and Pippard Scale) 

Outcome Category CGI-I 

(n=23) 

Pippard Scale 

(n=23) 

Improved 12 (52.2%) 6 (26.1%) 

Unchanged 8 (34.8%) 14 (60.9%) 

Worse 3 (13.0%) 3 (13.0%) 

Note: The two participants who have not yet reached long-term follow-up have been 

excluded from the analysis. 

 

Table 62 indicates that fewer participants are classified as „Improved‟ when using the 

Pippard postoperative rating scale. Some of the factors which may affect ratings 

made on the Pippard scale, namely the difficulty in being significantly improved 

whilst remaining on maintenance medication, are discussed in Section 10.3.10. The 

proportion of participants who are rated as „Worse‟ on both scales is the same at 

13.0%. 
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10.4 Changes in Depressive Symptom Rating Scales for Mood 

Disorder 

10.4.1 Introduction 

Since all the participants with Bipolar Affective Disorder (n=3) were chronically 

depressed at the time of surgery, they have been grouped with the participants with 

unipolar major depression. 

10.4.2 Changes in HRSD17 score after NMD (ACAPS and ACING) 

The overall changes in Hamilton Rating Scale for Depression (17-item version) score 

after NMD are shown below in Table 63 and represented graphically in Figure 23. 

Table 63: Mean HRSD-17 scores at each time point 

All scores are mean ± S.D. All participants ACAPS ACING 

Baseline 28.9 ± 4.7 

(n=11) 

26.8 ± 3.9 

(n=6) 

29.7 ± 5.5 

(n=5) 

Post-Op 21.0 ± 8.7 (n=9) 20.7 ± 10.6 

(n=4) 

21.2 ± 8.1 

(n=5) 

12-months Follow-up 16.1 ± 10.8 

(n=11) 

15.3 ± 10.7 

(n=6) 

17.2 ± 12.0 

(n=5) 

Long-term Follow-up 13.8 ± 12.4 

(n=20) 

13.7 ± 12.2 

(n=17) 

13.8 ± 16.5 

(n=3) 
†
 

Missing cases excluded pair-wise. 

† 
Two participants (ACING) have yet to reach long-term follow-up. 
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Figure 23: HRSD-17 item scores at each time point 

 

Only four ACAPS participants and three ACING participants had HRSD17 scores at 

every time point. In order to overcome this limitation, missing values for HRSD17 

scores were „imputed‟ from existing MADRS scores. The conversion was performed 

conservatively and is detailed below in Section 10.4.2.1. 

10.4.2.1 Imputing HRSD17 scores from MADRS scores 

The calculation was based on a table listing estimated comparisons between a 

number of different rating scales (Anonymous, 2006). The modified version is shown 

below in Table 64. Gaps in the original were filled by dividing the difference by the 
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number of equivalent steps on the HRSD17. Where the equivalent HRSD17 score was 

a range, the lowest value was taken. 

In order to examine the face validity of such an approach, imputed HRSD17 

scores for all participants at long-term follow-up were compared to actual HRSD17 

score. A scatter plot of imputed HRSD17 score against actual HRSD17 score is shown 

below in Figure 24. Apart from a slight tendency to underestimate the actual score, 

the correlation appears robust (Pearson‟s r = 0.963, p<0.001, n=23).  

 

Table 64: Conversion values between the MADRS and HRSD17. Adapted from 

Anonymous (2006). 

MADRS Score HRSD17 Score MADRS Score HRSD17 Score 

0 0 34 19 

1-2 1 35 20 

3 3 37 21 

4 4 38 22 

5 5 39 23 

6 7 41 24 

7 8 43 25 

10 9 45 26 

11 10 46 27 

13 11 47 28 

16 12 49 29 

19 13 51 30 

20 14 52 31 

22 15 53 32 

24 16 54 33 

27 17 55 34 

30 18 60 36–52 
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Figure 24: Scatter Plot of Imputed HRSD-17 score against actual HRSD-17 

score. 95% confidence intervals shown. 

 

The changes over time for imputed HRSD17 scores are shown in Table 65 and Figure 

25. 
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Table 65: Mean HRSD17 scores (Missing Scores imputed from MADRS scores) 

at each time point 

All scores are mean ± S.D. All participants ACAPS ACING 

Baseline 24.5 ± 5.3 

(n=24) 

23.2 ± 4.5 

(n=19) 

29.7 ± 5.5 

(n=5) 

Post-Op 16.4 ± 7.8 

(n=22) 

15.1 ± 7.5 

(n=17) 

21.0 ± 7.9 

(n=5) 

12-months Follow-up 16.7 ± 8.8 

(n=17) 

16.5 ± 7.8 

(n=12) 

17.2 ± 12.0 

(n=5) 

Long-term Follow-up
†
 14.4 ± 11.6 

(n=23) 

14.5 ± 11.3 

(n=20) 

13.8 ± 16.5 

(n=3) 
†
 

† 
Two participants (ACING) have yet to reach long-term follow-up. 
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Figure 25: HRSD-17 item imputed scores at each time point 

 

Performing repeated measures ANOVA on this imputed data revealed a significant 

effect for time [F(3,9)=6.836, p=0.011]. Applying a Bonferroni correction for 

multiple comparisons, HRSD17 scores compared to baseline for all procedures were 

significant at post-op (p=0.008) and at 12-months follow-up (p=0.037), and there 

was a trend towards significance at long-term follow-up (p=0.053). Performing the 

same tests on the ACAPS group revealed a significant effect for time [F(3,6)=5.772, 

p=0.033]. Scores at each time point, compared to baseline, were not significant. 
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10.4.3 Changes in MADRS Score after NMD (ACAPS and ACING) 

The mean MADRS scores at each time point are shown in Table 66 and Figure 26. 

These are expressed as percent reduction from baseline in Table 67. The mean scores 

for the 12 participants where complete data are available are shown in Table 68. 

Table 66: Mean MADRS scores at each time point 

All scores are mean ± S.D. All participants ACAPS ACING 

Baseline 39.5 ± 6.2 

(n=24) 

39.47 ± 6.4 

(n=19) 

39.6 ± 6.1 

(n=5) 

Post-Op 24.8 ± 13.3 

(n=22) 

22.9 ± 12.3 

(n=17) 

31.2 ± 15.8 

(n=5) 

12-months Follow-up 23.8 ± 13.7 

(n=17) 

24.9 ± 12.7 

(n=12) 

21.2 ± 17.3 

(n=5) 

Long-term Follow-up 22.9 ± 16.6 

(n=23) 

23.6 ± 16.1 

(n=20) 

18.7 ± 23.2 

(n=3) † 

Missing cases excluded pair-wise. 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

 

 

Table 67: Percent reduction in MADRS scores at each time point 

All scores are mean percent reduction All 

participants 

ACAPS ACING 

Post-Op 37.2% 

(n=22) 

42.0% 

(n=17) 

21.2% 

(n=5) 

12-months Follow-up 39.7% 

(n=17) 

36.9% 

(n=12) 

46.5% 

(n=5) 

Long-term Follow-up 42.0% 

(n=23) 

40.2% 

(n=20) 

52.8% 

(n=3) † 

† 
Two participants (ACING) have yet to reach long-term follow-up. 
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Figure 26: Mean MADRS scores at each time point 

 

 

Table 68: Mean MADRS scores for the 12 participants with complete data 

All scores are mean ± S.D. All participants 

(n=12) 

ACAPS 

(n=9) 

ACING  

(n=3) 

Baseline 41.4 ± 5.8 42.6 ± 5.5 38.0 ± 6.2 

Post-Op 24.5 ± 14.4 23.3 ± 14.4 28.0 ± 17.0 

12-months Follow-up 21.3 ± 14.9 22.7 ± 13.9 17.3 ± 20.5 

Long-term Follow-up 23.4 ± 19.0 25.0 ± 18.6 18.7 ± 23.2 
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Repeated measures ANOVA revealed a significant effect of time on „all participants„ 

MADRS score [F(3,9)=8.958, p=0.005] with significant reductions at post-op 

(p=0.011), 12-months (p=0.012), and long-term follow-up (p=0.028). All P values 

are Bonferroni corrected. Scores for the ACAPS group were also significant 

[F(3,6)=9.511, p=0.011], with significant changes at post-op (p=0.027) and 12-

months (p=0.040). 

The most obvious difference between the two sets of results is that the smaller 

dataset, where data are complete for every participant, shows a small (but non-

statistically significant) rise in MADRS score between 12-months and long-term 

follow-up. 

10.4.4 Changes in Beck Depression Inventory (BDI) Scores after NMD 

The BDI (Beck, Ward, Mendelson, et al, 1961) is a self-report scale which is simple 

to complete and has been widely used in the psychological and psychiatric literature. 

Mean scores on the BDI are shown below in Table 69. 

 

Table 69: Mean Beck Depression Inventory (BDI) Scores at all time points 

All scores are mean ± S.D. All participants ACAPS ACING  

Baseline 43.7 ± 10.5 

(n=19) 

32.2 ± 10.9 

(n=14) 

45.0 ±10.4 

(n=5) 

Post-Op 33.5 ± 19.8 

(n=15) 

30.9 ± 20.4 

(n=11) 

40.5 ± 18.6 

(n=4) 

12-months Follow-up 29.0 ± 18.2 

(n=14) 

28.3 ± 15.3 

(n=9) 

30.2 ± 24.6 

(n=5) 

Long-term Follow-up 31.1 ± 18.4 

(n=20) 

32.8 ± 16.9 

(n=17) 

21.0 ± 27.0 

(n=3)
 †

 

Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 
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The effect of time on BDI score is not statistically significant [F(3,6)=1.456, 

p=0.317). Interestingly, the BDI score appears to rise again after 12-months. This is 

consistent with the data presented in Table 68 which suggests that there is a rise in 

MADRS scores at long-term follow-up for the ACAPS group and for the group as a 

whole. However, the numbers are small and it is difficult to know if this is simply an 

artefact. 

10.4.5 Is there a difference between responders and non-responders at long-

term follow-up? 

In order to investigate whether all groups show an increase in rating scale scores at 

long-term, imputed HRSD17 scores after ACAPS were examined separately for 

responders and non-responders. The results are shown in Table 70. 

 

Table 70: Mean HRSD-17 scores (imputed) at all time points following ACAPS 

(Responders versus non-responders) 

All scores are mean ± S.D. Responders Non-responders 

Baseline 24.4 ± 5.2 

(n=11) 

24.7 ± 5.7 

(n=13) 

Post-Op 15.6 ± 6.6 

(n=11) 

17.2 ± 9.1 

(n=11) 

12-months Follow-up 13.9 ± 8.1 (n=8) 19.3 ± 9.0 (n=9) 

Long-term Follow-up 5.5 ± 4.3 (n=12) 24.0 ± 9.0 

(n=11) 

Note: Missing cases excluded pair-wise. 

 

These data would suggest that for non-responders at 12 months, not only is there no 

further improvement, but HRSD17 scores appear to go up. A similar pattern was 
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observed when a comparison was made using data for those where scores are 

available at every time point (Responders n=5, Non-responders n=4). 

 

10.5 Assessing Clinically Significant Change after NMD for mood 

disorders 

10.5.1 What is Clinically Significant Change? 

Criticisms of the „traditional‟ method of assessing effects of treatment relate to the 

fact that statistically significant changes do not tell you about benefits to a particular 

individual, and that such statistical conventions (such as a P value ≤ 0.05) have little 

clinical relevance (Jacobson, Follette & Revenstorf, 1984). 

Jacobsen et al (1984) have suggested that, “a change in therapy is clinical 

significant when the client moves from the dysfunctional to the functional range 

during the course of therapy on whatever variable is being used to measure the 

clinical problem.” In order to calculate such change, a number of steps are required 

(Jacobson & Truax, 1991): 

1. First, the cut-off point between the dysfunctional and functional population 

has to be determined. This is dependent on normative data being available 

for the scale in question.  

2. Second, a Reliable Change Index (RCI) is calculated. The RCI depends on 

the reliability of the measurement instrument and reflects to what extent the 

result is statistically significant, and cannot be attributed to measurement 

error. It is computed by dividing the difference between the pretreatment and 

posttreatment scores by the standard error of the difference between the two 

scores. If the RCI is greater than 1.96, the measure is considered reliable 

enough to reflect genuine changes in the population being tested. 
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10.5.2 Cut-off points 

There are three ways in which the cut-off point can be determined, and the method of 

choice is largely dependent on whether normative data are available. Cut-off c relates 

to whether the level of functioning after treatment indicates that the subject is more 

likely to be in the functional than in the dysfunctional population? I.e. is the score on 

the measurement tool closer to the mean of the functional or dysfunctional 

population. The formula for the calculation of cut-off c is: 

)(

))(())((

21

1221

SDSD

MSDMSD
Cutoff  

In the tables and calculations below, the pretreatment population is defined as all 

participants undergoing NMD for depressive illness (n=20). A summary of the 

variables needed to calculate the cut-off is given below in Table 71. 

Table 71: Description of items required to calculate cut-off point c for HRSD17 

Symbol Description Value 

SD1 Standard deviation of the pretreatment 

experimental group (i.e. dysfunctional/ unwell) 

5.34 

SD2 Standard deviation of the control/ normal 

population (i.e. functioning/ well) 

4.24 
1
 

M1 Mean of the first (unwell) sample 24.54 

M2 Mean of the second (well) sample 6.25 
2
 

1
 From data provided by Grundy et al (1996). 

2
 From data provided by Grundy et al (1996). This is the mean for a „mildly symptomatic‟ 

group of patients and represents the transition from outpatients to the general population. 

10.5.3 Calculating Reliable Change Index (RC) 

The Reliable Change Index (RC) determines the statistical reliability of the change a 

subject experiences when they have crossed the cut-off point. If the RC is > 1.96, 

then it is within a 95% probability level that reliable change has occurred, i.e. P ≤ 

0.05. The RC is calculated from the following formula: 
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diffS

XX
RC

)( 21  

Where X1 and X2 are the pre- and post-treatment scores, respectively, and Sdiff is the 

standard error difference between the two scores. Sdiff describes the spread of 

distribution of change scores that would be seen if no change had occurred. For a 

normative sample, it is possible to calculate the difference in mean scores necessary 

to produce an RC of 1.96. This is referred to as the RC Cut-off, and is given by the 

following formula (Grundy, Lambert & Grundy, 1996): 

)(96.1 diffSRCCutoff  

Sdiff is defined as: 

2)(2 Ediff SS  

Where SE is the standard error of measurement, and is defined as: 

xxE rsS 11  

Where s1 is the standard deviation of pretreatment sample and rxx is the test-retest 

reliability of the measurement tool (in this case, the HRSD17). Values for these 

variables are given below in Table 72. 

Table 72: Description of items required to calculate Reliable Change Index (RC) 

Symbol Description Value 

X1 Subject‟s pretest scores  

X2 The same subject‟s post-test scores  

Sdiff Standard error difference between the two scores 3.29 

s1 Standard deviation of pretreatment sample 5.34 

rxx Test-retest reliability of the HRSD17 0.81 
1
 

1
 Taken from Williams et al (1988) 

10.5.4 Calculation of clinical significance 

Using the values above, the following values were calculated: 
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Cutoff = 14.34 

RC Cutoff = 6.45 

 

To determine clinical significance, an individual‟s scores have to meet two criteria: 

1. Their post-treatment score must cross the cut-off point (C) 

2. The reliable change index (RC) must be larger than 1.96 to indicate a 

probability of ≤ 0.05 that it has arisen by chance. 

 

In determining clinical significance, individual RC indices were calculated in 

preference to using an RC cut-off. However, a comparison of both approaches 

revealed that there were no differences in the numbers of participants undergoing 

significant change. The proportion of participants experiencing clinically significant 

change at 12-months and long-term follow-up is given below in Table 73. Imputed 

HRSD17 scores (see Section 10.4.2.1) were used for those participants where baseline 

or 12-month HRSD17 scores were missing. 

Table 73: Numbers of participants achieving clinically significant change at 12-

months and long-term follow-up 

Time All participants 

(n=25) 

ACAPS 

(n=20) 

ACING 

(n=5) 

12-months 7 (28%) 4 (20%) 3 (60%) 

Long-term follow-

up 

11 (44%) 9 (45%) 2 (40%) 
†
 

† 
The two ACING participants who have yet to reach long-term follow-up have been 

assumed to have not achieved clinically significant change at long-term follow-up. At 12-

months, one of them had actually achieved clinically significant change. 

 

A 2x2 table was constructed to compare the definitions of outcome using clinical 

definitions of „response‟ at 12-months (see Section 10.2.1) and the clinically 
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significant change method above. This is shown below in Table 74. The correlation 

was highly significant using Spearman‟s rank correlation [r=0.909, p<0.001], and 

remained significant for remission at 12-months [r=0.592, p=0.002], response at 

long-term follow-up [r=0.761, p<0.001] and remission at long-term follow-up 

[r=0.757, p<0.001]. 

 

Table 74: Correlation between Clinically Significant Change and Categorical 

definitions of outcome 

  Clinically 

Significant Change 

Total 

  

No Yes 

Response at 

12 months 

No 17 0 17 

Yes 1 7 8 

Total 18 7 25 
 

 

Such strong correlations lend support to the assumption that clinically significant 

change indicates real and valid improvement, with no false positives for clinically 

significant change which did not meet strict criteria for response or remission. 

However, there are some cautions. First, the determination of clinically significant 

change (CSC) relies solely on the Hamilton Rating Scale for Depression, which may 

not reflect all aspects of someone‟s response to treatment. For example, an individual 

may have a large reduction in HRSD score but continue to experience adverse 

effects. For this reason, clinically significant change is rather unidimensional and 

relies solely on the strengths (and weaknesses) of the scale used to determine it. 

Second, the choice of scale depends on normative data being available and along 

with the HRSD, calculating CSC has only been described for the Health of the 

Nation Outcome Scales (Parabiaghi, Barbato, D'Avanzo, et al, 2005), and the SCL-

90-R (Schauenburg & Strack, 1999). Finally, both the categorical outcomes 
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(response/ remission) and CSC both utilise cut-offs on the HRSD so the same factors 

will influence both measures. 

In order to explore the effects to which the HRSD is the common link, 

dichotomous outcomes at 12-months using the CSC method were compared with 

dichotomous outcomes assessed using the MADRS, which has a slightly different 

factorial structure (Suzuki, Aoshima, Fukasawa, et al, 2005). Missing values on the 

MADRS were recoded as „No‟. The results are shown below in Table 75. The 

correlation, using Spearman‟s Rank Correlation, was highly significant [r=1.000, 

p<0.001]. Since response on the MADRS may not reflect clinically relevant change, 

remission at 12-months was also compared with CSC at 12-months. The correlation 

was still significant [r=0.592, p=0.002]. 

 

Table 75: Correlation between Clinically Significant Change and Categorical 

definitions of outcome rated using the MADRS 

 Clinically 

Significant 

Change? 

Total 

  

No Yes 

Response at 12 months 

using the MADRS 

No 18 0 18 

Yes 0 7 7 

Total 18 7 25 

 

10.6 Changes in anxiety symptoms after NMD for mood disorders 

10.6.1 Introduction 

Anxiety symptoms are common in depression, with up to 50% of patients with major 

depression having a comorbid anxiety disorder (Fava, Rankin, Wright, et al, 2000). 

Since neurosurgical lesions to the limbic system are likely to have effects upon both 



 

     

235 

mood and anxiety, a number of measures of anxiety have been performed in NMD 

patients. 

10.6.2 Beck Anxiety Inventory (BAI) 

The BAI (Beck, Epstein, Brown, et al, 1988) is a 21-item self-report scale. The 

individual items have an emphasis on physical symptoms of anxiety, and the scale is 

described in more detail in Appendix 1. 

Scores on the BAI at each time point are given below in Table 76. Repeated 

measures analysis was not performed due to missing data. Numbers are small for all 

groups but there is some suggestion that reductions in anxiety may be greater (and 

more rapid) following ACAPS than ACING. 

Table 76: Beck Anxiety Inventory (BAI) scores at each time point for ACAPS 

and ACING (mood disorders) 

All scores are mean ± S.D. All participants ACAPS ACING 

Baseline 20.0 ± 13.4 

(n=6) 

14.5 ± 20.5 

(n=2) 

22.8 ± 11.4 

(n=4) 

Post-Op 16.2 ± 19.5 

(n=5) 

4.0 ± 5.7 

(n=2) 

24.3 ± 22.2 

(n=3) 

12-months Follow-up 13.7 ± 13.5 

(n=9) 

9.8 ± 14.7 

(n=4) 

16.8 ± 13.2 

(n=5) 

Long-term Follow-up 13.1 ± 11.8 

(n=16) 

12.9 ± 11.2 

(n=13) 

14.0 ± 17.1 

(n=3) † 

Note: Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

 

10.6.3 Hospital Anxiety and Depression Scale (HADS) 

The Hospital Anxiety and Depression Scale (Zigmond & Snaith, 1983) is a two-part 

self-report measure, with separate sections for measuring anxiety and depression. It 
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was designed primarily for assessing the prevalence of anxiety and depressive 

symptoms in medical inpatients, but it has been found to be sensitive to change. 

Details of the scale, including a summary of the literature pertaining to its use in 

psychiatric populations, are given in Appendix 1. 

Depressive symptoms have been adequately rated using validated rating scales 

above and only the anxiety subscale is reported below. Scores at different time points 

are shown in Table 77. 

Table 77: Hospital Anxiety and Depression Scale (Anxiety subscale) scores after 

NMD 

All scores are mean ± S.D. All participants ACAPS ACING 

Baseline 14.7 ± 4.6 

(n=15) 

14.7 ± 5.0 

(n=10) 

14.6 ± 4.2 

(n=5) 

Post-Op 9.2 ± 6.3 (n=10) 8.5 ± 6.9 

(n=6) 

10.3 ± 6.2 

(n=4) 

12-months Follow-up 8.6 ± 6.5 (n=10) 8.4 ± 8.0 

(n=5) 

8.8 ± 5.5 

(n=5) 

Long-term Follow-up 10.2 ± 5.1 

(n=20) 

10.4 ± 4.9 

(n=17) 

9.0 ± 7.2 

(n=3) 
†
 

Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

 

The numbers at various time points (i.e. immediate point-op and 12-months) for both 

groups are small. If taken at „face value‟ it appears that for both procedures there is a 

reduction in anxiety immediately following surgery, with peak reductions at 12-

months post-operatively. At long-term follow-up anxiety scores have increased a 

little, but remaining below pre-operative levels. 

To determine whether this was a true trend, missing cases were excluded list-

wise leaving five ACAPS participants (mean baseline score = 11.2) with data for 
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every time point. Changes in HADanxiety scores are not significant [F(3,2)=2.181, 

p=0.330]. These data would suggest that the greatest reduction in anxiety (on the 

HADS) is immediately post-op, with a gradual increase in anxiety over time. 

10.6.4 State-Trait Anxiety Inventory (STAI) 

The STAI (Spielberger, 1983) differs from previous scales since it attempts to 

differentiate state anxiety from trait anxiety. It consists of two subscales that measure 

both state anxiety (current and trait anxiety (longstanding predisposition to anxiety) It 

is described in detail in Appendix 1. Since state anxiety has been measured using the 

BAI and HADS, the state component of the STAI was removed in 2005-2006 to 

reduce the burden on participants. Trait anxiety scores only are reported in Table 78. 

Numbers are not great enough for meaningful statistical analysis. 

Table 78: State-Trait Anxiety Inventory (STAI) scores after NMD 

All scores are mean ± S.D. All participants ACAPS ACING 

Trait Anxiety (Baseline) 67.3 ± 5.7 (n=7) 69.0 ± 9.9 

(n=2) 

66.6 ± 4.7 

(n=5) 

Trait Anxiety (Post-Op) 59.3 ± 12.6 

(n=6) 

61.5 ± 3.5 

(n=2) 

58.3 ± 16.0 

(n=4) 

Trait Anxiety (12-months 

Follow-up) 

48.8 ± 20.7 

(n=9) 

44.3 ± 24.2 

(n=4) 

52.4 ± 19.4 

(n=5) 

Trait Anxiety (Long-term 

Follow-up) 

53.7 ± 14.3 

(n=18) 

55.9 ± 13.3 

(n=15) 

42.3 ± 16.3 

(n=3) † 

Note: Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

 

Currently, there are not enough cases to be confident that levels of trait anxiety 

at long-term follow-up for ACAPS have truly changed from baseline. There does 

appear to be a reduction in trait anxiety following both procedures which counteracts 
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the view that traits are stable over time. It is uncertain whether this is a real finding 

and it is only with data from more ACING participants that it will be possible to 

examine this trend. 

The STAI-trait component includes questions such as: “I feel like a failure”; “I 

am happy”; and “I feel inadequate”. Such questions will be heavily influenced by 

marked depressive symptoms and the presence of a „depressive‟ factor may 

potentially influence the „anxiety‟ factor to a significant degree, reducing the 

likelihood that the scale is truly measuring longstanding anxiety traits. 

 

10.7 Assessments of general symptom burden in mood disorders 

10.7.1 Brief Symptom Inventory (BSI) 

The BSI (Derogatis, 1993; Derogatis & Melisaratos, 1983) is a 53-item self-report 

measure which gives scores on 9 dimensions of symptomatology. These dimensions 

are described in more detail in Appendix 1. It also provides three „global indices of 

distress‟: Global Severity Index (GSI); Positive Symptom Distress Index (PSDI); and 

Positive Symptom Total (PST). The GSI is considered the best indicator of current 

distress levels (Derogatis & Melisaratos, 1983). 

With regard to the baseline levels, the mean baseline GSI score (2.22 ± 0.67) is 

significantly greater than that of 423 adult psychiatric inpatients (1.19) in the 

normative data reported by Derogatis (1993, p. 36) (One sample t-test, t=4.056, df=6, 

p=0.07). The baseline PSDI (t=2.950, df=6, p=0.026) and PST (t=6.414, df=6, 

p=0.001) scores are both significantly greater than the scores of the same group of 

adult psychiatric inpatients. 

Due to the relative late stage at which the BSI was introduced by the service, 

large amounts of data are missing. Therefore, only the global indices of distress are 
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shown below in Table 79 and no inferential statistics have been performed. At long-

term follow-up, there were reductions in mean scores in the following dimensions: 

interpersonal sensitivity; depression; anxiety; phobic anxiety; and psychoticism. 

Paranoid ideation increased slightly, especially in the ACING group. 
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Table 79: Brief Symptom Inventory (BSI) global distress indices for participants 

with affective disorders 

All scores are mean ± S.D. All participants ACAPS ACING 

Global Severity Index (GSI)    

Baseline 2.22 ± 0.67 

(n=7) 

2.40 ± 1.19 

(n=2) 

2.14 ± 0.55 

(n=5) 

Immediate Post-Op 1.87 ± 0.84 

(n=4) 

N/A 

 (n=1) 

1.91 ± 1.02 

(n=3) 

12-months Follow-up 1.52 ± 1.12 

(n=7) 

1.58 ± 1.58 

(n=2) 

1.49 ± 1.11 

(n=5) 

Long-term Follow-up 1.56 ± 0.97 

(n=16) 

1.61 ± 0.89 

(n=13) 

1.31 ± 1.49 

(n=3) 

Positive Symptom Distress 

Index (PSDI) 

   

Baseline 3.16 ± 0.48 

(n=7) 

3.63 ± 0.04 

(n=2) 

2.97 ± 0.44 

(n=5) 

Immediate Post-Op 2.86 ± 0.64 

(n=4) 

N/A 

 (n=1) 

2.71 ± 0.68 

(n=3) 

12-months Follow-up 2.22 ± 1.06 

(n=7) 

2.20 ± 1.49 

(n=2) 

2.23 ± 1.06 

(n=5) 

Long-term Follow-up 2.17 ± 0.75 

(n=16) 

2.21 ± 0.74 

(n=13) 

2.02 ± 0.97 

(n=3) 

Positive Symptom Total 

(PST) 

   

Baseline 37.00 ± 7.94 

(n=7) 

35.00 ± 16.97 

(n=2) 

37.80 ± 4.44 

(n=5) 

Immediate Post-Op 33.50 ± 10.85 

(n=4) 

N/A 

 (n=1) 

35.33 ± 12.50 

(n=3) 

12-months Follow-up 30.86 ± 15.66 

(n=7) 

32.50 ± 16.26 

(n=2) 

30.20 ± 17.31 

(n=5) 

Long-term Follow-up 33.38 ± 16.30 

(n=16) 

35.31 ± 14.51 

(n=13) 

25.00 ± 24.51 

(n=3) 

Note: Missing cases excluded pair-wise 

† 
Two participants (ACING) have yet to reach long-term follow-up. 
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10.7.2 Positive and Negative Symptom Scale (PANSS) 

The PANSS (Kay, Fiszbein & Opler, 1987; Kay, Opler, Fiszbein, et al, 2004) is 

described in more detail in Appendix 1. The results reported below in Table 80 

include the four „syndrome‟ scales of: Positive scale; Negative scale; Composite 

index (Positive scale minus Negative scale); and General Psychopathology scale. 

Repeated measures analysis was not performed due to insufficient numbers. 

Table 80: PANSS cluster and syndrome scores pre- and post-operative 

All scores are mean ± S.D. All participants 

(n=25) 

ACAPS 

(n=20) 

ACING 

(n=5) 

Total Score    

Baseline 56.7 ± 12.2 

(n=19) 

54.6 ± 12.4 

(n=15) 

64.8 ± 7.9 

(n=4) 

Immediate Post-Op 46.9 ± 17.7 

(n=10) 

48.4 ± 18.1 

(n=9) 

N/A 

(n=1) 

12-months Follow-up 47.1 ± 16.5 

(n=11) 

45.1 ± 15.2 

(n=7) 

50.5 ± 20.4 

(n=4) 

Long-term Follow-up 53.1 ± 17.1 

(n=17) 

52.2 ± 17.5 

(n=14) 

57.3 ± 17.6 

(n=3) 

Positive Symptom Score    

Baseline 7.8 ± 1.4 

(n=19) 

7.9 ± 1.6 

(n=15) 

7.8 ± 1.0 

(n=4) 

Immediate Post-Op 7.8 ± 1.5 

(n=10) 

7.9 ± 1.5 

(n=9) 

N/A 

(n=1) 

12-months Follow-up 7.4 ± 0.9 

(n=11) 

7.0 (all subjects) 

(n=7) 

8.0 ± 1.4 

(n=4) 

Long-term Follow-up 8.8 ± 2.9 

(n=17) 

8.8 ± 3.2 

(n=14) 

8.7 ± 0.6 

(n=3) 

Negative Symptom Score    

Baseline 15.2 ± 5.6 

(n=19) 

14.6 ± 5.5 

(n=15) 

17.3 ± 6.2 

(n=4) 
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All scores are mean ± S.D. All participants 

(n=25) 

ACAPS 

(n=20) 

ACING 

(n=5) 

Immediate Post-Op 11.6 ± 6.0 

(n=10) 

12.1 ± 6.1 

(n=9) 

N/A 

(n=1) 

12-months Follow-up 12.6 ± 6.7 

(n=10) 

12.2 ± 5.2 

(n=6) 

13.3 ± 9.5 

(n=4) 

Long-term Follow-up 14.0 ± 5.0 

(n=17) 

13.8 ± 4.8 

(n=14) 

15.0 ± 7.0 

(n=3) 

General Psychopathology    

Baseline 33.7 ± 7.6 

(n=19) 

32.1 ± 7.6 

(n=15) 

39.8 ± 4.3 

(n=4) 

Immediate Post-Op 27.7 ± 11.7 

(n=9) 

28.8 ± 12.0 

(n=8) 

N/A 

(n=1) 

12-months Follow-up 27.6 ± 10.2 

(n=11) 

26.6 ± 10.5 

(n=7) 

29.3 ± 11.0 

(n=4) 

Long-term Follow-up 30.4 ± 11.1 

(n=17) 

29.6 ± 11.6 

(n=14) 

33.7 ± 10.1 

(n=3) 

Composite Index    

Baseline -7.3 ± 6.0 

(n=19) 

-6.7 ± 5.9 

(n=15) 

-9.5 ± 6.8 

(n=4) 

Immediate Post-Op -3.8 ± 5.4 

(n=10) 

-4.2 ± 5.5 

(n=9) 

N/A 

(n=1) 

12-months Follow-up -5.2 ± 6.6 

(n=10) 

-5.2 ± 5.2 

(n=6) 

-5.3 ± 9.2 

(n=4) 

Long-term Follow-up -5.2 ± 4.5 

(n=17) 

-5.0 ± 4.3 

(n=14) 

-6.3 ± 6.4 

(n=3) 

Note: Missing cases excluded pair-wise 

 

The composite index describes the relative proportion between positive symptoms 

and negative symptoms. The reduction in negative shift (i.e. an increase in score) 

appears to be due to higher positive symptom scale scores after surgery, although 

there is a modest reduction in negative symptom score. 
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10.8 Quality of Life after NMD for mood disorders 

10.8.1 Introduction 

An overview of the various approaches to assessing quality of life is provided in 

Appendix 1. There is also further information on the various rating scales and 

assessments used. 

10.8.2 Lancashire Quality of Life Profile (LQoLP) 

The Lancashire QoL Profile (Oliver, 1991) is a structured interview assessing a 

variety of indicators of quality of life designed primarily for “severe mental illness in 

community settings” (Oliver, Huxley, Priebe, et al, 1997). The scale, along with a 

variety of dichotomous answers about certain social, financial, and occupational 

functions provides a perceived level of satisfaction with a variety of different 

domains from General Well Being to Health. Subjects use the Life Satisfaction Scale 

to indicate the score which best represents their feelings about an aspect of their 

lives. Score run from 1 (low satisfaction) to 7 (high satisfaction). The scale itself and 

considerations of validity are described in more detail in Appendix 1. 

Results are shown below in Table 81. The scores below represent mean levels of 

satisfaction across all completed responses. Assessments in the immediate post-

operative period were not performed routinely using this scale for the simple reason 

that quality of life would not change in such a short time period.  
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Table 81: Changes in Lancashire Quality of Profiles Score following NMD for 

mood disorder 

All scores are mean ± 

S.D. 

All participants ACAPS ACING 

Baseline 3.9 ± 1.0 (n=16) 3.9 ± 1.1 (n=12) 4.0 ± 0.9 (n=4) 

12-months Follow-up 4.6 ± 1.0 (n=11) 4.5 ± 0.9 (n=7) 4.8 ± 1.2 (n=4) 

Long-term Follow-up 4.8 ± 0.9 (n=19) 4.9 ± 0.9 (n=17) 4.7 ± 1.5 (n=2) 

Note: Missing cases excluded pair-wise. 

 

Repeated measures ANOVA indicated no significant effect of time on LQoLP scores 

[F(2,4)=3.813, p=0.118]. Paired samples t-test of „all participants‟ scores at long-

term follow-up compared to baseline demonstrated a trend towards improvement [t=-

2.085, df=12, p=0.059]. These results, to some extent, demonstrate that overall there 

is an increase in overall life satisfaction. 

10.8.3 EuroQoL 5-D (EQ-5D) 

The EQ-5D is a five-question self-report measure which examines quality of life in 

five dimensions and gives an index figure for health status. Lower scores indicate 

greater impairment. A score of one is „No impairment‟. It is described in more detail 

in Appendix 1. 

Results of EQ-5D scores for mood disorders are shown below in Table 82. It 

should be noted that the scale was introduced only relatively recently and adequate 

data are available for ACING only. 
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Table 82: EQ-5D scores for ACING participants over time. 

All scores are mean ± 

S.D. 

ACING  Significance (compared to 

baseline). ACING only ‡ 

Baseline 0.16 ± 0.06 (n=5) N/A 

Post-Op 0.39 ± 0.22 (n=4) t=-2.604, df=3, p=0.080 

12-months Follow-up 0.72 ± 0.35 (n=5) t=-4.225, df=4, p=0.013 * 

Long-term Follow-up 0.76 ± 0.42 (n=3) † t=-5.344, df=4, p=0.006 ** 

Note: Missing cases excluded pair-wise. 

† 
Two participants (ACING) have yet to reach long-term follow-up. 

‡ 
Significance calculated using 12-month scores for the missing long-term data for the two 

ACING participants (Last Observation Carried Forward). This means that n=5 for the 

ACING group. 

* = Significant at the p=0.05 level; ** = Significant at the p=0.01 level 

 

At long-term follow-up, two of the ACING group and one of the ACAPS group had 

EQ-5D scores of 1 (full functioning). In both of the ACING participants, this score 

had been achieved by 12-months. To examine whether the differences between 

ACAPS and ACING at long-term follow-up were significant, an independent 

samples t-test was used, using LOCF for the missing ACING data, making n=5 for 

this group. The difference was not significant (t=-0.148, df=17, p=0.267), but the 

numbers in the ACING group remain small and there is an increased risk of a type II 

error. 

There are no published papers using the EQ-5D in a comparable population. The 

baseline mean score (0.16 ± 0.06) for the ACING group (n=4) is broadly comparable 

to a group of primary care patients with major depression who were rated as 

“seriously ill” on the CGI-S (n=35) (Sapin, Fantino, Nowicki, et al, 2004). The group 

of patients reported by Sapin et al (2004) as a whole (n=249) had an EQ-5D score 
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(0.33) that was approximately twice that of the ACING group in the sample reported 

here. In medical conditions, mean EQ-5D scores have been reported as 0.74 in 

patients with chronic obstructive pulmonary disease and <30% of lung function 

(Stahl, Lindberg, Jansson, et al, 2005); 0.53 in patients awaiting a liver transplant 

(Ratcliffe, Longworth, Young, et al, 2002); 0.69 in patients awaiting coronary artery 

bypass grafting (van Stel & Buskens, 2006); and 0.4 in patients with Parkinson‟s 

disease with depression or falls (Schrag, Selai, Jahanshahi, et al, 2000). 

10.8.4 Medical Outcomes Study (MOS) 36-item short-form health survey (SF-

36) 

The SF-36  (Ware & Sherbourne, 1992) is a 36-item self-report measure which 

provides continuous scores on eight health concepts. Each sub-scale (and the overall 

rating) is scored from 0 to 100, with higher scores representing better functioning. 

Scores for all participants, and for ACING and ACAPS are shown in Table 83. The 

SF-36 was not completed routinely for ACAPS participants and there are no data 

available for this group prior to 12-month follow-up in three participants. 

Table 83: SF-36 total scores at each assessment 

All scores are mean ± S.D. All participants ACAPS ACING  

Baseline 26.7 ± 4.4 (n=5) N/A 
†
 26.7 ± 4.4 

(n=5) 

Post-Op 36.2 ± 14.8 

(n=4) 

N/A 
†
 36.2 ± 14.8 

(n=4) 

12-months Follow-up 57.5 ± 29.4 

(n=8) 

61.6 ± 31.8 

(n=3) 

55.0 ± 31.4 

(n=5) 

Long-term Follow-up 47.5 ± 26.0 

(n=18) 

43.2 ± 23.3 

(n=15) 

69.0 ± 33.5 

(n=3)
‡
 

Note: Missing cases were excluded pair-wise. 

† 
There were no data available for ACAPS participants prior to long-term follow-up. 

‡ 
Two participants (ACING) have yet to reach long-term follow-up. 
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ACAPS participants have a lower level of functioning at long-term follow-up 

compared to 12-months, mirroring the trends depression rating scale findings 

described above. In order to explore whether the improvements occurred in certain 

areas, or globally, the subscale scores following ACAPS (n=13) and ACING (n=5) at 

long-term follow-up were examined in greater detail. The greatest differences were 

seen in bodily pain (ACAPS=67.8 ± 29.1; ACING=96.0 ± 8.9; p=0.052); role 

limitations due to emotional problems (ACAPS=25.5 ± 36.4; ACING=46.6 ± 50.6; 

p=0.337); and role limitations due to physical problems (ACAPS=61.2 ± 32.4; 

ACING=72.0; p=0.522). 

In the ACING group (n=5), the greatest changes between baseline and long-term 

follow-up were seen in Mental Health (14.4 ± 12.2 > 44.8 ± 39.1); Social 

Functioning (5.0 ± 11.2 > 52.4 ± 39.9); and role limitations due to emotional 

problems (0.0 > 46.6 ± 50.6). 

10.8.5 Social Functioning Scale (SFS; Birchwood, Smith, Cochrane, et al, 

1990) 

Described in detail in Appendix 1, the SFS was initially designed to assess the level 

of functioning of individuals with schizophrenia. Based on a simple questionnaire, 

taking 10 minutes to fill out, the SFS provides scores for seven domains of social 

functioning. The „Full Scale‟ score, calculated as the mean score of the seven domain 

scores, is a robust indicator of that individual‟s social functioning, and scores 

following surgery are shown below in Table 84. Use of the SFS was not universal 

from the onset of the service, and many baseline assessments were not performed. 

Within the „all procedures‟ group, improvements were seen in all subscales. 

Within the „all procedures‟ group and the ACAPS group, scores were greatest at 12-
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months in the following subscales: interpersonal behaviour; prosocial activities; 

recreation; independence-competence; and employment/ occupation. At long-term 

follow-up, ACING had higher scores in all domains apart from independence-

competence. 

An additional comparison was made between scores at baseline, 12-months, and 

long-term follow-up for responders and non-responders at long-term follow-up. An 

independent samples t-test was performed which revealed that responders have a 

significant improvement in social functioning compared to non-responders at 12-

months (t=3.930, df=6, p=0.008) and long-term follow-up (t=2.865, df=14, 

p=0.012). 

 

Table 84: Social Functioning Scale (SFS) scores pre- and post-operatively. 

Higher scores represent higher levels of social functioning. 

All scores are mean ± S.D. All participants 

(n=25) 

ACAPS 

(n=20) 

ACING 

(n=5) 

Overall/ Full Scale Score    

Baseline 64.8 ± 11.6 

(n=5) 

N/A 

(n=0) 

64.8 ± 11.6 

(n=5) 

12-months Follow-up 116.6 ± 44.3 

(n=8) 

122.3 ± 30.6 

(n=3) 

113.2 ± 54.1 

(n=5) 

Long-term Follow-up 108.31 ± 33.1 

(n=16) 

106.4 ± 29.8 

(n=13) 

116.7 ± 52.6 

(n=3) 
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11. Outcomes for Obsessive-Compulsive Disorder (OCD) 

11.1 Introduction 

The numbers of participants undergoing NMD for OCD are fewer than those with 

depression. Further, one individual declined to consent to the long-term follow-up 

assessment, and another individual suffered a post-operative haemorrhage leading to 

difficulties in accurately assessing post-operative symptom burden. Long-term 

follow-up data are not available for the former case, and the latter case has been 

excluded altogether from the data presented below. 

Of the four valid cases, three have undergone ACAPS and one has undergone 

ACING. Both procedures will be grouped together in the results presented below. 

11.2 Categorical Outcomes for Obsessive-Compulsive Disorder 

The most-common rating scale used to rate obsessive-compulsive symptoms is the 

Yale-Brown Obsessive-Compulsive Scale (Y-BOCS; Goodman, Price, Rasmussen, 

et al, 1989a; Goodman, Price, Rasmussen, et al, 1989b). Response and remission 

have therefore been derived from scores on the Y-BOCS, and are modified from 

those proposed by Pallanti et al (2006), which are given below in Table 85.  
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Table 85: Definitions of outcome for OCD. Reproduced from Pallanti et al 

(2006) 

Stage of 

response 

Stage  Description  

I Recovery  Not at all ill; less than 8 on Y-BOCS  

II Remission  Less than 16 on Y-BOCS  

III Full response  35% or greater reduction of YBOCS and CGI 1 

or 2  

IV Partial response  Greater than 25% but less than 35% YBOCS 

reduction  

V Non-response  Less than 25% YBOCS reduction, CGI 4  

VI Relapse  Symptoms return (CGI 6 or 25% increase in Y-

BOCS from remission score) after 3+ months of 

„„adequate‟‟ treatment 

VII Refractory  No change or worsening with all available 

therapies  

 

As with categorical definitions for response and remission in depression, a global 

assessment of outcome (i.e. the CGI-I) has been combined with rating scale scores to 

produce definitions for „response‟ and „remission‟ following NMD for OCD. These 

definitions are given below in Table 86. In order to provide outcome data comparable 

with the existing literature, a 35% reduction in score was considered „response‟. The 

criterion for remission (≤ 16 on the Y-BOCS) represents a cut-off for „caseness‟ for 

OCD and indicates mild-moderate symptoms. It is a typical level at which people are 

suitable for entry into clinical trials (For example, Eisen, Goodman, Keller, et al, 

1999). 
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Table 86: Categorical definitions of outcome for OCD 

Term Criteria 

Response ≥ 35% reduction in baseline score on Y-BOCS 

OR 

CGI-I score of 1 (Very much improved ) or 2 (Much 

improved) 

Remission ≤ 16 on Y-BOCS 

Note: Y-BOCS = Yale-Brown Obsessive-Compulsive Scale 

Note: CGI-I = Clinical Global Impression (Improvement) 

 

11.3 Response and remission rates for NMD for OCD 

Since only one participant underwent ACING for OCD, all procedures will be 

grouped together. Baseline assessment occurred at a mean (± SD) time of 0.6 ± 0.4 

weeks before surgery. The mean (± SD) time to 12-month assessment (n=4) for this 

group was 50.8 ± 6.3 (range 50.8 – 63.8) weeks. The mean (± SD) time to long-term 

follow-up (n=3) was 204.9 ± 110.9 weeks (range 324.0 – 204.9). One individual 

underwent ACING in 2003 and his follow-up time has been comparatively shorter 

than the other participants. 

Response and remission rates are shown in Table 87. Missing data has been 

categorised as non-response or non-remission. It should be noted that response rates 

can be determined by Y-BOCS score or CGI-I score but remission rates depend 

solely on Y-BOCS scores being available. Response rates based purely on Y-BOCS 

scores are also included. 
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Table 87: Response and remission rates after neurosurgery for OCD (n=4) 

 Response 

(reduction in Y-

BOCS score of ≥ 

35%) 

Response 

(including CGI-I 

criterion) 

Remission 

12-months 0 (0.0%) 

(n=4) 
†
 

2 (50.0%) 

(n=4) 
†
 

0 (0.0%) 

(n=4) 
†
 

Long-term follow-up 0 (0.0%) 

(n=3) 

0 (0.0%) 

(n=3) 

0 (0.0%) 

(n=3) 

† 
Data (Y-BOCS & CGI-I scores) missing for one participant 

 

11.4 Changes in OCD symptom rating scales after NMD 

Median scores on the Y-BOCS for these three participants are given below in Table 

88. Numbers were too low to permit any statistical analysis. A 35% reduction in Y-

BOCS score from 34.0 equates to 22.1. The median Y-BOCS score at long-term 

follow-up is above this figure and so the improvements for the group as a whole are 

modest rather than spectacular. As can be seen from Table 87, using reduction in Y-

BOCS score as the criterion for response resulted in no participants meeting this 

criterion. 

The mean improvement in Y-BOCS score at long-term follow-up (n=3) was 

31.4% (range 29.0% – 34.6%). It is difficult to draw conclusions about the clinical 

significance of such a reduction. The mean CGI-I score at baseline 12-months was 

2.5 (n=4), and at long-term follow-up was 3.3 (n=3), suggesting a global impression 

of improvement at 12-months and at long-term follow-up. Such scores should be read 

with caution since averaging categorical scores has questionable validity. 
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Table 88: Median Y-BOCS scores before and after neurosurgery for mental 

disorder for OCD 

 Median Y-BOCS score (min 

– max score)
1
 

Baseline 34.0 (26.0 – 39.0) 

(n=4) 

Immediate Post-Op 24.0 (both cases) 

(n=2) 

12-months 25.0 (18.0 – 32.0) 

(n=3) 

Long-term follow-up 27.0 (17.0 – 27.0) 

(n=3) 

Note: Missing cases excluded pair-wise 

1
 Min – Max scores given in preference to IQ Range as IQ Range not available for all time 

points. 

11.4.1 Measures of anxiety after NMD for OCD 

Two anxiety measures, pre- and post-NMD were examined: The Beck Anxiety 

Inventory (BAI) and the Anxiety subscale (HADanx) of the Hospital Anxiety and 

Depression Scale (HADS). There were data for two cases for the BAI at baseline and 

three cases at long-term follow-up. BAI scores reduced from 33.0 ± 2.8 at baseline to 

22.7 ± 5.9 at long-term follow-up. 

HADanx scores, however, increased slightly from 14.3 ± 6.5 at baseline (n=3) to 

17.7 ± 1.2 at long-term follow-up (n=3). This might suggest that „general‟ anxiety 

levels do not diminish after NMD, and that improvements in OCD symptomatology 

may not be mediated through a reduction in anxiety alone. 

11.4.2 Quality of life measures following NMD for OCD 

Due to the small numbers of participants, only a limited number of quality of life 

measures will be reported here. 
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11.4.2.1 Lancashire Quality of Life Profile (LQoLP) 

LQoLP scores reduced slightly from 4.32 ± 0.65 at baseline (n=3) to 4.00 ± 0.26 at 

long-term follow-up (n=3). This contrasts with the improvements seen in mood 

disorders. Data were unavailable for one participant. 

11.4.2.2 EuroQoL 5-D (EQ-5D) 

The EQ-5D was introduced comparatively late in the case series and data are only 

available for one participant at baseline and 12-months. At long-term follow-up 

(n=2), the mean score was 0.45. The numbers of cases is very small, but this is a 

lower score than that seen in mood disorder patients at long-term follow-up (0.62 ± 

0.28, n=17). 

11.4.3 General symptom burden assessments 

There are insufficient numbers of OCD participants to permit a meaningful analysis 

of results, and only general indicators (i.e. total scores) will be presented here. 

On the BSI, the Global Severity Index (GSI) reduced from 1.81 ± 0.51 at 

baseline (n=2) to 1.62 ± 0.53 at long-term follow-up (n=3). Positive Symptom Total 

(PST) did not change from baseline to long-term follow-up, although it increased at 

12-months follow-up. Positive Symptom Distress Index (PSDI) reduced from 2.65 ± 

0.43 at baseline to 2.25 ± 0.56 at long-term follow-up. 

On the PANSS, total scores were 49.0 ± 8.2 at baseline (n=3), 54.5 ± 6.4 at 12-

months follow-up (n=2), and 40.0 ± 4.0 at long-term follow-up (n=3). 

 

11.5 Outcomes for OCD: conclusions 

With such small numbers, robust conclusions are not possible. However, from the 

limited data available a number of tentative statements are possible: 
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1. At 12-month follow-up, 2 out of 3 (66.7%) of participants were 

responders. 

2. At long-term follow-up, 3 out of 3 (100.0%) of participants were 

responders. 

3. No participants achieved remission, defined as a Y-BOCS score ≤ 16, at 

12-months or long-term follow-up. 

4. There was no significant change in self-assessed life satisfaction after 

surgery at 12-months and at long-term follow-up. 

5. There is a slight reduction in global symptom burden at long-term 

follow-up. 



 

     

256 

12. Outcomes from second procedures 

12.1 Description of subjects 

The demographics of the eight participants who underwent a second procedure are 

shown below in Table 89. Six (75%) of the group are female and all but one 

underwent a further procedure for major depressive disorder. Seven (87.5%) had a 

cingulotomy as the second operation and one had a repeat of the capsulotomy. One 

individual underwent a further capsulotomy one year after their second capsulotomy. 

One individual underwent a second cingulotomy during the study period and 

whilst 12-month data were available, long-term data had yet to be obtained. 

Therefore, n=6 for long-term follow-up. 
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Table 89: Characteristics of participants undergoing a subsequent neurological procedure 

Patient 

ID 

Gender Diagnosis Procedure 

#1 

Age (years) 

at first 

procedure 

Procedure 

#2 

Age (years) 

at second 

procedure 

Time between 

procedures 

(weeks) 

5 F F32.3 Severe depressive episode, with 

psychotic symptoms 

ACAPS 37.7 ACAPS 38.7 49.0 

10 F F33.2 Recurrent depressive disorder, current 

episode severe without psychotic symptoms 

ACING 42.0 ACING 44.2 116.0 

12 F F32.2 Severe depressive episode, without 

psychotic symptoms 

ACAPS 51.6 ACING 54.4 148.0 

13 F F33.2 Recurrent depressive disorder, current 

episode severe without psychotic symptoms 

ACAPS 37.8 ACING 41.7 204.3 

18 M F32.3 Severe depressive episode, with 

psychotic symptoms 

ACAPS 34.9 ACING 38.4 183.3 

19 F F42.2 Obsessive compulsive disorder, 

mixed obsessional thoughts and acts 

ACAPS 38.2 ACING 41.8 186.9 

24 M F33.2 Recurrent depressive disorder, current 

episode severe without psychotic symptoms 

ACAPS 49.0 ACING 51.3 118.0 

28 F F32.2 Severe depressive episode, without 

psychotic symptoms 

ACAPS 30.2 ACING 33.9 192.0 

 



 

 

258 

12.2 Response and remission rates after neurosurgery 

Response and remission rates for major depression (n=7) after the second procedure 

are shown below in Table 90. As before, where there was insufficient data to 

calculate response or remission, these individuals were categorised as no response. 

 

Table 90: Response and remission rates at 12-months and long-term follow-up 

for second neurosurgical procedure for major depression (n=7) 

 Response rates Remission rates 

12-months 3 (42.9%) 

(n=7) 

2 (28.6%) 

(n=7) 

Long-term follow-up 3 (42.9%) 

(n=6) 1 

2 (28.6%) 

(n=6) 1 

1
 One participant had a third procedure approximately 12-months after the second, and so 

long-term data could not be obtained. 

 

12.3 Changes in Rating scale scores after a second procedure  

12.3.1 Changes in depressive symptom rating scales after second procedure 

(n=7)  

Change in HRSD17 and MADRS depression rating scale scores are shown below in 

Table 91. 
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Table 91: Changes in HRSD and MADRS score at 12-months and long-term 

follow-up after a second NMD procedure 

 All scores mean ± SD Percent reduction (from 

baseline). Mean (min – 

max) 

HRSD17 Score   

Baseline 31.2 ± 6.7 

(n=5) 

N/A 

12-months 9.5 ± 11.8 

(n=3) 

73.1 (36.1 – 95.1) 

Long-term follow-up 15.3 ± 14.5 

(n=5) 

46.3 (12.0 – 92.7) 

MADRS Score   

Baseline 42.3 ± 8.6 

(n=7) 

N/A 

12-months 22.0 ± 20.0 

(n=4) 

47.8 (-21.6 – 93.9) 

Long-term follow-up 20.4 ± 18.4 

(n=5) 

58.4 (10.2 – 93.9) 

Note: Missing cases excluded pair-wise 

Note: Although demographic information was available, pre- and post-op data on one 

individual having a second ACING were not available. 

Note: One participant underwent a third procedure 12-months after the second, and so long-

term results are not available. 

 

Mirroring the trends seen after a single operation, the greatest gains are seen at 12-

month follow-up. In order to determine if the pattern of improvement was different 

for responders versus non-responders, a similar methodology to that used in Section 

10.4.5 was used: scores at each time point were compared between those who were 
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responders at long-term follow-up and those who were not. The results are shown in 

Table 92. 

 

Table 92: Depression rating scales compared between responders and non-

responders at long-term follow-up 

All scores are mean ± SD Non-Responders 

(n=3) 

Responders 

(n=2) 

HRSD Score   

Baseline 34.7 ± 3.7 26.0 ± 7.8 

12-months 13.8 ± 13.1 Not available 

Long-term follow-up 30.0 ± 4.2 5.5 ± 7.4 

MADRS Score   

Baseline 45.3 ± 6.2 38.3 ± 11.0 

12-months 28.7 ± 18.2 Not available 

Long-term follow-up 37.5 ± 9.2 9.0 ± 12.1 

 

Unfortunately, the numbers of participants are insufficient to allow a statistical 

comparison. Additionally, data for 12-months are missing for responders and so it is 

not possible to determine if they were diverging from non-responders at this point. 

It should be noted that responders were not as severe at baseline as non-

responders. It must be considered that this acted as a factor in determining their 

medium- and long-term outcome from neurosurgery. 

12.3.2 Clinically Significant Change 

The figures required to calculate Clinically Significant Change for participants 

undergoing a second neurosurgical procedure are shown in Table 93. As with 

previous calculations, missing HRSD17 scores were imputed from MADRS scores. 

Baseline and 12-month scores were imputed for two participants. 
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Table 93: Description of items required to calculate cut-off point c for HRSD17 

for participants undergoing a second procedure 

Symbol Description Value 

SD1 Standard deviation of the pre-treatment 

experimental group (i.e. dysfunctional/ unwell) 

7.93 

SD2 Standard deviation of the control/ normal 

population (i.e. functioning/ well) 

4.24 
1
 

M1 Mean of the first (unwell) sample 27.86 

M2 Mean of the second (well) sample 6.25 
2
 

Sdiff Standard error difference between the two 

scores 

4.89 

s1 Standard deviation of pretreatment sample 7.93 

rxx Test-retest reliability of the HRSD17 0.81 
3
 

1
 From data provided by Grundy et al (1996). 

2
 From data provided by Grundy et al (1996). This is the mean for a „mildly symptomatic‟ 

group of patients and represents the transition from outpatients to the general population. 

3
 Taken from Williams et al (1988) 

 

Using the above values, the Cutoff was calculated as 13.78.  The RC for each 

participant was then calculated. Results are shown in Table 94. 

Table 94: Numbers of participants achieving clinically significant change at 12-

months and long-term follow-up 

Time All participants 

(n=7) 

12-months 3 (42.9%) 

(n=7) 

Long-term follow-up 2 (33.3%) 

(n=6) 
1
 

1
 One participant had a third procedure approximately 12-months after the second, and so 

long-term data could not be obtained. 
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For a discussion about issues relating to clinically significant change, and cautions in 

their interpretation, please see Section 10.5.4. 

12.4 Further analysis 

Since the numbers of participants undergoing second NMD procedures for major 

depression are comparatively small, and given the missing data at 12-months, it was 

decided that more detailed analysis of outcomes (such as quality of life measures) 

would not be meaningful. 
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13. Neuropsychological Assessment 

 

13.1 Introduction: The reported effects of anterior capsulotomy 

and anterior cingulotomy on neuropsychological function 

13.1.1 Information from injury to the internal capsule 

Damage to the internal capsule is relatively rare and compared to damage to the 

cingulate there is a paucity of literature. Therefore, a number of inferences have to be 

made about the neural circuits that may be affected by anterior capsulotomy. 

There are a small number of reports of frontal lobe syndromes following 

infarction of various parts of the internal capsule, but none were localised to the 

anterior limb alone. Tanji et al (2003) reported on a 63-year-old man with typical 

„frontal lobe‟ signs after multiple subcortical infarcts which included the anterior 

limb of the right internal capsule, but also included the left dorsomedial thalamus. 

Other symptoms included impaired recall of verbal and non-verbal information, but 

less impaired recognition. The authors concluded that the clinical findings were as a 

consequence of interruption to the thalamofrontal circuits bilaterally which is the 

same target of anterior capsulotomy lesions. 

Damasio et al (1982) described eleven cases of non-haemorrhagic infarctions of 

the anterior limb of the internal capsule, many of which involved the striatum. Most 

had combinations of right hemiparesis and aphasia. It appears that such major deficits 

are dependent on involvement of the caudate nucleus (most cases involved both the 

internal capsule and the caudate and/ or putamen). 

Infarcts of the genu of the internal capsule are a little more common, and effects 

typically include abulia and impairment of functions such as: verbal memory; verbal 

fluency; and executive function (Pantoni, Basile, Romanelli, et al, 2001). There is 
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also some evidence from neuropsychological studies of Huntington‟s Disease (which 

affects the basal ganglia) that interruption of certain corticostriatal circuits may 

impair spatial recognition memory (SRM), delayed matching to sample (DMS), and 

spatial working memory (SWM) (Lawrence, Watkins, Sahakian, et al, 2000). 

If we presume that lesioning the internal capsule functionally disconnects areas 

of the frontal lobes from limbic areas, we may also expect to see degrees of 

impairments in social cognition (Cicerone & Tanenbaum, 1997). 

13.1.2 Information from injury to the cingulate gyrus 

Baird et al (2006) tested two patients with medial frontal lobe lesions involving the 

anterior cingulate gyrus on a number of neuropsychological tests (including: WAIS 

IQ; Trail-Making Test A; the Stroop task; and Verbal Fluency – animals). They 

reported little impairment of general/ attention tasks but found some impairment on 

selected executive tasks including: Hayling Sentence Completion (a measure of 

response inhibition); and cognitive estimates. However, their conclusion was that the 

ACC has little direct role in cognition, but acts as an integrator between aspects of 

cognitive processing and decisions about behaviour. 

Fellows & Farah (2005) compared four patients with damage to the dorsal ACC 

(dACC) due to ischaemic stroke (left-sided in three and bilateral in one) to 12 age- 

and education-matched controls. Patients with damage to the dACC did not differ 

significantly in tests of „cognitive control‟, namely the Stroop task and the go-no go 

task. However, the literature on impairments on the Stroop task is conflicting, 

potentially as a result of the non-uniformity of the areas of the brain damaged in 

traumatic injury. 
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13.1.3 Neuropsychological sequelae of anterior cingulotomy 

Some authors have reported deficits in attention and executive function after 

cingulotomy. In a group of 18 patients who underwent bilateral anterior cingulotomy 

for intractable pain, Cohen et al (1999) found that cingulotomy patients performed 

worse than controls on measures of sustained attention, design fluency, and object 

construction. 

Corkin (1979) used the Hidden Figures Test
25

 to examine the effects of bilateral 

anterior cingulotomy. She examined fifty-six individuals before and after undergoing 

anterior cingulotomy for a range of diagnoses including: pain (n=14); depression or 

probable depression (n=21); schizophrenia (n=7); obsessive-compulsive neurosis 

(n=6); and anxiety neurosis or probably anxiety neurosis (n=5). She found that the 

pre-operative scores on the Hidden Figures Test were inferior to controls, and that 

following surgery, subjects under the age of 30 had improved scores but those over 

30 had a transient drop in performance. 

13.1.4 General intelligence versus specific functions 

Most studies have reported that general intelligence (typically expressed as IQ) 

increases after neurosurgery. The type of procedure appears to have little impact 

upon general measures of neuropsychological function, with capsulotomy, 

cingulotomy, and mesoloviotomy
26

 having similar effects on intelligence (Vilkki, 

1981). Further, deficits in specific realms of neuropsychological functioning after 

                                                 

25
 Primarily a measure of figure-ground discrimination, the subject is shown a complex shape and has 

to identify the letter or shape which is embedded within the complex shape. Although a visual task, it 

has been used to test frontal functioning (Della Sala, S., Gray, C., Spinnler, H., et al (1998) Frontal 

Lobe Functioning in Man: The Riddle Revisited. Archives of Clinical Neuropsychology, 13, 663-682.) 
26

 Lesioning of the corpus callosum. 
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crude procedures such as leucotomy, appear to be consistently independent of 

measures of intelligence (Stuss, Benson, Weir, et al, 1983). 

It is argued therefore that general measures of intelligence (e.g. IQ, visuomotor 

speed, etc.) are insufficient indicators of neuropsychological function following 

NMD insofar that someone‟s intelligence (as measured using available tests) is an 

insensitive marker of brain damage. Tests which are empirically linked with the brain 

regions involved are preferred, if not mandatory. 

13.1.5 Summary of neuropsychological changes following neurosurgery for 

mental disorder 

A (non-systematic) review of some of the published changes in neuropsychological 

performance for the four procedures in recent usage (i.e. subcaudate tractotomy, 

limbic leucotomy, anterior capsulotomy, and anterior cingulotomy) is reported below 

in Table 95 and Table 96. Symbols represent the presence of a trend in scores and 

statistically significant changes are highlighted. 

A number of studies have reported the neuropsychological performance of 

patients after NMD in the absence of pre-operative data (Cohen, Kaplan, Zuffante, et 

al, 1999; Cumming, Hay, Lee, et al, 1995; Hay, Sachdev, Cumming, et al, 1993; 

Nyman, Andreewitch, Lundback, et al, 2001). Typically, such patients were 

compared to a control group of non-neurosurgical patients with the same disorder, or 

patients who have had neurosurgery for a different indication such as pain (Cohen, 

Kaplan, Zuffante, et al, 1999). Whilst such an approach may offer some reassurance 

that neurosurgery does not dramatically alter neuropsychological performance, it is 

historically difficult to find controls of the same chronicity and severity of illness, 

and it is impossible to know if any deficits were present pre-operatively, or were due 

to the underlying disorder. Others have compared two subgroups of the post-
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operative cohort. For example, Rück (2006) compared neuropsychological test 

performance between those that had evidence of executive dysfunction and those 

who did not. However, without pre-operative data in the same patients, one cannot be 

certain that the executive deficits were not present before the surgery. 

It is not uncommon for the outcomes from different procedures to be reported as 

a whole (For examples see: Sachdev & Hay, 1995; Vasko & Kullberg, 1979). Such 

an approach does not permit likely differences in effects on personality to be 

determined. Further, many reports refer to certain tests (e.g. WAIS and WMS) but do 

not report them in sufficient detail, making any claims of changes in 

neuropsychological status essentially unsubstantiated (For example, Ballantine, 

Levy, Dagi, et al, 1977; Sachdev & Sachdev, 2005). 

It is therefore imperative that assessment of neuropsychological function is 

performed prospectively. Since OCD and depression are associated with 

neuropsychological deficits, improvement after neurosurgery is strongly suggestive 

of a lack of effect of neurosurgery, whilst deterioration in performance despite 

clinical improvement points towards a direct effect of surgery rather than an effect 

solely on symptoms. 
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Table 95: Summary of neuropsychological changes following Neurosurgery for Mental Disorder: General/ Intelligence 

Paper Number 

of 

subjects 

Procedure Follow-up Test Comments 

WAIS 

FSIQ 

Block 

Design 

Digit 

Symbol 

Digit 

Span 

Vocabu

lary 

Object 

Assemb

ly 

Trails 

A 

Word 

Fluency 

 

Bailey et al (1973) 50 ACING Up to 7 

years 

+ ** + **        

Martin et al (1977) 68 ACING > 4 years +         

Bailey et al (1977) 94 ACING 
5
 2 months + + + + *      

Vilkki (1981) 10 ACING 9 months + ** 
3,4 

         

Cohen (1999) 12 ACING 12 months    0   0  Subjects had 

ACING for 

pain 

Cohen (2001) 20 ACING ≥ 12 

months 

       - 
6
  

Kim et al (2003) 14 ACING 12 months 0         

Long et al (1978)  19 “anterior 

cingulate 

lesions” 
1
 

12 months 0 + 0  0 + +  Three 

patients 

declined in 

function 

Kelly (1973) 35 LimLeuc 6 weeks + *         

Kelly (1973) 30 LimLeuc 6 weeks + * + ** + 0      

Mitchell-Heggs et al 

(1976)  

88 LimLeuc Six weeks + ** + * + * +      

Vilkki (1981) 22 ACAPS 1 year + 
3,4 
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Paper Number 

of 

subjects 

Procedure Follow-up Test Comments 

WAIS 

FSIQ 

Block 

Design 

Digit 

Symbol 

Digit 

Span 

Vocabu

lary 

Object 

Assemb

ly 

Trails 

A 

Word 

Fluency 

 

Nyman & Mindus 

(1995) 

10 ACAPS 1 year  0 0 0   0 0  

Oliver et al (2003) 18 ACAPS 1 year 
2
 -      -   

Kartsounis et al (1991) 23 SST 6 months 

(approx) 

0  +  **  0  0   

+  indicates increase/ improvement in score 

0  indicates no change 

- indicates decrease/ worsening of score 

WAIS FSIQ = Wechsler Adult Intelligence Scale; Full Scale IQ 

* Statistically significant at 0.05 level; ** Statistically 

significant at the 0.01 level 

1
 Lesion placement very similar to „standard‟ ACING 

2 
Only six subjects tested at one-year follow-up 

3 
Test used was Culture Fair Intelligence Test, which provides IQ scores 

4
 IQ scores performed at an average of 10 days postoperative 

5 
Actual procedure was cingulotractotomy 

6
 Test used was a measure of spontaneous verbal utterances and so change should be interpreted as being a different test. 



 

     

270 

Table 96: Summary of neuropsychological changes following Neurosurgery for Mental Disorder: Executive Function 

Paper Number 

of 

subjects 

Procedure Follow-up Test Comments 

WCST 

(correct) 

WCST 

(categories) 

WCST 

(perseverative 

errors) 

Verbal 

Fluency 

(COWAT) 

Stroop Go-

NoGo 

 

Cohen (1999) 12 ACING 12 months 0   0 
1
 +   

Cohen (2001) 20 ACING ≥ 12 

months 

    +   

Kim et al (2003) 14 ACING 12 months - **  +     

Nyman & Mindus 

(1995) 

10 ACAPS 12 months - - * +     

Kartsounis et al (1991) 23 SST 6 months 

(approx) 

- 0 - 0 -   

+  indicates increase/ improvement in score 

0  indicates no change 

- indicates decrease/ worsening of score 

WCST = Wisconsin Card-Sorting Task 

COWAT = Controlled Oral Word Association Test 

* Statistically significant at 0.05 level; ** Statistically 

significant at the 0.01 level 

1
 Significant reduction in score at three months, but normalised at 12 months.  
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The summaries presented in the above tables demonstrate compellingly that the 

existing research literature does not demonstrate significant deterioration in global 

intelligence or personality. In fact, the majority of studies report improvement in 

measures of general intelligence, with corresponding increases in IQ. Reports of 

impaired performance on some measures of executive function, such as the WCST, 

are not consistent, and other measures of „frontal lobe‟ function, such as verbal 

fluency, do not seem to be impaired after neurosurgery. 

 

13.2 Cambridge Neuropsychological Test Automated Battery 

(CANTAB) 

The CANTAB (CANTAB, 1999) is a computerised set of tests which allow a variety 

of cognitive functions to be assessed in a language-independent, visually-focused 

environment, affording immediate feedback on the subject‟s activities. The tests have 

been shown to be sensitive to the changes caused by a number of CNS disorders (see 

Section 13.2.2). One of the advantages of such a system is that it has been designed 

for repeat testing, with parallel test batteries being available. 

The 13 tests in the CANTAB are divided into four types of task: 
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1. Training and screening 

a. Motor Screening 

b. Big/ Little Circle 

c. Reaction Time 

2. Attention and memory 

a. Matching to Sample Visual Search 

b. Delayed Matching to Sample 

c. Pattern Recognition Memory 

d. Spatial Recognition Memory 

e. Spatial Span 

3. Non-strategic learning and memory 

a. Paired Associates Learning 

b. Sustained attention 

c. Rapid Visual Information Processing 

4. Frontal/ executive tasks 

a. Spatial Working Memory 

b. ID/ED Shift 

c. Stockings of Cambridge 

 

13.2.1 Overview of tasks 

Details of each of these tasks are below: 

13.2.1.1 Motor Screening (MOT) 

This test is given at the beginning of each session. It acts as a training procedure 

which ensures that the subject is able to point accurately, and it also gets subjects 

used to the test equipment. Ten crosses are displayed on the screen, and the subject is 

required to point to, and touch, the crosses in turn. It provides a measure of motor 

speed and accuracy. There is only one outcome measure: 
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1. MOT mean latency – this is the average time taken from the appearance 

of the cross to the touching of the screen. 

13.2.1.2 Big/ Little Circle (BLC) 

The test ensures that the subject is able to follow an explicit rule, and then tests their 

ability to reverse the rule. The subject is shown a series of pairs of circles, one of 

which is larger than the other. The subject is required to first point to the smaller 

circle, and then change to the larger circle. Compared to some of the other tests, BLC 

is unlikely to pose a challenge to most people with normal cognitive functioning. The 

main outcome measure for BLC is: 

1. BLC Percent correct – this is the percentage of responses which are 

correct. There are 40 trials in total. 

13.2.1.3 Reaction Time (RTI) 

Reaction Time enables the subject to develop the skills required to use the press pad 

and touching the screen. The test involves the subject having to touch the screen 

when a yellow dot appears. The multiple-choice (Five Choice) reaction time test 

involves the dot appearing in one of five different locations. 

The task provides information on both reaction time, and movement time. The 

reaction time expresses the time required to react to the visual stimulus and release 

the press pad. The movement time is the time taken to then touch the screen, and 

analysis of the two values allow a dissociation of any slowing of motor function from 

a slowing of cognitive function (Gooday, Hayes, Bzeizi, et al, 1995; Riekkinen, 

Kejonen, Jakala, et al, 1998). The two main outcome measures used are: 
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1. RTI Five-choice reaction time – this is the time taken for the subject to 

release the press pad when presented with a stimulus that may occur in 

any one of five locations on screen. 

2. RTI Five-choice movement time – this is the time required to touch the 

correct location (out of a possible five) on screen after releasing the touch 

pad. 

13.2.1.4 Matching to Sample Visual Search (MTS) 

MTS is a task which tests the subject‟s ability to match visual symbols, and to „trade‟ 

accuracy for speed. An abstract pattern is displayed in the centre of the screen. A 

short while later, a number (1, 2, 4, or 8) of similar patterns is presented, and the 

subject has to touch the pattern which matches the central one. There are 52 trials in 

the test. The main outcome measures used are: 

1. MTS Total number correct – this is the total number of correct responses 

out of a possible 52. 

2. MTS Percentage correct – this is the total number of correct responses 

expressed as a percentage. 

13.2.1.5 Delayed Matching to Sample (DMS) 

This is a test of immediate and delayed visual memory. First, the subject is shown a 

complex pattern, and has to identify this pattern among three „distractors‟. Then, the 

subject is shown the pattern, which is then hidden. After a short delay (0, 4, or 12 

seconds) four similar patterns are displayed, only one of which matches the original 

sample. The subject has to indicate which pattern matches the original sample. The 
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DMS is likely to involve the inferior temporal cortex and the hippocampus (Colombo 

& Gross, 1994). The main outcome measures are: 

1. DMS Percent correct (simultaneous) – This is the percentage of correct 

responses when the subject is shown the original pattern at the same time 

as the four choices. 

2. DMS Percent correct (all delays) – This is the percentage of correct 

responses for all trials when the choices are shown after a delay of 0, 4, or 

12 seconds. 

3. DMS Percent correct (short delay) – This is the percentage of correct 

responses when the subject is shown the choices after a delay of 0 

seconds, i.e. the original pattern is not shown. 

4. DMS Percent correct (medium delay) – This is the percentage of correct 

responses when the subject is shown the choices after a delay of 4 

seconds. 

5. DMS Percent correct (long delay) – This is the percentage of correct 

responses when the subject is shown the choices after a delay of 12 

seconds. 

 

Porter and colleagues (2003) reported that depressed patients performed more poorly 

than controls on this task, but only when there was a delay condition. 

13.2.1.6 Pattern Recognition Memory (PRM) 

A sequence of patterns is shown in the centre of the screen. The subject is then 

shown two patterns on the screen, and they are required to indicate which pattern 
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they have already seen in the previous sequence. The test consists of a total of 24 

trials. There is one outcome measure: 

1. PRM Percent correct – This is the number of correct responses expressed 

as a percentage. 

 

PRM Percent correct is a general measure of visual short-term recognition memory. 

It is reported to be impaired in depression (Beats, Sahakian & Levy, 1996; Porter, 

Gallagher, Thompson, et al, 2003). 

13.2.1.7 Spatial Recognition Memory (SRM) 

This test involves two phases. In the first phase, the subject is shown a white square 

that moves to five different places on the screen. In the recognition phase, the subject 

is shown a series of five pairs of squares, one of which is in a place previously seen. 

The subject has to identify the square which is in a familiar location. There are 20 

trials in this test. The main outcome measure used is: 

1. SRM Percent correct – This is the total number of correct responses, out 

of a possible 20, expressed as a percentage. 

13.2.1.8 Spatial Span (SSP) 

This test assesses the subject‟s spatial memory span, in a similar fashion to digit span 

testing. A set of white squares is displayed on the screen and some of the squares 

change colour briefly in sequence. At the end of each sequence, the subject is 

required to touch the boxes in the sequence that they changed colour. The subject 

gets three attempts at each level. The main outcome measure is: 

1. SSP Span length – this is the longest sequence recalled by the subject. 
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13.2.1.9 Paired-Associates Learning (PAL) 

Six boxes are displayed on the screen in different locations, and all are then „opened‟ 

in a random order. Some of them contain a pattern, and the subject is required to 

commit the pattern in each box to memory. The boxes are then „closed‟, and the 

subject is shown a target pattern. They are required to touch the box which contains 

the target pattern shown. The test gradually increases in difficulty, with increasing 

numbers of patterns in the boxes on the screen. PAL requires the subject to form 

visuo-spatial associations.  The main outcome measures are: 

1. PAL Total errors (adjusted) – This score indicates the number of errors 

made during the whole test. An error occurs when the subject selects a 

box which doesn‟t contain the target pattern. The score is adjusted for the 

number of stages which aren‟t attempted because of failures on the 

previous stages. 

2. PAL Stages completed – This score reflects the number of stages which 

were completed successfully, and is a general indicator of success on the 

test. 

The number of patterns correctly located on the first presentation gives an indication 

of „list memory‟ whilst the number of repeat presentations needed for the subject to 

learn all of the associations gives an indication of „list learning‟. 
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13.2.1.10 Rapid Visual Information Processing (RVP) 

This test examines visual attention. Inside a white box in the middle of the screen, 

digits from 2-9 are shown at a rate of 100 per minute. The subject is required to 

identify consecutive odd or even digits (e.g. 3 -5 -7) and press the button accordingly. 

13.2.1.11 Spatial Working Memory (SWM) 

The subject has to search through boxes on the screen, in order to find one that hides 

a token. Subjects are informed that once a token has been discovered in a box, on 

subsequent trials that box will not contain a token. Scores indicate the number of 

times that the subject searches in the same box as previously contained a token 

(between-search errors) and the number of times that the same box is searched in a 

trial (within-search errors). A score is also provided which reflects the subject‟s 

search strategy. As the task progresses, the number of boxes is increased (4, 6, or 8). 

In their study of 44 patients with major depression, Porter and colleagues (2003) 

found that depressed patients were less accurate than controls, and that as the 

complexity of the tasks increases, depressed patients made more errors. Furthermore, 

the „Strategy‟ score was higher in patients with depression, indicating that the 

approach to searching is less efficient. Deficits in performance have also been 

reported in patients with OCD (Purcell, Maruff, Kyrios, et al, 1998a). 

13.2.1.12 ID/ ED shift (IED) 

This is an executive task requiring the subject to first pay attention to a specific 

aspect of a compound stimulus, and then to shift attention to a different aspect of the 

stimulus when required. It is has some similarities to the Wisconsin Card Sorting 

Test (WCST). Subjects are required to select patterns according to a rule, which they 
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have to learn according to incorrect responses. Once they have demonstrated that 

they have learnt the rule (by 6 consecutive correct responses), the rule changes. This 

task involves the (right) ventrolateral prefrontal cortex (Cools, Clark, Owen, et al, 

2002), and damage to the orbitofrontal cortex impairs the ability to change behaviour 

in response to alterations in the significance of the stimulus (Dias, Robbins & 

Roberts, 1996). The anterior cingulate is also activated at the time of the reversal 

(Kringelbach & Rolls, 2003), although this study used emotional stimuli rather than 

abstract patterns. 

13.2.1.13 Stockings of Cambridge (SOC) 

The Stockings of Cambridge test is based on the „Tower of London‟ and „Tower of 

Hanoi‟ tests of visual planning. The subject is shown two displays, consisting of 

coloured circles, which can be conceived as being stacks of coloured balls, obeying 

certain rules. For example: a ball below another cannot be moved without the upper 

ball being moved out of the way; and only one ball can be moved at a time. 

The upper display shows the target configuration. The subject must move the 

balls in the lower display to match the configuration shown in the upper display. 

There are a set number of moves allowed for each problem. The task requires 

planning, and the test records both the time to plan the required number of moves and 

the total number of moves made. 
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13.2.2 Clinical findings using the CANTAB 

Studies using the CANTAB on groups of patients with brain injuries have confirmed 

that various tests are particularly sensitive to dysfunction in a number of functional 

brain regions. A description of some of this literature is given below in Table 97. 

13.2.3 Neuroimaging studies involving CANTAB tests 

Elliot et al (1998) used PET scanning during a modified Tower of London 

(analogous to the Stockings of Cambridge) test to examine blood flow. In a small 

group of unipolar depressed patients (n=6), compared to controls (n=6), it was found 

that the depressed patients had much lower activation in the medial caudate and 

ventromedial prefrontal cortex, suggesting that not only are these brain areas 

involved in planning and executive control, but that depressed patients have 

abnormal responses. 

Imaging studies (fMRI) of OCD patients undergoing the Tower of London 

(Stockings of Cambridge) conducted by van den Heuvel et al (2005) found increased 

activation bilaterally in the dorsolateral prefrontal cortex, right caudate nucleus, and 

right cingulate cortex in both OCD patients and controls. However, there was no 

activation in the striatum during planning in OCD patients. 
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Table 97: Summary of CANTAB reports on brain injured, and neuropsychiatric patients 

Study Number of subjects Disorder/ Injury Tests Performed Comments 

Brain Injury 

Owen et al (1990) 26 + 26 controls Unilateral and bilateral 

frontal lobe excision 

SWM 

 

SOC 

Increased „between search‟ and „within search‟ errors; 

worse search strategy. 

Fewer problems solved in minimum moves; more moves 

required to solve the problem. 

Owen et al (1991) Temporal lobe resection (n=20); frontal lobe 

surgery (n=16); amygdalo-hippocampectomy 

(n=11) + 40 controls 

IED Frontal group significantly impaired, whilst temporal and 

A-H groups were unimpaired. 

Owen et al (1995) Temporal lobe resection (n=20); frontal lobe 

surgery (n=16); amygdalo-hippocampectomy 

(n=11) + 40 controls 

PRM 

SRM 

DMS 

PAL 

SWM 

Temporal and A-H performed poorly. 

Frontal patients performed worst. 

All groups impaired compared to controls. 

All groups impaired compared to controls. 

Frontal and A-H groups significantly impaired. 

Psychiatric Illness 

Porter et al (2003) 44 + 44 controls Major Depression PAL 

PRM 

SRM 

DMS 

Fewer trials completed on first presentation. 

Longer response time. 

Less accurate. 

Worse performance when trials were delayed. 

Purcell et al (1997) 20 + 20 controls Unipolar depression IED 

SOC 

50% failed to complete all stages. 

Impaired performance. 
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Study Number of subjects Disorder/ Injury Tests Performed Comments 

Grant et al (2001) 48 + 36 controls Unipolar, non-chronic 

depression. Mean 

HRSD17 score =16.7 

SWM, SRM, 

SOC, DMS, 

PRM, PAL, SSP 

No differences between groups, although the depressed 

group were impaired on the WCST. 

Sweeney et al (2000) Bipolar disorder (n=35), Unipolar depression 

(n=58), controls (n=51) 

SOC 

SWM 

DMS 

 

IED 

On all three tests, Manic/ mixed bipolar patients made 

more errors than depressed bipolar patients, who were 

worse than depressed unipolar patients. As difficulty 

increased, differences between groups increased. 

No differences between groups. 

Rubinsztein et al (2000) 18 + 18 controls Bipolar disorder (in 

remission) 

SRM 

DMS 

SOC 

Impaired compared to controls. 

Impaired compared to controls. 

No difference between groups on % correct. 

Purcell et al (1998b) OCD (n=30), Unipolar depression (n=20), Panic 

Disorder (n=30), Normal controls (n=30) 

SWM 

SRM 

OCD patients impaired, whilst other groups not. 

OCD patients impaired, whilst other groups not. 

Purcell et al (1998a) 23 + 23 controls OCD SWM 

DMS 

SRM 

SOC 

More between search errors; poorer strategy. 

Lower % correct. 

Lower % correct. 

Longer initial movement time and subsequent thinking 

time. 
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13.3 Clinical Neuropsychological Test Battery 

Discussion on some of the tests used, and how they may be affected by mental 

disorder and/ or neurosurgery is given below. 

13.3.1 National Adult Reading Test, 2
nd

 Edition (NART; Nelson & Willison, 

1991) 

The NART was designed as a tool to estimate the premorbid level of intelligence in 

individuals with cognitive impairment. The subject is asked to read aloud fifty words 

which do not obey typical phonetic rules of pronunciation, such as „drachm‟ and 

„syncope‟. The ability to read such words is a reliable indicator of premorbid 

intelligence (Crawford, Parker, Stewart, et al, 1989) and intellectual functioning 

(Crawford, Deary, Starr, et al, 2001), and is relatively robust to factors such as stroke 

or head injury. There is some uncertainty over effects of mood upon score, but it 

appears to be unaffected by mania (Lebowitz, Shear, Steed, et al, 2006), and similar 

assumptions have been made about depression. 

13.3.2 Wechsler Adult Intelligence Scale – III – Revised (WAIS-III-R; 

Wechsler, 1981) 

The WAIS-III-R is a widely-used assessment of intelligence in adults between the 

ages of 16 and 74 years. Two subtests covering verbal ability (Arithmetic and 

Comprehension), and two covering performance (Block Design and Digit Symbol), 

were used in the study population. Whilst Arithmetic and Comprehension are 

unaffected by frontal lesions, Block Design is relatively sensitive to frontal lobe 

dysfunction (Stuss & Benson, 1984). 
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13.3.3 Wechsler Memory Scale – Revised (WMS-R; Wechsler, 1987) 

The WMS-R is intended for use in adults between the ages of 16 and 74 years. A 

number of subtests were used: 

1. Digit Span 

2. Logical Memory (Immediate and Delayed Recall) 

3. Verbal Paired Associates (Immediate and Delayed Recall) 

4. Visual Reproduction (Immediate and Delayed Recall) 

13.3.4 Rey Complex Figure Test (RCFT; Meyers & Meyers, 1995) 

Designed as a measure of visual memory and visuospatial construction ability, the 

subject is presented with a complex shape and is required to copy it onto a blank 

sheet of paper. The shape is then removed and after a three minute delay, the subject 

must reproduce it from memory. After a further thirty minutes, the subject must again 

reproduce the figure from memory. 

13.3.5 Verbal Fluency Test/ Controlled Oral Word Association Test 

(COWAT; Ruff, Light, Parker, et al, 1996) 

Believed to be related to frontal lobe function (McCarthy, Blamire, Rothman, et al, 

1993), the COWAT is a test of verbal fluency. The task shows greater activation of 

left-prefrontal areas on fMRI (Schlösser, Hutchinson, Joseffer, et al, 1998) and 

demonstrates particular impairments in left-sided lesions (Benton, 1968), although 

not all studies show impairment after frontal lesions (Vilkki & Holst, 1994). 

The subject has to generate words according to a specific rule, for example 

naming as many animals as possible in one minute. Alternative formats require the 

subject to produce as many words in one minute beginning with the letter „F‟, 
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followed by one-minute trials with the letters „A‟ and „S‟. The current format of the 

COWAT uses the letters „C‟, „F‟, and „L‟. 

13.3.6 Trail-Making Test (TMT; Reitan & Wolfson, 1993) 

A paper-and-pen test, the TMT exists in two forms: „Trails A‟ and „Trails B‟. In 

„Trails A‟ the subject must connect 25 numbered circles, scattered in random order 

on the page, in numerical order and it is primarily a test of visuomotor speed. In 

„Trails B‟, the circles are identified by numbers and letters, and the subject must 

connect them by alternating between number order and letter order. Although 

visuomotor speed is important, „Trails B‟ requires more attention and cognitive set-

shifting and has been shown to be impaired in depressed patients (Austin, Mitchell, 

Wilhelm, et al, 1999). 

13.3.7 Stroop Neuropsychological Screening Test (Trenerry, Crosson, De Boe, 

et al, 1989) 

First described by J. Ridley Stroop (1935), the Stroop phenomenon demonstrates the 

effect of interference. In the first part of the test, the subject must read the name of a 

list of colours, whilst the second trial requires them to state the colour of the word 

(which does not always match the word). In order to name the colour instead of the 

word, the subject must inhibit a more automatic response and initiate another, and a 

conflict arises when we have to pay attention to the colour of the word only. 

The anterior cingulate cortex is activated during the Stroop test, and is most 

activated during the incongruous condition of the test (Pardo, Pardo, Janer, et al, 

1990). The test is thought to be dependent on anterior cingulate function, and lesions 

to the prefrontal cortex tend to impair performance on the Stroop task (Stuss, Floden, 
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Alexander, et al, 2001; Vendrell, Junque, Pujol, et al, 1995), although this is not a 

universal finding (Fellows & Farah, 2005). 

 

13.4 Development of ‘grouped’ indicators of Neuropsychological 

Function 

13.4.1 Introduction 

The following categories are, it can be argued, relatively arbitrary and ultimately they 

serve merely to group individual tests under a heading which allows deficits to be 

conceptualised within a recognisable „clinical‟ framework. Further, the categories 

(general/ intelligence; memory and learning; and executive function) mirror those 

areas in which deficits have been reported in the NMD literature. 

Many tests rely on the intact functioning of a number of different brain areas 

and, therefore, conclusions about the localisation of neurocognitive impairments 

typically rely on the overall pattern of performance. Often, the determinant of how a 

test is viewed is governed by the split between divided and focused attention. Those 

tasks which are more dependent on divided attention merit classification as more 

executive tasks. 

However, such headings have some benefit in being able to relate to general 

areas of neuropsychological ability, and the existing literature has commonly adopted 

such an approach to categorising individual tests (For examples, see: Cohen, Kaplan, 

Moser, et al, 1999; Kartsounis, Poynton, Bridges, et al, 1991). Such an approach is 

therefore considered to have a certain utility. 

One final point regarding the number and generality of tests used is worth 

addressing. Since ACAPS and ACING can both be considered experimental 
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treatments, there remains a necessity to demonstrate that there is no widespread 

deficit using established neuropsychological methods. Whilst hypothesis-driven 

exploration of specific aspects of social cognition for example is desirable, the 

absence of a wide battery of more „general‟ tests would be noticeable and cannot be 

satisfactorily excluded. 

 

13.4.2  ‘General’ Ability and Intelligence 

Regarding intelligence, a key question is whether intelligence measured using 

standard tools differs in some fundamental way to the intelligence needed by an 

individual to function normally. The NMD literature is replete with post-operative 

cases with high IQ but with marked deficits in adaptive behaviour. Further, most IQ 

assessments are insensitive to frontal lobe functions despite the fact that all NMD 

procedures interfere with primarily „frontal‟ pathways. 

The tests grouped into this category are listed below in Table 98. 

 

Table 98: CANTAB and Clinical Neuropsychological tests applicable to general 

ability, attention, and intelligence 

CANTAB Clinical Neuropsychological Battery 

Matching to Sample Visual Search NART (errors, full-scale IQ) 

 Arithmetic 

 Comprehension 

 Digit Symbol 

 Trail-making test – Trails A 
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13.4.3 Memory and Learning 

A detailed exposition of the neurobiological and neuroanatomical basis of memory 

and learning is out with the scope of this thesis. However, it is relevant that brain 

areas thought to be engaged by specific memory functions are either closely related 

to those involved with mood regulation, or are directly involved in the latter activity. 

For example, Delayed Matching to Sample involves the hippocampus (Colombo & 

Gross, 1994), a region demonstrated to be smaller in depressed individuals (Bremner, 

Narayan, Anderson, et al, 2000; Videbech & Ravnkilde, 2004) and particularly in 

those with early adversity (Vythilingam, Heim, Newport, et al, 2002). Further, 

executive functions which are thought to be selectively affected by NMD may 

involve structures such as the hippocampus in major depression (Frodl, Schaub, 

Banac, et al, 2006), suggesting that neuroplastic changes in depression affect a 

variety of pathways. Similarly, recovery from depression may result in recovery in 

function as measured by standard neuropsychological tests of memory and learning. 

There is support from histological studies that some treatments for depression such as 

ECT may result in neurogenesis within the hippocampus (Lamont, Paulls & Stewart, 

2001), an outcome possibly mediated by serotonin (Djavadian, 2004). 

The tests grouped into this category are listed below in Table 99. 
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Table 99: CANTAB and Clinical Neuropsychological tests applicable to memory 

and learning 

CANTAB Clinical Neuropsychological Battery 

Delayed Matching to Sample Digit Span 
1
 

Spatial Recognition Memory Logical Memory 

Paired Associates Learning Verbal Paired Associates 

Spatial Span Visual Reproduction 

Pattern Recognition Memory  

1
 Digit Span forwards is a „purer‟ test of memory, but Digit Span backwards requires the 

ability to divide attention. Some would argue that this makes it closer to an executive task. 

 

13.4.4 Executive Function 

The tests grouped into this category are listed below in Table 100. Historically, 

executive tasks are those which are primarily dependent on frontal lobe function. 

Since NMD has commonly affected executive function (See Crown, 1951 for a 

review), it has been considered important to be able to report certain tests within this 

framework, despite most tasks not being solely dependent on frontal lobe function. 

Further, anterior capsulotomy in particular targets pathways between the 

prefrontal cortex (PFC) and subcortical structures such as the thalamus, and any such 

interruption may affect performance on tasks such as attentional set-shifting (e.g. 

ID/ED shift) which involves the PFC and caudate nucleus (Rogers, Andrews, 

Grasby, et al, 2000). In the case of OCD, dysfunction within circuits involving these 

structures is believed to be responsible for the generation of symptoms. 
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Table 100: CANTAB and Clinical Neuropsychological tests applicable to 

executive function 

CANTAB Clinical Neuropsychological Battery 

Spatial Working Memory Verbal Fluency 

ID/ED Shift Block Design 
1
 

Stockings of Cambridge Rey Complex Figure 

 Trail-making test – Trails B 

1
 Block design also involves attentional and constructional (parietal) abilities but historically 

it has often been grouped as an executive task. 

 

13.5 Exploratory data analysis 

One challenge when reporting neuropsychological data is grouping many different 

procedures or different clinical indications (such as depression and OCD) together. 

Whilst there are similarities in the neuropsychological performance of patients with 

depression and OCD the assumption that different disorders reflect differing brain 

pathologies has been paramount when presenting this data. Indeed, it is possible that 

different procedures may have different effects depending on the primary indication 

for surgery (Christmas, Eljamel & Matthews, 2003).  

Therefore, the main group of participants that will be examined will be those 

who have undergone NMD for affective disorder (n=24). As discussed below, where 

possible, comparisons between affective disorders and OCD, and ACAPS and 

ACING were performed. 
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13.5.1 Excluded cases 

One participant (ID=23) experienced a right-sided haematoma following anterior 

capsulotomy for OCD, resulting in a left-sided hemiparesis and a degree of cognitive 

impairment. A further participant (ID=4) had a left-sided temporal haematoma in 

November 1999, approximately six years after anterior capsulotomy for chronic 

depression. The first case has been excluded from all follow-up analysis, and the 

second case has been excluded from analyses beyond 12-months post-operative.  

13.5.2 CANTAB data 

Twelve-month follow-up using the CANTAB was not routinely performed in the 

early 1990s, and it is only more recently that routine 12-month assessment is 

performed. Consequently, only 33.3% of 12-month data is classed as „Complete‟. 

Sixteen-point-seven percent of long-term data is „Not available‟. 

In order to determine whether a comparison of ACAPS and ACING for affective 

disorders was possible for each of the measures, the number of assessments 

according to procedure was counted. Since two of the ACING participants have yet 

to reach long-term follow-up, it was possible to compare baseline to 12-months only. 

13.5.3 Clinical Neuropsychological Test Battery 

Available data for the clinical battery is less complete. At 12-months, no assessments 

were classed as „Complete‟ and 43.3% were „Not available‟. At long-term follow-up, 

50% are „Complete‟ and 33.3% are „Partial‟, but 36.7% are still „Not available‟. 

Since the period in which the participants were seen spanned approximately thirteen 

years, the test battery has changed during this time. Consequently, there was no 

possibility that some participants could complete tests which were introduced 



 

     

292 

subsequent to their assessment. Similarly, tests that were phased out could not be 

completed at later assessments. 

In order to more accurately describe the reasons for „missing‟ data at long-term 

follow-up, absent data on a number of selected tests was examined. The reasons are 

given below in Table 101. 

 

Table 101: Reasons for 'missing' data at long-term follow-up (n=26 
1
) 

Test Number (Percentage) 

missing 

Reasons 

Trail Making Test „A‟ 5/ 26 (19.2%) Patient dead (n=1) 

Data not available (n=3) 

Test not completed (n=1) 
2
 

Trail Making Test „B‟ 8/26 (30.8%) Data not available (n=7) 
3
 

Test not completed (n=1) 
2
 

Verbal Fluency (Animals) 3/26 (11.5%) Data not available (n=3) 
4
 

Digit Symbol 6/26 (23.1%) Data not available (n=4) 

Test not completed (n=1) 
2 

Unable to complete test due 

to poor attention (n=1) 

1
 One individual was not included due to postoperative haemorrhage, and one individual did 

not consent to long-term follow-up. Two participants have not reached long-term follow-up. 

2
 Individual was too distressed to complete much of the battery. 

3
 Four individuals who completed Trails „A‟ did not record a time for Trails „B‟. Most of 

these recorded very long times for Trails „A‟ and the test was not given. 

4 
These individuals were unable to attend for testing, or failed to attend (n=1). 

13.5.4 Absent data on specific tests 

A number of tests were incomplete, and some reasons are discussed below: 
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1. Verbal Paired Associates: This was not done routinely during the entire 

duration of neurosurgery. 

2. Verbal Fluency: if individuals performed poorly on initial trials (e.g. animals), 

subsequent tests were not administered (Livingstone, 2003, p. 74). This has 

restricted the amount of data available for comparison. Initially, the three 

categories of the test were: „Animals‟; „S‟; and „J‟. Between 1992 and 2005, 

other letter combinations were used with the most frequent being „C‟, „F‟, and 

„L‟. Despite direct comparison between categories not being possible 

(Sumerall, Timmons, James, et al, 1997), some individuals were subsequently 

re-tested with a different letter combination, and this has left only two 

categories with enough participants to perform a comparison. 

3. Rey Complex Figure (Copy): It is reported (Livingstone, 2003, p. 73) that 

when individuals had difficulty completing the first stage of the test (copy) 

clinical judgement was used to determine whether subsequent stages should 

be performed. Despite adequate scores being available for the copy stage, very 

few subjects were given subsequent stages. It is uncertain why scores for 

„Copy‟ are so low at long-term follow-up. 

 

Whilst a number of tests had results for ≥ 4 subjects in each group, it was decided to 

merge both ACAPS and ACING into one group initially, so that the results presented 

below will first deal with neuropsychological outcomes from all procedures for 

depression. Differences between ACAPS and ACING will be discussed 

subsequently, where numbers permit. 
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The reasons for such low numbers are legion. In a small number of cases (up to 

16%, depending on the test), the individual was too unwell to complete many of the 

tests, typically because they could not sustain attention. In approximately 16% of 

cases the test was not given to the subject. One reason for omission is that another 

researcher, on a different project, had performed the same test in the same time frame 

(for example, the Stroop test). Unfortunately, in most cases the results obtained by 

the researcher who performed the test were not included in the subject‟s case record 

and have effectively been lost to this dataset. Whilst such a practice was undeniably 

patient-friendly, the wish to avoid repetition has meant that data has been lost. Data 

were not available for unknown reasons in up a further 32% of cases. 

13.5.5 Timing of assessments: CANTAB 

The longest duration of follow-up was 662.2 weeks, or 12.7 years. Baseline 

assessments (n=23) were done 1.9 ± 2.2 weeks prior to surgery. Post-op testing was 

done 1.7 ± 0.9 weeks after surgery. Twelve-month assessment (n=11) was completed 

54.0 ± 3.3 weeks post-op, and long-term follow-up (n=21) was performed 6.6 ± 3.9 

years after surgery. For some participants, the long-term follow-up was equivalent to 

the pre-operative assessment for a second procedure, resulting in a range for long-

term assessment of 48.4 – 662.2 weeks. 

13.5.6 Timing of assessments: Clinical Neuropsychology 

One participant underwent neuropsychological assessment two years (140.1 weeks) 

before the actual date of surgery. Whilst it was not unusual that patients were 

assessed at the time of initial assessment, it is unusual that they did not undergo 

repeat testing closer to the surgery. 
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Baseline testing (n=23) was done -12.4 ± 32.2 weeks prior to surgery. Twelve-

month testing (n=15) was performed at 53.5 ± 6.1 weeks post-op. Long-term 

assessment (n=19) was done 355.4 ± 192.2 weeks after surgery. Clinical 

neuropsychological assessment was not routinely performed in the immediate post-

operative period. 

 

13.6 General characteristics of participants 

13.6.1 Level of Education 

The proportion of participants with education beyond minimum school leaving age 

was 53.3% of the entire sample (n=30) and 58.3% of the affective disorders group 

(n=24). The proportion of participants with a degree or equivalent professional 

qualification was 36.7% of the entire sample (n=30) and 45.8% of the affective 

disorders group (n=24). 

Unfortunately, number of years of full-time education (a commonly-reported 

descriptor in the psychological literature) was not recorded for the participants. 

However, as discussed previously, the number of participants with higher 

qualifications is relatively high, and greater than the UK average of 25.9% 

(Department for Education and Skills, 2005b). 

 

13.7 Statistical Considerations 

Due to the small number of ACING participants, statistical comparisons between 

ACAPS and ACING were not performed. Similarly, the number of participants who 

had undergone NMD with a primary diagnosis of OCD was four, and this was not 
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considered large enough to conduct valid comparisons between depressed and 

obsessive-compulsive groups. However, scores for the ACING and ACAPS groups 

are shown separately for some tests as a visual indicator of potential differences 

between the groups although statistical comparisons were not possible. 

Where available, scaled scores were used. Raw scores, rather than T-scores or 

scaled scores, were used if scaled scores were not recorded. It was acknowledged that 

raw scores do not take into account factors such as age, but the evolution of many of 

the tests over the previous fifteen years or so has meant that scaled scores were not 

always available for older tests.  

Repeated measures ANOVA (for normally-distributed data) was used when 

there were sufficient numbers for analysis. When there were insufficient numbers, 

paired samples t-tests (or Wilcoxon Signed Ranks Tests) were used for comparison 

against baseline using a pairwise deletion. The significance of results using this later 

method should be interpreted with caution. If there were insufficient numbers for a 

comparison across all time points, the immediate post-op assessment (if available) 

was excluded in an attempt to permit comparisons. Where there was still insufficient 

numbers, long-term follow-up was compared to baseline only using paired samples t-

tests. 

The F statistic for the effects of time on the variable are given, along with 

pairwise comparisons indicating if there were significant effects at a particular time 

point. The pairwise comparison was corrected for multiple comparisons using a 

Bonferroni correction in order to provide a conservative estimate of effect. 

The data do not permit an assessment of capsulotomy separate from 

cingulotomy, a step that is important both in determining differences in effect, but 
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also in helping to elucidate the pathways involved in action. Therefore, the 

capsulotomy for affective disorder group (n=19; 14 females, 5 males) was analysed 

separately. 

13.8 Results 1: General Neuropsychological functioning 

13.8.1 General Intelligence: Estimated IQ using the NART 

Scores on the NART are shown below in Table 102. The difference between the 

baseline Full-Scale IQ for ACAPS and ACING is not significant (independent 

samples t-test: t= -0.701, df=15, p=0.494). 
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Table 102: NART estimated IQ scores for all subjects undergoing NMD for 

affective disorder 

All figures are mean ± 

S.D. 

All 

participants 

ACAPS ACING Significance 

(compared to 

baseline) 

NART (Verbal IQ)    F(2,5)=2.662

, p=0.163 

Baseline 113.4 ± 9.2 

(n=17) 

112.5 ± 9.9 

(n=13) 

116.3 ± 6.7 

(n=4) 

 

12-months follow-up 119.3 ± 4.5 

(n=10) 

118.8 ± 5.5 

(n=6) 

120.0 ± 3.2 

(n=4) 

0.066 

Long-term follow-up 115.4 ± 7.6 

(n=16) 

114.9 ± 8.4 

(n=13) 

117.7 ± 4.2 

(n=3) 

0.104 

NART (Performance IQ)    F(2,5)=2.852

, p=0.149 
1
 

Baseline 114.1 ± 8.9 

(n=17) 

113.2 ± 9.6 

(n=13) 

116.8 ± 6.1 

(n=4) 

 

12-months follow-up 119.7 ± 4.1 

(n=10) 

119.2 ± 5.0 

(n=6) 

120.5 ± 2.6 

(n=4) 

0.060 

Long-term follow-up 116.3 ± 7.4 

(n=16) 

115.9 ± 8.1 

(n=13) 

118.3 ± 3.8 

(n=3) 

0.093 

NART (Full Scale IQ)    F(2,5)=3.381

, p=0.118 
1
 

Baseline 115.2 ± 9.7 

(n=17) 

114.3 ± 10.5 

(n=13) 

118.3 ± 6.7 

(n=4) 

 

12-months follow-up 121.7 ± 4.8 

(n=10) 

121.2 ± 5.8 

(n=6) 

122.5 ± 3.4 

(n=4) 

0.048 * 

Long-term follow-up 117.6 ± 8.3 

(n=16) 

117.1 ± 9.0 

(n=13) 

120.0 ± 4.4 

(n=3) 

0.088 

Note: Missing cases excluded pair-wise 

1 
Repeated measures ANOVA 

* = statistically significant at the 0.05 level 

** = statistically significant at the 0.01 level 
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These data suggest that there is an improvement in all measures of IQ after surgery, 

although none of the improvements are statistically significant at long-term follow-

up. At long-term follow-up some of the improvements at 12-months appear to have 

been lost, although IQ scores are still improved compared to baseline, mirroring 

some of the changes seen with symptomatic assessments.  

13.8.2 General Intelligence: Other tests 

Scores on a variety of indicators of general intelligence/ attention/ visuomotor speed 

are shown below in Table 103. 
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Table 103: Measures of general intelligence for all subjects undergoing NMD for affective disorder 

All figures are mean ± S.D. All participants ACAPS ACING All procedures: 

Significance 

(compared to 

baseline) 

ACAPS: Significance 

(compared to baseline) 

WAIS – Arithmetic (Scaled 

Score) 

   F(2,3)=0.845, 

p=0.512 
1
 

n=3. Repeated measures not 

performed. 

Baseline 8.7 ± 3.2 

(n=13) 

7.8 ± 2.9 

(n=9) 

11.0 ± 2.9 

(n=4) 

  

12-months follow-up 7.9 ± 2.6 

(n=11) 

6.3 ± 0.8 

(n=6) 

9.8 ± 2.8 

(n=5) 

p=0.624 N/A 

Long-term follow-up 8.4 ± 3.4 

(n=16) 

8.2 ± 3.4 

(n=13) 

9.7 ± 4.0 

(n=3) 

p=1.000 t=1.050, df=6, p=0.334 
2
 

WAIS – Comprehension 

(Scaled Score) 

   F(2,4)=0.223, 

p=0.977 
1
 

F(2,2)=0.325, p=0.755 
1
 

Baseline 9.9 ± 4.3 

(n=15) 

9.4 ± 3.9 

(n=11) 

11.5 ± 5.4 

(n=4) 

  

12-months follow-up 10.6 ± 4.2 

(n=12) 

8.7 ± 3.0 

(n=7) 

13.2 ± 4.4 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 9.5 ± 3.5 

(n=17) 

9.2 ± 3.3 

(n=14) 

10.7 ± 4.7 

(n=3) 

p=1.000 p=1.000 
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All figures are mean ± S.D. All participants ACAPS ACING All procedures: 

Significance 

(compared to 

baseline) 

ACAPS: Significance 

(compared to baseline) 

WAIS – Digit Symbol 

(Scaled Score) 

   F(2,3)=1.058, 

p=0.449 
1
 

n=3. Repeated measures not 

performed. 

Baseline 6.1 ± 2.3 

(n=16) 

5.6 ± 1.7 

(n=12) 

7.5 ± 3.3 

(n=4) 

  

12-months follow-up 6.7 ± 2.6 

(n=10) 

6.2 ± 2.8 

(n=5) 

7.2 ± 2.6 

(n=5) 

p=1.000 N/A 

Long-term follow-up 6.4 ± 3.5 

(n=14) 

5.5 ± 2.4 

(n=11) 

9.7 ± 5.5 

(n=3) 

p=0.585 t=0.000, df=6, p=1.000 

Rey-Complex Figure Test 

(Copy) 
† (3)

 

Data are not normally-distributed at all time points. Therefore, 

averages are medians (minimum – maximum score). 

Insufficient numbers for repeated measures testing. 

Baseline 28.4 (4.0 – 36.0) 

(n=17) 

32.0 (2.0 – 36.0) 

(n=15) 

35.0 (34.0 -36.0) 

(n=2) 

  

12-months follow-up 33.0 (28.0 – 36.0) 

(n=10) 

28.6 (2.0 -36.0) 

(n=7) 

33.0 (29.0 – 36.0) 

(n=3) 

0.225 
3
 N/A 

Long-term follow-up 35.2 (33.0 – 36.0) 

(n=6) 

28.9 (4.5 – 36.0) 

(n=5) 

N/A 

(n=1) 

0.180 
3
 N/A 
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All figures are mean ± S.D. All participants ACAPS ACING All procedures: 

Significance 

(compared to 

baseline) 

ACAPS: Significance 

(compared to baseline) 

Trail-Making Test – Trails 

A (Time) 

Scores were log-transformed (base-10) to achieve normality. Scores are 

geometric means (minimum – maximum) 

F(2,3)=0.949, 

p=0.479 
1
 

n=3. Repeat measures not 

performed. 

Baseline 64.7 (30.9 – 223.9) 

(n=16) 

63.9 (34.7 – 223.9) 

(n=12) 

48.9 (30.9 – 77.6) 

(n=4) 

  

12-months follow-up 49.7 (30.9 – 89.1) 

(n=9) 

60.4 (43.7 – 89.2) 

(n=5) 

39.0 (30.0 – 61.7) 

(n=4) 

p=0.730  

Long-term follow-up 49.8 (22.9 – 229.1) 

(n=16) 

54.0 (28.2 – 229.1) 

(n=13) 

35.0 (22.9 – 61.7) 

(n=3) 

p=1.000 t=0.745, df=9, p=0.475 
2
 

Trail-Making Test – Trails 

B (Time) 

Numbers to small to permit repeated measures testing.   

Baseline 113.0 ± 48.2 

(n=15) 

121.3 ± 48.6 

(n=12) 

102.3 ± 61.3 

(n=3) 

  

12-months follow-up 102.7 ± 47.1 

(n=8) 

136.0 ± 47.4 

(n=5) 

70.3 ± 14.5 

(n=3) 

t=0.610, df=7, 

p=0.561 
2 

 

Long-term follow-up 96.4 ± 34.1 

(n=12) 

97.9 ± 32.3 

(n=9) 

92.0 ± 46.6 

(n=3) 

t=0.674, df=8, 

p=0.519 
2 

t=-0.064, df=7, p=0.951 
2 
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All figures are mean ± S.D. All participants ACAPS ACING All procedures: 

Significance 

(compared to 

baseline) 

ACAPS: Significance 

(compared to baseline) 

CANTAB – MTS (Percent 

correct) 

Data could not be normally transformed. Therefore, averages are 

medians (minimum – maximum score). 

χ
2
 = 2.583, df=3, 

p=0.460 
4
 

χ
2
 = 6.346, df=3, p=0.096 

4
 

Baseline 97.9 (81.3 – 100.0) 

(n=19) 

96.9 (81.3 – 100.0) 

(n=14) 

97.9 (93.8 – 100.0) 

(n=5) 

  

Immediate Post-op 100.0 (89.6 – 100.0) 

(n=20) 

100.0 (89.6 – 100.0) 

(n=15) 

100.0 (94.4 – 100.0) 

(n=5) 

0.167 
3
 N/A 

12-months follow-up 96.9 (83.3 – 100.0) 

(n=10) 

97.9 (91.7 – 100.0) 

(n=5) 

94.4 (83.3 – 100.0) 

(n=5) 

0.345 
3
 N/A 

Long-term follow-up 94.4 (87.5 – 100.0) 

(n=17) 

94.1 (87.5 – 100.0) 

(n=14) 

100.0 (94.4 – 100.0) 

(n=3) 

0.373 
3
 N/A 

Missing cases excluded pair-wise 

†
 Outliers removed (number) 

1 
Repeated measures ANOVA 

2
 Paired-samples t-test 

3
 Wilcoxon Signed Ranks Test 

4
 Friedman's two-way analysis of variance 

* = statistically significant at the 0.05 level 

** = statistically significant at the 0.01 level 
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These data are supportive of the impression that general measures of intelligence are 

not significantly affected by NMD. Whilst most measures demonstrate the greatest 

improvement at 12-months, Trails B (which is more dependent on attention and 

cognitive set-shifting) shows different trends for ACAPS and ACING. Time to 

complete the test increases 12-months after ACAPS (it decreases for ACING) but 

improves at long-term follow-up (it deteriorates for ACING). However, the small 

sample sizes (typically 5) prevent firm conclusions, and standard deviations are large, 

suggesting a wide variation in performance. 
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13.9 Results 2: Memory 

Results from neuropsychological testing of memory (primarily originating from the CANTAB) are shown below in Table 104. Tests with insufficient 

numbers for repeated measures analysis have been omitted. 

Table 104: Tests of memory performed pre- and post-operatively 

All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

DMS (% correct all delays)    F(3,4)=0.649, p=0.623 
1
 F(2,3)=1.367, p=0.378 

Baseline 70.4 ± 20.9 

(n=20) 

69.7 ± 20.8 

(n=15) 

72.7 ± 23.5 

(n=5) 

  

Immediate Post-op 68.7 ± 16.8 

(n=19) 

66.1 ± 17.7 

(n=14) 

76.0 ± 13.0 

(n=5) 

p=1.000 Excluded due to low N. 

12-months follow-up 69.0 ± 28.9 

(n=11) 

64.2 ± 32.3 

(n=6) 

74.7 ± 26.4 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 63.2 ± 23.3 

(n=20) 

59.4 ± 22.0 

(n=17) 

84.4 ± 21.4 

(n=3) 

p=1.000 p=0.694 

SRM (% correct)    F(3,4)=1.180, p=0.422 
1
 F(3,1)=3.875, p=0.354 

1
 

Baseline 60.0 ± 19.9 

(n=20) 

57.7 ± 21.5 

(n=15) 

67.0 ± 13.5 

(n=5) 

  

Immediate Post-op 60.8 ± 15.5 

(n=20) 

60.7 ± 17.0 

(n=15) 

61.0 ± 11.4 

(n=5) 

p=1.000 p=1.000 
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12-months follow-up 67.7 ± 16.5 

(n=11) 

69.2 ± 18.0 

(n=6) 

66.0 ± 16.4 

(n=5) 

p=0.380 p=0.648 

Long-term follow-up 65.3 ± 11.1 

(n=20) 

65.6 ± 11.2 

(n=17) 

63.3 ± 12.6 

(n=3) 

p=0.842 p=1.000 

PRM (% correct)    F(3,4)=0.692, p=0.603 
1
 F(3,1)=21.582, p=0.157 

Baseline 71.5 ± 19.9 

(n=20) 

67.8 ± 20.8 

(n=15) 

82.5 ± 13.0 

(n=5) 

  

Immediate Post-op 72.3 ± 18.4 

(n=20) 

70.3 ± 20.3 

(n=15) 

78.3 ± 9.9 

(n=5) 

p=1.000 p=1.000 

12-months follow-up 73.5 ± 15.6 

(n=11) 

70.8 ±16.7 

(n=6) 

76.7 ± 15.5 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 70.0 ± 16.8 

(n=20) 

69.4 ± 18.1 

(n=17) 

73.6 ± 4.8 

(n=3) 

p=0.816 p=0.183 

SSP  F(3,3)=0.941, p=0.519 
1
 n=3. Repeated measures 

not performed. 

Baseline 4.4 ± 1.4 

(n=21) 

4.3 ± 1.5 

(n=16) 

5.0 ± 1.2 

(n=5) 

  

Immediate Post-op 4.4 ± 1.5 

(n=20) 

4.3 ± 1.8 

(n=15) 

4.8 ± 0.4 

(n=5) 

p=1.000 N/A 

12-months follow-up 5.0 ± 1.6 

(n=10) 

4.6 ± 2.1 

(n=5) 

5.4 ± 1.1 

(n=5) 

p=0.704 N/A 
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Long-term follow-up 4.5 ± 1.5 

(n=19) 

4.5 ± 1.6 

(n=16) 

4.7 ± 0.6 

(n=3) 

p=1.000 t=-0.891, df=13, p=0.389 

2
 

Digit Span (Forwards)  F(2,6)=0.302, p=0.750 F(2,4)=0.122, p=0.888 

Baseline 6.3 ± 1.4 

(n=22) 

6.2 ± 1.5 

(n=18) 

6.8 ± 1.3 

(n=4) 

  

12-months follow-up 6.4 ± 1.2 

(n=12) 

6.0 ± 1.3 

(n=7) 

7.0 ± 0.7 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 6.2 ± 1.5 

(n=18) 

6.1 ± 1.6 

(n=15) 

6.3 ± 1.2 

(n=3) 

p=1.000 p=1.000 

Digit Span (Backwards)  F(2,6)=8.070, p=0.020 
1 
*  F(2,4)=9.613, p=0.030 

1
 

*  

Baseline 4.1 ± 2.0 

(n=21) 

3.8 ± 2.0 

(n=17) 

5.3 ± 1.7 

(n=4) 

  

12-months follow-up 4.2 ± 0.9 

(n=12) 

3.9 ± 0.9 

(n=7) 

4.6 ± 0.9 

(n=5) 

p=0.916 p=1.000 

Long-term follow-up 4.4 ± 0.9 

(n=17) 

4.4 ± 1.0 

(n=14) 

4.3 ± 0.6 

(n=3) 

p=0.022 * p=0.038 * 

Logical Memory (Delayed 

Recall) – Raw Score 

 F(2,5)=0.327, p=0.736 
1
 F(2,3)=0.646, p=0.585 

1
 

Baseline 10.8 ± 8.1 

(n=20) 

9.0 ± 6.7 

(n=16) 

18.0 ± 10.4 

(n=4) 
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12-months follow-up 13.6 ± 10.6 

(n=12) 

10.7 ± 10.1 

(n=7) 

17.6 ± 11.1 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 11.2 ± 7.8 

(n=17) 

10.2 ± 8.2 

(n=14) 

16.0 ± 3.5 

(n=3) 

p=1.000 p=1.000 

Visual Reproduction 

(Delayed) – Raw Score 

Scores were log-transformed (base-10) to achieve normality. 

Scores are geometric means (minimum – maximum) 

F(2,2)=0.106, p=0.904 n=2. Repeated measures 

not performed. 

Baseline 13.4 (3.0 – 40.7) 

(n=15) 

14.4 (3.0 – 38.0) 

(n=11) 

11.0 (3.0 – 40.7) 

(n=4) 

  

12-months follow-up 17.1 (7.1 – 50.1) 

(n=10) 

10.8 (7.1 – 14.1) 

(n=5) 

27.2 (7.9 – 50.1) 

(n=5) 

p=1.000 N/A 

Long-term follow-up 14.2 (3.0 – 83.2) 

(n=15) 

12.8 (5.0 – 33.1) 

(n=12) 

21.5 (3.0 – 83.2) 

(n=3) 

p=1.000 t=-0.201, df=7, p=0.847 
2
 

Missing cases excluded pair-wise 

†
 Outliers removed (number) 

1 
Repeated measures ANOVA 

2
 Paired-samples t-test 

3
 Wilcoxon Signed Ranks Test 

4
 Friedman's two-way analysis of variance 

* = statistically significant at the 0.05 level 

** = statistically significant at the 0.01 level 

 

 



 

     

309 

The above table would support the hypothesis that NMD has no significant negative 

impact upon standard assessments of memory. The effect of time after surgery on 

digit span (backwards) was significant (F(2,6)=8.070, p=0.020), and this 

improvement in performance was only evident at long-term follow-up. However, this 

improvement is unlikely to be clinically significant. Improvements in digit span 

(backwards) would point to improvements in short-term/ working memory. 

Backward digit span requires more mental processing than forward digit span which 

only requires reproductive memory. 

Further, there is some suggestion of a „trend‟ towards improvement on paired-

associates learning (PAL) for the whole group. However, with the latter test it should 

be recognised that group sizes were very small, missing data were excluded pairwise 

rather than listwise, and the data had undergone log-transformation before analysis. 
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13.10 Results 3: Executive Function 

Clinical neuropsychological and CANTAB tests pertaining to executive function are summarised below in Table 105. 

Table 105: Tests of executive function performed pre- and post-operatively 

All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Verbal Fluency – Animals     F(2,5)=0.864, p=0.476 

1 

F(2,4)=1.149, p=0.403 
1
 

Baseline 15.4 ± 6.0 

(n=17) 

14.5 ± 5.9 

(n=14) 

19.7 ± 4.9 

(n=3) 

  

12-months follow-up 17.4 ± 5.9 

(n=12) 

10.4 ± 4.9 

(n=7) 

20.8 ± 6.0 

(n=5) 

p=1.000 p=1.000 

Long-term follow-up 17.4 ± 6.5 

(n=17) 

17.0 ± 6.7 

(n=14) 

19.0 ± 6.6 

(n=3) 

p=0.639 p=0.453 

Verbal Fluency – „S‟     F(2,4)=0.424, p=0.681 

1
 

F(2,3)=1.278, p=0.397 
1
 

Baseline 10.8 ± 5.7 

(n=16) 

10.1 ± 5.7 

(n=14) 

15.5 ± 3.5 

(n=2) 

  

12-months follow-up 12.1 ± 6.7 

(n=11) 

8.3 ± 3.9 

(n=7) 

18.8 ± 5.3 

(n=4) 

p=1.000 p=1.000 
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Long-term follow-up 12.1 ± 5.8 

(n=15) 

11.9 ± 5.7 

(n=13) 

13.0 ± 8.5 

(n=2) 

p=1.000 p=0.475 

Block Design (Scaled Score)    F(2,3)=0.725, p=0.554 

1 

n=3. Repeated measures not 

performed. 

Baseline 7.6 ± 2.8 

(n=17) 

7.6 ± 2.4 

(n=13) 

7.8 ± 4.3 

(n=4) 

  

12-months follow-up 8.1 ± 3.8 

(n=11) 

7.0 ± 4.2 

(n=6) 

9.4 ± 3.2 

(n=5) 

p=1.000 t=0.854, df=3, p=0.456 
2
 

Long-term follow-up 6.9 ± 1.7 

(n=15) 

6.8 ± 1.9 

(n=12) 

7.3 ± 0.6 

(n=3) 

p=1.000 t=0.919, df=7, p=0.388 
2
 

Spatial Working Memory 

(Total Errors) 

Immediate post-op results were excluded due to non-normality for this 

variable. 

F(2,5)=25.135, 

p=0.002 
1 
** 

F(2,2)=32.008, p=0.03 
1
 * 

Baseline 50.7 (24.0 – 85.1) 

(n=20) 

53.0 (24.0 – 85.1) 

(n=15) 

44.5 (30.9 – 69.2) 

(n=5) 

  

12-months follow-up 23.8 (2.0 – 93.2) 

(n=10) 

21.2 (2.0 – 93.3) 

(n=5) 

26.6 (12.0 – 53.7) 

(n=5) 

p=0.266 

 

p=0.414 

 

Long-term follow-up 42.3 (6.0 – 100.0) 

(n=18) 

44.9 (6.0 – 100.0) 

(n=15) 

31.5 (19.1 – 41.7) 

(n=3) 

p=0.192 p=0.631 
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Spatial Working Memory 

(Between Errors – 4 boxes) 

Data could not be normally transformed. Therefore, averages are 

medians (minimum – maximum score). 

χ
2
 = 4.622, df=3, 

p=0.202 
4
 

n=3. Repeated measures 

analysis not performed. 

Baseline 0.5 (0.0 – 10.0) 

(n=20) 

1.0 (0.0 – 10.0) 

(n=15) 

0.0 (0.0 – 5.0) 

(n=5) 

  

Immediate Post-op 1.0 (0.0 – 13.0) 

(n=20) 

1.0 (0.0 – 13.0) 

(n=15) 

1.0 (0.0 – 4.0) 

(n=5) 

p=0.949 
3 

p=0.654 
3
 

12-months follow-up 0.5 (0.0 – 10.0) 

(n=10) 

3.0 (0.0 – 10.0) 

(n=5) 

0.0 (0.0 – 1.0) 

(n=5) 

p=0.752 
3
 p=1.000 

3
 

Long-term follow-up 0.0 (0.0 – 7.0) 

(n=19) 

0.0 (0.0 – 7.0) 

(n=16) 

0.0 

(n=3) 

p=0.015 
3
 * p=0.024 

3
 * 

Spatial Working Memory 

(Between Errors – 6 boxes) 

   F(3,3)=3.569, p=0.162 n=3. Repeated measures not 

performed. 

Baseline 16.6 ± 8.9 

(n=20) 

17.1 ± 9.1 

(n=15) 

15.2 ± 9.0 

(n=5) 

  

Immediate Post-op 16.7 ± 8.5 

(n=20) 

17.4 ± 9.0 

(n=15) 

14.4 ± 7.2 

(n=5) 

p=1.000 t=-0.609, df=13, p=0.553 
2 

12-months follow-up 8.2 ± 8.4 

(n=10) 

11.6 ± 10.6 

(n=5) 

4.8 ± 4.0 

(n=5) 

p=0.069 t=1.732, df=3, p=0.182 
2
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Long-term follow-up 15.0 ± 10.4 

(n=19) 

16.6 ± 10.5 

(n=16) 

6.7 ± 5.1 

(n=3) 

p=0.731 t=1.390, df=12, p=0.190 
2
 

Spatial Working Memory 

(Between Errors – 8 boxes) 
† (1)

 

   F(3,2)=2.139, p=0.334 

1
 

n=2. Repeated measures not 

performed. 

Baseline 31.5 ± 8.6 

(n=19) 

32.5 ± 9.4 

(n=14) 

28.8 ± 5.4 

(n=5) 

  

Immediate Post-op 32.3 ± 6.5 

(n=19) 

32.6 ± 6.9 

(n=14) 

24.2 ± 5.9 

(n=5) 

p=1.000 t=0.130, df=12, p=0.899 
2
 

12-months follow-up 29.2 ± 18.2 

(n=9) 

34.3 ± 24.3 

(n=4) 

25.2 ± 13.4 

(n=5) 

p=1.000 N/A (n=3) 

Long-term follow-up 26.8 ± 10.9 

(n=18) 

26.9 ± 11.7 

(n=15) 

26.3 ± 7.6 

(n=3) 

p=0.171 t=2.369, df=11, p=0.037 
2
 * 

Spatial Working Memory 

(Strategy) 

Data could not be normally transformed. Therefore, averages are 

medians (minimum – maximum score). Insufficient numbers for repeated 

measures analysis. 

No baseline measures 

for ACAPS. 

No baseline measures for 

ACAPS. 

Baseline 37.0 (35.0 – 39.0) 

(n=5) 

n=0 37.0 (35.0 – 39.0) 

(n=5) 

  

Immediate Post-op 39.0 (35.0 – 41.0) 

(n=5) 

n=0 39.0 (35.0 – 41.0) 

(n=5) 
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

12-months follow-up 37.0 (22.0 – 40.0) 

(n=8) 

38.0 (22.0 – 40.0) 

(n=3) 

37.0 (29.0 – 38.0) 

(n=5) 

  

Long-term follow-up 38.0 (16.0 – 47.0) 

(n=18) 

39.0 (16.0 -47.0) 

(n=15) 

36.0 (33.0 – 37.0) 

(n=3) 

  

ID/ED Shift (Total Errors 

Adjusted) 

Data could not be normally transformed. Therefore, averages are 

medians (minimum – maximum score). 

χ
2
 = 7.444, df=3, 

p=0.059 
4
 

Insufficient numbers for 

analysis. 

Baseline 39.5 (11.0 – 204.0) 

(n=20) 

71.0 (11.0 – 204.0) 

(n=15) 

15.0 (14.0 – 61.0) 

(n=5) 

  

Immediate Post-op 84.0 (7.0 – 221.0) 

(n=21) 

110.0 (7.0 – 221.0) 

(n=16) 

17.0 (12.0 – 33.0) 

(n=5) 

p=0.109 
3
 

(n=5) 

N/A 

12-months follow-up 14.0 (7.0 – 142.0) 

(n=10) 

15.0 (7.0 – 142.0) 

(n=5) 

13.0 (12.0 – 28.0) 

(n=5) 

p=0.197 
3
 

(n=5) 

N/A 

Long-term follow-up 20.5 (7.0 – 63.0) 

(n=18) 

20.0 (7.0 – 63.0) 

(n=15) 

35.0 (9.0 – 63.0) 

(n=3) 

N/A 

(n=3) 

N/A 

ID/ED Shift (Stages 

completed) 

Data could not be normally transformed. Therefore, averages are 

medians (minimum – maximum score). 

χ
2
 = 5.727, df=3, 

p=0.126 
4
 

χ
2
 = 9.000, df=3, p=0.029 

4 

* 

Baseline 8 (2 – 9) 

(n=21) 

7 (2 – 9) 

(n=16) 

9 (7 – 9) 

(n=5) 
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Immediate Post-op 7 (1 – 9) 

(n=22) 

6 (1 – 9) 

(n=17) 

9 (all subjects) 

(n=5) 

N/A p=0.079 
3
 

12-months follow-up 9 (5 – 9) 

(n=10) 

9 (5 – 9) 

(n=5) 

9 (all subjects) 

(n=5) 

N/A p=0.109 
3
 

Long-term follow-up 9 (7 – 9) 

(n=19) 

9 (7 – 9) 

(n=16) 

9 (7 – 9) 

(n=3) 

N/A p=0.034 
3 
* 

Stockings of Cambridge 

(Problems solved in minimum 

moves) 

 F(3,3)=22.577, 

p=0.015 
1
 * 

n=3. Repeated measures not 

performed. 

Baseline 7.3 ± 2.3 

(n=20) 

7.7 ± 2.0 

(n=15) 

6.0 ± 2.7 

(n=5) 

  

Immediate Post-op 8.1 ± 1.9 

(n=20) 

8.4 ± 1.7 

(n=15) 

7.2 ± 2.4 

(n=5) 

p=1.000 t=-0.953, df=13, p=0.358 
2 

12-months follow-up 7.6 ± 2.8 

(n=10) 

7.2 ± 2.2 

(n=5) 

8.0 ± 3.5 

(n=5) 

p=0.201 t=-2.611, df=3, p=0.080 
2
 

Long-term follow-up 8.8 ± 2.1 

(n=17) 

8.8 ± 1.9 

(n=14) 

9.0 ± 3.5 

(n=3) 

p=0.017 * t=-1.147, df=11, p=0.276 
2
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Stockings of Cambridge (Mean 

initial thinking time, 5 moves) 
† 

(2: 17,35)
 

Data was log transformed, but still was not normally distributed. Scores 

are geometric means (minimum – maximum), but non-parametric tests 

have been used. 

χ
2
 = 6.120, df=3, 

p=0.106 
4
 

χ
2
 = 7.000, df=3, p=0.072 

4
 

Baseline 1944.2 (942.8 – 

8946.0) 

(n=16) 

1464.0 (942.8 – 

4301.3) 

(n=13) 

6647.4 (4469.0 – 

8946.0) 

(n=3) 

  

Immediate Post-op 1553.4 (434.5 – 

26550.0) 

(n=17) 

1125.1 (434.5 – 

6374.5) 

(n=14) 

6998.4 (1725.0 – 

26550.0) 

(n=3) 

p=0.278 
3
 p=0.124 

3
 

12-months follow-up 5244.5 (1141.3 – 

16783.0) 

(n=7) 

3999.3 (1141.3 – 

11454.0) 

(n=4) 

7527.8 (4759.0 – 

16783.0) 

(n=3) 

p=0.249 
3
 p=0.285 

3
 

Long-term follow-up 9445.8 (925.5 – 

23982.0) 

(n=14) 

9609.6 (925.5 – 

23982.0) 

(n=12) 

8519.9 (6235.0 – 

11642.0) 

(n=2) 

p=0.005 
3
 ** p=0.004 

3
 ** 
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All figures are mean ± S.D. 

unless otherwise stated 

All participants ACAPS ACING All procedures: 

Significance (compared 

to baseline) 

ACAPS: Significance 

(compared to baseline) 

Stockings of Cambridge (Mean 

subsequent thinking time, 5 

moves) 
† (1: 24)

 

Scores were log-transformed (base-10) to achieve normality. Scores are 

geometric means (minimum – maximum) 

F(3,1)=2265.4, 

p=0.015 
1
 * 

n=3. Repeated measures not 

performed. 

Baseline 616.5 (93.3 – 7965.0) 

(n=17) 

454.1 (93.3 – 1775.0) 

(n=14) 

2566.7 (622.0 – 

7965.0) 

(n=3) 

  

Immediate Post-op 499.0 (103.6 – 

2092.4) 

(n=18) 

482.5 (103.6 – 

2092.4) 

(n=15) 

589.9 (166.0 – 

1268.0) 

(n=3) 

p=1.000 t=-0.474, df=13, p=0.644 
2 

12-months follow-up 790.3 (192.1 – 

4867.0) 

(n=7) 

729.8 (192.1 – 

4867.0) 

(n=4) 

878.8 (702.0 – 

1317.0) 

(n=3) 

p=1.000 n=3. Test not performed. 

Long-term follow-up 875.4 (36.7 – 6399.0) 

(n=15) 

949.6 (36.7 – 6399.0) 

(n=14) 

(n=1) p=1.000 t=-2.746, df=10, p=0.021 
2
 

* 

Missing cases excluded pair-wise 

†
 Outliers removed (number of participants: ID) 

1 
Repeated measures ANOVA 

2
 Paired-samples t-test 

3
 Wilcoxon Signed Ranks Test 

4
 Friedman's two-way analysis of variance 

* = statistically significant at the 0.05 level 

** = statistically significant at the 0.01 level 
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In summary, there was a non-significant improvement in verbal fluency (animals) 

which was less pronounced with „S‟. Improvements in Block Design 12-months after 

surgery were lost by long-term follow-up. There is a trend towards a significant 

improvement on SWM (Total Errors) with time (F(3,3)=6.411, p=0.081), although 

the group size is small. Separate analysis of Between Errors for 4, 6, and 8 boxes 

shows that at long-term follow-up, there is significant improvement seen on the 4-

box and 8-box tests. There is also a trend towards improvement on SOC (Problems 

solved in minimum moves), for the NMD group as a whole, with significant 

improvements seen at long-term follow-up. However, this is not seen in the ACAPS 

group. 

The limitations of the dataset and the consequent caution which needs to be 

applied when interpreting many of these results are particularly relevant to the SOC 

(mean thinking time) results. The dataset is relatively small (max n=16) and there 

was a wide distribution of results. From available data, there is a strong suggestion of 

improvement in initial thinking time both for the NMD group overall, and the 

ACAPS group, and this may reflect individuals taking longer in the planning aspect 

of the test following NMD. The ability of the test to differentiate between motor 

speed and thinking time would mitigate against individuals are simply taking longer 

to respond. 

 

13.11 Results 4: Summary 

13.11.1 General changes in performance over time 

A summary of the general trend in test performance between baseline and long-term 

follow-up (mean=6.6 years for CANTAB, and 6.8 years for clinical 

neuropsychology) is given below in Table 106. 
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Table 106: Trends in performance on neuropsychological tests between baseline 

and long-term follow-up 

Test Change in performance at long-term 

follow-up 

All 

procedures 

ACAPS ACING 

General Intelligence    

NART – Verbal IQ + + + 

NART – Performance IQ + + + 

NART – Full Scale IQ + + + 

WAIS – Arithmetic - + - 

WAIS – Comprehension - - - 

WAIS – Digit Symbol + - +++ 

Rey Complex Figure Test – Copy +++ +++ N/A 

Trail Making Test (A) +++ +++ +++ 

Trail Making Test (B) +++ +++ +++ 

MTS (Percent Correct) - - + 

Memory    

DMS (Percent correct – all delays) --- --- +++ 

SRM (Percent correct) ++ +++ -- 

PRM (Percent Correct) - + --- 

PAL (Total Errors, Adjusted) +++ N/A N/A 

SSP + + - 

Digit Span (Forwards) - - -- 

Digit Span (Backwards) ++ * +++ * --- 

Verbal Paired Associates (Delayed) ++ ++ +++ 

Logical Memory (Delayed Recall) + ++ --- 

Visual Reproduction (Delayed) + --- +++ 

Executive Function    

Verbal Fluency (Animals) +++ +++ - 

Verbal Fluency („S‟) +++ +++ --- 

Block Design -- --- -- 

Spatial Working Memory (Total Errors) +++ +++ +++ 
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Test Change in performance at long-term 

follow-up 

All 

procedures 

ACAPS ACING 

ID/ED Shift (Stages completed) +++ +++ * 0 

ID/ED Shift (Total Errors, Adjusted) +++ +++ --- 

SOC (Problems Solved in Minimum Moves) +++ * +++ +++ 

+=Improvement (1-5%), ++ = Improvement (5-10%), +++ = Improvement (> 10%) 

- =Deterioration (1-5%), -- = Deterioration (5-10%), --- = Deterioration (> 10%) 

* = p<0.05, ** = p<0.01 

 

13.11.2 Changes in performance in the immediate post-operative period 

It may be predicted that the worst performance on most, if not all, tests would be 

seen in the immediate post-operative period. During this time, oedema extends 

beyond the boundaries of the actual lesion and it is presupposed that the functional 

lesion in this period is larger than that after healing. Results in the postoperative 

period are only available for CANTAB tests. 

Improvement (+), No change (0), or deterioration (-) in the postoperative period 

for each of the CANTAB tests is shown below in Table 107. Scores for SOC 

(thinking time) have not been presented since it is less straightforward to judge shifts 

in performance (please see discussion in Section 13.10 above). 
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Table 107: Summary of trends in performance in post-operative period for 

CANTAB tests 

CANTAB test Change in performance in post-

operative period 

 All 

procedures 

ACAPS ACING 

MTS (Percent correct) + + + 

DMS (Percent correct, all delays) - -- + 

SRM (Percent correct) + ++ -- 

PRM (Percent correct) + + -- 

PAL (Total Errors Adjusted) +   

SSP 0 0 - 

SWM (Total Errors) - - - 

SWM (Between Errors – 8 boxes) - 0 + 

SWM (Strategy) N/A N/A -- 

ID/ED Shift (Total Errors Adjusted) --- --- --- 

SOC (Problems solved in minimum moves) +++ +++ +++ 

+=Improvement (1-5%), ++ = Improvement (5-10%), +++ = Improvement (> 10%) 

- =Deterioration (1-5%), -- = Deterioration (5-10%), --- = Deterioration (> 10%) 

* = p<0.05, ** = p<0.01 

 

Such data, albeit a crude representation of complex shifts in performance, indicate 

that in general changes in performance are usually mild (typically less than 5%) and 

that on many tests performance actually improves. The obvious exception to this is 

ID/ED shift, which shows a global deterioration in performance shortly after surgery. 

Quite why this is so is unclear, since other supposedly „executive‟ tasks (e.g. SOC) 

show an overall improvement. 
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13.12 Conclusions 

Bearing in mind the small sample sizes in some of the groups above, the compelling 

conclusion, particularly for ACAPS where there are greatest numbers, is that there is 

no major impairment of neuropsychological function. In fact, the reverse appears to 

be true. There are non-significant improvements in the majority of tests of general 

intelligence, memory, and executive function. Further, there is little evidence to 

suggest that impairments are greatest when the lesion is at its largest, i.e. the post-

operative period. 

Such findings support the findings from the existing literature summarised in 

Section 13.1.5 which did not find compelling evidence of impairment following a 

variety of neurosurgical interventions. 

It is worth noting that the range of scores on many tests, however, was large and 

that some individuals undoubtedly show impairments in some aspects of 

neuropsychological function after NMD. Unfortunately, the numbers did not permit 

an extensive examination of whether there are key differences between those 

individuals who did not improve and those who actually improved. 
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14. Adverse Effects 

 

14.1 Literature review of adverse effects from historical and 

current procedures 

14.1.1  ‘Common’ Adverse Effects following neurosurgery for mental disorder 

A summary of adverse effects reported in the literature is shown in Table 108. 

14.1.2 Rare adverse events 

Escobar & Chandel (1977) reported a single case in which a 44-year-old married 

woman had developed schizophrenic symptoms after anterior cingulotomy. Some of 

the symptoms predated the treatment with imipramine and methylphenidate but the 

latter drug could conceivably have exacerbated the problem. She was eventually 

treated with trifluoperazine but affective blunting and anhedonia persisted. The 

authors postulated that interruption of limbic connections was the probable cause. 

Indeed, schizophrenic symptoms have been described in the context of various brain 

lesions and tumours (Fuller Torrey & Peterson, 1974). 

Altered pain and temperature sensation has been reported in a single case 

following NMD by David et al (1994). The subject, a 35-year-old woman with 

schizoaffective disorder underwent cingulotomy, followed by capsulotomy 10-weeks 

later. Three months after the capsulotomy, cold stimuli were reported as being colder 

and more noxious than prior to surgery. Such findings support a role for the cingulate 

in nociception 
27

 (LaGraize, Borzan, Peng, et al, 2006; Rainville, Duncan, Price, et 

al, 1997), but the water is muddied by the (almost simultaneous) capsulotomy. 

                                                 

27
 The perception of pain. More specifically, the term applies to the transmission of pain information 

to the brain, but doesn‟t take into account types of response (e.g. emotional) to the noxious stimulus. 
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Table 108: Summary of common side effects from 'modern' NMD procedures 

   Adverse Effect and rate (%) 

Study 
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Montoya et al (2002) LimLeuc 21 4.7%  9.5% 
1
  23.8%  14.2%  14.2% 

2
 9.5%  

Knight (1965) SST 90   1.1%    3.3%     

Göktepe et al (1975) SST 208       2.2%     

Bridges et al (1994) SST 1300  10%     1.6%   1%  

Herner (1961) ACAPS 116        65.5%    

Bingley et al (1977) ACAPS 35     Y *  0%     

Rück (2006) ACAPS 26    Y *   7.7% Y *    

Martin et al (1977) ACING 68           2.9% 

Ballantine et al (1987) ACING 198       1%   9.1%  

Jenike et al (1991) ACING 35       9%  3% 12%  

Baer et al (1995) ACING 18   5.5%     5.5%    

Spangler et al (1996) ACING 34 Y * 2.9%     5.9%     
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   Adverse Effect and rate (%) 

Study 
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Dougherty et al (2002) ACING 44   7%    2%  5% 2%  

Kim (2003) ACING 14 11.8%   28.6%    21.4%    

Yen et al (2005) ACING 
3
 22  9.1%          

* Reported, but numbers not specified. 

1
 Incontinence was persistent in 3 (14.2%) cases. 

2
 Persistent in 2 (9.5%) cases. 

3
 Procedure was performed for pain. 
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14.2 Changes in Personality 

14.2.1 Background 

Changes in personality have been described since the earliest procedures of Freeman 

and Watts, and are typified by the case of Phineas Gage (described earlier). The 

medical literature contains numerous reports confirming that damage to frontal areas 

of the brain has detrimental effects of such functions. However, in the context of the 

NMD literature there may be additional reasons why personality change has been 

reported so frequently. 

Valid, sensitive measures of personality designed for repeated testing are 

unavailable, and apparent personality changes described post-NMD may result from 

the return of premorbid personality function. Recovery after many years of illness 

can pose as great a challenge to the established roles of carers and relatives as it does 

for the patient. Indeed, one of the challenges for the longitudinal assessment of 

personality is the effect of illness upon both the development and expression of 

personality traits. It may not be the case that personality is fixed by a certain age 

(Lenzenweger, Johnson & Willett, 2004). Individuals who develop chronic 

depression in their late teens, for example, are unlikely to escape the effects of the 

illness upon social relationships, self-esteem, and coping strategies. 

Termed the „scar‟ hypothesis, it is argued that major depression predisposes the 

individual to further episodes, possibly by changing the personality (Zeiss & 

Lewinsohn, 1988). However, it is reported that self-report measures of personality do 

not change after a single episode of depression (Shea, Leon, Mueller, et al, 1996) but 

relatively stable traits may be heavily influenced by factors such as comorbid axis I 

disorders (Shea, Stout, Gunderson, et al, 2002). For a review of some of these issues, 

see Akiskal et al (1983). 
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A summary of personality changes reported in the literature is given in Table 

109. 
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Table 109: Summary of neuropsychological changes following Neurosurgery for Mental Disorder: Personality. 

Paper Number 

of 

subjects 

Procedure Follow-up Test 

MMPI 16-PF EPI MPI KSP Comments 

Bridges (1973) 27 SST 3 weeks   E +, N -    

Kelly (1973) 35 LimLeuc 6 weeks    E +, N- **   

Mitchell-Heggs et al 

(1976) 
7
 

66 LimLeuc 16 months    E +, N- **   

Bailey et al (1973) 50 ACING Up to 7 years  E + *     

Vilkki (1977) 17 ACING > 24 months    E + *, N 0   

Martin et al (1977) 68 ACING > 4 years +      

Bingley et al (1977) 12 ACING 1 year + 
5
  + 

5
    

Long et al (1978)  19 “anterior 

cingulate 

lesions” 
1
 

12 months + 
2
 + 

3
     

Cohen (2001) 12 ACING 1 year + * 
9
     ACING 

given for 

chronic pain 

Rylander (1979) 38 ACAPS 3½ years    E + *, N 0 
5
   

Mindus (1988) 9 ACAPS 1 year     + 
8
  

Mindus & Nyman (1991) 24 ACAPS 1 year     + 
6
  

Mindus et al (1999) 19 ACAPS 8 years     +  
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Paper Number 

of 

subjects 

Procedure Follow-up Test 

MMPI 16-PF EPI MPI KSP Comments 

Hay et al (1993) 17 Unclear – 

results not 

separated by 

lesion 
4
 

   E +, N - **   2 subjects 

had 

personality 

deterioration 

+  indicates increase/ improvement/ normalisation in score 

0  indicates no change 

- indicates decrease/ worsening of score 

* Statistically significant at 0.05 level; ** Statistically significant at 

the 0.01 level 

MMPI = Minnesota Multiphasic Personality Inventory 

MPI = Maudsley Personality Inventory: E=Extraversion, n=Neuroticism 

16-PF = Cattell‟s Sixteen Personality Factor Test 

EPI = Eysenck Personality Inventory: E=Extraversion, n=Neuroticism 

KSP = Karolinska Scales of Personality 

SST = Stereotactic Subcaudate Tractotomy; LimLeuc = Limbic Leucotomy; ACAPS = Anterior Capsulotomy; ACING = Anterior Cingulotomy 

1
 Lesion placement very similar to „standard‟ ACING 

2 
Significant changes in: hypochondrias **; depression **; hysteria *; paranoia *; psychaesthenia ** 

3
 Significant improvement in: Extraversion **; Self-sufficiency *; Less tension **; Dominance ** 

4
 Orbitomedial + cingulate (n=17); ACING (n=6); orbitomedial (n=3). However, neuropsychology results not stratified by lesion type. Further, lesion analysis revealed 

that 8/10 cingulotomy lesions included the corpus callosum and 3/10 had included the anterior capsule. 

5
 Raw or summary data not reported – text description only. 

6
 Significant improvements for non-OCD patients (n=14) were seen in: Impulsiveness; Somatic Anxiety; Muscular Tension; and Irritability 

7
 Personality changes for the same group of patients are also presented in a book chapter, and are not presented here (Mitchell-Heggs, Kelly & Richardson, 1977) 

8
 Statistically significant improvements seen in the following traits: Psychaesthenia, irritability, anxiety, muscular tension, and inhibition of anger. 

9
 Significant changes in: Psychaesthenia and Hysteria. 
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A further question arises from the use of self-report measures of personality 

traits. It is well-understood that major depression impacts upon a wide range of 

emotional, behavioural, and cognitive domains. Without detailed assessment of pre-

morbid personality conducted in individuals when they are asymptomatic, the 

clinician may never truly know whether the traits he sees have always been present 

(and are due to personality) or whether the individual is simply viewing himself and 

his current situation through the lens of his current psychopathology. 

There is considerable literature documenting changes in measured levels of 

personality traits which are associated with improvements in depressive symptoms. 

Costa et al (2005) reported that improvement in depressive symptoms resulted in 

levels of reduced levels of neuroticism, along with increases in extraversion, 

openness, and conscientiousness when measured on the NEO 
28

 Personality 

Inventory – Revised (NEO-PI-R). Since introversion is the trait most consistently 

associated with a predisposition to depression, it remains to be seen whether 

pharmacological treatment of the illness reduces the risk of further episodes, or 

whether treatment of personality traits brings about the changes. 

Black & Sheline (1997) reported improvements on the Temperament and 

Character Inventory in a small group of patients with DSM-III-R major depression. 

Improvements were correlated with reductions in depression rating scales. Broadly 

similar findings were reported by Hellerstein et al (2000) using the Tridimensional 

Personality Questionnaire in patients with dysthymia. Whilst improvements in 

single-item scores in a multi-dimensional personality assessment can be argued to be 

                                                 

28
 „NEO‟ refers to three of the five domains of personality: Neuroticism, Extraversion, Openness 
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of little consequence, such findings support the view that certain aspects of 

personality are influenced by depressive symptoms. 

Interestingly, it appears that depressive illness may only modify the expression 

of certain personality characteristics. Hirschfeld et al (1983) reported that depressive 

symptoms influenced the ratings of extraversion and dependency, whilst rigidity and 

dominance were not affected by treatment after one year. Similarly, reductions in 

anxiety ratings in response to treatment for agoraphobia and panic disorder are 

associated with increased extraversion and reduced dependence. The authors 

concluded that state anxiety, like depressive symptomatology, is a possible 

confounder in the assessment of personality (Reich, Noyes, Coryell, et al, 1986). 

Santor et al (1997) studies changes in neuroticism and extraversion in a group of 

patients undergoing drug treatment (n=71). Differentiating between „absolute 

stability‟ (the extent to which scores change over time) and „relative stability‟ (the 

extent to which relative differences between individuals stay the same over time) 

they found that scores on neuroticism and extraversion changed with treatment, but 

retained relative stability. 

14.2.2 Changes in Self-Report measures of personality 

14.2.2.1 Eysenck Personality Inventory (EPI) 

The EPI is a 53-item scale which requires subjects to specify whether a certain 

characteristic represents their usual way of feeling. Although the scale provides a 

„Lie‟ score, intended to identify bogus patterns of responding, the main dimensions 

are extraversion and neuroticism. Scores for extraversion and neuroticism are shown 

below in Table 110. There were insufficient numbers to present scores for ACAPS, 

and so ACING scores are described only. Lie scores are not presented, but there was 
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no significant difference between Lie scores at baseline and at long-term follow-up 

[F(2,1)=1.000, p=0.577]. 

 

Table 110: Extraversion and Neuroticism scores measured on the EPI 

All scores are mean ± 

SD 

Extraversion score Neuroticism score 

Baseline 9.5 ± 1.8 

(n=6) 

17.0 ± 2.6 

(n=6) 

12-months 10.5 ± 2.6 

(n=6) 

13.8 ± 5.1 

(n=6) 

Long-term follow-up 9.25 ± 2.2 

(n=4) 

13.8 ± 5.9 

(n=4) 

Note: Missing cases excluded pairwise 

 

The existing literature on personality measures after ACING would suggest that there 

is an increase in extraversion and minimal change in neuroticism (1977; Jacobsen, 

Wolfe & Jackson, 1935; 1977). In our sample, whilst there is a reduction in 

neuroticism from 17.0 to 13.8, this change is not statistically significant 

[F(2,1)=31.000, p=0.126]. Extraversion scores, however, do not appear to change, 

which is in contrast to previous research. The small sample size may be too small to 

detect meaningful differences in scores. Alternatively, it may be possible that 

increases in extraversion scores, to some extent, represent disinhibition/ greater 

hedonic tendencies, and therefore it can be reassuring to see no change in 

extraversion post-operatively. 



 

     

333 

14.2.2.2 Inventory of Interpersonal Problems – Personality Disorder (IIP-PD; 

Stern, Kim, Trull, et al, 2000) 

Developed from the IIP-64, the IIP-PD is a self-report inventory consisting of 47 

questions which examine interpersonal problems and associated levels of distress. 

Scores rate interpersonal functioning on a number of domains and can indicate 

whether the individual‟s functioning is suggesting of a personality disorder of Cluster 

B (Dissocial, Impulsive, Borderline, and Histrionic) or Cluster C (Anankastic, 

Anxious, and Dependent) type. The IIP-PD was introduced relatively recently and 

data is only available for ACAPS participants. 

 The number of participants who were identified as having a personality disorder 

pre- and post-op is shown below in Table 111, along with the proportion of Cluster B 

and Cluster C disorders. The numbers of participants is too small to permit analysis, 

but between 33% and 75% of participants have a Cluster C personality disorder at 

any particular time point. 

Table 111: Presence of personality disorder pre- and post-op for participants 

undergoing anterior cingulotomy 

 Number of participants 

positive for PD 

Cluster B or C? 

Baseline (n=3) 1 (33%) Cluster C (n=1) 

12-months (n=4) 3 (75%) Cluster C (n=3) 

Long-term follow-up (n=3) 1 (33%) Cluster C (n=1) 

Note: Where data are missing, the individual has been excluded from the analysis for that 

time point. 

 

To determine whether the variation in numbers of personality disorders in Table 111 

represents individuals who are moving in and out of yes/ no categories, gain or loss 

of a personality disorder diagnosis was examined at 12-months. Insufficient numbers 

were available for long-term follow-up. The results are shown in Table 112. 
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Table 112: Gain or loss of personality disorder diagnosis at 12-months and long-

term follow-up following anterior cingulotomy 

 New Personality 

Disorder 

„Lost‟ 

Personality 

Disorder 

No Change 

Baseline (n=3) N/A N/A N/A 

12-months (n=4) 2 (66%) 1 (33%) 0 (0%) 

Note: Where data are missing, the individual has been excluded from the analysis for that 

time point. 

 

Available domain scores are low in number, but at long-term follow-up there appear 

to be reductions in interpersonal ambivalence, aggression, lack of sociability, and 

need for social approval. Improvements at 12-months appear to be small, and in some 

cases (e.g. interpersonal sensitivity, and interpersonal sensitivity) there is an increase 

at 12-months. 

14.2.3 Personality Assessment Schedule (PAS; Tyrer, Alexander, Cicchetti, et 

al, 1979) 

PAS scores for a number of participants were completed at baseline but these were of 

a different version to that performed at long-term follow-up. Only fourteen 

participants (46.7%) had had a completed PAS prior to neurosurgery. For six 

participants, a comparison was possible between earlier versions of the scale and 

newer versions using similar categories: 

1. No personality disorder 

2. Personality Difficulties 

3. Personality Disorder 

4. Severe Personality Disorder 

The categorical descriptors at baseline and long-term follow-up are shown below in 

Table 113. 
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Table 113: Categorical description as measured on the Personality Assessment 

Schedule (n=14) 

Category Baseline Long-term follow-up 

No personality disorder 9 (64.3%) 8 (50.0%) 

Personality Difficulties 3 (21.4%) 3 (18.8%) 

Personality Disorder 2 (14.2%) 5 (31.3%) 

Severe Personality Disorder 0 (0.0%) 0 (0.0%) 

Note: Missing cases excluded pair-wise 

Note: „Simple personality disorder‟ and „Complex personality disorder‟ have been merged 

into the category „Personality Disorder‟ 

 

 

The changes in status for the eight participants with scores at baseline and long-term 

follow-up are shown below in Table 114. Although numbers are small, there is no 

compelling evidence to suggest that participants demonstrate greater personality 

problems following surgery. 

Table 114: Change in personality disorder status from baseline to long-term 

follow-up (n=8) 

Category Number of participants (%) 

No change (no personality disorder) 3 (37.5%) 

No Personality Disorder > Personality 

Difficulties 

2 (25.0%) 

Personality Difficulties > No Personality 

Disorder 

2 (25.0%) 

Personality Difficulties > Personality 

Disorder 

1 (12.5%) 
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14.3 Adverse Effects reported in the study 

14.3.1 Methods of assessment 

All patients who were seen during the study period, were interviewed with a 

structured list of possible adverse effects and asked to rate any adverse effects from 1 

(mild) through 5 (moderate) to 10 (severe). A checklist method of inquiring about 

adverse effects is more likely to identify events compared to more open questioning 

(Bent, Padula & Avins, 2006), and ensures that certain adverse effects have not 

occurred. The list of possible adverse effects was compiled from existing reports of 

NMD and from effects observed in the current cohort. Some adverse effects were 

added retrospectively to the list (e.g. eye swelling) due to their occurrence in the 

clinical case notes. 

The medical and nursing case notes for the immediate post-operative period 

(from surgery to discharge from hospital) were reviewed for all participants seen for 

follow-up who had undergone neurosurgery more than 12 months previously. 

Medical and nursing notes were inspected looking for entries which recorded the 

emergence of subjective or objective reports of possible adverse effects. Information 

was obtained in this way for 24 (85.7%) of immediate post-op assessments, and 28 

(100.0%) of 12-month assessments. 

Two participants were excluded from the analysis: one participant (ID=23) had 

experienced a post-operative haemorrhage resulting in permanent neurological 

sequelae and was excluded entirely; one participant (ID=4) had experienced a stroke 

a number of years after neurosurgery and long-term follow-up assessments of 

adverse effects were excluded, whilst post-op assessments were included. 
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Data on adverse effects are presented in Table 115. Rates are organised by 

procedure but not diagnosis, as the numbers of OCD and bipolar depressive patients 

is too small to allow a meaningful stratified comparison by diagnosis and procedure. 
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Table 115: Incidence (Percentage) of adverse effects following NMD. Mean subjective ratings are not given for post-op and 12-months 

Adverse Effect Post-Op 12-months Long-term follow-up 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=22) 

ACING 

(n=4)
†
 

Headache 11 (47.8%) 
1
 4 (66.6%) 0 (0.0%) 0 (0.0%) 3 (13.6%) 

(4.3) 

0 (0.0%) 

Nausea 1 (4.3%) 3 (50.0%) 0 (0.0%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 

Dizziness 1 (4.3%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 2 (9.0%) 

(2.5) 

0 (0.0%) 

Neurological sequelae 2 (8.6%) 
2
 0 (0.0%) 0 (0.0%) 1 (16.7%) 

8
 0 (0.0%) 0 (0.0%) 

Incontinence 3 (13.0%) 1 (16.7%) 1 (4.3%) 
12

 0 (0.0%) 2 (9.1%) 
13

 

(5.5) 

2 (50.0%) 
18 

(5.0) 

Urinary Retention 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 

Sleep Problems/ Nightmares 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (4.5%) 

(2.0) 

1 (25.0%) 
19

 

(4.0) 

Confusion 6 (26.1%) 
3
 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Agitation 1 (4.3%) 
4
 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Tiredness 3 (13.0%) 
5
 1 (16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Drowsiness 1 (4.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Lack of Motivation 1 (4.3%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 4 (18.2%) 
17

 

(3.8) 

0 (0.0%) 
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Adverse Effect Post-Op 12-months Long-term follow-up 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=22) 

ACING 

(n=4)
†
 

Anosmia 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (16.7%) 1 (4.5%) 

(6.0) 

0 (0.0%) 

Subjective Personality Change 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (9.1%) 

(3.0) 

1 (25.0%) 

(5.0) 

Concentration Problems 0 (0.0%) 0 (0.0%) 
7
 1 (4.3%) 

11 
1 (16.7%) 

9
 2 (9.1%) 

14
 

(3.0) 

0 (0.0%) 

Memory Problems 0 (0.0%) 0 (0.0%) 1 (4.3%) 
11 

0 (0.0%) 2 (9.1%) 

(5.5) 

0 (0.0%) 

Sexual Dysfunction 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Addiction 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (9.1%) 
15 

(5.0%) 

0 (0.0%) 

Epilepsy/ Seizures 0 (0.0%) 1 (16.7%) 
6
 0 (0.0%) 0 (0.0%) 1 (4.5%) 

(6.0) 

0 (0.0%) 

Mean number of seizures in last month N/A 1 N/A N/A 0 N/A 

Weight Gain 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (33.3%) 3 (13.6%) 
16

 

(7.0) 

1 (25.0%) 

(2.0) 

Mean Weight Gain (kg) N/A N/A N/A 3.0 
10

 11.7 3.2 

Wound Pain 1 (4.3%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Facial Swelling 2 (8.6%) 3 (50.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 



 

     

340 

Adverse Effect Post-Op 12-months Long-term follow-up 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=23) 

ACING 

(n=6) 

ACAPS 

(n=22) 

ACING 

(n=4)
†
 

Other Adverse Effects       

Déjà vu experiences 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (4.5%) 

(N/A) 

0 (0.0%) 

Lack of emotional response 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (4.5%) 

(N/A) 

0 (0.0%) 

Postural hypotension 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Blurred vision 0 (0.0%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Problems with spelling and reading 0 (0.0%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

†
 Two participants have yet to reach long-term follow-up. 

1
 In many cases, the headache resolved with simple analgesia, but it was difficult to establish this with certainty in cases relying on retrospective case note review. 

2
 Unsteadiness on feet (which lasted for 1-2 weeks post-op) in one participant, and ataxia in another. 

3
 One participant reported as being “hazy and vague”, with perplexed presentation. One participant had problems with planning lasting 2-3 weeks. One participant was 

confused only at night, and this was reducing in intensity and frequency by two weeks. 

4
 Pacing, unsettled, and agitated on day 8 post-op. 

5
 Lasting two weeks in one individual. In another participant, tiredness was in the mornings only, was mild, and not affecting function. A further participant complained 

of tiredness on day 6 post-op. 

6
 Individual had a single tonic-clonic seizure 12-hours post-surgery, but was put on valproate pre-emptively. 

7
 Whilst the individual did not report concentration problems per se, they did describe interruptions to the train of thought, which were not particularly troublesome. 

8
 Individual reported three episodes of loss of power down left side, and one episode of unilateral altered sensation. Reported as being a combination of medication side-

effects and possible transient ischaemic attack. 
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9
 Concentration problems likely to be due to ongoing depressive symptomatology. 

10
 In two cases, it was not possible to quantify the weight gain. 

11
 Memory and concentration problems likely to be related to symptoms.  

12
 Daytime urinary urgency (no incontinence) reported by one participant. A further participant reported difficulties with nocturnal bladder emptying which had been 

investigated (no abnormality found). 

13
 In one participant, stress incontinence developed 11-12 years prior to long-term follow-up, and the relationship to surgery is unclear. In another case, incontinence 

most likely to be associated with bladder prolapse. 

14
 Individual reports being able to follow complex knitting patterns, but is unable to do so now. 

15
 One individual gave up smoking 4 years after surgery, but is currently drinking 30 units/ week. The other individual developed alcohol dependence in the previous 18 

months after mother‟s illness – currently drinking 40-50 units/ week. 

16
 In one participant, it is not clear that the weight gain is due to surgery – high likelihood that it is due to medication (Gabapentin). 

17
 In one individual, the anergia was associated with some irritability, lack of concentration and drive, and there was a suggestion that there had been some disinhibition. 

18
 In one participant, this is stress incontinence and infrequent (once/ week) 

19
 Relationship to surgery unclear. Reasonably longstanding and possibly related to subsyndromal depressive symptoms.  
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14.3.2 Discussion 

Interpretation of the information in Table 115 is difficult for a number of reasons. 

First, the method for eliciting and recording of adverse effects evolved throughout 

the study period. At baseline and 12-months, identification of adverse effects was 

reliant on medical and nursing staff recording them in the case notes. Also, many 

possible adverse effects (e.g. weight gain, amotivation, sleep problems, concentration 

problems, etc.) occur commonly in depressive illness or are related to medication, 

and determining the aetiology of such a symptom (i.e. symptom- or operation-

related) has been difficult. 

The above adverse effects compare favourably with those occurring in the 

published literature, and the overall pattern supports the observation that most 

adverse effects such as headache and nausea are relatively short-lived. Weight gain 

occurs in a small number of cases (13.6% of ACAPS and 25% of ACING) but it has 

been difficult to establish whether this was due to medication. Regular measurements 

of weight throughout the first post-operative year, and detailed medication histories 

are now being collected and such information should help to establish whether 

weight increases after neurosurgery. 

14.3.3 Mortality 

At long-term follow-up there had been one death. The subject, a seventy-year old 

male, died in 2004, twelve years after anterior capsulotomy for chronic depression in 

1992. A copy of the death certificate was requested, and psychiatric case notes from 

his locality were reviewed to determine psychiatric and functional outcome, and to 

consider whether the neurosurgery had contributed directly or indirectly to his death. 
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There were three causes of death listed, all of which were considered secondary 

to “chronic alcoholism”: Acute pulmonary oedema; Acute renal failure; and 

Rhabdomyolysis following a fall. 

14.3.3.1 Functional outcome 

The subject was reported to be unable to return to paid work after capsulotomy, but it 

was not stated why. He was able to perform voluntary work after surgery, and in 

1995 it was recorded that he was attending a printing department and enjoying it. 

14.3.3.2 Clinical outcome 

Clinical outcome was inferred from attendances at outpatient clinics and subsequent 

admissions to hospital. A clinic note in February 1994 reported that, “This patient 

had a bilateral lacotomy (sic) operation two years ago for chronic depression. The 

result was miraculous for two or three months and he probably did reasonably well 

over the next year”. Whilst he continued to attend outpatient clinics, it is frequently 

stated that he was euthymic and spent a considerable amount of time on no 

psychotropic medication. 

Following ACAPS in 1992, he had seven further admissions to psychiatric 

hospital. Reasons included: overdose; complaints of “I just need help”; low mood; 

and fears of aggression. He had a 5 month admission four years after surgery for a 

depressive relapse, and his most recent two admissions were because of alcohol 

misuse. 

14.3.3.3 Neuropsychological outcome 

There was minimal information on neuropsychological performance but was assessed 

by a Chartered Clinical Psychologist in April 1994: “He performed well on all the 

subtests of the WMS-R. There was no evidence of any impairment on the indices of 
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visual memory, verbal memory, and delayed recall. His attention/ concentration 

index was 2 standard deviations above the mean…NART 
29

 testing found [him] to be 

in the average range…[His] results on the memory assessment are in keeping with 

an estimate of his premorbid IQ”. 

14.3.3.4 Adverse effects 

There are references to subjective personality change, and amotivation and apathy 

which may have represented a frontal lobe syndrome. It is reported that, “He felt his 

personality has changed he feels unemotional towards his wife and children…he 

flares up at people for no good reason…worried about his feelings of aggression. He 

has difficulties controlling his temper”. Reduced levels of motivation are also 

described, “Although before his illness [he] was keenly interested in gold and fishing 

he has no motivation to become involved with these hobbies again”. 

Approximately one year after surgery he “acted totally out of character by 

making sexual advances towards his daughter”. His daughter was aged 30 at the 

time. He subsequently took an overdose of paracetamol and complained of feelings 

of “anger and aggression”. However, there was a lack of conviction that such 

behaviour was due to his neurosurgery, and his previous personality was generally 

thought to be a more relevant factor. Indeed, “There is evidence that sexual 

disturbance was present many years ago. His family have discussed this and this was 

the precipitant for his attempted suicide.” 

                                                 

29
 National Adult Reading Test – an indicator of premorbid intelligence. 
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With regard to his alcohol misuse, there is no record of heavy alcohol intake 

until 7-8 years after surgery. Such a prolonged separation in time would caution 

strongly against a causal relationship. 

14.3.4 Neurological adverse effects 

One individual (ID=23) experienced a right-sided post-operative haematoma which 

resulted in a left hemiparesis which, although improved, is persisting at long-term 

follow-up. The individual in question resides in hospital-based long-term care, 

although his continued admission is not primarily due to neurological impairment. 

He underwent anterior capsulotomy for obsessive-compulsive disorder which failed 

to result in clinical improvement and symptoms persisted unabated. 

A further individual (ID=4) had a left-sided temporal haematoma in November 

1999, approximately six years after anterior capsulotomy for chronic depression. 

This event was consequent upon longstanding heavy tobacco smoking and 

hypertension. 

14.3.5 Suicide 

There were no suicides among the individuals who had undergone NMD in Dundee 

since 1992. 
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15. Imaging Analysis 

 

15.1 Introduction 

15.1.1 A review of strategies for assessing lesion location 

15.1.1.1 Anterior capsulotomy 

The simplest approach to assessing „adequacy‟ of lesions has been to assign an 

arbitrary rating of their appearance on CT or MRI to each set of lesions. Mindus et al 

(1987) used a seven-point scale ranging from 1 (well-defined lesions, correctly 

placed, and no evidence of brain pathology) to 7 (invisible/ misplaced lesions, or 

evidence of significant brain pathology). 

Lesion volume, if reported at all, has been previously calculated using 

mathematical formulas based on the volume of spheres or cylinders, yielding 

volumes of 10 – 60 mm
3
 (Kihlstrom, Hindmarsh, Lax, et al, 1997). Inconsistencies in 

lesion shape make such calculations of questionable value. An alternative approach 

was first taken by Lippitz et al (1997; 1999) and more recently replicated by Rück 

(2005). 

T2 (proton-weighted) images are first reformatted with an angulation parallel to a 

line between the Anterior and Posterior commissure (Ac-Pc line) on an individual 

basis for each MRI scan. Three landmarks on the z axis are then identified: the 

anterior commissure (Ac); the foramen of Monro (FM); and the internal cerebral vein 

(VCI). The lesion size in the x and y plane is assessed on transverse (transaxial) slices 

by measuring the extent of the lesion in relation to the putamen, using a 

superimposed „virtual‟ ruler. The part of the anterior limb of the internal capsule 

adjacent to the putamen is arbitrarily assigned the 0 coordinate and the part adjacent 

to the posteromedial putaminal edge is given the 100 coordinate. The lesion‟s start 
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and end point (expressed as a percentage score) is measured on each reformatted 

MRI slice. The lesion size is measured at two levels: at the level of the VCI; and at 

the level of the FM. The process is repeated for the other side. This approach is 

shown below in Figure 28. 

15.1.1.2 Anterior cingulotomy 

Richter et al (2004) have proposed a „callosal reference system‟ to measure the 

location of ACING lesions in the sagittal plane. First, the images are spatially 

normalised, and then mapped onto the 3-mm lateral sagittal plate of the Talaraich and 

Tournoux brain atlas (Talairach & Tournoux, 1988). Then, a line is drawn between 

the most anterior point of the corpus callosum (anterior callosal point; ACP) and the 

most posterior part (posterior callosal point; PCP). The distance between the two is 

defined as 100 units. The distance (in units) behind the ACP of the lesion is given the 

coordinate c. 

The coordinate h is the distance in millimetres above the upper edge of the 

corpus callosum in a line perpendicular to the callosal line. The method is shown in 

Figure 27. 
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Figure 27: Callosal reference system for measuring lesion location in ACING 
30

 

 

15.1.2 Relationship between lesion and outcome: anterior capsulotomy 

Mindus et al (1987) examined MRI images in seven patients who had had 

gammacapsulotomy for anxiety disorders. Two independent radiologists ranked the 

lesions in terms of accurate placement, size, and shape. They found that those 

patients with better outcomes (n=5) had more adequate lesions, whilst the lesions in 

                                                 

30
 Reprinted from Richter, E. O., Davis, K. D., Hamani, C., et al (2004) Cingulotomy for psychiatric 

disease: microelectrode guidance, a callosal reference system for documenting lesion location, and 

clinical results. Neurosurgery, 54, 622-628., Copyright (2004), with permission from Lippincott 

Williams & Wilkins 
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those who did not benefit (n=2) could not be clearly visualised using MRI. The 

numbers of subjects involved were small, however. 

Lippitz et al (1997) examined clinical outcomes and MRI findings in 19 patients 

who had undergone ACAPS for OCD. They found that of the 9 patients with a 

favourable outcome, all had lesions which overlapped a small region in the middle of 

the right anterior limb of the internal capsule. This volume was “at the level of the 

foramen of Monro (coordinates 42-64) and (4mm above) on the plane with the 

internal cerebral vein (coordinates 40-50)”. Those with a poor outcome had lesions 

which were typically more anterior in the internal capsule. These areas are shown 

below in Figure 28. 
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Figure 28: The topographical denominator of responders after ACAPS 
31

. 

Images are at the level of the foramen of Monro (left) and the internal cerebral 

vein (right). 

 

The same authors added to this cohort with ten further patients who had undergone 

gammacapsulotomy, seven of whom had had a good outcome. They found that the 

same lesion in the right internal capsule was seen in those with good outcome 

(Lippitz, Mindus, Meyerson, et al, 1999). 

A near-identical methodology was reproduced by Rück et al (2005) in eleven 

patients who had undergone thermocapsulotomy for anxiety disorders. They found 

that the lesion area was not associated with the degree of anxiety reduction after 

surgery, but they reported that lesion area was associated with measures of frontal 

executive dysfunction. 

                                                 

31
 Reprinted from Lippitz, B. E., Mindus, P., Meyerson, B. A., et al (1999) Lesion topography and 

outcome after thermocapsulotomy or gamma knife capsulotomy for obsessive-compulsive disorder: 

relevance of the right hemisphere. Neurosurgery, 44, 452-458., Copyright (2004), with permission 

from Lippincott Williams & Wilkins 
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15.1.3 Relationship between lesion and outcome: anterior cingulotomy 

There are comparatively few studies comparing anterior cingulotomy lesions with 

clinical outcome. It has been asserted that ablation of the cingulum bundle is 

important for the efficacy of ACING (Foltz & White, 1962) but there are no imaging 

or neuropathological studies to confirm this. Spangler et al (1996) compared 

outcomes in those patients who had had „standard‟ cingulotomy lesions with those 

who had had additional cingulum bundle lesions. The response rate in those with 

cingulum bundle lesions was 38% compared to 33% in those without. The proportion 

of non-responders was greater in the cingulum bundle group (62% versus 33%). It 

would appear that additional cingulum bundle lesions offer no discernable benefit 

over cingulate cortex lesions alone. 

Richter et al (2004) developed a coordinate system for determining ACING 

lesion placement (see Section 15.1.1.2) but reported that they found no relationship 

between lesion location and clinical outcome. They were unable to determine the 

extent to which the cingulum bundle was affected by the lesion, reporting that their 

sample size (n=14) was too small to assess this accurately. Interestingly, those with 

clinical benefit tended to have lesions which were slightly more posterior and 

superior than those with poorer outcome (see Figure 29). 
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Figure 29: Relationship between lesion location and clinical outcome 
32

. 

Red ovals in bold indicate the lesions of the patient with substantial clinical 

improvement at one year follow-up. 

 

Despite using normalised image data to locate their lesions, the authors did not 

publish the Talairach/ MNI coordinates of the most successful lesions. The lesions in 

Figure 29 indicate a wide variability to the lesion location and there may not have 

been substantial differences between the average location of beneficial lesions and 

non-beneficial lesions. 

 

                                                 

32
 Reprinted from Richter, E. O., Davis, K. D., Hamani, C., et al (2004) Cingulotomy for psychiatric 

disease: microelectrode guidance, a callosal reference system for documenting lesion location, and 

clinical results. Neurosurgery, 54, 622-628., Copyright (2004), with permission from Lippincott 

Williams & Wilkins 
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15.2 Methods 

15.2.1 Scan Information 

The majority of the long-term follow-up scans were performed on a Siemens 1.5 

Tesla scanner (models Magnetom Avanto or Symphony), producing T2-weighted 

images
33

 with a matrix size of 512x512, and a slice thickness of 4.5 – 5mm. 

15.2.2 Measurement process 

The following measurements were made by two independent assessors, a consultant 

radiologist (GH) and the neurosurgeon who had performed most of the procedure(s) 

(MSE). Both raters were blinded to the current clinical outcome of each participant, 

and both used the same imaging software – MagicView 300 (Siemans AG, 2002). 

The radiologist was completely blind to the outcome for each participant, having 

had no exposure to information that could prejudice the measurement process. The 

neurosurgeon was asked to make a judgement on whether the lesions would be likely 

to result in clinical response and significant adverse effects, and his assessments were 

compared with categorical outcomes at 12-months. A Pearson‟s Chi-square 

calculation of the prediction rate was performed: χ
2
=0.035, p=0.851 (two-sided), 

suggesting that the neurosurgeon was truly blinded to the outcome from each 

procedure. 

15.2.3 Lesion location 

For the purposes of determining lesion location, the lesion was assumed to be 

spherical or ellipsoidal, and the centre of the lesion was determined by visual 

                                                 

33
 Compared to T1-weighted images, T2 images typically do not show as much anatomical detail, but 

highlight the lesions as hyperintense areas. 
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inspection and computerised measurement using the MRI console imaging software 

(Siemans AG, 2002). 

The distance from this centre point to the following targets was then measured in 

x, y, and z planes, and the process was repeated for the other hemisphere: 

A. Anterior horn of lateral ventricle (mm) 

B. Midline (mm) 

C. Roof of lateral ventricle (mm) 

Additionally, for cingulotomy, a judgement on whether or not the lesion 

included a reported target site for the cingulum bundle was also recorded. This target 

was: 2cm posterior to the most anterior part of the frontal horns of the lateral 

ventricles; 1mm above the roof of the lateral ventricle; and 14mm from the midline 

(Spangler, Cosgrove, Ballantine, et al, 1996). 

15.2.3.1 Lesion dimensions 

Each rater was asked to judge, according to visual appearance, whether the lesion 

was spherical, cylindrical, or ellipsoidal. The volume of the lesion was calculated 

using the formulae listed in Table 116. Since some of the lesions varied in size in x 

and y axes, these two measurements were averaged to calculate the volume for 

spherical and cylindrical lesions. 

Table 116: Calculations used to determine lesion volume (Spiegel & Liu, 1998) 

Lesion shape Volume 

Spherical 3..
3

4
r  

Cylindrical hr .. 2  

Ellipsoidal 
cba ....

3

4
 

r = radius; h = height; a, b, c = radii in each of the three dimensions 
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15.2.4 Preliminary Data Analysis 

Once all measurements had been made, both sets of data were compared. It was 

anticipated that there would be discrepancies between the two sets of measurements 

of both location and size for various reasons. First, the MRI scans were not 

standardised, but were „standard‟ clinical scans. Second, there is uncertainty as to 

what constitutes the extent of the lesion. Typically, lesion volumes are calculated 

from T2-weighted images since this shows oedema more effectively. However, one 

rater tended to use the area of high signal on T2-images that was associated with low 

signal on T1-images, thus representing the region of necrosis. The other rater used T2-

weighted scans solely, which would potentially result in greater estimates of lesion 

size. 

In order to deal with differences, measurements of lesion location were averaged 

with the intention of minimising any errors in individual measurements. Similarly, 

the volume of the lesions was calculated using each raters‟ measurements, using their 

individual judgement of lesion shape. The volumes for each rater were then 

averaged. In two cases, ratings were not available from both raters and so the scores 

represent a single assessment. 

15.2.5 Voxel-based morphometric (VMB) analysis of lesion characteristics 

With the assistance of Dr J D Steele, Senior Lecturer at the University of Aberdeen, 

an analysis of image data was performed on normalised scans. Spatial normalisation 

involves a series of transformations which aim to reduce the variance in image data 

caused by movement, misalignment, and differences in size and shape within a series 

of scans. Following the normalisation process, each voxel represents the same part of 
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the brain in different subjects, and this assumption is a requirement of voxel
34

-based 

analysis. Normalisation typically involves two steps (Friston, 2003): 

1. Realignment: by applying a „rigid-body‟ transformation, movement-related 

differences between the reference scan (either the first scan in the series or an 

average of all scans) and subsequent scans are minimised. 

2. Spatial normalisation: this process aims to map the images into some other 

standard anatomical space such as Talairach space (Talairach & Tournoux, 

1988) or MNI space (Brett, 2006). This allows a comparison between scans 

that is not affected by differences in gross brain morphology, such as size. 

 

T2-weighted images were spatially normalised to the SPM „T2‟ template (MNI space) 

and resliced to form one millimetre isotropic voxels using SPM2 (Wellcome 

Department of Imaging Neuroscience, 2003). For each scan, the extent of the lesion 

was highlighted as a „Region of Interest‟ (ROI) on each slice using MRIcro software 

(Rorden, 2005) by two raters – Dr David Christmas, and Dr Douglas Steele. The 

former based the estimation on T2-weighted images and the latter used CSF-

segmented
35

 images. The centre of the lesion was calculated by averaging the voxel 

coordinates in the ROI in each dimension. Volumes were calculated from the sum of 

all voxels within the ROI – each one being 1mm
3
. The ratings made by both 

assessors were averaged in all but three cases where only one set of ROIs was 

available (DC). Talairach coordinates were calculated using the formulae derived 

from a non-linear transform of MNI space to Talairach space as described by Brett 

                                                 

34
 A voxel is a „volume element‟. A three-dimensional MRI scan is comprised of many voxels, in the 

same way that a two-dimensional digital image is made up of pixels. 
35

 The SPM2 segmentation routines separate out grey matter, white matter, and CSF. 
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(2006). A number of participants (n=6) have had a cingulotomy following a 

capsulotomy, and ratings were obtained for each. 

The normalisation process is shown grammatically in Figure 30. 

 

Step 1: Original MRI 

scan 

Step 2: Template is applied Result: Normalised MRI 

scan 

   

Figure 30: Normalisation of MRI scan 

 

15.3 Results of rater-based assessments 

15.3.1 Availability of imaging data 

Long-term MRI scans were not performed in a number of cases for the following 

reasons: participant unable to attend for MRI scan (n=2); participant too frail/ unwell 

(n=2); consent not given for study (n=1); participant deceased (n=1); participant has 

Vagus Nerve Stimulator implanted, precluding MRI scanning
36

. 

Where long-term scans were unavailable, attempts were made to obtain previous 

scans but of 30 participants who had undergone NMD, MRI scans were available for 

21 participants. Reasons for missing scans were:  Scan data overwritten (n=4); Scan 

                                                 

36
 MRI imaging can not only deactivate the pulse generator, but the magnetic fields can cause current 

induction in VNS wires making the procedure risky.  
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data corrupted on optical media (n=1); Subject too claustrophobic for scanner (n=1); 

Scan performed prior to digital archiving system (n=1); MRI scan not available 

(unknown reason) (n=1).  

15.3.2 Anterior capsulotomy – Lesion Location 

The mean measurements of lesion location are shown below in Table 117. It can be 

seen that there is minimal difference between the lesions in each hemisphere and it 

can be concluded that the lesions were satisfactorily symmetrical. 

Table 117: Anterior capsulotomy – mean lesion coordinates (n=15) 

Distance (millimetres) from: Left Right 

Anterior horn of lateral ventricle 10.3 ± 4.4 11.0 ± 3.5 

Midline 19.9 ± 3.2 20.0 ± 2.8 

Roof of lateral ventricle 13.9 ± 3.8 13.5 ± 4.3 

 

15.3.3 Anterior capsulotomy – Lesion Shape 

The shape of ACAPS lesions are shown below in Table 118. There was disagreement 

in 4 out of 15 (26.7%) of the cases. The neurosurgeon had a greater tendency to 

report the lesions as cylindrical, perhaps reflecting an expectation of cylindrical 

lesions. 

Table 118: Anterior capsulotomy - lesion shape (n=15) 

Lesion shape (% of cases) Radiologist Neurosurgeon 

Spherical 2 (13.3%) 1 (6.7%) 

Ellipsoidal 3 (20.0%) 0 (0.0%) 

Cylindrical 10 (66.7%) 14 (93.3%) 
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15.3.4 Anterior capsulotomy – Lesion Volume 

The median (IQ range) lesion volumes are shown below in Table 119. It can be seen 

that there is a considerable range of sizes of lesions. These lesion volumes are 

smaller than those reported by Lippitz et al (1999) who assessed their median lesion 

volume following thermocapsulotomy as being 520 mm
3
 (range = 311 – 961 mm

3
).  

Table 119: Anterior capsulotomy – median lesion volumes (n=15) 

 Left Right 

Volume (mm
3
) 322.8 (360.1) 283.1 (218.0) 

Volume (cm
3
) 0.323 0.283 

Minimum (mm
3
) 79.0 79.0 

Maximum (mm
3
) 1125.7 1031.7 

 

In order to explore any relationship between lesion volume and outcome, a 

scatterplot of total lesion volume and „change in HRSD score from baseline to 12-

months‟ was plotted. The results are shown below for right-sided lesions in Figure 

31. There was no relationship between clinical outcome and total volume, or right-

sided or left-sided lesions (plots not shown). 
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Figure 31: Difference in HRSD-17 score at 12 months plotted against total lesion 

volume 

 

15.3.5 Anterior Cingulotomy – Lesion Location 

The mean measurements of lesion location are shown below in Table 120. There is 

some minor variation in left- versus right-sided lesions, with right-sided lesions being 

slightly further from the midline. The difference is less than one millimetre, however, 

and inferential statistics were not performed on these groups due to the low numbers. 

 

Table 120: Anterior cingulotomy - lesion coordinates (n=12) 

Distance (millimetres) from: Left Right 

Anterior horn of lateral ventricle 19.7 ± 5.2 20.0 ± 5.5 

Midline 8.4 ± 1.9 9.3 ± 2.7 

Roof of lateral ventricle 5.2 ± 3.5 4.8 ± 3.7 
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15.3.6 Anterior cingulotomy – Lesion Shape 

The shape of ACING lesions is shown below in Table 121. There was disagreement 

in 7 out of 12 (58.3%) of the cases, suggesting that estimation of lesion shape was 

harder for cingulotomy than with capsulotomy. As with ACAPS, the neurosurgeon 

appears to „favour‟ a particular shape, namely spherical. Differences between the two 

raters in terms of lesion shape were not significant (χ
2
 = 3.600, df=2, p=0.165). 

Table 121: Anterior cingulotomy - lesion shape (n=12) 

Lesion shape (% of cases) Radiologist Neurosurgeon 

Spherical 4 (33.3%) 8 (66.7%) 

Ellipsoidal 3 (25.0%) 4 (33.3%) 

Cylindrical 5 (41.7%) 0 (0.0%) 

 

 

15.3.7 Anterior cingulotomy – Lesion Volume 

The median (IQ range) lesion volumes are shown below in Table 122. 

Table 122: Anterior cingulotomy – lesion volumes (n=12) 

 Left Right 

Volume (mm
3
) 245.3 (281.3) 249.8 (272.1) 

Volume (cm
3
) 0.245 0.250 

Minimum (mm
3
) 89.3 0.0 

Maximum (mm
3
) 696.9 796.3 

 

As above, in order to explore any relationship between lesion volume and outcome, a 

scatterplot of „total lesion volume‟ and „change in HRSD score from baseline to 12-

months‟ was plotted. The relationship between volume and improvement appeared 

slightly stronger for right-sided lesions, but was not statistically significant and is not 

shown. 
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15.4 Voxel-based morphometric (VBM) Analysis 

15.4.1 Details of lesions 

A summary of the MNI coordinates for all of the lesions analysed in the MRI scans is 

shown in Table 123. Talairach coordinates (Talairach & Tournoux, 1988) were 

calculated but are not presented here. Lesions for participants with depression (n=14 

for ACAPS and n=10 for ACING) are shown in Table 124 and volumes for are 

summarised in Table 125. 

The location of the mean ACAPS and ACING lesions for those participants 

suffering from depression are shown below on a spatially normalised brain MRI in 

Figure 32 and Figure 33. Images were obtained from MRIcro software (Rorden, 

2005) using the reference image colin 
37

, and lesion „markers‟ were created by 

plotting the mean MNI coordinates onto the scan with a radius no larger than the 

measurements obtained from the two raters above. 

 

 

                                                 

37
 Colin Holmes, one of the Montreal Neurological Institute researchers was scanned 27 times. The 

images were coregistered and then averaged to generate a high detail MRI dataset of one brain, which 

is freely available at http://imaging.mrc-cbu.cam.ac.uk/downloads/Colin/. 

http://imaging.mrc-cbu.cam.ac.uk/downloads/Colin/
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Table 123: Summary of lesion coordinates for Capsulotomy and Cingulotomy. Values are mean ± SD. 

 MNI Coordinates 

 Left Right 

 x y z x y z 

ACAPS (n=16) 20.53 ± 2.75 16.11 ± 3.04 6.86 ± 5.77 -21.57 ± 2.11 17.57 ± 2.42 6.94 ± 4.98 

ACING (n=12) 9.76 ± 2.33 13.81 ± 7.88 34.01 ± 5.03 -10.56 ± 3.27 13.92 ± 7.07 34.98 ± 4.75 

 

Table 124: Summary of lesion coordinates for Depression. Values are mean ± SD. 

 MNI Coordinates 

 Left Right 

 x y z x y z 

ACAPS (n=14) 20.44 ± 2.94 16.09 ± 3.25 7.08 ± 6.11 -21.36 ± 2.16 17.76 ± 2.53 7.29 ± 5.24 

ACING (n=10) 10.14 ± 2.25 11.78 ± 5.84 34.31 ± 5.27 -9.85 ± 2.80 12.26 ± 5.55 35.53 ± 4.60 

 

Table 125: Summary of lesion volumes in participants with depression. All measurements in mm
3
. 

 Left Right Total (Left + Right) 

ACAPS (n=14) 709.86 ± 313.66 851.07 ± 526.24 1560.93 ± 789.10 

ACING (n=10) 1176.65 ± 365.95 1479.10 ± 888.58 2655.75 ± 992.39 
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Figure 32: Mean location of Capsulotomy lesions in participants 

with major depression (n=11). 

Points indicate location but not volume/ shape. 

 

Figure 33: Mean location of Cingulotomy lesions (n=10). 

Points indicate location but not volume/ shape. Lesions in 

transverse section appear smaller because lesions are not at same 

level (see coronal section) 
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15.4.2 Anterior capsulotomy for major depression – comparison of lesions 

between responders and non-responders at 12-months 

A number of participants had had two lesions, and therefore it was difficult to 

determine which lesion the long-term outcome was consequent upon. Therefore, 

lesion coordinates for responders at 12-months were compared to those who did not 

demonstrate a response. Mann-Whitney U tests were used to examine for differences 

between groups. Results are shown below in Table 126. 

Table 126: Summary of MNI coordinates (mean ± SD) for anterior capsulotomy 

responders and non-responders at 12-months follow-up 

 Left Right 

 x y z x y z 

Non-responders 

(n=6)  

20.54 ± 

3.97 

15.79 ± 

2.42 

8.42 ± 

7.18 

-20.70 ± 

3.07 

17.25 ± 

2.84 

8.88 ± 

5.64 

Responders 

(n=4) 

19.89 ± 

2.36 

16.12 ± 

3.26 

6.00 ± 

5.01 

-22.42 ± 

1.17 

17.26 ± 

1.16 

5.73 ± 

5.27 

Significance p=0.352 p=0.914 p=0.762 p=0.476 p=0.914 p=0.352 

 

The numbers of participants is small, and there were no significant differences 

between groups. The ROIs for each responders and non-responders were plotted on 

the same spatially normalised MRI („colin‟). The results are shown below in Figure 

34. Whilst there are few marked differences between lesion locations, responders 

appear to have their lesions slightly more inferiorly. 
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Figure 34: Comparison of lesions (overlaid as Regions of Interest) for 

responders (n=4) and non-responders (n=6). 

Each colour bar represents a frequency of 16.7%, so the more extreme the 

colour, the greater the frequency in that group. Responders are represented by 

burgundy – yellow and non-responders are blue – cyan. Areas of no difference 

between groups are coloured purple. 

 

15.4.3 Relationship between lesion characteristics and clinical outcome in 

depression (cingulotomy) 

A relationship between lesion location in each of the three axes, lesion volume, and 

clinical outcome was explored in eight participants where an MR scan and 12-month 

clinical outcome data were available. 
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The cingulotomy lesions were centred at [11, 11, 35] and [-9, 12, 36] for left- 

and right-sided lesions respectively. The mean lesion volumes were 1195 ± 401 mm
3
 

and 1156 ± 576 mm
3 

for left and right hemispheres respectively. The mean total 

lesion volume was 2352 ± 763 mm
3
, with a range of 1264 to 3349 mm

3
. 

A relationship was found between the lesion coordinate in the y-plane and 

change in MADRS score from baseline to 12-months. A scatterplot of this 

relationship is shown below in Figure 35. Correlation coefficients (Pearson‟s r) were 

calculated and were significant for y-coordinate and MADRS [r=0.772, p=0.025, 

n=8]. Relationships between x-coordinate and z-coordinate and change in MADRS 

score were not significant (p=0.644 and p=0.465 respectively). There was a trend 

towards significance in the correlation between y-coordinate and change in HRSD-17 

score [r=0.684, p=0.061, n=8], supporting the connection between lesion location 

and outcome. 

A significant relationship was also found between total lesion volume and 

change on the HRSD-17 and MADRS, with Pearson coefficients of [r=-0.989, 

p<0.001, n=6] and [r=-0.849, p=0.008, n=8] respectively, indicating that larger total 

lesion volumes were associated with lesser reduction in baseline depression scores. 

The relationship between change on the HRSD-17 and lesion volume is shown in 

Figure 36. 
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Figure 35. Relationship between change in MADRS score and lesion location in 

A-P direction for ACING 
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Figure 36: Relationship between total lesion volume and change in HRSD-17 

score at 12-months follow-up for ACING (n=8) 

 

15.4.4 Anterior capsulotomy – does lesion location contribute to adverse 

effects? 

The information on adverse effects was not considered detailed enough (many 

reports were based on case note review) and the numbers were insufficient to permit 

an exploration of the contribution of lesion location on adverse effects. However, at 

long-term follow-up there was a small group of individuals in whom there was no 

clear evidence of functional impairment but who demonstrated at least one of the 

following: 

1. Subjective complaints of apathy and emotional blunting (ID=22) 

2. Emotional dysregulation, characterised by lability and superficiality of 

affect (ID=20) 
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3. Poor planning and executive control (ID=5) 

4. Marked grandiosity and lack of insight in the absence of symptoms or 

signs of frank hypomania (ID=26) 

These four individuals were compared to ACAPS participants without such adverse 

effects. Results are shown below in Table 127. 

 

Table 127: Comparison of lesion locations (MNI coordinates) between entire 

ACAPS sample and those with adverse effects. 

 Left Right 

x y z x y z 

No major 

adverse effects 

(n=12) 

20.10 ± 

2.63 

16.34 ± 

3.2 

6.35 ± 

6.24 

-21.26 ± 

2.29 

17.35 ± 

2.52 

6.79 ± 

5.17 

Adverse Effects 

noted 

(n=4) 

21.85 ± 

3.07 

15.42 ± 

2.77 

8.40 ± 

4.42 

-22.49 ± 

1.21 

18.24 ± 

2.30 

7.37 ± 

5.06 

Significance t=1.111, 

df=14, 

p=0.285 

t=-0.513, 

df=14, 

p=0.616 

t=0.602, 

df=14, 

p=0.557 

t=-1.015, 

df=14, 

p=0.327 

t=0.623, 

df=14, 

p=0.543 

t=0.196, 

df=14, 

p=0.847 

 

As can be seen from Table 127 there is no significant difference between the lesion 

locations of those participants with adverse effects. The numbers in the adverse 

effects group is very small, however.  

 

15.5 Summary 

In summary, a detailed analysis of the lesions created by anterior capsulotomy and 

anterior cingulotomy has been performed using techniques that have not been used 

before on this population. The level of detail reported here is greater than any 

previous analysis of lesion characteristics. In particular, the use of VBM overcomes 
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the problems of differences in gross brain morphology that have limited previous 

research. The reporting of lesion coordinates in internationally-recognised formats 

means that the results can be verified easily and compared to other research in 

functional and structural imaging. 

The main limiting factor is the small sample size, but it is anticipated that 

putative associations can be confirmed by liaising with other centres and pooling 

neuroimaging data. 
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16. Discussion 

 

16.1 Strengths of the study 

16.1.1 Prospective design 

Due to the foresight of the late Professor George Fenton, data has been collected 

from this population in a systematic and prospective fashion. Detailed and 

computerised neuropsychological assessment has been performed on the majority of 

patients and baseline assessments were videotaped allowing later external 

corroboration of rating scale scores. Whilst this thesis was not able to include 

independent rating of symptomatic assessments, this process is underway and future 

publication of the outcome data from NMD will have independent ratings of 

symptoms. 

The prospective nature of the study design overcomes many of the problems 

discussed in Chapter 6, namely the fundamental inability to attribute differences in 

performance found following surgery to the surgical intervention itself and not to the 

illness. Further, retrospective designs or those employing a control group cannot 

assert with authority that any impairment was not present in the individuals before 

surgery. 

Further, even though some of the baseline scores were imputed, the imputed 

scores were based on contemporaneous assessments. Even today, a number of 

outcome reports of NMD (For example: Jenike, Baer, Ballantine, et al, 1991; Kim, 

Lee & Choi, 2002), or neuropsychological outcomes (For example: Cumming, Hay, 

Lee, et al, 1995) are based on retrospective designs which limit the validity of the 

conclusions. 
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16.1.2 High rate of inclusion 

Only two patients could not be followed up at long-term review: one because of 

death, and the other due to lack of consent. Therefore, 93.3% of the cohort agreed to 

be seen for long-term review. Such a rate is remarkable given the population under 

scrutiny and the distribution of participants throughout the UK. 

16.1.3 Comprehensive set of assessments 

Whilst many studies will report outcomes in terms of global ratings or according to 

one or two symptom rating scales, this population has been studied using a wide-

ranging battery of symptom assessments, clinical neuropsychology, and 

computerised testing. Strict and clear criteria have been defined for response and 

remission, with remission representing robustly-defined operational criteria (Frank, 

Prien, Jarrett, et al, 1991). Outcomes have also been described using „clinically 

significant change‟ – something that has not been done for this group of patients 

before. 

16.1.4 Additional outcomes from this research 

As part of the compiling of a very large dataset, a clinical database has been 

constructed to store the data. Such a tool has not only benefited the current research, 

but it permits ongoing collating of very large amounts of data pertaining to the 

outcomes from NMD. 

 

16.2 Weaknesses of the study 

16.2.1 Sample size 

Whilst it could be argued that the sample size is small, and that the statistical power 

of the study is severely limited by low numbers, the sample represents over 90% of 
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all available participants. It should also be recognised that the size of the sample is 

defined by the number of individuals who have undergone neurosurgery since 1992. 

Further, the sub-group of depressed individuals who underwent anterior 

capsulotomy is larger than the most recent published report of the outcomes of 

ACAPS in this population. Herner (1961) reported categorical outcomes in 19 

subjects following capsulotomy and there have been no published reports since. 

16.2.2 Pre-operative diagnosis 

The majority of participants had a diagnosis of either unipolar or bipolar depression. 

Only a small minority had obsessive-compulsive disorder making conclusions about 

the outcome of NMD for OCD harder. Whilst statistical testing is unlikely to be 

meaningful, responses to surgery appeared to be good with little evidence of adverse 

effects upon neuropsychological performance. 

16.2.3 Assessment of personality 

As discussed previously, the use of personality assessment scales is complicated by a 

lack of validity regarding retesting of individuals. Such a problem is not unique to 

this study. Indeed, most follow-up studies of NMD patients encounter very similar 

difficulties, although they are infrequently made explicit. In addition, we were unable 

to obtain an informant interview for the Personality Assessment Schedule (PAS) for 

the majority of participants, introducing the problems of subjective assessment of 

personality. Whilst it is desirable to have an informant rating of personality, this is 

not always going to be possible for all patients. 

It is therefore suggested that a pragmatic approach should be taken to the 

assessment of personality both pre- and post-neurosurgery. Despite the complexities 

in assessing premorbid personality in individuals who may have been unwell for 

decades and who are likely to have marked depressive symptomatology, a baseline 
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rating of personality is helpful in clarifying whether personality difficulties/ disorder 

is present. Reassessing at 12 months is problematic since an individual may have had 

significant personality change but still be rating their personality prior to surgery. If 

asked to rate the previous 12 months then one is not really rating personality per se. 

However, a reassessment at 12-months is recommended. 

Alternative measures of personality change which may arise from NMD are 

therefore urgently needed. Alternatives may include the Iowa Rating Scales of 

Personality Change (IRSPC; Barrash & Anderson, 1993) and one advantage of this 

tool is that informants can complete the scale without being present at follow-up. 

16.2.4 Missing Data 

It is almost inevitable that in a complex cohort of very unwell individuals who have 

undergone surgery over a 14-year period there will be some missing data. To a large 

extent, this missing data simply reflects changes in practice that have occurred over 

the last decade or so. However, there are some cases where there is no pre-operative 

assessment of personality or no pre-operative neuropsychological assessment. It is 

virtually impossible to impute such data post hoc. In a cohort of only 30 individuals, 

data missing for one person represents a loss of 3% of the data. 

It is therefore imperative that all efforts are made to ensure that data are 

collected prospectively. It may be difficult to postpone surgery to collect the data, but 

whilst an anaesthetist would not proceed in the absence of a pre-operative ECG or 

full-blood count, perhaps we can draw parallels and suggest that proceeding without 

key assessments being done is not acceptable. Expansion of the NMD team and 

ensuring that there is some „redundancy‟ in the system may allow minimal loss of 

data. Similarly, a number of participants had missing 12-month assessments. In the 
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future, the team must be prepared to visit a patient in their own locality in order to 

ensure that assessment data are completed. 

16.2.5 Lack of comprehensive documentation regarding treatments following 

NMD 

This study provides a very detailed assessment of the previous antidepressant trials of 

the individuals undergoing NMD, but in common with most of the existing research 

details on the treatments received after NMD are insufficient. There are two reasons 

for this. First, this information was not recorded in a systematic way in the early days 

of the service and whilst this information was recorded at long-term follow-up for all 

participants, this single „snapshot‟ would not be adequate to satisfactorily answer 

questions about either the need for treatment after NMD or the efficacy of subsequent 

treatments. Second, the sample size is too small to allow a meaningful analysis of 

medication influences upon recovery, or differences between groups. 

However, it is acknowledged that this information, along with assessments of 

psychological therapy, rehabilitation, and contact with services is vital when 

attempting to determine whether NMD alone results in a response, whether it is a 

combination of treatments, or even if it is the extensive post-operative recovery plan 

that has the greatest influence on response. Whilst some individuals achieve a 

dramatic reduction in symptoms in the weeks following surgery, for most people 

there is an expectation that recovery can take months. 

Information on medication is now being recorded at every follow-up visit and 

details regarding frequency of contact with mental health services and the treatment 

received will be collected in the future in order to complete an economic analysis of 

both ACAPS and ACING. 
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16.3 Recommendations for future research 

16.3.1 Use of standardised rating scales 

Despite the problems associated with the Hamilton Rating Scale for Depression 

(HRSD), as discussed in Appendix 1, it remains a valuable tool in both the 

assessment of depressive symptoms and permitting comparison with other studies in 

similar populations. 

However, the use of more structured interviews may improve consistency in the 

use of the scale. For example, Moberg et al (2001) found that the use of the 

Structured Interview Guide for the HRSD (SIGH-D; Williams, 1988) improved 

consistency when using the scale. Therefore, whilst the use of the HRSD continues, 

the use of a structured interview should be adopted. In addition to the SIGH-D, a 

semi-structured interview is also available for the Inventory of Depressive 

Symptomatology (IDS; Rush, Gullion, Basco, et al, 1996). 

One of the strengths of the IDS is that it includes the full range of 

symptomatology described by DSM-IV-R depression. It would be desirable to 

replace the HRSD, and possibly the MADRS, with this scale but until these two 

scales have ceased to be in common use, their inclusion remains a necessity. 

16.3.2 Hypothesis-driven neuropsychological testing 

One weakness of the neuropsychological testing of this study is the „generic‟ nature 

of the assessments. Whilst many of the tests assess executive function, memory, and 

attention, they have not been designed to detect changes subsequent to the specific 

lesions employed in this study. More typically, the tests have evolved from head 

injury research. For example, whilst the Stroop task has traditionally been used to test 
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certain functions of the anterior cingulate cortex (such as selective attention), other 

important functions such as social cognition
38

 have not been tested specifically. 

Given the role of the anterior cingulate in complex cognitive and social 

behaviours, it is important that testing addresses these important functions. To some 

extent this is already being done. A number of individuals undergoing NMD have 

been assessed using tasks which test the subject‟s ability to recognise primary 

emotions from dynamic social displays (Ridout, Carroll, Dritschel, et al, 2006) and 

assessments of emotional recognition are being performed prospectively. 

It is possible to speculate that one reason for the finding that NMD had minimal 

effect on clinical and computerised neuropsychological tests is that these batteries are 

not sensitive and/ or specific enough to detect subtle changes that may arise from 

anterior cingulotomy or capsulotomy. Whilst abandoning the majority of these tests 

would diminish the ability to claim that NMD does not result in deficits in 

neuropsychological performance, a „rebalancing‟ of tests towards those looking at 

more complex social behaviours may tell us more about the post-operative effects of 

lesioning the anterior cingulate gyrus. 

 

16.4 The future of neurosurgery for mental disorder 

Many members of the „general public‟ as well as the medical profession view 

surgical intervention for psychiatric illness as both barbaric and unjustifiable. The 

advent of Deep Brain Stimulation (DBS) and Vagus Nerve Stimulation (VNS) has 

been seen as heralding the end of ablative procedures (Persaud, Crossley & Freeman, 

                                                 

38
 Social Cognition is the study of the processing of social information (such as empathy, facial 

expression, social comparison) and how it is applied to social situations. 
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2003). However, whilst DBS and VNS permit better study designs for assessment of 

efficacy, the evidence base supporting their use is currently narrow. This does not 

necessarily indicate that there will be mounting support for procedures that lack 

evidence but are perceived as safer, or less destructive. 

One of the most persistent arguments against NMD has not been the lack of 

evidence, but is based on a number of ethical issues surrounding the field. A common 

argument is that desperate conditions require desperate cures. There is little doubt 

that conditions within state mental asylums in the USA in the 1930s and 1940s were 

dreadful, and many patients had been incarcerated for years with little hope of 

improvement, let alone discharge. However, without a control group to compare 

outcomes of lobotomy patients and those who did not undergo the procedure it 

cannot be shown definitively that the prospect for those who had a lobotomy was 

better than those who did not. Many have questioned whether the outcome for 

chronic patients was in fact as bad as proponents of psychosurgery have argued. 

Many patients did eventually get discharged. Spontaneous remission rates in major 

depression may be as high as 8-16% (Posternak & Miller, 2001) and even so-called 

„ineffective‟ treatments such as metrazol resulted in six-month remission rates of 

50% in schizophrenia (Cummins, 1940). 

The argument that „doing something was better than doing nothing‟ was used by 

Walter Freeman who quoted Mario Fiamberti, the architect of the transorbital 

approach, in his description of the transorbital lobotomy: 

“In the present state of affairs, if some are critical about the lack of 

caution in therapy, it is, on the other hand, deplorable and 

inexcusable to remain apathetic, with folded hands, content with 

learned lacubriations upon symptomatologic minutiae or upon 

psychopathic curiosities, or, even worse, not even doing that.” 

(Fiamberti, 1937; Cited in: Freeman, W. (1948) Transorbital 

leucotomy. Lancet, 2, 371-373) 
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The appalling conditions in the State Mental Institutions, combined with the lack of 

effective treatments for schizophrenia in the first half of the twentieth century meant 

that many were willing to „try anything‟ if it offered even the slightest chance of 

improvement. The widespread uptake of insulin coma therapy (Sakel, 1937), another 

treatment without compelling evidence of efficacy and a significant mortality, 

typifies the rapidity with which new treatments were incorporated into routine mental 

healthcare. 

16.4.1 Consent 

Many patients who underwent lobotomy in the USA in the past often found that 

consent had been given by a relative. Those in many mental institutions were 

probably not as lucky (Tranøy, 1996). 

In 1991 the United Nations produced principles for the treatment of those with 

mental illness. Principle 11 (Consent to Treatment), Paragraph 14 states that: 

Psychosurgery and other intrusive and irreversible treatments for 

mental illness shall never be carried out on a patient who is an 

involuntary patient in a mental health facility and, to the extent that 

domestic law permits them to be carried out, they may be carried out 

on any other patient only where the patient has given informed 

consent and an independent external body has satisfied itself that 

there is genuine informed consent and that the treatment best serves 

the health needs of the patient. (Officer for the Commissioner for 

Human Rights, 1991) 

It is therefore important that the utmost regard be given to informed consent for 

Neurosurgery for Mental Disorder. Whilst there is provision for ablative procedures 

to be given in Scotland under current mental health legislation (Scottish Parliament, 

2003, Section 236), there are few people who would agree to NMD being performed 

on people who have not given full and informed consent. 
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16.5 Conclusions 

16.5.1 Main findings 

This study has demonstrated a number of key findings: 

1. That anterior capsulotomy and anterior cingulotomy for treatment-refractory 

depression have a favourable rate of response and remission at 12-months and at 

long-term follow-up: 

a. Response rates for ACAPS (n=20) are 25% at 12-months and 50% at 

long-term follow-up. Remission rates are 10% and 40% respectively. 

b. Response rates for ACING (n=5) are 60% at 12-months and 40% at long-

term follow-up. Remission rates are 20% and 40% respectively. 

2. At 12-months and at long-term follow-up there is improvement in validated 

measures of depressive symptomatology, anxiety, global symptom burden, and 

quality of life. 

3. That neither procedure results in significant or clinically-detectable deterioration 

in neuropsychological performance at long-term follow-up. Average 

performances on a number of tests had improved from baseline when tested at 

long-term follow-up. 

4. Serious adverse effects are infrequent: 

a. Mortality from the procedures is 0%. 

b. The only mortality in the cohort occurred many years after surgery and 

could not be attributed to the operation. 

c. One individual had a post-operative bleed resulting in residual 

neurological impairment. 

d. As far as it was possible to determine, major personality change after both 

procedures did not occur. However, there were a small number of 
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individuals who had subtle impairments of social behaviour. Although 

these could have been present prior to the surgery, they only occurred in 

those who had undergone anterior capsulotomy. 

5. For those that have not responded to the first procedure, extension of the original 

lesion results in a fair chance of further gains. The appropriate period of time to 

wait before proceeding to subsequent surgery is, as yet, unclear. The evidence 

presented herein would suggest that in many cases if response has not been 

achieved within 12 months, it is unlikely to occur after this time. Some 

individuals, in the absence of any other treatment gains may elect to undergo 

surgery shortly after the one-year stage. However, the number of individuals 

undergoing a second procedure is small and caution should be exercised when 

extrapolating from such a small sample. In the US, it is commonplace to wait at 

least six months before further surgery (Baer, Rauch, Ballantine, et al, 1995) 

despite response occurring within weeks or months in some individuals (Jenike, 

Baer, Ballantine, et al, 1991). At the time of writing, in Dundee at least three 

individuals have achieved complete remission of symptoms in the 2-3 weeks 

following ACING. Further exploration of the timing of response is warranted. 

16.5.2 Clinical significance of this research 

Long-term prospective studies of the outcome of NMD, examining a variety of 

different domains, are few. This study adds to the existing literature by reporting in 

detail the functioning of a group of individuals a considerable amount of time after 

neurosurgery. In addition, many of these participants underwent MR imaging, 

permitting an examination of relationships between lesion characteristics and 

outcome. 
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The favourable outcomes in a severe, chronic, and treatment-refractory group of 

individuals combined with the low rate of serious adverse effects should afford a 

degree of confidence in recommending such procedures to patients, and deserve 

dissemination among those who are assessing and treating such a chronic group of 

patients. 
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18. Appendix 1: Description of Rating Scales Used 

 

18.1 Introduction 

Many of the following scales are validated and commonly-used tools with which to 

assess the severity of symptoms in depression, obsessive-compulsive disorder, and 

anxiety disorders. In the discussion that follows, there is an attempt to explore the 

strengths and weaknesses of each scale so that interpretation of clinical outcomes 

may be a little easier. Whilst reading the following descriptions, it may be useful to 

bare the following in mind. 

Many of these scales are designed to measure the symptom across the entire 

range of severity. It should be understood that such scales may have less sensitivity 

for identifying change within a particular range of severity. For example, many NMD 

patients may have an improvement in symptoms at the severe end of the scale which 

is not easily detected using the scale in question. Some have raised the issue of 

whether one scale should be used to measure baseline severity, but a different scale 

for determining change following an intervention (For a review, see Nelson, Portera 

& Leon, 2006). 

Many of the scales in use, such as the Montgomery-Åsberg Depression Rating 

Scale (MADRS) have evolved to measure change in response to a specific 

intervention: in the case of the MADRS, tricyclic antidepressants. It can be argued 

that treatments with a different mechanism of action may result in changes on the 

scale with a different profile. For example, psychological treatments may have a 

preferential effect on self-esteem, whilst different classes of antidepressant (e.g. 

SSRI) may be less beneficial to sleep and appetite. It is difficult to predict the 

response profile of NMD. 
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18.2 Interview Assessments 

Rating scales listed under Section 7.2.4.2 are completed during an interview with the 

subject. The assessments below are grouped by symptom cluster. 

18.2.1 Depressive Illness 

18.2.1.1 Hamilton Rating Scale for Depression (HRSD; Hamilton, 1960) 

First developed by Max Hamilton in 1960, the HRSD (or HAM-D) is an observer-

rated scale which takes approximately 30 minutes to administer. It is one of the most 

commonly used rating scales for depression in clinical research, and has been 

extensively validated. It comes in three versions: 17-item; 21-item; and 24-item. The 

17-item scale (HRSD17) is the one most commonly used in research. The 21-item 

scale adds ratings for: diurnal variation in mood; depersonalization and derealization; 

paranoid symptoms; and obsessive-compulsive symptoms. The 24-item scale adds: 

helplessness; hopelessness; and worthlessness. 

One of its primary strengths is its widespread use in the existing literature. 

Bagby et al (2004) identified 70 papers which used the 17-item scale in the literature. 

It would be difficult to compare a cohort of depressed patients without including the 

HRSD score. 

Perhaps its main weakness is the extent to which non-core symptoms of 

depression (such as anxiety) contribute to the overall score. Indeed, there has been 

considerable debate over what the 17-item HRSD actually measures, and factor 

analysis has revealed a variety of factors, depending on the sample of the study. Max 

Hamilton, in the original factor analysis, identified four factors: the first was “very 

much like retarded depression”; the second reflected somatic symptoms and 

disturbed sleep – “vaguely like agitated depression”; the third was named “anxiety 
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reaction”; and the fourth was not labelled, but incorporated insomnia, somatic 

anxiety, and general somatic symptoms (Hamilton, 1960). 

The most commonly cited factors in more recent literature consist of: 

1. Sleep disturbance/ insomnia (Marcos & Salamero, 1990; O'Brien & 

Glaudin, 1988) 

2. Somatic and psychic anxiety (Bagby, Ryder, Schuller, et al, 2004; 

Gibbons, Clark & Kupfer, 1993; Marcos & Salamero, 1990; Pancheri, 

Picardi, Pasquini, et al, 2002) 

3. Depressed mood/ melancholia (Bagby, Ryder, Schuller, et al, 2004; 

Marcos & Salamero, 1990; Pancheri, Picardi, Pasquini, et al, 2002) 

4. Anorexia (O'Brien & Glaudin, 1988; Pancheri, Picardi, Pasquini, et al, 

2002) 

Factor analysis of the HRSD17 in obsessive-compulsive disorder has also confirmed 

four-factors: depressive symptoms, sleep disturbance, anxiety, and gastrointestinal 

problems (Moritz, Meier, Hand, et al, 2004). These factors appear to be related to 

obsessional symptoms to some extent, with anxiety symptoms being associated with 

excessive rituals and aggression-related obsessions related to depressive symptoms. 

Whilst the HRSD is arguably the „gold-standard‟ in research, its problems have 

caused some to suggest that the scale is so “psychometrically and conceptually 

flawed” that alternatives should be sought (Bagby, Ryder, Schuller, et al, 2004). 

However, its place among published studies of outcomes in depression makes it 

difficult to abandon and would make comparability across different patient 

populations and different studies difficult. Further, not including the HRSD in the 

long-term assessment follow-up would make comparisons with the pre-operative 

state reliant on the MADRS only. 
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18.2.1.2 Montgomery-Åsberg Depression Rating Scale (MADRS; Montgomery 

& Åsberg, 1979) 

The MADRS, along with the HRSD, has been one of the most established rating 

scales used in depression research. The 10 items in the MADRS were selected from 

17 core depressive symptoms as being the items which showed the largest changes 

with treatment in studies of four different antidepressant drugs. 

Factor analyses of the MADRS have identified three factors: 

1. Global severity of depression (Galinowski & Lehert, 1995)/ dysphoric 

apathy/ retardation (Parker, Flint, Bosworth, et al, 2003) 

2. Somatic factor (Galinowski & Lehert, 1995)/ vegetative symptoms 

(Parker, Flint, Bosworth, et al, 2003) – comprising sleep and appetite 

3. Psychic anxiety (Parker, Flint, Bosworth, et al, 2003) – comprising inner 

tension, pessimistic thoughts, and suicidal thoughts 

18.2.2 Cut-offs for Depression Rating Scales 

A summary of the cut offs for the HRSD17, MADRS, and BDI is given below in 

Table 128. 

Table 128: Cut-offs for Depression Rating Scales 

Scale Recovered Mild 

depression 

Moderate 

Depression 

Severe 

Depression 

Max Score 

Hamilton Rating Scale 

for Depression 17-item 

(HRSD17) 

0-7 7-18 18-30 30+ 52 

Montgomery-Asberg 

Depression Rating Scale 

(MADRS) 

0-6 6-20 20-34 34+ 60 

Beck Depression 

Inventory (BDI) 

0-7 8-16 17-26 26+ 60 
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18.2.3 Obsessive-Compulsive Disorder (OCD) 

18.2.3.1 Stages of response in OCD 

Pallanti (2006) has described operational criteria for „stages of response‟ in OCD, 

which are given below in Table 129. 

 

Table 129: Stages of response in OCD. Reproduced from Pallanti & Quercioli 

(2006). 

Stage of 

response 

Stage Description  

I Recovery Not at all ill; less than 8 on Y-BOCS  

II Remission Less than 16 on Y-BOCS  

III Full response 35% or greater reduction of YBOCS and CGI 1 or 2  

IV Partial response Greater than 25% but less than 35% YBOCS reduction  

V Non-response Less than 25% YBOCS reduction, CGI 4  

VI Relapse Symptoms return (CGI 6 or 25% increase in Y-BOCS 

from remission score) after 3+ months of „adequate‟ 

treatment  

VII Refractory No change or worsening with all available therapies  

 

18.2.3.2 Yale-Brown Obsessive Compulsive Scale (Y-BOCS; Goodman, Price, 

Rasmussen, et al, 1989a; Goodman, Price, Rasmussen, et al, 1989b) 

The Y-BOCS has been the gold-standard in OCD research for over 15 years. It 

consists of an unstructured interview which invites the patient to describe their 

obsessions and compulsions, and then uses a checklist to identify key symptoms. The 

severity of these symptoms is then rated. The Y-BOCS comprises of 5 items 

assessing obsessive symptoms, and the same 5 items assessing compulsive 

symptoms. These 10 items are scored to give a total score of 0 to 40, with higher 

scores indicating greater symptoms. The scale also includes additional items which 

are rated but not added to the total score. These additional items include other 

features such as avoidance; slowness; and pathological doubting. 
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The Y-BOCS comes in two forms: a clinician-rated version which includes the 

symptom checklist outlined above, and a self-rated version which describes 

obsessions and compulsions in general and asks the patient to rate their symptoms in 

the same way as the clinician-rated scale. In the OCD literature, a reduction of 25-

30% from baseline is considered to be a „response‟, whilst a score of 8 or below has 

been suggested to represent recovery (Pallanti, Hollander, Bienstock, et al, 2002). It 

is argued that the treatment effect has reduced from 40-50% in early clomipramine 

studies to approximately 30% in clinical studies involving SSRIs (Fineberg & Gale, 

2005). Differences in the severity and refractoriness of the clinical population over 

time and between studies has undoubtedly influence perceptions of „response‟. For 

the purposes of the Cochrane Review, the author has chosen the stricter definition of 

an improvement of ≥ 35% on baseline Y-BOCS score, advocated by Pallanti et al 

(Pallanti, Hollander, Bienstock, et al, 2002).  

Factor analysis has indicated that the Y-BOCS represents three main factors: 

severity of obsessions; severity of compulsions; and resistance to symptoms (Moritz, 

Meier, Kloss, et al, 2002). Moritz et al (2002) have suggested calculating subscores 

differently to the method proposed by Goodman et al (1989b). Severity of obsessions 

is calculated by summing items 1-3; severity of compulsions is calculated by 

summing items 6-8; and resistance is calculated by summing items 4 and 9. 

However, in the absence of substantial confirmatory data supporting this approach, 

the original scoring method as described by Goodman et al (1989b) has been used 

throughout this thesis. Comparisons of outcomes using this alternative method may 

be attempted by the author at a later date, but only a small number of patients who 

were seen at long-term follow-up (n=4) had a diagnosis of OCD and it is unlikely 
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that subtle differences in the scoring of this scale will have a detectable difference on 

assessment of outcomes. 

 

18.3 Global Assessments 

18.3.1 Clinical Global Impression (CGI; National Institute of Mental Health, 

1970) 

The CGI comes in two versions, one for assessing severity of illness (CGI-S) and the 

other for measuring change (CGI-C). Items in the CGI-S and CGI-I are shown in 

Table 130. 

Table 130: Clinical Global Impression (CGI) Scoring 

Score CGI-S (Severity) CGI-I (Improvement) 

0 Not Assessed Not assessed 

1 Normal, not at all ill Very much improved 

2 Borderline mentally ill Much improved 

3 Mildly ill Minimally improved 

4 Moderately ill No change 

5 Markedly ill Minimally worse 

6 Severely ill Much worse 

7 Among the most extremely 

ill patients 

Very much worse 

 

18.3.2 Pippard Post-operative Scale (Pippard, 1955) 

The Pippard Postoperative Rating Scale is a five-point categorical scale rating from 

„symptom free‟ to „worse‟ and which is similar in use to the Clinical Global 

Impression. The items are shown in Table 131. 
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The scale used is the „Symptoms‟ section of a group of six 5-point rating scales 

which measure a variety of domains: Symptoms; Personality Deficit; Enjoyment; 

Work adjustment; Community liability; and Home adjustment. Each item scores 1-5, 

with the sum score for the six items providing a continuous variable of outcome. 

Pippard arbitrarily defined a “good result” being a total of 13 or less, however 

derived from each domain score. A fair result was a score of 14-17, and a poor result 

being a score over 17. Pippard (1955) reported that, “most patients who remain in 

hospital rate as poor results even when there are real gains from operation”. Whilst 

the scale admirably attempted to rate outcome on a number of different domains it 

still suffered from a lack of resolution for detecting subtle differences in both 

symptomatic outcome and functional improvement. The Symptom subscale provides 

a useful and easily obtainable measure to assess outcome alongside the CGI and 

CGPSS, in addition to retaining comparability to older outcome studies where the 

scale was widely adopted. 

Table 131: Pippard Post-operative Rating Scale – Symptom subscale 

Grade Description 

1 Completely improved 

2 Improved; slight symptoms but no treatment required 

3 Improved; persistent symptoms and still needing treatment 

4 Unchanged 

5 Worse 

 

The Pippard Postoperative Rating Scale shares the same problems that the CGI and 

CGPSS have in relation to the comparative insensitivity and non-specificity of global 

rating scales. However, early adopters of the scale have reported correlation between 
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scores on the Pippard Scale and scores on symptom rating scales such as the Leyton 

Obsessional Inventory, Taylor Manifest Anxiety Scale, and the Wakefield 

Depression Inventory (Bridges, Goktepe & Maratos, 1973; Göktepe, Young & 

Bridges, 1975).  

18.3.3 Clinical Global Psychiatric/ Social Status Scale (CGPSS) 

Whilst not extensively used in the psychiatric literature, the CGPSS has been used in 

a number of outcome studies of NMD, all of which originate from the Boston NMD 

group (Baer, Rauch, Ballantine, et al, 1995; Ballantine, Bouckoms, Thomas, et al, 

1987; Ballantine, Cassidy & Flanagan, 1967; Spangler, Cosgrove, Ballantine, et al, 

1996). The items in the CGPSS are shown below in Table 132. 

Table 132: Clinical Global Psychiatric/ Social Status Scale (CGPSS) Rating 

Score Description 

5 Essentially well, functioning normally without treatment of any kind 

4 Functioning normally on maintenance treatment 

3 Considerably improved over pre-op state, no longer critically ill or 

institutionalised. Still displays many serious problems or has 

periodic recurrence of disabling symptoms requiring psychiatric 

supervision 

2 Slight improvement and better response to treatment but still 

requires intensive input and is unable to work 

1 No change at all 

0 Illness has progressed, worse than before. Unable to function as well 

as previously. 
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18.4 Self-Report Symptom Questionnaires 

The following scales are completed by the patient themselves. The self-report 

questionnaires are grouped by symptom cluster assessed. 

18.4.1 Interpersonal difficulties 

18.4.1.1 Inventory of Interpersonal Problems 64-item (IIP-64; Horowitz, Alden, 

Wiggins, et al, 2000) 

The IIP-64 is a self-report inventory comprising of 64 questions which examine 

interpersonal problems and associated levels of distress. Some of the interpersonal 

domains include: being socially avoidant and having difficulty approaching others; 

being non-assertive and having difficulty expressing ones‟ needs. Interpersonal 

difficulties are commonly reported in depression, and this scale enables the rater to 

determine the levels of distress associated with interpersonal problems. 

18.4.2 Personality 

18.4.2.1 Inventory of Interpersonal Problems – Personality Disorder (IIP-PD; 

Stern, Kim, Trull, et al, 2000) 

The IIP-PD takes a similar approach to the IIP-64 in terms of rating interpersonal 

difficulties, but it is designed to identify those people who may have a personality 

disorder. Whilst it is not a diagnostic instrument, the IIP-PD has some value in 

discriminating between patients with PD and those who do not (Kim, Pilkonis & 

Barkham, 1997; Scarpa, Luscher, Smalley, et al, 1999). One caveat is that most of 

the testing of the instrument has been performed in non-clinical populations. 

18.4.2.2 Eysenck Personality Inventory (EPI) 

Based on Hans Eysenck‟s theory of personality, the 57-item EPI measures 

personality characteristics on two scales: extroversion (E); and neuroticism (N). In 

addition it also provides a score on a „lie‟ (L) scale. 
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18.4.3 Depressive Illness 

18.4.3.1 Beck Depression Inventory (BDI; Beck, Ward, Mendelson, et al, 1961) 

The BDI is a 21-item self-report measure for recording current depressive symptoms. 

It takes approximately 5 minutes to complete. The BDI was replaced by the BDI-II in 

1996 (Beck, Steer & Brown, 1996). The BDI-II updated the scale to reflect DSM-IV 

criteria and extended the age group to 13-80 years. The BDI (or the BDI-II) is one of 

the most common screening tools for depression used in ambulatory medical settings. 

18.4.4 Anxiety 

18.4.4.1 Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, et al, 1988) 

The BAI is a 21-item self-report measure to assess anxiety symptoms in psychiatric 

populations. One of the criticisms of pre-existing tools was that they did not 

differentiate anxiety from depression (Beck, Epstein, Brown, et al, 1988). 

The scale has a good internal consistency (α = 0.92) and test-test reliability. It 

has moderate correlation with the Hamilton Anxiety Rating Scale. Importantly, it has 

low correlation with the Hamilton Rating Scale for Depression (r = 0.25) suggesting 

that it is not heavily influenced by depressive symptoms. However, correlation with 

the BDI is higher (r = 0.48) which would suggest that the scale‟s underlying factor 

structure (two factors: somatic symptoms; and subjective anxiety and panic 

symptoms) shares some similarities with the BDI.  

18.4.4.2 State-Trait Anxiety Inventory (STAI - Form Y; Spielberger, 1983) 

This self-report questionnaire consists of two similar forms, which are designed to 

rate both state anxiety and trait anxiety. State anxiety reflects an acute response to 

situations which are perceived as dangerous or threatening. Trait anxiety refers to: 

 “relatively stable individual differences in anxiety proneness, that is, 

to differences between people in the tendency to perceive stressful 

situations as dangerous or threatening…The stronger the anxiety 



 

     

435 

trait, the more probable that the individual will experience more 

intense elevations in [state] anxiety” (Spielberger, 1983). 

Trait anxiety should be relatively stable and there is some support to this expectation. 

For example, State-Anxiety increases immediately prior to surgery and declines post-

operatively, whilst Trait-Anxiety does not change between the pre-operaitve and 

post-operative periods (Auerbach, 1973). 

College students will typically take 5-6 minutes to complete either the state- or 

trait-anxiety forms, and approximately 10 minutes to complete both. In accordance 

with the differences above, the instructions to the individual (when completing the 

state form) are about how they feel “right now…at this moment”, whilst the trait form 

asks about how they feel “generally”. Mean results for working adults for both State- 

and Trait-Anxiety, based on a sample of 1387 men and 451 women are given below 

(Spielberger, 1983): 

    Men    Women 

State Anxiety  35.72 (SD=10.40)  35.20 (SD=10.61) 

Trait Anxiety  34.89 (SD=9.19)  34.79 (SD=9.22) 

 

The means for college students are broadly similar, with slightly higher Trait-

Anxiety scores for both men and women. State-Anxiety scores are higher (44.05 – 

47.01) in both men and women in a sample of military recruits, which is not 

unexpected given the sampling shortly after the commencement of a stressful training 

program. Similar increases in State-Anxiety are seen in college students (n=977) 

under exam conditions, with increases from 40.02 (baseline) to 54.99 for males, and 

39.36 (baseline) to 60.51 for females (Spielberger, 1983). 

In a sample of 28 male subjects with a “depressive reaction” mean scores were 

54.43 for State-Anxiety, and 53.43 for Trait-Anxiety. In male subjects with an 
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“anxiety reaction” (n=60), mean scores were 49.02 for State-Anxiety and 48.08 for 

Trait-Anxiety (Spielberger, 1983). 

18.4.5 General Symptom Questionnaires 

The following scales typically measure symptoms in more than one domain, with 

most reporting continuous measures of anxiety and depressive symptoms. 

18.4.5.1 Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 

1983) 

The HADS was developed to act as a screening tool for both anxiety and depressive 

symptoms among a general hospital outpatient setting. It is a relatively simple scale, 

consisting of 14 items (7 for depression, 7 for anxiety) which takes 2-5 minutes to 

complete, and provides scores for an anxiety subscale (HADS-A) and depression 

subscale (HADS-D). Although primarily designed for use within a hospital setting, it 

has been used in primary care. It is commonly used as a screening tool but is 

sensitive to changes in response to drug and psychological treatments and scores 

predict psychosocial outcome (Herrmann, 1997). Using a cut-off score of ≥8 for each 

sub-scale gives a sensitivity and specificity of 0.8 for both (Bjelland, Dahl, Haug, et 

al, 2002). 

Strengths include its ease of completion and its ability to define „caseness‟ in a 

variety of populations. However, it does not include sufficient items to provide 

detailed descriptions of depressive symptoms and the literature regarding its use and 

psychometric properties is almost entirely based on primary care or general medical 

patients between the ages of 18 and 65. A large review of the literature on the 

psychometric properties of the HADS by Bjelland et al (Bjelland, Dahl, Haug, et al, 

2002) suggested that the HADS has similar properties when applied to samples from 

psychiatric patients. 
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Despite its relative simplicity HADS scores are able to predict compliance with 

treatment, physical symptoms (HADS anxiety), and quality of life (HADS 

depression) (Herrmann, 1997). 

Correlations between the Beck Depression Inventory (BDI) and HADS-A range 

from  0.62 to 0.73; and 0.73 between the BDI and the HADS total score (Bjelland, 

Dahl, Haug, et al, 2002). 

18.4.5.2 Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein & Opler, 

1987) 

The PANSS is an observer-rated scale designed to measure symptoms of 

schizophrenia within a number of dimensions. It consists of 30 items, rated on a scale 

of 1-7. Historically, it evolved from the Brief Psychiatric Rating Scale (BPRS) and 

the Psychopathology Rating Schedule. The rating scale provides four „syndrome‟ 

scores: 

1. Positive scale 

2. Negative scale 

3. Composite index (Positive scale minus Negative scale) 

4. General Psychopathology scale 

The PANSS also yields five „cluster‟ scores: 

1. Anergia  

2. Thought Disturbance 

3. Activation 

4. Paranoid Belligerence 

5. Depression 

 

And finally, it provides a Total Score, calculated as the sum of all item scores. The 

value of the scale also lies in the potential for high scores on specific „cluster‟ scores 

to predict outcome, either good or poor. For example, high scores on „activation‟ in 

conjunction with high „depression‟ scores would suggest an agitated depression, and 
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this may have a bearing on response to neurosurgery. In schizophrenia a high 

negative syndrome score predicts a poor response to typical antipsychotic drugs, and 

a worse long-term outcome (Kay, Opler, Fiszbein, et al, 2004). 

Within the Department of Psychiatry in Dundee, use of the scale has continued 

in recent years despite schizophrenia not being an indication for neurosurgical 

intervention. The main reason for this is that the PANSS contains a general measure 

of psychopathology, including items (such as guilt and persecution) that can occur in 

severe depressive states, and it assesses general negative symptoms (social 

withdrawal, lack of spontaneity, etc.) which are common in depression. Finally, it 

also provides a score for positive symptoms which may occur in psychotic depressive 

states. 

18.4.5.3 Brief Symptom Inventory (BSI; Derogatis & Melisaratos, 1983) 

The BSI is a shortened (53-item) version of the 90-item Symptom Checklist-90-R 

(SCL-90-R) and measures the same 9 dimensions.  As it only takes 8-10 minutes to 

complete, it is suitable for repeat administrations over time to measure change and 

progress. The BSI measures the following symptom dimensions:  

1. Somatization – reflects distress generated from perceptions of bodily 

dysfunction 

2. Obsessive-Compulsive – typically measures similar symptoms to the 

OCD syndrome 

3. Interpersonal Sensitivity – measures feelings of inadequacy and 

inferiority 

4. Depression – measures symptoms reflecting the depressive syndrome 

5. Anxiety – reflects nervousness, tension, and panic 

6. Hostility – typically reflects thoughts and feelings relating to anger 

7. Phobic Anxiety – measures a persistent fear response and phobic anxiety, 

similar to agoraphobia 

8. Paranoid Ideation – reflects hostility, suspiciousness, and delusions 
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9. Psychoticism – includes measures of schizoid lifestyle (withdrawal, 

isolation) as well as typical symptoms of schizophrenia 

It also provides a number of „global indices of distress‟: 

1. Global Severity Index (GSI) – measures the overall psychological 

distress level, and is the single best indicator of current distress levels 

(Derogatis & Melisaratos, 1983). 

2. Positive Symptom Distress Index (PSDI) – measures the intensity of 

symptoms, corrected for the numbers of symptoms. 

3. Positive Symptom Total (PST) – reflects the number of symptoms which 

the subject reports experiencing to any degree. 

The PSDI and PST are used together with the GSI to understand the overall clinical 

presentation in more depth. 

The internal consistency of the BSI (using Cronbach‟s alpha) ranges from 0.71 

(Psychoticism) to 0.85 (Depression). The stability coefficient for the GSI is 0.90 over 

a two-week period, suggesting that the BSI is reliable over time (Derogatis & 

Melisaratos, 1983). 

 

18.5 Quality of Life (QoL) Assessments 

18.5.1 Assessing Quality of Life 

The assessment of quality of life has been challenging from the start. How can a 

researcher „capture‟ so many different aspects of an individual‟s life, and if one does 

gather data about specific areas of an individual‟s functioning there is nothing to say 

that what is important for one person is of similar value to others? 

Historically the concept of Quality of Life developed in general medicine, but it 

has entered into assessment in psychiatry from the early 1980s. Typically, QoL 

measures have been used for a variety of purposes (Adapted from: Meijer, Schene & 

Koeter, 2002): 
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1. Describing populations. For example, how is quality of life rated in patients 

with schizophrenia? 

2. Assessing community programmes or clinical trials: For example, can QoL 

be increased by Assertive Community Treatment, or drugs? 

The most commonly used conceptualisation of QoL is probably the subjective 

domain-specific life satisfaction approach (Meijer, Schene & Koeter, 2002). Both the 

Lancashire Quality of Life Profile (LQoLP; Oliver, 1991) and the Medical Outcomes 

Study Shoft Form-36 (SF-36; Ware & Sherbourne, 1992) are of this type. 

It has been argued that different conceptualisations of QoL are required for both 

different patient populations and different disorders, and different rating scales may 

reflect different aspects of the underlying construct of QoL. Meijer et al (2002) 

compared the SF-36 and the LQoLP in a population of 143 patients with 

schizophrenia. Whilst both tools proved to be appropriate instruments for this 

population, factor analysis suggested that the two scales measured different aspects 

of QoL. The SF-36 was heavily loaded on a Health Related QoL factor, whilst the 

LQoLP was loaded on factors related to “internal and non-material aspects of 

quality of life” and “external and material components of Quality of Life”. 

This would suggest therefore, that there is value in using more than one tool to 

assess QoL and that the continued use of both the SF-36 and the LQoLP is justified. 

It is difficult to know, however, whether such findings would be replicated in a 

chronically depressed population. 

18.5.2 Rating scales used for Quality of Life 

18.5.2.1 EuroQoL 5-D (EQ-5D; The EuroQol Group, 1990) 

The EQ-5D is an easily-completed self-report instrument intended for use as a 

generic measure of health outcome. Subjects are required to complete five 
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dimensions (Mobility, Self-Care, Usual Activities, Pain/ Discomfort, Anxiety/ 

Depression) using a three-point scale for each (1=no problems, 2=moderate 

problems, 3=extreme problems). A single index value for health status can be derived 

from the scores for each domain calculated. The scale thus classifies 3
5
 (i.e. 243) 

unique „health states‟. The measure also allows the individual to rate their health on a 

0-100 Likert scale, although this score does not contribute to the overall health score. 

Interestingly, „being dead‟ was rated with a mean score of 10 in Sweden and 

England, and 18 in The Netherlands. 

The EQ-5D scale is reported have good test-test validity, and correlates 

favourably with other measures of health status such as the SF-36 (Brooks, 1996). 

Lower scores (greater impairment) on the EQ-5D are correlated with severity of 

depression (Revicki & Wood, 1998), and the EQ-5D has been shown to be sensitive 

to improvements in depressive symptoms when measured with the Montgomery-

Asperg Depression Rating Scale (MADRS) (Sapin, Fantino, Nowicki, et al, 2004). 

18.5.2.2 MOS 36-item short-form health survey (SF-36; Ware & Sherbourne, 

1992) 

The SF-36 is a self-rated questionnaire which is designed for patients aged 14 and 

above. It is a multi-item scale that assesses eight health concepts. Each concept is 

scored from 0 to 100; with lower scores indicating greater impairment of functioning. 

Average scores for the concepts are shown in Table 133 for a population of 497 

subjects aged 18-64. These 497 subjects came from two US samples: 1760 

individuals who belonged to a particular health plan in Danville, Pennsylvania; and 

702 AT&T employees from Jacksonvill, Florida. 
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Table 133: Average Scores for the Eight Domains of the SF-36 (NCS Pearson 

Inc., 1994) 

Domain Average Score 

General Health 78.63 

Physical Functioning 92.13 

Role Limitations – Physical Health 91.05 

Role Limitations – Emotional Problems 86.13 

Social Functioning 86.66 

Mental Health  76.46 

Bodily Pain 
†
 80.02 

Vitality (Energy/ Fatigue) 63.68 

†
 Bodily Pain scores are significantly lower (63.34) for subjects over the age of 65 

years. 

 

18.5.2.3 Lancashire Quality of Life Profile (Oliver, Huxley, Bridges, et al, 1996; 

Oliver, 1991) 

The Lancashire QoL Profile is a structured interview assessing a variety of indicators 

of quality of life designed primarily for “severe mental illness in community settings” 

(Oliver, Huxley, Priebe, et al, 1997). It has 105 separate items, and takes 

approximately 30-45 minutes to administer to most individuals. 

In all sections, alongside numerous „Yes/ No‟ responses, subjects are also asked 

for their perceived satisfaction with a variety of measures within a number of 

domains using the „Life Satisfaction Scale‟ (LSS) which is a 1 (low satisfaction) – 7 

(high satisfaction) Likert Scale. The questionnaire produces scores on the following 

ten domains: 

1. General Well Being 

2. Work/ Education 

3. Leisure/ Participation 
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4. Religion 

5. Finances 

6. Living situation 

7. Legal and Safety 

8. Family relations 

9. Social relations 

10. Health 

Each life domain therefore incorporates a subjective well-being sub-scale score 

which is calculated by summing the individual scores. In this study, we calculated the 

mean level of satisfaction across all domains. Domains which were not applicable 

(e.g. the subject wasn‟t working) were not included in this calculation and the mean 

only includes those domains which were scored. The Average LSS score is second 

only to the Satisfaction With Life Scale (SWLS) total score in correlating with the 

overall scale‟s total score (van Nieuwenhuizen, Schene, Koeter, et al, 2001). 

The scale also includes „Cantril‟s ladder‟ (Cantril, 1965), which is also known as 

„The Self-Anchoring Striving Scale‟, and is a global measure of morale. The top of 

the ladder represents the “Best Possible Outcome” and the bottom represents the 

“Worst Possible Outcome”. Subjects are asked to mark a point on the ladder (which 

runs from 1-12) which indicates how they feel about their life at the current time. The 

scale incorporates a Quality of Life uniscale which allows the assessor to rate the 

individual‟s quality of life independently using a visual analogue scale. However, 

this was not used routinely throughout the use of the tool, and results are not 

available for enough subjects for analysis to be meaningful. 

Internal consistency is reasonable, with scores ranging from 0.72 for the „Work‟ 

domain to 0.89 for „Finances‟ in a Community Mental Health Team in England 

(n=298) (Oliver, Huxley, Priebe, et al, 1997). The only studies to assess test-retest 

reliability were performed in patients with schizophrenia using the Lancashire 
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Quality of Life Profile – European Version (Gaite, Vazquez-Barquero, Arrizabalaga, 

et al, 2000) and the Swedish Version (Hansson, Svensson & Bjorkman, 1998). These 

showed that the intraclass correlation coefficient (ICC) ranged from 0.61 to 0.75, 

with a pooled value for global satisfaction of 0.82 (Gaite, Vazquez-Barquero, 

Arrizabalaga, et al, 2000) and 0.53 – 0.91 (Hansson, Svensson & Bjorkman, 1998). 

The European and Swedish versions of the questionnaire vary little from the version 

used for this study and other than the language differences, equivalence has been 

assumed. 

18.5.2.4 The Social Functioning Scale (SFS; Birchwood, Smith, Cochrane, et al, 

1990) 

The SFS was developed to rate areas of functioning that are relevant to the 

maintenance of individuals with schizophrenia in the community. Whilst the subjects 

of this study do not have schizophrenia, the level of functioning is considered to be 

comparable. The SFS is a self-report questionnaire which takes approximately 10 

minutes to complete. The seven areas which are scored on the SFS are: 

1. Social engagement/ withdrawal 

2. Interpersonal behaviour (friends, communication, etc.) 

3. Pro-social activities 

4. Recreation 

5. Independence – competence (ability to perform skills required for 

independent living) 

6. Independence – performance (performance of the skills needed for 

independent living) 

7. Employment/ occupation 

 

The SFS has good inter-rater reliability (0.69 – 0.96 for subscales, and 0.94 for full 

scale) and acceptable rater/ self-report correlation. The scale has high correlation 

between subscales. The factor structure of the scale is similar between different 
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cohorts (all subjects versus schizophrenic versus normal controls), with a single 

factor („psychosocial functioning‟) accounting for 57% of the variance. The authors 

conclude that the mean score of the subscales, the „Full Scale‟ score is an appropriate 

reflection of that individual‟s social functioning (Birchwood, Smith, Cochrane, et al, 

1990). The SFS is responsive to change in social functioning (Barrowclough & 

Tarrier, 1990), making it ideal for assessing changes in social functioning as a result 

of neurosurgical intervention. 
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19. Appendix 2: Description of Conversion procedures for the 

CANTAB 

 

19.1 Background 

Due to the long-term nature of this study, it is inevitable that software development 

has progressed. 

This has meant that the CANTAB package that a number of individuals were 

initially assessed with is not the same version that they were subsequently assessed 

with, and over 10 years or so, many individuals were assessed with at least two 

different versions of the CANTAB. The first version of the CANTAB ran on the old 

BBC Micro model B (http://en.wikipedia.org/wiki/BBC_Micro), whilst later versions 

ran on PCs using DOS initially, and later Microsoft Windows® 
39

. 

In order to ensure that as much data as possible is comparable, a set of 

conversions has had to be performed on the original data. The BBC version of 

CANTAB allows export of „raw‟ data for all of the tests, and it is this data which 

allows conversion to values which are found in later versions of the software. 

The spreadsheet containing the conversion calculations is appended, and details 

of the calculations used are given below: 

                                                 

39
 Microsoft  and Windows are either registered trademarks or trademarks of Microsoft Corporation 

in the United States and/or other countries. 
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Table 134: Comparison of tests in different versions of CANTAB software 

CANTAB (BBC Version) New CANTAB 

Battery Test Test  

Attention Circle Discrimination Test Big/ Little Circle BLC 

Attention ID/ED/ED/ID ID/ED Shift IED 

Attention Reaction Time Task Reaction Time RTI 

Visual Delayed Matching to Sample Delayed Matching to Sample DMS 

Visual Position Recognition Test Spatial Recognition Memory SRM 

Visual Shape Recognition Test Pattern Recognition Memory PRM 

Visual Delayed Response Test Paired Associated Learning PAL 

Working Memory Spatial Working Memory 

Test 

Spatial Working Memory SWM 

Working Memory Spatial Span Test Spatial Span SSP 

Working Memory Spatial Planning Test Stockings of Cambridge SOC 

 

19.2 Conversion procedures for specific tests 

19.2.1 Big/ Little Circle (BLC) 

The Circle Discrimination Test comprises of 40 trials. The BLC percent correct value 

is simply the percentage of correct responses out of 40 trials. 

19.2.2 Delayed Matching to Sample (DMS) 

The DMS consists of 40 trials in total, with 10 trials in each of four time periods: 

Simultaneous, Short Delay (0 seconds), Medium Delay (4 seconds), and Long Delay 

(12 seconds). The results are presented on the printout as displayed in Figure 37: 

 

    Seconds 

Delay SIM 0 4 12 

Correct A B C D 

Latency 

Correct     

Figure 37: DMS results in BBC CANTAB 

 

The latency correct is not used in the calculation of overall score. 
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The new values are calculated as follows. All results are expressed as a percentage: 

DMS Percent Correct (Simultaneous) A/10 

DMS Percent Correct (All Delays) (A+B+C+D)/40 

DMS Percent Correct (Short Delay) B/10 

DMS Percent Correct (Medium Delay) C/10 

DMS Percent Correct (Long Delay) D/10 

 

19.2.3 Pattern Recognition Memory (PRM) 

The Shape Recognition Test consists of two trials, each with twelve stimuli. The 

number of stimuli correct in each trial is summed using the results shown in Figure 

38: 

 

Test 1     

Number Correct   A 

      

Test 2     

Number Correct   B 

Figure 38: PRM Results in BBC CANTAB 

 

The new values are calculated as follows, and are expressed as a percentage: 

PRM Percent Correct  (A+B)/24 

 

19.2.4 Spatial Recognition Memory (SRM) 

The Position Recognition Test consists of four trials, each with five stimuli. The 

number of stimuli correct in each trial is summed from the raw data printout shown 

in Figure 39. 

 

Test 1     

Number Correct   A 

      

Test 2     
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Number Correct   B 

      

Test 3     

Number Correct   C 

      

Test 4     

Number Correct   D 

Figure 39: SRM Results in BBC CANTAB 

 

The new values are calculated as follows, and are expressed as a percentage: 

SRM Percent Correct  (A+B+C+D)/20 

 

19.2.5 ID/ED Shift (IED) 

The ID/ED/ED/ID test consists of a variable number of trials, depending on the stage 

that the individual achieves. The results are expressed inFigure 40:  IED Results in 

BBC CANTAB. 

 

  

Trials to 

Criterion 

Errors to 

Criterion 

1: Simple Discrim TA EA 

Simple Reversal TB EB 

Com/Pound Discrim TC EC 

Compound Discrim TD ED 

Compound Reversal TE EE 

2: ID/ Shift TF EF 

Reversal TG EG 

3: ED/ Shift TH EH 

Reversal TI EI 

Figure 40:  IED Results in BBC CANTAB 

 

The new values are calculated as follows: 
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IED Stages Completed 1. Check Trial by Trial Analysis 

2. Look down the 'Stage' column 

3. The highest score is 9. If the patient 

completed the whole test, he scores 9. 

4. If the test was terminated prematurely, 

then the number of stages completed is 

the largest number in this column minus 

one. 

 

For example, if the patient got up to stage 

8, but terminated prematurely, the ‘stages 

completed’ is 7. 

IED Total Errors EA+EB+EC+ED+EE+EF+EG+EH+EI 

IED Pre-ED Errors EA+EB+EC+ED+EE+EF+EG 

IED EDS Errors EH 

IED Total Errors (Adjusted) 

((9-IED Stages Completed)*25)+IED Total 

Errors 

 

19.2.6 Spatial Span (SSP) 

The Spatial Span Test comprises of an increasing number of boxes shown in the 

sequence from 2 to 9. The BBC version of the CANTAB reports the „Visuo-spatial 

span‟ which is equivalent to the „SSP Span Length‟, i.e. no conversion is required. 

19.2.7 Spatial Working Memory (SWM) 

The Spatial Working Memory Test consists of a number of trials with increasing 

numbers of boxes. The results printout displays the results shown in Figure 41. 
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Set Length 

Between 

Errors 

Within 

Errors 

Double 

Errors 

Total 

Resps 

Completion 

Time 

2 BE2 WE2    

3 BE3 WE3    

4 BE4 WE4    

6 BE6 WE6    

8 BE8 WE8    

Figure 41: SWM Results in BBC CANTAB 

 

The new results are calculated as follows: 

SWM Between Errors BE4+BE6+BE8 

SWM Total Errors 

BE2+BE3+BE4+BE6+BE8+WE2+ 

WE3+WE4+WE6+WE8 

SWM Between Errors (4 boxes) BE4 

SWM Between Errors (6 boxes) BE6 

SWM Between Errors (8 boxes) BE8 

SWM Strategy This calculation is not known… 

 

19.2.8 Stockings of Cambridge (SOC) 

The Spatial Planning Test consists of a variable number of trials, dependent on the 

relative success of the individual. The results are expressed in the printout as shown 

in Figure 42. 
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Minimum Move Solutions: 

All 

Trials: A 

Test 

Trials: B   

              

  Solution In Block 

Copying 2 3 4 5 1 2 

Number of moves             

Initiation Time       C     

Choice Time       D     

Place Time             

Following             

Initiation Time             

Pickup Time             

Place Time             

Figure 42: SOC Results in BBC CANTAB 

 

Only a number of these values are used to calculate the converted scores, and these 

are shown below: 

SOC Mean Initial Thinking Time (5 moves) C 

SOC Mean Subsequent Thinking Time (5 moves) D 

SOC Problems solved in minimum moves B 
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