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   Neuropsychiatric      Symptoms of Cerebrovascular Diseases  is the fi rst book of a series 
of volumes on the psychiatric aspects of common neurological diseases, to be pub-
lished by Springer-Verlag. 

 The fi rst volume is dedicated to acute stroke and other cerebro-vascular 
diseases. 

 Stroke and chronic cerebro-vascular disease, namely vascular cognitive impair-
ment and dementia, are among the commonest causes of longstanding disability due 
to diseases of the central nervous system. Neuropsychiatric complications are quite 
frequent both in the acute phase of stroke (e.g. delirium, denial) and in stroke survi-
vors or in patients with vascular cognitive impairment (e.g. depression, apathy). In 
the acute phase of stroke, delirium and other neuropsychiatric complications 
become a focus of interest, because they disturb the process of care and are indica-
tors of worse outcome. 

 In the long range, psychiatric disturbances strongly contribute to a lower Quality 
of Life among stroke survivors. The role of psychiatric disturbances in producing 
signifi cant caregiver burden has also been recently recognised. Meanwhile several 
new drugs (new anti-psychotics, mood stabilizers, antidepressants, cholinergic 
agents) become available, that may be useful in the management of these patients. 

 Health care professionals are starting to realize the weight of neuropsychiatric 
complications in long-term disability. Unfortunately, few professional received for-
mal training on the detection and management of emotional and behavioural distur-
bances. We hope that this book can contribute to fi ll such educational gap. 

 This book has several features to attract the interest of the reader. The 14 chapters 
cover not only the psychiatry of stroke and vascular cognitive impairment, but also 
the role of psychiatric disturbance and psychological events as triggers and risk fac-
tors for stroke and the contribution of cerebrovascular disease to primary psychiat-
ric conditions. Chapters are up to date comprehensive reviews of different topics 
within the neuropsychiatry of stroke, by active authorities in the fi eld, with empha-
sis on the diagnostic and management issues. There is a focus on the pharmacologi-
cal aspects of management, to provide robust information on drug dosages, side 
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effects and interactions, in order to enable the reader to a safer management of these 
patients. Several chapters include one or two illustrative cases, which will make the 
reading more pleasurable and more close to mainstream practice. 

 Each chapter includes a critical appraisal of the methodological aspects and limi-
tations of the current research on the neuropsychiatry of stroke and on unanswered 
questions. This feature makes this book of great interest for students and researchers 
in the area. 

 We hope this book will become a standard reference for clinicians of several 
specialities. 

Lisbon, Portugal José M. Ferro                           
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   Part I 
   Psychiatry of Stroke        



3J.M. Ferro (ed.), Neuropsychiatric Symptoms of Cerebrovascular Diseases, 
Neuropsychiatric Symptoms of Neurological Disease,
DOI 10.1007/978-1-4471-2428-3_1, © Springer-Verlag London 2013

    Abstract     Delirium is an acute, transient, and fl uctuating disorder of consciousness, 
attention, and cognition. It is frequent at the acute phase of stroke, occurring in 
approximately one-quarter of stroke patients. Despite this high frequency, the phys-
iopathology of delirium in stroke patients remains largely unknown. Delirium may 
be the consequence of stroke itself but is, in a large number of cases, the conse-
quence of a preexisting cognitive decline and of coexistent intercurrent disorders 
such as a metabolic disturbances or infections. This suggests that when delirium 
occurs in a stroke patient, a comprehensive search for precipitating factors must be 
performed. Delirium is a predictor of worse outcome after stroke: it is associated 
with a longer duration of hospital stay, a higher mortality, a worse functional out-
come, and a higher risk of poststroke cognitive decline. No large randomized trial 
has been conducted in delirious patients, in particular after stroke. Treatment rec-
ommendations are therefore based on expert’s opinions: supportive and environ-
mental measures, treatment programs, and trained nurses may be useful; drug 
treatment must be restricted to selected patients, after a careful evaluation of the 
benefi ce/risk balance. Orally low dose of haloperidol or atypical antipsychotic 
drugs remains to date the fi rst-choice treatment.  

  Keywords     Stroke   •   Delirium   •   Confusional state   •   Cognition   •   Prognosis  

     Delirium is a neuropsychiatric disorder characterized by an altered level of con-
sciousness associated to disturbances in orientation, memory, thought, and behav-
ior, with an acute onset and a fl uctuating course. It is frequent in stroke patients, 
although stroke is a rare cause of delirium. Many predisposing factors have been 

    Chapter 1   
 Delirium in Stroke Patients 

             Hilde     Henon      and     Didier     Leys   

        H.   Henon      (*) •    D.   Leys    
  E.A. 1046 Department of Neurology, Stroke Unit , 
 University Hospital of Lille ,   Lille   59037 ,  France   
 e-mail: hilde.henon@chru-lille.fr  
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identifi ed. Stroke per se may however induce delirium. The occurrence of this 
 disorder adversely infl uences outcome in stroke patients. The physiopathology 
remains however largely unknown, and no specifi c treatment has proven its effi cacy 
in this condition. 

    Diagnosis of Delirium 

    Main Clinical Characteristics 

 Delirium is an acute, transient disorder of consciousness, attention, and cognition 
which develops over a short period of time and fl uctuates during the course of the 
day [ 1 ] which is common in elderly hospitalized patients, occurring in 20–30 % of 
patients [ 2 ]. The clinical picture of delirium in stroke patients is identical to delir-
ium occurring in other conditions and is characterized by an acute onset (hours to 
days) of consciousness disturbances usually presenting as a reduced awareness of 
the environment, with diffi culties in focusing and sustaining attention on one stimu-
lus and diffi culties in shifting attention to new external stimuli. Attention distur-
bances are associated to other cognitive disturbances including disorders of memory, 
orientation, language (aphasia, incoherent speech, anomia), visuospatial dysfunc-
tion, and abnormalities of thinking and perception (illusions, hallucinations, or 
delusions). Sleep-wake abnormalities are often observed with reduced and frag-
mented sleep during the night with nocturnal agitation, shouting, and aggressive-
ness contrasting with daytime sleepiness. A wide range of emotional disturbances 
may occur, including fear, anxiety, euphoria, apathy, and depression, with some-
times rapidly changing emotions. The symptoms of delirium are wide ranging and 
nonspecifi c, but their abrupt or rapid onset and their fl uctuating nature are highly 
characteristic and are a valuable diagnostic tool. The diagnostic criteria for delirium 
from the American Psychiatric Association [ 1 ] and from the ICD-10 [ 3 ] are given 
in Table  1.1 .

   Many individuals are restless and hyperactive, while others are lethargic. Based 
on psychomotor activity, three subtypes of delirium have been described: hyperac-
tive, hypoactive, and mixed [ 4 – 6 ]. In the hyperactive type, patients are agitated, 
disoriented, and delusional, with motor hyperactivity, increased reactivity, logor-
rhea, stereotyped activities, and aggressive behavior. Patients with the hypoactive 
type are subdued and apathetic with facial inexpressiveness, motor and speech retar-
dation, decreased reactivity, perplexity, and mental slowness [ 7 ]. Some authors 
restrict the term delirium to hyperactive type, suggesting that the different types of 
delirium might have different pathogenic mechanism and involve different part of 
the brain [ 8 ]. However, quick shifting from hyperactivity to reduced activity is fre-
quently observed, and many patients will present both hyperactive and hypoactive 
subtypes of delirium [ 7 ]. 

 The main differential diagnosis of delirium is dementia. However, it may also be 
diffi cult to differentiate delirium from psychotic disorders such as schizophrenia or 
psychiatric disorders such as depression or mania. Moreover, in stroke patients, the 
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diagnosis of delirium may be even more diffi cult as loss of consciousness and neu-
rological dysfunctions may be symptoms of stroke itself. The acute onset and the 
fl uctuating nature of confusional state are however key features for the differential 
diagnosis.  

    Methods of Assessment 

 In clinical practice, delirium is frequently misdiagnosed and usually underdiag-
nosed with reported nondetection rates of 33–66 % [ 9 ]. Screening tools may there-
fore be useful to improve detection of delirium. Many assessments scales for 
delirium are available, some of them being dedicated to improve diagnosis of delir-
ium, while others are more dedicated to the evaluation of the severity of delirium 
[ 6 ,  10 ]. Most of the delirium-evaluating instruments have been developed on the 
basis of the DSM criteria. Rating scales designed to be used by experts usually con-
tain few items, while scales designed to be used by non-trained people are usually 
more detailed with many items. 

   Table 1.1    Diagnostic criteria for delirium   

 DSM-IV  A.  Disturbance of consciousness (i.e., reduced clarity of awareness about the 
environment) with reduced ability to focus, sustain, or shift attention 

 B.  Change in cognition (e.g., memory defi cit, disorientation, language disturbance) 
or development of a perceptual disturbance that is not better accounted for by a 
preexisting, established, or evolving dementia 

 C.  The disturbance develops over a short period of time (usually hours to days) and 
tends to fl uctuate during the course of the day 

 D.  Evidence from the history, physical examination, or laboratory fi ndings indicates 
that the disturbance is caused by direct consequences of a general medical 
condition 

 ICD-10  For a defi nite diagnosis, symptoms, mild or severe, should be present in each of the 
following areas: 
 Impairment of consciousness and attention (from clouding to coma and reduced 

ability to direct, focus, sustain, and shift attention) 
 Global disturbance of cognition (perceptual distortions, illusions, and hallucina-

tions, most often visual; impairment of abstract thinking and comprehension, 
with or without transient delusions but typically with some degree of incoher-
ence; impairment of immediate recall and recent memory, with relatively 
intact remote memory; disorientation for time as well as in more severe cases 
for place and person) 

 Psychomotor disturbances (hypoactivity or hyperactivity and unpredictable shifts 
from one to the other, increased reaction time, increased or decreased fl ow of 
speech, enhanced startle reaction) 

 Disturbance of the sleep/wake cycle (insomnia or, in more severe cases, total sleep 
loss or reversal of the sleep/wake cycle; daytime drowsiness; nocturnal 
worsening of symptoms; disturbing dreams or nightmares, which may continue 
as hallucinations after awakening) 

 Emotional disturbance (depression, anxiety or fear, irritability, euphoria, apathy or 
wandering, perplexity) 

1 Delirium in Stroke Patients
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 The most widely used screening tool is the Confusion Assessment Method 
(CAM), based on DSM-III-R criteria. This scale is based on the presence of four 
criteria: acute onset and fl uctuating course, inattention, disorganized thinking, or 
altered level of consciousness (Table  1.2 ) [ 11 ]. It has been developed for use by any 
health professional and is reliable, easy to administer, and applicable to a large vari-
ety of settings, with a high sensitivity and specifi city [ 12 ]. Other diagnostic instru-
ments are however available. The Organic Brain Syndrome Scale [ 13 ] was developed 
to determine elderly patients’ disturbances of awareness and orientation to time, 
place, and own identity and assessment of various emotional and behavioral symp-
toms appearing in delirium, dementia, and other organic mental diseases: it has 39 
items dedicated to confusion, has been developed for use by research assistant, and 
was reported taking up to 1 h to complete [ 14 ]. The Delirium Symptom Interview 
(DSI) [ 15 ] is a structured interview for diagnosing the presence of symptoms of 
delirium that can be administered by lay interviewers: normative data and validity 
are excellent, but it is long (consisting of 62 items) and somewhat diffi cult to admin-
ister even after rater’s training [ 16 ].

   Beside these diagnostic instruments determining the presence or absence of 
symptoms, other scales have been elaborated to quantify delirium severity, whose 
scores can sometimes be used for likelihood of diagnosis [ 16 ]. The Delirium 
Rating Scale (DRS) (Table  1.2 ) [ 17 ] is widely used for the evaluation of delirium 
severity. It comprises ten items exploring temporal onset of symptoms, percep-
tual disturbances, hallucinations, delusions, psychomotor and behavioral dis-
turbances, cognitive status defi cits, sleep-wake cycle disturbances, lability of 
mood, and variability of symptoms, with a maximum score of 32. It is also use-
ful for the positive diagnosis with a cutoff score of ten indicating the presence 
of delirium [ 18 ] and for the differential diagnosis with dementia or depression 
[ 17 ,  19 ]. Delirium should however be rated over a 24-h period to detect fl uctua-
tions and sleep-wake cycle abnormalities. Other instruments have been developed 
specifi cally for measuring the severity of the delirium syndrome. The Memorial 
Delirium Assessment Scale (MDAS) [ 20 ] is a ten-item, four-point, observer-rated 
scale designed for use by experienced psychiatrists, which contains both objec-
tive cognitive testing and evaluation of behavioral symptoms: it explores level of 
consciousness, orientation, short-term memory, digit span, attention, thinking, 
perceptual disturbance, delusions, psychomotor activity, and sleep-wake cycle. 
Easy to administer, it has been designed to be repeatable at short intervals, allow-
ing to evaluate time course and treatments effects. The Delirium Assessment 
Scale (DAS) [ 21 ], based on DSM-III- R criteria, is designed for use by physi-
cians. It contains 11 items: the items measuring orientation, memory, and atten-
tion include subitems from MMSE and digit span; the other items evaluating 
perceptual disturbances, psychomotor activity/alertness, coherence, global acces-
sibility, psychomotor activity, fl uctuation of symptoms, and sleep-wake cycle are 
based on behavior observed during the interview and behavior reported by the 
patient and the staff. The Confusional State Evaluation (CSE) [ 22 ] was elaborated 
to assess delirium in elderly patients and, as the DAS, to measure changes of 
symptoms over time to evaluate effects of intervention. This scale designed to be 
used by trained nurses, doctors, and psychologists contains 22 items: 12 measure 
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7

key symptoms of delirium leading to a confusion score, 7 deal with symptoms 
frequently observed in delirious patients, and 3 relate to the duration and inten-
sity of the episode of delirium. The Delirium Index [ 23 ] is also used to assess 

     Table 1.2    Assessment of delirium   

 CAM  (1)  Acute onset and fl uctuating course  
 (2)  Inattention  (diffi culty focusing attention, being easily distractible, diffi culty 

keeping track of what was being said) 
 (3)  Disorganized thinking  (with rambling or irrelevant conversation, unclear or 

illogical fl ow of ideas, unpredictable switching from subject to subject) 
 (4) Altered level of consciousness 
 The diagnosis of delirium requires the presence of both (1) and (2) and of either (3) 

or (4). When the diagnosis is established, the assessment of other delirium 
symptoms is possible including: 
 Disorientation 
 Memory impairment 
 Perceptual disturbances 
 Psychomotor agitation 
 Psychomotor retardation 
 Altered sleep-awake cycle 

 CAM- ICU   Step 1: determination of the RASS score 
 RASS score > −4: go to step 2 
 RASS score ≤ −4: the patient must be reevaluated later 

 Step2: CAM-ICU 
 (1)  Acute onset and fl uctuating course  
 Modifi cation of the basal mental status (may require to interview patient’s 

relatives) or modifi cation of the RASS score within the last 24 h. If 
absent: no delirium 

 (2)  Inattention  
 The patient must read ten letters and stretch the hand when a designated letter 

occurs. If the number of errors <3: no delirium 
 (3)  Disorganized thinking  
 5 logical questions (with simple responses) are asked to the patient. If the 

number of errors <2: no delirium 
 (4)  Altered level of consciousness  
 If the RASS score = 0: no delirium 

 The diagnosis of delirium requires the presence of both (1) and (2) and of either (3) 
or (4) 

 DRS  1. Temporal onset of symptoms  Quoted 0, 1, or 2 
 2. Perceptual disturbances  Quoted 0, 1, or 2 
 3. Hallucination type  Quoted 0, 1, or 2 
 4. Delusions  Quoted 0, 1, or 2 
 5. Psychomotor behavior  Quoted 0, 1, or 2 
 6. Cognitive status during formal testing  Quoted 0, 1, 2, 3, or 4 
 7. Physical disorder  Quoted 0, 1, or 2 
 8. Sleep-awake cycle disturbances  Quoted 0, 1, 2, 3, or 4 
 9. Lability of mood  Quoted 0, 1, or 2 
 10. Variability of symptoms  Quoted 0, 1, 2, 3, or 4 

   CAM  Confusion Assessment Method,  CAM-ICU  Confusion Assessment Method-Intensive Care 

Unit,  DRS  Delirium Rating Scale  

1 Delirium in Stroke Patients
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the severity of delirium: it is reliable and valid in patients with delirium, with or 
without dementia. It is however time-consuming. 

 The choice of an evaluation instrument will depend on the purpose (screening, 
diagnosis, rating, follow-up), on time constraints, and on the examiner, some scales 
requiring trained and experimented psychiatrists. The CAM scale, despite its sim-
plicity, has a high sensitivity and specifi city. The DRS is perhaps the most wide-
spread scale and is in use in many countries [ 5 ,  10 ]. It is however important to 
notice that none of these scales have been specifi cally established for stroke 
patients and that none, with the exception of the CAM-ICU [ 24 ], has been vali-
dated in populations of stroke patients, which may be diffi cult to assess because 
stroke patients can present with non-fl uctuating disturbances of memory, percep-
tion, or attention resulting from brain lesions, prestroke dementia, or depression 
and because communication defi cits are frequent. The CAM-ICU [ 25 ,  26 ] 
(Table  1.2 ), an adapted version of the CAM, is currently the most widely used 
method for assessing delirium in critically ill patients. It is based on DSM-III-R 
criteria and incorporates the four key features (acute onset and fl uctuating course, 
inattention, disorganized thinking, and altered level of consciousness) that consti-
tute the defi nition of delirium, as taken from the original CAM algorithm [ 12 ]. It 
consists of a brief interview with the patient and includes nonverbal tasks designed 
to be completed by nonverbal, mechanically ventilated, or restrained patients in 
ICU settings. In a study conducted in a stroke population [ 24 ], the CAM-ICU 
demonstrated a high sensitivity (76 %) and a very high specifi city (98 %) with a 
high inter-rater reliability, compared to the DSM-IV criteria applied by experi-
mented raters. Serial evaluations are however necessary because of the fl uctuating 
nature of delirium [ 24 ].   

    Incidence of Delirium in Stroke Patients 

 After having been reported as single case reports or in retrospective studies, system-
atic investigations of delirium have been prospectively performed in stroke patients 
[ 27 – 38 ]: delirium was found to occur in 10–48 % of stroke patients. The main char-
acteristics of the study populations reported in the literature are detailed in Table  1.3 . 
A recent review on poststroke delirium reported an incidence rate of delirium in 
acute stroke and SAH of 26 % with a 95 % CI of 19–33 % [ 39 ].

       Time Course of Delirium 

 The natural history of poststroke delirium remains largely unknown. Available data 
suggest that delirium usually occurs in the fi rst days after stroke [ 33 ,  37 ], occurring 
within the fi rst 24 h after stroke onset in about two-thirds of patients [ 24 ]. In the 
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study of Mitasova et al. [ 24 ], delirium developed within 5 days of stroke onset in all 
delirium-positive patients. 

 Data concerning delirium duration in stroke patients are more controversial. 
One study, however, performed in a small number of patients [ 33 ], found that 
near half of patients had symptoms lasting more than 4 weeks. This fi nding was 
consistent with other studies conducted in medical inpatients that have shown 
that delirium is slow to resolve, with delirium still present in 32 % of medical 
inpatients on discharge [ 40 ]. However, in other studies, duration of delirium 
after stroke was shorter. Dostovic et al. [ 32 ] reported an average duration of 
delirium of 4 days in patients with ischemic stroke and 3 days in patients with 
cerebral hemorrhage [ 32 ]: in the whole population, the average duration of 
delirium in the acute stage of stroke was 4 days (range 1–18), with a longer 
duration in women, in patients older than 65 years, and in patients with right 
hemispheric lesions. In a study evaluating the effi cacy of rivastigmine in the 
treatment of delirium after stroke [ 41 ], the mean duration of delirium was 6.7 
days (range 2–17). In another study published by Oldenbeuving [ 37 ], among 62 
patients out of 527 who developed delirium, 52 were diagnosed between day 2 
and 4 and 10 between day 5 and 7: about two-thirds of patients with delirium 
at the fi rst screening moment did not have delirium during the second screen-
ing. The mean duration of delirium was 4.8 days (range 1–15 days). Last, in 
the study by Sheng et al. [ 31 ], of the 39 patients who had delirium, 18 patients 
had delirium lasting 24 h or less, and 21 had delirium lasting longer than 24 h 
(7 for 24–48 h, 14 for more than 48 h). The duration of delirium may however 
be important as it has been suggested that transient delirium of 24 h or less 
was associated with better long-term functional outcome than delirium lasting 
longer than 24 h: patients with delirium lasting longer than 24 h had a worse 
outcome than those with transient delirium for 6-month mortality and 1- and 
12-month FIM scores [ 31 ].  

    Risk Factors 

 Many predictors of delirium in hospitalized patients have been identifi ed irrespec-
tive of the cause of admission: age, male gender, drugs (in particular drugs with 
anticholinergic effect), somatic or metabolic disorders, dementia, vision and hear-
ing impairment, and focal brain lesions of any origin, especially stroke [ 42 – 46 ]. 
Stroke remains a rare cause of delirium in patients without focal neurological 
signs [ 47 ], at least when stroke diagnosis is based on CT scan. Whether it remains 
true when MRI is used remains unsettled. Indeed, delirium is more common in 
acute stroke than in acute coronary patients, suggesting a causal relationship 
between brain damage and the occurrence of delirium after stroke [ 29 ]. In fact 
both stroke characteristics and patient’s characteristics may predispose to delir-
ium. The main risk factors identifi ed in cohorts of stroke patients are detailed in 
Tables  1.4  and  1.5 .

1 Delirium in Stroke Patients
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       Infl uence of Stroke Characteristics 

    Stroke Type 

 Delirium seems to be more frequent in patients with cerebral hemorrhage (Table  1.5 ) 
[ 27 ,  29 ,  31 ,  38 ] compared to patients with ischemic stroke. The small number of 
patients included in published studies however precludes defi nite conclusion. 

 Delirium can also occur after subarachnoid hemorrhage [ 30 ,  48 ,  49 ]. The only 
prospective study conducted in patients with subarachnoid hemorrhage found delir-
ium in 16 % of patients, with a higher incidence in cases of intraventricular bleed-
ing, hydrocephalus, and basofrontal hemorrhage [ 30 ]. Basofrontal lesions may 
involve the cingulum, frontal projections from the thalamus, the septal area, and the 
Meynert nucleus, leading to disruption of the cholinergic projections to the cerebral 
cortex and the hippocampus. Moreover, structures close to the lateral and the third 
ventricles (anterior and medial thalamic nuclei, fornix, mammillary bodies, caudate, 
and hippocampus) are important in attention, memory, and executive functions [ 30 ].  

    Stroke Location 

 No clear infl uence of stroke location has been demonstrated in prospective studies 
conducted in stroke cohorts (Table  1.5 ). Delirium has however been reported in 
patients with strategic lesions involving structures subserving attention, memory, 
and emotional behavior. 

   Thalamic Strokes 

 Thalamic vascular lesions may induce acute cognitive disturbances, which usually 
do not fulfi ll criteria of delirium. Cases of delirium have however been reported 
after medial thalamic lesion [ 50 ] or stroke involving anterior and dorsomedial tha-
lamic locations [ 51 ]. The thalamus acting as a fi lter allowing only relevant informa-
tion to travel to the cortex, stroke could compromise this gating function, leading to 
sensory overload and hyperarousal [ 52 ].  

   Uni- and Bilateral Posterior Cerebral Artery Territory Infarcts 

 Delirium may occur after uni- or, more frequently, bilateral lesions involving medial 
temporo-occipital lobes [ 53 – 56 ], in particular in bilateral lesions involving occipital 
and temporal lobe cortex below the calcarine sulcus, including the lingual and fusi-
form gyri [ 55 ]. In this case, delirium is considered as a consequence of dysfunction 
of the fusiform-parahippocampal and hippocampal regions, with impairment of 
focal attention, loss of memory, and disruption of temporal sequencing resulting 

H. Henon and D. Leys
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from destruction of neocortical association area or its disconnection from limbic 
structures. Delirium may also occur after unilateral posterior cerebral artery terri-
tory infarct, in particular in case of lesion of the left hemisphere [ 53 ,  56 ] which 
leads to focal attention impairment, loss of linguistically organized memory, and 
disruption of temporal sequencing [ 53 ]. However, the infl uence of the left hemi-
sphere was not consistently found [ 54 ].  

   Anterior Cerebral Artery Territory Infarcts 

 Delirium may be the consequence of lesion of the medial frontal lobe [ 57 ], in par-
ticular in case of bilateral or right unilateral lesions, involving the prefrontal cortex 
and anterior cingulate gyrus.  

   Stroke Lesions in the Head of the Caudate Nucleus 

 Delirium has been reported in lesions involving the caudate nucleus [ 58 ,  59 ], in 
right as in left lesion, probably more frequently in bilateral lesion and in lesions 
involving the head of the caudate nucleus [ 59 ]. The caudate nucleus connects asso-
ciative cortex with deeper anatomic structures by cortico-pallido-nigra-thalamo-
cortical loops, and delirium could be the consequence of the interruption of 
striato-pallido-thalamo-frontal circuit [ 60 ].  

   Stroke Lesions in the Inferior Part of the Genu of the Internal Capsule 

 Lesions of the inferior part of the genu of the internal capsule may lead to delirium 
with fl uctuating alertness, inattention, memory loss, apathy, abulia, and psychomo-
tor retardation [ 61 ], resulting from a functional deactivation of the ipsilateral frontal 
cortex secondary to an interruption of the inferior and anterior thalamic peduncles 
by the capsular genu infarct.  

   Right Middle Cerebral Artery Territory Infarcts 

 Right middle cerebral artery territory infarction is probably the most common stroke 
leading to delirium [ 62 ,  63 ], which was reported to occur in up to 61 % of patients 
with acute middle cerebral artery territory infarct [ 63 ], sometimes leading to chronic 
confusional state [ 64 ]. The role of fronto-striatal lesions [ 62 ,  63 ] and damage to the 
right temporal lobe [ 63 ], in particular in middle temporal gyrus, may have been 
suggested. 

 However, in the majority of the descriptions of the focal form of delirium, 
patients do not strictly meet DSM-IV criteria of delirium. In case reports with fi rst 
generations of CT scans, another vascular lesion of the brain cannot be excluded 

1 Delirium in Stroke Patients



16

and may interfere with the clinical presentation [ 65 ]. Finally, in elderly patients, the 
contribution of an underlying dementia is possible.   

    Stroke Severity 

 All available data suggest a higher incidence of delirium in severe stroke [ 27 – 29 , 
 31 ,  33 ,  36 – 38 ] (Table  1.5 ).  

    Stroke Etiology 

 No association has usually been found between stroke etiologies defi ned according 
to TOAST criteria [ 66 ] with the exception of one study, which found delirium to be 
more frequent in cardioembolic stroke [ 31 ]. Delirium has also more frequently been 
reported in patients with TACI, defi ned according Bamford’s [ 67 ] classifi cation [ 33 , 
 36 ,  38 ]. It is however probable that this association refl ects more the infl uence of the 
severity of stroke than the infl uence of its etiology.  

    Consequences of Stroke 

 Left hemineglect has in some studies been considered as a risk factor for delirium 
[ 29 ,  31 ]. Neglect usually occurs after right hemisphere lesions, the right hemisphere 
being dominant for attention [ 68 ]: this may play a role in delirium, which is charac-
terized by an inability to focus, sustain, and shift attention. 

 As in other inpatient populations [ 42 ,  69 ,  70 ], medical complications occurring 
after stroke (infections, metabolic disorders, cardiac complications) were usually 
found to be associated with a higher incidence of delirium in stroke patients [ 27 – 29 , 
 31 ,  33 ,  35 ,  37 ,  38 ,  71 ], suggesting that when delirium occurs in a stroke patient, a 
comprehensive search for precipitating factors must be performed [ 5 ].   

    Infl uence of Patients Characteristics 

    Demographic Data 

 Older age is usually considered as a risk factor for delirium [ 27 – 29 ,  31 ,  33 ,  35 ,  38 ], 
while there is no infl uence of sex (Table  1.4 ). In one study [ 37 ], the infl uence of age 
disappeared after adjustment on brain atrophy, suggesting that the association of age 
and delirium could be mediated by confounding factors such as cerebral atrophy, 
which had been reported to be associated with a higher incidence of delirium after 
stroke in an older paper [ 28 ]. Another confounding factor could be the increasing 
presence and severity of leukoaraiosis in older patients, as leukoaraiosis has also 
been found to be a risk factor for delirium in stroke patients [ 28 ].  
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   Vascular Risk Factors 

 No infl uence of traditional risk factor on the risk of delirium after stroke has been 
demonstrated (Table  1.4 ).  

   Prestroke Cognitive Status 

 Dementia is an important factor of delirium in elderly hospitalized patients [ 72 ,  73 ]. 
In stroke patients, preexisting cognitive disturbances and dementia [ 28 ,  29 ,  31 ,  33 , 
 35 – 38 ] have constantly been reported as a risk factor for delirium. A history of 
delirium also appears as a risk factor for poststroke delirium [ 27 ].  

   Previous or Current Use of Drugs with Anticholinergic Effect 

 An association between delirium and anticholinergic drugs has been inconsistently 
observed [ 27 ,  28 ,  31 ,  37 ,  38 ]. Measurement of serum anticholinergic activity could 
be more reliable to identify cholinergic defi ciency due to medication or loss of cho-
linergic reserves [ 74 ]. Polypharmacy might however be of importance [ 37 ].    

    Physiopathology 

 The physiopathology of delirium remains largely unknown [ 5 ,  42 ,  75 ]. 
 Central cholinergic defi ciency is to date the leading hypothesized mechanism for 

delirium [ 76 ,  77 ], the decrease synthesis of acetylcholine and epinephrine resulting 
from a reduced oxidative metabolism. It has been shown that anticholinergic medi-
cations could precipitate delirium in stroke patients [ 45 ] as in medical patients [ 78 ]. 
Anticholinergic medications were also found to increase the severity of delirium in 
patients with diagnosed delirium [ 44 ]. Delirious patients have increased plasmatic 
levels of acetylcholinesterase [ 74 ]. Cholinergic drugs can improve delirium induced 
by lithium and anticholinergic drugs [ 79 ,  80 ]. Neuroimaging data have suggested 
that delirious patients had brain abnormalities coinciding with areas involved in 
cholinergic pathways [ 81 ,  82 ]. The age-related loss of cholinergic reserves might 
explain why delirium is more common in older patients and in patients with demen-
tia [ 83 ,  84 ]. The increased production of endogenous anticholinergic substances 
during acute illness might explain why delirium is more common after stroke [ 85 ]. 
Other neuromediators, such as dopamine, might play a role, delirium being a com-
mon side effect of dopamine and of drugs decreasing glutamate release [ 86 ]. 
Delirious symptom could result from an imbalance in the cholinergic and dopami-
nergic neurotransmitter systems [ 77 ,  86 ]. 

 Another hypothesis is that delirium is a manifestation of acute stress mediated by 
abnormally increased levels of cortisol. Corticosteroids may have deleterious effects 
on mood and memory in case of prolonged excessive secretion [ 87 ]. Stroke, pain, 
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and infections are stressful conditions, leading to an increase of the glucocorticoid 
formation, which could in some cases not be adequately suppressed and lead to 
delirium. Higher post-dexamethasone cortisol levels [ 71 ] and increased levels of 
ACTH in the fi rst hours after onset [ 88 ] have indeed been observed in delirious 
stroke patients. 

 The role of other neuromediators has been suggested. Stroke or poststroke com-
plications may induce upregulation of cytokines such as interleukin-1, interleukin-
 2, interleukin-6, tumor necrosis factor, and interferon. Cytokines may contribute to 
delirium by increasing the permeability of the blood–brain barrier and altering neu-
rotransmission [ 6 ]. Alterations in the metabolism of melatonin may also play a role 
in the development of delirium [ 89 ], where sleep disorders are frequent [ 90 ]: dis-
turbed circadian pattern of melatonin secretion has been observed in delirious post-
operative patients [ 91 ], and differences in urinary melatonin metabolite 
concentrations were found during delirium and after recovery from delirium in 
medical patients [ 92 ]. Moreover, two randomized clinical trials have shown that 
prophylactic treatment with melatonin could reduce the occurrence of delirium in 
medical and elective surgical patients [ 93 ,  94 ]. 

 Beside the infl uence of neurotransmitters, it has also been suggested that delir-
ium could involve particular neural pathways and that lateralization to the right may 
be relevant. Two main neuronal networks underlie attention, the fi rst being diffuse, 
involving thalamic and bihemispheric pathways, and the second being focal, involv-
ing frontal and parietal cortex in the right hemisphere [ 95 ]. Delirium is character-
ized by a widespread disruption of higher cortical function, with evidence of 
dysfunction in several brain areas including subcortical structures, brainstem and 
thalamus, nondominant parietal lobe, fusiform, and prefrontal cortices, as well as 
the primary motor cortices [ 95 ]. These brain areas may be the “fi nal common path-
way” for delirium from a variety of etiologies, which could be responsible for cer-
tain “core symptoms” (disorientation, cognitive defi cits, sleep-wake cycle 
disturbance, disorganized thinking, and language abnormalities), while other symp-
toms (delusions, hallucinations, illusions, and affective lability) may occur depend-
ing on the etiology causing delirium [ 86 ].  

    Infl uence of Delirium on Stroke Outcome 

 Published data concerning the infl uence of delirium on outcome in stroke patients 
suggest a worse vital, functional, and cognitive outcome in patients with delirium, 
with a longer duration of hospital stay, a higher risk of death and of dependency, and 
a higher risk of cognitive deterioration. The results of the main studies that have 
evaluated the infl uence of delirium on stroke outcome are detailed in Table  1.6 . A 
meta-analysis published in 2012 [ 97 ] revealed that stroke patients with delirium had 
higher inpatient mortality (OR, 4.71; 95 % CI, 1.85–11.96) and mortality at 12 
months (OR, 4.91; 95 % CI, 3.18–7.6) compared to non-delirious patients. Patients 
with delirium also tended to stay longer in hospital compared to those who did not 
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have delirium (mean difference, 9.39 days; 95 % CI, 6.67–12.11) and were more 
likely to be discharged to nursing homes or other institutions (OR, 3.39; 95 % CI, 
2.21–5.21).

       Management of Delirium 

 No large randomized trial concerning delirium in acute stroke patients has been 
performed. Recommendations about prevention and treatment of delirium in stroke 
patients are to date similar to management of delirium occurring in other diseases. 
Data on the management of delirium, whatever the underlying condition, remain 
however scarce and are mainly issued from studies which included postsurgery 
patients [ 98 ]. 

    Prevention 

 According to literature data, 30–40 % of delirium could be preventable [ 2 ]. A broad 
spectrum of systematic interventions appeared to be effective in preventing delirium 
in surgical patients more than in elderly medical patients, systematic detection and 
treatment programs, and special nursing adding benefi ts to traditional medical care 
[ 99 ,  100 ]. Providing support and orientation and providing an unambiguous envi-
ronment appear useful. The application of practical interventions targeted towards 
six risk factors (cognitive impairment, immobility, sleep deprivation, vision impair-
ment, hearing impairment, and dehydration) leads to an effective prevention of 
delirium [ 101 ]. 

 Recent studies have examined the role of pharmacological strategies in delirium 
prophylaxis in selected populations. Haloperidol has been shown to reduce the inci-
dence of delirium in elderly patients after noncardiac surgery [ 102 ]. This reduction 
in incidence was however not constantly found [ 103 ]. The few randomized, con-
trolled clinical trials of cholinesterase inhibitors that have been performed to date 
have shown no benefi t for these drugs in the prevention of postoperative delirium, 
but these studies were small and underpowered [ 104 ,  105 ]. The effi cacy of neither 
haloperidol nor cholinesterase inhibitors in preventing delirium in stroke patients 
has been evaluated.  

    Treatment 

 The treatment of delirium requires identifi cation and treatment of precipitants, when 
existing. When delirium occurs in a stroke patient, a comprehensive search for pre-
cipitating factors must be performed [ 5 ] including search for metabolic disorders, 
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infections, fever, cardiopulmonary disorders, epilepsy, ethanol, sedatives or drug 
intoxication at stroke onset or withdrawal during the next days, iatrogenic compli-
cation, pain (headache, abdominal pain from fecal impaction or erocolia, vesical 
distension, bed sores), and subdural hematoma (especially in case of fall secondary 
to stroke onset), and adequate measures must be undertaken. Supportive care 
(including management of hypoxia, hydration and nutrition, minimizing the time 
spent lying in bed, and mobilization) is required [ 106 ]. Nonpharmacological inter-
ventions are usually recommended, but randomized controlled trials have shown 
that input from a specialist, protocol-based multidisciplinary team was no better 
than usual ward care [ 107 ]. Physical restraints should be avoided because they tend 
to increase agitation and injury. 

 Benefi t/risk balance of drug treatment in delirious patients must be carefully 
considered: sedative drugs may improve behavioral disturbances but worsen cog-
nitive impairment [ 108 ]. Drug treatment should then be reserved for patients who 
might be dangerous for themselves or others. Treatments usually recommended in 
delirium are detailed in Table  1.7 . Neuroleptics, effective on a wide range of 
symptoms of delirium, with a rapid onset of action, seem more effective than ben-
zodiazepines to treat delirium in the absence of alcohol or benzodiazepine with-
drawal [ 109 ,  110 ]. The use of low-dose oral haloperidol (1–10 mg/day) is usually 
recommended [ 109 ,  110 ]. It has also been suggested that atypical antipsychotics 
(olanzapine, risperidone, quetiapine) could be useful in delirious patients 

   Table 1.7    Treatments usually recommended in delirium   

 Drug  Posology  Comment  Adverse effects 

  Conventional antipsychotics  
 Haloperidol  0.5–1 mg orally 

twice daily 
 Agent of choice  Extrapyramidal signs 
 Avoid intravenous use due to short 

duration of action; avoid in 
patients with withdrawal 
syndrome, hepatic insuffi -
ciency, or neuroleptic 
malignant syndrome 

 Prolonged corrected 
QT interval 

  Atypical antipsychotics  
 Risperidone  0.5 mg twice 

daily 
 Few available data  Extrapyramidal signs 

 Olanzapine  2.5–5 mg daily  Prolonged corrected 
QT interval  Quetiapine  25 mg twice daily 

  Benzodiazepines  
 Lorazepam  Initial 0.5- to 

1 mg dose 
orally; repeat 
every 4 h, as 
needed 

 Not recommended in the absence 
of alcohol or benzodiazepine 
withdrawal, Parkinson disease, 
or neuroleptic malignant 
syndrome 

 Paradoxical 
excitation, 
respiratory 
depression, and 
oversedation 

  Cholinesterase inhibitors  
 Rivastigmine  1.5–6 mg twice 

daily 
 Few available data  Vomiting 
 Has been suggested to increase 

mortality in delirious patients 
 Cardiac conduction 

disturbances 
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[ 111 – 113 ]. No consistent differences in effi cacy and tolerability between fi rst- and 
second- generation antipsychotics have however been reported [ 114 ,  115 ]. 
Benzodiazepines, and in particular lorazepam, which is sedative and has a rapid 
onset and a short duration of action, can sometimes be useful, in particular in 
patients with contraindication to or who do not tolerate antipsychotic drugs. 
However, to date, no adequately controlled trials were found to support the use of 
benzodiazepines in the treatment of nonalcohol withdrawal-related delirium 
among hospitalized patients [ 116 ]. Based on the cholinergic defi ciency hypothesis 
underlying delirium and on case reports reporting a successful treatment of severe 
delirium by cholinesterase inhibitors [ 79 ,  117 ,  118 ], it has been postulated that 
cholinesterase inhibitors could be useful. In stroke patients, two small open stud-
ies have suggested that the use of low-dose rivastigmine was safe and could be 
effective to reduce duration of poststroke delirium [ 41 ,  119 ]. However, a recent 
randomized study conducted in critically ill patients and whose aim was to evalu-
ate the effect of rivastigmine on the duration of delirium when used as an adjunct 
to usual care based on haloperidol was prematurely stopped because of a higher 
mortality in the rivastigmine group, without clear benefi t on the duration of delir-
ium [ 120 ]. Concerning melatonin, its interest to treat or prevent delirium in stroke 
patients remains to be evaluated.
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    Abstract     Illusions are misperceptions or perceptual distortions of an existing 
external stimulus, and hallucination is a perception in the absence of a stimulus. 
Both phenomena can occur in the course of a large number of cerebrovascular path-
ological processes, and they may develop in either isolated or combined modalities. 
Isolated auditory, olfactory, and tactile hallucinations are a rare event and have been 
associated with a number of stroke subtypes. Charles-Bonnet syndrome is charac-
terized by the occurrence of visual hallucinations that are formed, complex, persis-
tent or repetitive, and stereotyped; fully or partially retained insight; and absent 
delusions. Peduncular hallucinosis may develop following rostral brainstem lesion 
and characterized by seeing animals of bizarre appearance, transformation of the 
animals into human fi gures, mobile and multiple-colored images, and visuotactile 
associations. Isolated or combination of visual and auditory hallucinations follow-
ing multi-infarct dementia with lesions involving occipitotemporal regions may 
occasionally occur. In most of the patients, auditory hallucinations were observed 
mostly after ischemic and hemorrhagic stroke involving posterior parts of the cere-
bral hemisphere and more frequently in the right than in the left. Patients with syn-
cope and transient cerebral hypoxia may experience visual and auditory 
hallucinations such as gray haze, colored patches, or bright lights consisting of 
rushing or roaring noises, screaming, or voices.  

  Keywords     Visual hallucinations   •   Charles-Bonnet syndrome   •   Peduncular 
 hallucinosis   •   Auditory   •   Olfactory   •   Tactile hallucinations   •   Ischemic stroke   • 
  Hemorrhagic stroke  
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     Illusions are misperceptions or perceptual distortions of an existing external 
 stimulus. They differ from hallucinations in that the perceptual activity has its origi-
nal stimulus in the external environment. Illusional perceptions of single features of 
object such as size, shape, and color are named as metamorphopsia. According to 
classifi cation of Hécaen and Albert, illusions may be manifested as visual, auditory, 
and somatognostic [ 1 ]. Elementary illusions may be presented as misperceptions of 
simple features, while complex illusions are manifested as misperception of objects 
and scenes. Elementary illusions may have several forms, including distortion of 
shape, size, and color. Misperception of object size, so-called metamorphopsia, 
causes real objects and entire scenes to look either smaller (micropsia) or bigger 
(macropsia) than their actual size. Metamorphopsia of color is a modifi cation of 
object color, including achromatopsia, which is the disappearance of color, and ery-
thropsia which is a perception of a uniform tint of a particular color. Complex illu-
sions may be presented as telescopy which is a perception of smaller object moving 
farther away and pelopsia which is a perception of larger object approaching the 
subject, and a loss of stereoscopic vision is characterized by the perception of three- 
dimensional objects in two-dimensional space. In polypsia, the number of objects 
may multiply or infi nitely extend the number of objects as perceived in either sag-
ittal or frontal planes. Alloesthesia is manifested by the doubling of any sensory 
modalities and feeling or seeing any sensorial input in the symmetrical position of 
the body or visual fi eld. 

 Illusions and hallucinations can be differentiated clinically; the distinctions have 
little etiology signifi cance, since both phenomena may be found in the same disor-
ders. Illusions may oftenly occur in epilepsy, migraine, narcolepsy, and infectious 
disorders and with hallucinogens. 

 Esquirol described a hallucination as a perception in the absence of a stimulus 
[ 2 ]. In a stricter sense, hallucinations are defi ned as perceptions in a conscious 
and awake state in the absence of external stimuli which have qualities of real 
perception in that they are vivid, substantial, and located in external objective 
space. A patient may see a hallucinatory object in a real visual scene or may 
hear hallucinatory voices while engaging in conversation with a real individual. 
Hallucinations may be appreciated objectively as false events not corresponding 
to external reality and may not be able to voluntarily suppress them (sometimes 
called pseudohallucinations), or they may be thought to represent actual external 
events. The latter are hallucinations with delusional endorsement and comprise 
part of a psychotic experience. Hallucinations occur in the course of a large num-
ber of pathological processes and may occasionally occur in normal individuals 
in the absence of a disease. They may occur in any sensory modality visual, audi-
tory, somatic (tactile), olfactory, or gustatory. Elementary hallucinations involve 
primary sensations, such as light fl ashes and noises, and complex hallucinations 
include animals, humans, or sometimes complex vivid scenes. Hallucinations 
similar to dreams may develop in the course of falling asleep (hypnagogic hal-
lucinations) or while waking up (hypnopompic hallucinations). Synesthesias are 
cross-modal experiences reported by patients who have one sensory-modal expe-
rience (e.g., color) when another is stimulated (e.g., sound). 
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 In a stroke unit during a period of 10 years, there were fi ve patients who  developed 
different modalities of hallucinations following a stroke [ 3 ]. All fi ve patients had 
suffered from a right-hemisphere lesion with cortical lesions in four, with exten-
sions into the two or three adjacent lobes. One patient had subcortical lesions 
involving the head of the caudate, the putamen, and the internal capsule. Different 
modalities of illusions and hallucinations following stroke with various clinical 
symptoms and pathophysiology could be present. Herein different modalities of 
poststroke illusions and hallucinations will be presented below. 

    Visual Illusions and Hallucinations 

 The most common modality includes the phenomena of seeing things which are 
not present or visual perception which does not reconcile with the consensus real-
ity in which the patient claims to see something or behaves as though having seen 
something that the observer cannot see. Visual hallucinations occur in a wide vari-
ety of ophthalmologic, neurological, psychiatric, toxic-metabolic, and idiopathic 
disorders. 

 Visual hallucinations may occur following acute vascular pathology, particularly 
in the acute period of vascular lesion, such as involving brainstem or occipital- 
parietal cortices. Retinal ischemia in the course of amaurosis fugax associated with 
carotid artery disease may be manifested as blindness (typically a “descending 
curtain”) or as visual hallucinations [ 4 ]. The hallucinations are typically unformed 
and appear as scintillations, colored streaks, blobs, or fl ashing lights. These visual 
changes closely resemble those of migraine and may lead to misdiagnosis. Optic 
nerve disease, particularly optic neuritis, is also associated with brief unformed 
visual hallucinations [ 5 ]. The phosphenes occur with movement of the eyes or may 
be induced by sounds. Focal lesions in a number of locations in the brain are associ-
ated with visual hallucinations.  

    Charles-Bonnet Syndrome 

 Charles-Bonnet syndrome (CBS) is a disorder that causes mentally healthy patients 
with visual loss to have complex visual vivid and complex recurrent visual hal-
lucinations (fictive visual percepts), first described by Charles-Bonnet in 1760 and 
first introduced into English-speaking psychiatry in 1982 [ 6 ]. This syndrome is 
characterized by the occurrence of visual hallucinations that are formed, complex, 
persistent or repetitive, and stereotyped; fully or partially retained insight; absent 
delusions; and no hallucinations in other modalities. Both ocular and brain disor-
ders, especially ischemic or hemorrhagic stroke involving occipital region, can pro-
duce this syndrome (Fig.  2.1 ). Charles-Bonnet syndrome may occur in the absence 
of cognitive changes or emotional disturbances. Following impairment or loss of 

2 Poststroke Illusions and Hallucinations



34

vision, hallucinations usually develop after a latency period and disappear within 
several weeks or months. While the pathophysiology of CBS is generally interpreted 
either a release phenomenon (deafferentation) [ 7 ,  8 ], it may be caused by sensory 
deprivation and “phantom vision” [ 9 ,  10 ] or by an abnormal focus activating neu-
ronal network [ 11 ]. Its preponderance in patients with structural damage such as 
infarction or vascular malformation [ 4 ,  11 ,  12 ] has suggested that isolated lesions 
to the occipital lobe can lead to complex visual and somatosensory hallucinations. 

a b
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c

  Fig. 2.1    ( a ) T 2 -weighted MRI demonstrated the right medial occipital lobe infarction in a patient 
with Charles-Bonnet syndrome. ( b ) Diffusion MRI showed acute right occipital pole ischemic 
lesion involving gyrus descendens, inferior part of middle occipital gyrus. ( c ) ADC mapping 
 demonstrates decreased signal intensity in the right occipital lobe. ( d ) Coronal MRI showed 
involvement of the medial occipital lobe       
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Patients suffering from eye disease showed asymmetric hyperperfusions in the 
 lateral temporal cortex, striatum, and thalamus, with visual hallucinations precipi-
tated by excessive cortical compensation [ 13 ]. It is important to determine if the 
visual hallucinations are caused by persisting occipital lobe seizures or by newly 
developed ischemic lesion causing deafferentation of the occipital association areas. 
Occipital lobe epilepsy can be differentiated through a detailed medical history of 
the nature of the visual hallucinations and through video-EEG monitoring.

       Peduncular Hallucinosis 

 Lesions in the midbrain region produce the syndrome of peduncular hallucinosis. 
   Peduncular hallucinosis was originally described by Lhermitte in association with 
rostral brainstem lesion in a patient seeing animals of bizarre appearance and when 
trying to touch them, they disappeared through the fl oor [ 14 ]. The patient perceived 
these images as unreal illusions. She also reported the transformation of the animals 
into human fi gures, such as children playing the dolls. The patient also suffered 
from afternoon somnolence and insomnia at night. L’Hermitte pointed the similarity 
of the visual hallucinations to dreaming, according to their incoherent nature, the 
prevalence of mobile and multiple-colored images, and visuotactile associations. 
This type of hallucination was called hypnagogic because of the predilection for 
appearance during the late evening, but later, Van Bogaert suggested the term 
“peduncular hallucinosis” after a pathological verifi cation of a patient with mesen-
cephalic infarction [ 15 ]. De Morsier reported three patients with posterior thalamic 
infarct [ 16 ], and Feinberg and Rapscak observed peduncular hallucinosis in a patient 
with paramedian thalamic infarct [ 17 ]. Hallucinations may mostly start a few days 
after infarction and subside a few weeks later, but they may persist for years. The 
hallucinations usually last minutes to several hours, but sometimes they may persist 
throughout waking. There are complex visual hallucinations that typically occur in 
the evenings and are associated with disturbances of the sleep-wake cycle and are 
usually viewed as benign, entertaining phenomena. They are occasionally accompa-
nied by tactile and auditory hallucinations. Auditory-visual synesthesia has also 
occasionally been described by patients with lesions involving the upper brainstem. 
There is often an associated disturbance of consciousness and somnolence, and they 
have diffi culty distinguishing dreams from reality (oneroid states). When the tem-
poral or occipital lobes are infarcted, an agitated delirium may occur. Patients have 
insight into hallucinations, and once they understand the phenomenon, they cope 
with it well, without features of paranoia or psychiatric disturbance. In this condi-
tion peduncular hallucinosis has been associated with bilateral lesions of the sub-
stantia nigra (pars reticulata), infarction of the right paramedian (nucleus reticularis 
thalami) or posterior thalamus, and focal insults of the right midbrain tegmentum 
and cerebral peduncle. A pathologic study revealed lesions restricted to the medial 
substantia nigra pars reticulata and concluded that destruction of the pars reticulata 
may be the essential feature to the development of peduncular hallucinosis [ 18 ]. 
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The nigra pars reticulata receives inputs from both serotonergic raphe neurons and 
 cholinergic cells of the pedunculopontine tegmental nucleus and sends reciprocal 
efferents to the pedunculopontine tegmental nucleus and reticular formation as well 
as to the parafascicular nucleus of the thalamus (Fig.  2.2 ) [ 19 ]. The nigra pars retic-
ulata is thus closely connected to nuclei more commonly implicated in peduncular 
hallucinosis. The upper region of the brainstem is perfused by the basilar artery, and 
occlusion of the upper basilar produces the “top of the basilar syndrome [ 20 ].” This 
specifi c syndrome includes abnormalities of ocular movement, eyelid retraction, 
and skew deviation. Thalamic disorders have occasionally been associated with 
visual hallucinations (Fig.  2.3 ). Noda et al.  reported two patients with an infarct 
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  Fig. 2.2    Representative 
horizontal sections showing 
lesion localization through 
brainstem in patients with 
peduncular hallucinosis. 
( a ) The level of the posterior 
commissure, ( b ) the 
oculomotor nucleus, 
( c ) the abducens nucleus. 
 a  aqueduct,  an  abducens 
nucleus,  cp  cerebral 
peduncle,  ctt  central 
tegmental tract,  fn  facial 
nucleus,  IV  fourth ventricle, 
 ml  medial lemniscus,  mlf  
medial longitudinal 
fasciculus,  mcp  middle 
cerebral peduncle,  on  
oculomotor nucleus,  pag  
periaqueductal gray matter 
(includes raphe nuclei),  pc  
posterior commissure,  rf  
reticular formation,  rn  red 
nucleus,  sc  superior 
colliculus,  son  superior 
olivary nucleus,  sn  substantia 
nigra,  snt  spinal nucleus and 
tract of the trigeminal nerve. 
Lesions appear to be 
concentrated in the 
paramedian reticular 
formation from pontine to 
midbrain levels, with the 
maximum density of lesions 
in the midbrain, close to the 
level of the oculomotor 
and raphe nuclei (With 
permission of Manford 
and Andermann [ 19 ])       
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limited to the thalamus developed auditory and visual experiential hallucinations 
[ 21 ]. Neuropathological study in one patient showed a small cavity in the right 
intralaminar nuclei surrounded by focal spongiform change, partly involving the 
right dorsomedial nucleus. Neuroradiological data in another patient indicated that 
the same nuclei in the left thalamus were also affected. It was concluded that a uni-
lateral thalamic lesion could cause experiential hallucinations, and the intralaminar 
and dorsomedial nuclei might be important structures to explain the phenomenon 
[ 22 ]. Fisher (1959) reported data on fi ve patients with unilateral thalamic hemor-
rhage who developed visual hallucinations [ 23 ].

    Focal hemispheric lesions can produce visual hallucinations in two clinical cir-
cumstances: as part of focal seizure activity or as release (deafferentation) phenom-
ena associated with visual fi eld defects. Release hallucinations are generally formed 
images, lasting from minutes to weeks. They are variable in content, may be modi-
fi ed by altering the visual input as opening or closing the eyes, and tend to occur 
within the fi eld defect. The underlying pathological lesion is usually an infarction, 
but any focal lesion within the visual pathways in the temporal, parietal, or occipital 
lobes may produce release hallucinations [ 24 ]. Following onset of hemianopia due 
to posterior cerebral artery (PCA) infarction, there are hallucinations of colors, 
objects, and fi gures. These illusions are often at the edge of the hemianopic fi eld; 
they can appear later in the clinical course as the visual fi eld defect is improving. In 
a case report [ 25 ], an 80-year-old right-handed woman, previously in good health, 
developed fl ashing lights of different colors in her right visual fi eld while watching 
television. These continued for about half an hour. She then saw “a red curtain” 
descend over her right fi eld, followed at once by a right fi eld hallucination of “four 
or fi ve men,” variably dressed (two or three in business suits, one in a cowboy suit 

  Fig. 2.3    A patient having 
bilateral thalamic infarction 
on diffusion MRI presented 
vivid visual hallucination as 
walking animals on the wall 
and touching to his body. 
Hallucinations continued 
along 1 month and the patient 
had prominent anxiety       

 

2 Poststroke Illusions and Hallucinations



38

and hat, one in a plaid shirt), moving about, not speaking, and not relating to one 
another. She could not make out their faces: “It was as if they were in shadows.” The 
fi gures were not frightening and did not remind her of any past experience. They 
persisted in her right visual fi eld as long as she watched the television screen, disap-
pearing when she looked away and returning abruptly when she looked back. For 
the next 2 weeks, they occurred nightly while she watched television, lasting as long 
as she viewed the screen, on one occasion for 4 h. One evening they appeared while 
she was reading a book, disappearing when she stopped, and another time they 
occurred throughout a church service, whether or not she was reading the hymnal. 

 Another type of illusion is visual perseverations described by the patient in rela-
tion to their hemianopia. When they look to the hemianopic fi eld, they may see an 
object formerly in front of them now projected into their blind fi eld. Trains of mul-
tiple objects may seem to be duplicated in the near edge of the blind fi eld [ 26 ,  27 ]. 

 Palinopsia (Greek:  palin  for “again” and  opsia  for “seeing”) is a visual misper-
ception that causes images to persist to some extent even after their corresponding 
stimulus has left. These images are known as after images and occur in persons with 
normal vision. However, a person with palinopsia experiences them to a signifi -
cantly greater degree, to the point where they become diffi cult or impossible to 
ignore. Palinopsia sometimes appears on its own but is more often accompanied by 
other visual disturbances such as visual snow and can be attributed to a number of 
conditions affecting the brain including occipital lobe or visual pathway ischemic 
lesions, subcortical hemorrhage, and dural arteriovenous malformations [ 28 ,  29 ]. 
The phenomenon usually begins abruptly with a cerebral infarction and persists 
only a few days, but in some cases it has endured for years. Palinopsia can occur 
with lesions of either hemisphere but is most common with acute damage to the 
posterior aspect of the right hemisphere. Meadows and Munro described a patient 
who experienced a severe headache lasting only a few hours and then suffered pal-
inopic images and congruous left upper quadrantanopia beginning the next day and 
recurring for the remaining 7 days of her life [ 30 ]. The autopsy showed a predomi-
nantly subcortical infarct undermining the right lingual and fusiform gyri. Michel 
and Troost studied three patients whose palinopic images also occurred in the 
affected visual fi eld after presumed unilateral large occipital infarction affecting the 
right side in two and the left in one [ 31 ]. Hayashi et al. wrote of a patient who exhib-
ited transient palinopsia and visual hallucinations [ 32 ]. Disturbances initially 
included an auditory component and increasingly were localized to the left visual 
fi eld. These events occurred during recovery from a right subcortical hematoma 
with left homonymous hemianopia. Single-photon emission computed tomography 
(SPECT) demonstrated extensive perilesional hyperperfusion involving parts of the 
right parietal, temporal, and occipital cortex. Perilesional hyperperfusion disap-
peared as the visual abnormalities diminished. It has been accepted that excitatory 
neuronal activation in perilesional cortex during recovery contributed importantly 
to the transient abnormal perceptions. In addition to subcortical hemorrhage and 
posterior pathway lesions being possible underlying conditions for this visual phe-
nomenon, palinopsia also seems to occur in those with dural arterial defects which 
affect blood fl ow to the occipital regions of the brain. Kupersmith et al. described 
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seven patients with visual disturbances, including palinopsia, which all have dural 
arteriovenous malformations (DAVMs) [ 29 ]. They describe that such malforma-
tions, if caught early, should be amenable to treatment before irreversible damage or 
visual fi eld loss should occur through surgical intervention. In such patients, neuro-
logical and visual illusions can be correlated to venous hypertension, from incorrect 
occipital venous emptying. 

 Metamorphopsias of different types have also been noted in patients with PCA 
infarction, especially when the lesion is bilateral or occipitotemporal. In a lim-
ited portion of the visual field, they report enlargement (macropsia) or diminu-
tion (micropsia) of objects. Objects can be distorted or angulated. In a report, the 
patient described objects as tiny or minute, “like dollhouse furniture,” in her left 
visual field and unusually large and “misshapen” in parts of the right visual field. 
Faces were grotesque because of the strange contrast between the two sides [ 28 ]. 
Yamada et al. reported a 63-year-old man whose micropsia occurred suddenly 
and was associated with an acute amnestic state and a right upper quadrantanopia 
due to large left PCA territory infarction [ 33 ].    Another patient reported having a 
migraine history and postmortem right inferolateral occipital cerebral infarction. 
The syndrome started as left homonymous hemianopia with prominent prosopag-
nosia. As these complaints faded over a week’s time, the patient experienced that 
objects seemed somewhat shrunk and compressed in his left visual field, mak-
ing the plotting of visual fields difficult and producing an awareness that pictures 
seemed asymmetric. He drew the left-hand side of a pattern larger than the right so 
it would look symmetrical to him [ 34 ]. 

 Misperception of colors has been observed when infarction is localized to the 
lower bank of calcarine cortex, especially when the infarct is bilateral [ 35 – 38 ]. 
Unilateral large lesions undercutting the lingual gyrus can cause an abnormality of 
color perception in the contralateral half fi eld [ 39 ]. Infarction of the lateral genicu-
late body may also affect color perception [ 40 ]. In some cases color perception is 
disturbed and seems dim, washed out, or pale, or the environment is said to have 
switched from “technicolor to black and white.” In some instances, color perception 
is normal but colors are misnamed. The patient can match colors or say what color 
an object usually is, select and appropriately color objects from a set of crayons, yet 
give the wrong color name [ 40 ,  41 ]. 

 Hallucinations may occur in the course of acute confusional states following acute 
stroke. They have been noted in 40–75 % of delirious patients [ 42 ]. In delirium, the 
hallucinations are relatively brief, are often nocturnal, and may be regarded as real. 
Hallucinations in delirium are usually clear, brightly colored visions that are expe-
rienced as three-dimensional images in nearby space. The patients are often fearful 
and respond to the hallucinations with self-protective measures. The visions are 
typically formed, moving, silent images but in some cases may be accompanied by 
auditory or tactile hallucinations. This is particularly common in patients with asso-
ciated vascular or Alzheimer’s dementia syndrome [ 43 ]. Autoscopy (beutoscopy) 
is another striking hallucinatory experience in which one sees one’s own image. 
Such hallucinations may occur in subarachnoid hemorrhage, epilepsy, brain tumors, 
cerebral trauma, cerebral syphilis, migraine, postencephalitic parkinsonism, typhus 
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and other infectious diseases, drug intoxications, schizophrenia, and  depression. If 
the patient endorses the vision as a true double or believes that a double exists, even 
though invisible, the syndrome merges into the delusion of the double, or the dop-
pelgänger [ 44 ,  45 ]. 

 Hallucinations following multi-infarct dementia may occasionally develop. 
Cummings et al. described visual hallucinations in 4 of 15 patients with multi- 
infarct dementia in the earlier stages of the disease [ 46 ]. Three patients experienced 
visual hallucinations including one patient with a combination of visual and audi-
tory hallucinations. Visual hallucinations were observed in the homonymous fi eld 
defect in two of the three patients, and a patient had marked visual acuity decrease. 
Hallucinations were explained by peripheral sensory loss or hemianopia. Another 
report noticed that a 79-year-old woman with vascular dementia seeing several 
males sitting around the table and discussing something on the deck of her house. 
CT scan revealed large occipital lobe and subcortical white matter infarction [ 47 ]. 

 There are no etiologically specifi c or pathognomonic types of hallucinations, but 
features of visual hallucinations may facilitate identifi cation of the clinical disorders 
from which they originate [ 48 ,  49 ]. For instance, posterior occipital lesions produce 
unformed, simple fl ashes; the patterns become more complex if the lesion located in 
visual association cortex; and more anteriorly placed lesions in the medial temporal 
lobe produce complex, formed images and visual memories. Foerster described a 
variety of visual hallucinations induced by electrical stimulation of different areas 
of the occipital cortex [ 50 ]. Stimulation of occipital pole or posterior area striae 
(area 17) led to hallucinations of “a stationary light or stars” immediately in front of 
the subject. Stimulating area 17 more anteriorly produced light “seen in the periph-
eral parts of the visual fi eld and moving toward the center of the fi eld.” Stimulation 
of area 18 caused similar sensations. But stimulating the occipital cortex on the 
convex surface (area 19) produced more formed hallucinations: fi gures, people, or 
animals. Penfi eld and Jasper reported similar fi ndings but believed stimulation had 
to be anterior to area 19, in the temporal or parietal cortex, to evoke formed or “psy-
chical” hallucinations [ 51 ]. The remarkable similarity of many aspects of visual 
hallucinations suggests that a few basic CNS mechanisms are responsible for gen-
eration of most of the images. The most common situation in which hallucinations 
merge involves the reduction of visual input. This occurs in sensory isolation, enu-
cleation, cataract formation, retinal disorder, choroidal change, macular disease, 
and optic nerve and tract disease and with hemispheric lesions involving the genicu-
localcarine pathways. The blindness may be partial or total monocular or hemiano-
pic and in all cases may be associated with hallucinations of similar character. West 
proposed for explanation of these hallucinations a “perceptual release theory,” 
which suggests that decreased sensory input results in release of spontaneous activ-
ity of CNS structures normally mediating perceptual experience [ 52 ]. 

 Cholinergic mechanisms may also have important role in mechanisms associated 
with hallucinosis. Anticholinergic toxicity is accompanied by prominent hallucina-
tions, and treatment with cholinergic agents may reduce visual hallucinations. Visual 
hallucinations respond poorly to treatment except in specific circumstances. Visual 
hallucinations in patients with vascular dementia associated with degenerative 
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disorders, such as Alzheimer’s disease and Parkinson’s disease with dementia, may 
improve with therapy with cholinesterase inhibitors. Antipsychotic agents reduce 
both hallucinations and delusions in patients with delirium. Dopaminergic and sero-
tonergic mechanisms have been implicated [ 19 ,  24 ].  

    Auditory Hallucination 

 Auditory hallucinations (also known as paracusia) are the perception of sound with-
out outside stimulus. Auditory hallucinations can be divided into two categories: 
elementary and complex. Elementary hallucinations are the perception of sounds 
such as hissing, whistling, an extended tone, and more. In many cases, tinnitus is an 
elementary auditory hallucination. However, some people who experience certain 
types of tinnitus, especially pulsatile tinnitus, are actually hearing the blood rush-
ing through vessels near the ear. Because the auditory stimulus is present in this 
situation, it does not count as a hallucination. Complex hallucinations are those of 
voices, music, or other sounds which may or may not be clear; may be familiar or 
completely unfamiliar; and may be friendly or aggressive, among other possibilities 
[ 43 ,  47 ]. 

 Auditory hallucinations, unlike visual hallucinations, are more characteristic of 
idiopathic psychiatric disorders. Auditory hallucinations are caused uncommonly 
by acute stroke, mostly described after lesions of the brainstem and very rarely 
reported after cortical strokes. Lampl et al. observed poststroke auditory hallucina-
tions in 4 of 641 patients, and all of them occurred after an ischemic lesion of the 
right temporal lobe [ 53 ]. After no more than 4 months, all patients were symptom- 
free and without therapy. The phenomenon may be completely reversible after a 
couple of months. Auditory hallucination is uncommon at onset of stroke; in such a 
case report, a 48-year-old right-handed woman had complaints of hearing abnormal 
sounds, including clicks, grunts, and other nonword vocalizations. These auditory 
hallucinations occurred intermittently for 10–15 min, during which time she was 
unable to speak but had retained comprehension. She had a very mild language 
disturbance, with occasional semantic and phonemic paraphasic errors and impaired 
naming. The initial formulation was that the etiology of her symptoms was most 
likely migraine. CT angiogram showed a fi lling defect in the distal M2 segment of 
the left MCA, and the perfusion study was consistent with acute ischemia [ 54 ]. 

 Levine and Finkelstein presented eight patients of the development of halluci-
nations, delusions, and agitated aggressive behavior following a posterior right- 
hemisphere stroke in seven cases and a head injury with a right temporoparietal 
in one case [ 55 ]. The stroke lesions included a right occipitoparietal hemorrhage 
in two patients, a right temporoparietal hemorrhage in two patients, a right tem-
poroparietal infarction in one case, and a right temporoparietal-occipital infarction 
in one patient. Time interval between stroke and hallucinations was 1–8 months in 
six patients and 11 years in one patient. The types of hallucinations were as fol-
lows: in patient 1 there was hallucinatory experience, and there were persecutory 
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delusions; in patient 2, a soft cloak was thought to be placed over the patient’s left 
arm and both shoulders, and at night a broadcaster’s voice was heard repeating the 
same things, classical music interrupted by “Happy Birthday” was heard, loud and 
insulting voices were perceived, and God was seen as a glorious light that followed 
her, but she was lucid in the daytime; in patient three, there were visual hallucina-
tions and illusions in human forms, delusions of being spied upon, and delusions 
that listening devices have been placed in her house; in patients two, seven, and 
eight, there were pure hallucinations; and in other patients persecutory ideation, 
agitation, aggressive behavior, fluctuating disorientation, and incoherent thoughts 
were noted. Another report described a patient 63-year-old right-handed man with 
a right homonymous hemianopia due to right putaminal hemorrhage experienced 
metamorphopsia and visual hallucinations as “the right half of the curtain in front 
of him suddenly transforms into an animal’s face [ 56 ]. It rotates there for a while 
and finally flows to the right, and then disappears.” On the fourth day of stroke, 
he complained that the doctor’s left cheek seemed to have been scraped, that the 
 doctor’s left hand seemed tortuous, and that some of the fingers of the hand seemed 
to be missing. 

 Peroutka, Sohmer, Kumar, Folstein, and Robinson reported the development of 
auditory and visual hallucinations in the course of a stroke in a 72-year-old woman 
[ 57 ]. The patient reported seeing and hearing various people sitting at her kitchen 
table, were discussing about her among themselves, and were making derogatory 
and vulgar remarks about her. Elementary auditory hallucinations included a loud 
buzzing noise, which the patient perceived as coming from a large bee. She occa-
sionally experienced tactile hallucinations of having her hair pulled out by her visi-
tors. CT scan demonstrated a small region of hypodensity with rim enhancement at 
the junction of the temporal, parietal, and occipital regions. Patient experienced an 
episode of uncontrolled movements, which began in the left shoulder and subse-
quently spread to the entire left upper extremity, lasting for approximately 1 min. 

    Musical hallucinations are a unique type of auditory hallucination that often sur-
prise the individual who begins to experience them for the fi rst time; the patient 
may try to fi nd the radio or television that think is the origin of the sound [ 58 ,  59 ]. 
Musical hallucinations are also relatively common in terms of complex auditory 
hallucinations and may be the result of a wide range of causes ranging from hearing 
loss (such as in musical ear syndrome, the auditory version of CBS), arteriovenous 
malformation, acute ischemic lesions, lateral temporal lobe epilepsy, abscess, or 
tumor. For instance, a 50-year-old man presented to the emergency department with 
a generalized tonic-clonic seizure. Before the onset of his seizure, he experienced a 
vivid auditory hallucination of his favorite song by the band Pink Floyd, “A Brick 
in the Wall.” He had been diagnosed with epilepsy 25 years previously. On presen-
tation, his neurological examination was normal, but a computed tomography scan 
of the brain revealed a large arteriovenous malformation (AVM) occupying the left 
temporal lobe [ 60 ]. 

 Musical hallucination may also develop in patients with brainstem stroke. 
Lanska, Lanska, and Mendez reported a 55-year-old patient, after suffering left- 
sided pontine hemorrhage involving the caudal part of the pontine tegmentum and 
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the dorsal and medial acoustic striate, complained of hearing low-pitched, slow 
musical sounds in both ears [ 61 ]. Several days later, the auditory hallucinations 
became “like people talking” and “like continuous rain falling on a roof.” Cascino 
and Adams presented three patients with hearing loss and brainstem auditory hal-
lucinations [ 62 ]. Two patients had suffered from a vascular lesion of the rostral 
pontine tegmentum; the third patient had a lower midbrain tumor. Later, in another 
case report, a patient with hearing loss developed auditory musical hallucinations 
lateralized to the right ear following a stroke with a hemorrhage at the right pontine 
tegmentum. Two years prior to the stroke, the patient had a lacunar stroke involving 
the right internal capsule [ 58 ]. 

 In most of the patients, auditory hallucinations were observed mostly after isch-
emic and hemorrhagic stroke involving posterior parts of the cerebral hemisphere 
and more frequently in the right than in the left. Imaging studies have also compared 
brain activity during hallucination versus non-hallucination periods, identifying 
widespread brain activation related to auditory verbal hallucinations. These activa-
tions frequently include the inferior frontal gyri (IFG), the anterior cingulate cortex, 
the parahippocampal gyrus, and the superior and middle temporal gyri [ 63 ,  64 ]. 

 Syncope may be associated with hallucinations. Thirty-six percent of individuals 
who experienced transient cerebral hypoxia had auditory hallucinations, and 60 % 
had visual changes such as gray haze, colored patches, or bright lights consisting of 
rushing or roaring noises, screaming, or voices [ 65 ]. Poststroke auditory hallucina-
tions must be differentiated from primary auditory manifestation of schizophrenia, 
psychoses, hysterical conversion reactions, multiple personality disorders, and post- 
traumatic stress disorder. Auditory hallucinations may also develop in patients with 
palinacousis, in which there is a persistence or late recurrence of existing auditory 
stimuli [ 66 ]. Palinacousis has been associated with a variety of cerebral lesions (par-
ticularly infarctions and neoplasms), and the lesions usually involve the temporal 
lobe. 

 Wearing headphones has decreased auditory hallucinations in some patients, and 
others report temporary amelioration of the hallucinations with humming or mouth 
opening (maneuvers that disrupt subvocalization) [ 67 ]. Antipsychotic agents may 
relieve auditory hallucinations in some patients with vascular auditory hallucina-
tions, but there is no large case series to prove the effi cacy of these drugs.  

    Tactile Illusions and Hallucinations 

 Little study has been conducted on the topic of poststroke tactile hallucinations 
or delusions, as compared to the much larger body of research dedicated to visual 
hallucinations. Reported cases of tactile hallucinations vary from more basic tactile 
sensations, such as imaginary itches, formication (i.e., the abnormal sensation as 
of insects crawling in or upon the skin), pinching, rubbing, and having the skin 
covered in fur, to far more complex perceptual experiences, such as being kissed, 
having someone lying by one’s side, and more or less bizarre sexual experiences 
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[ 68 ]. In a number of different cases, tactile hallucinations have been associated with 
 ischemic stroke. For instance, Halligan et al. reported a patient with tactile (as well 
as visual) hallucinatory sensations following right-hemisphere stroke affecting the 
right temporal pole, caudate nucleus, lower basal ganglia, insular cortex, putamen, 
and posterior frontal cortex [ 69 ]. The patient exhibited a number of hallucinations 
(compatible with a diagnosis of CBS) with a moderate left-sided neglect and left 
visual fi eld defi cits. On different occasions, the patient experienced tactile sensa-
tions related to the object of her hallucinations. For example, she not only expe-
rienced the presence of a dog (actually one of her dogs that had died many years 
earlier) but also reported the sensation that the dog’s fur was wet to touch, the same 
as when he had come back to her following a walk in the rain. She also reported 
the tactile feeling associated with poking her husband’s arm in order to wake him 
up. Neuroimaging studies have shown that both the posteroventral insula and peri-
rhinal cortex are involved in the storage of tactile information regarding haptically 
explored stimuli [ 70 ]. It can be speculated that tactile (as well as visual) hallucina-
tions might be caused by the faulty activation of those brain areas responsible for 
tactile memories. Eventually, a misfi ring of the circuit that sustains tactile memories 
(and that includes the somatosensory cortex as well as areas responsible for the 
active exploration of the stimuli) could, at least in part, explain the hallucinatory 
tactile phenomena [ 71 ]. 

 Delusional parasitosis is a syndrome characterized by the conviction (accompa-
nied by reports of tactile and sometimes visual sensations) that small creatures are 
infesting one’s skin. Previous studies concluded that delusions of parasitosis com-
monly occur after damage to subcortical or cortical brain regions, often in the tem-
poroparietal region of the right hemisphere [ 72 – 74 ]. Huber et al. found that in 
patients with delusions of parasitosis, there were structural lesions in the striatum, 
predominantly the putamen which might account for this syndrome [ 75 ]. The itch-
ing and tactile hallucinations, as well as somatic delusions seen in patients, are 
mediated through a striato-thalamo-parietal network. 

 Supernumerary of limbs is a tactile misperception as artifi cial hand, arm, or leg 
that appeared to be connected to the participants’ own body to give the impression 
that they had a supernumerary third arm or leg (in a central location between the real 
hands or legs). Halligan et al. reported a patient affected by the delusional percep-
tion of a supernumerary phantom limb after damage to the right basal ganglia [ 76 ]. 
A following case report described a patient who experienced the presence of a third 
hand, and less frequently leg, after lesion to the right frontal lobe and corpus callo-
sum [ 77 ]. Invisible doppelgänger (double of a living person) and left arm amputa-
tion impression in the right frontal opercular stroke was described in a patient. 
These body scheme disorders have both been described after (right) parietal lesions. 
Diffusion tensor imaging showed that the stroke involved the ventral bundle of the 
superior longitudinal fasciculus that connects the parietal to the frontal lobe. The 
unusual clinical presentation of this frontal lesion may have been due to a 
“diaschisis”-like phenomenon via the superior longitudinal fasciculus [ 78 ]. The 
results of the studies on tactile illusions, together with those on supernumerary 
limbs, suggest possibility that the awareness of tactile stimulation can somehow be 
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“rebuilt” or “rewired” in patients who have suffered from deafferentation by directly 
acting upon somatosensory cortex. 

 Illusory sensations of movement can be elicited in patients with right brain dam-
age. An anomalous sensation of the right hand induced a very clear sensation of 
movement of the left, contralesional hand in two patients affected by body image 
disorders. Remarkably, this occurred mainly while subjects were looking in the mir-
ror, that is, when confl icts between visual, somatic, and motor information were 
maximal. Illusory movements of the left plegic hand contingent upon sensorimotor 
confl icts can be evoked in brain-damaged patients with body image disorders [ 79 ]. 
Illusion of longitudinal body axis (LBA) rotated in the frontal plane can be devel-
oped in stroke patients. In a recent study, in eight patients with stroke (six right 
stroke, two left stroke), the perceived LBA was rotated from true body orientation 
in the direction opposite to the lesioned side (range 3–9.5°, mean 5.2°) [ 80 ]. The 
rotation of perceived LBA was more pronounced for right-hemisphere strokes.  

    Olfactory and Gustatory Illusions and Hallucinations 

 Olfactory and gustatory (taste) hallucinations are the least common hallucinations 
recorded in stroke investigations. Isolated olfactory hallucinations are a rare event 
and have been associated with a number of etiologies including medial temporal 
lobe lesion, complex partial seizures (uncinate seizures), migraines, psychiatric ill-
nesses, multi-infarct dementia, and Alzheimer’s disease. A recent report described 
a 58-year-old woman self-presented to the emergency department with an increas-
ing frequency of experiencing abnormal olfactory sensations due to hemorrhagic 
lesion in the left uncinate lobe [ 81 ]. She complained of episodically smelling a very 
unpleasant odor that was like “burning paint mixed with rotting fl esh.” The odor 
would increase in intensity before subsiding, and the duration of each episode was 
2–3 min. The only symptoms reported between episodes were of food tasting differ-
ent, as if it had lost some taste. 

 The initial connection of the olfactory tract is to the primary olfactory cortex and 
the amygdala. The primary olfactory cortex, called the piriform cortex, is located in 
the uncus and anterior parahippocampal gyrus and is thought to be associated with 
the perception of smell. Olfactory hallucinations have most often been associated 
with lesions of the mesial temporal lobe; however, they have also been reported in 
association with lesions of the orbitofrontal region. In a report, the patient felt a 
sweet pleasant smell coming from behind her right side every time before the attack. 
Cranial magnetic resonance imaging and CT angiography revealed a large aneu-
rysm at the bifurcation of the right middle cerebral artery and compression of the 
right orbitofrontal cortex. Small spikes were recorded from the right orbitofrontal 
and superior temporal gyri and from the uncus by the cortical electrodes during clip-
ping of the aneurysm [ 82 ]. 

 Gustatory illusions are commonly reported as the perception of a bad taste. 
Symptoms reported included dysgeusia which is a qualitative gustatory disturbance 
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relating to a distorted taste perception or to a persistent taste sensation in the 
absence of stimulation. Frequently, gustatory stimuli are reported to be different 
from what they used to be; they are perceived as bitter, sour, or metallic. Taste 
phantoms (phantogeusia) have been reported in patients with epilepsy and schizo-
phrenia [ 83 ]. Gustatory misperceptions have been infrequently reported in patients 
following stroke [ 84 ,  85 ]. Patients with taste misperception may have either isch-
emic or hemorrhagic lesion in the anterior circulation or posterior circulation. These 
patients presented inability to detect real tastes and experienced different bad tastes. 
Patients reported heavily salting or sweetening their food to mask the distorted and 
unpleasant taste perception. More recent investigations in patients who have had 
strokes indicated that dysgeusia was present contralaterally to a thalamic or corona 
radiata infarction, thus supporting the idea that gustatory fibers ascend contralater-
ally in the cerebral hemisphere and that the pathway ascends from the thalamus to 
the insular cortex, frontal operculum, opercular part of the superior temporal gyrus, 
and inferior part of the precentral and postcentral gyri, via the posterior part of the 
corona radiata [ 86 ].     
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    Abstract     Poststroke depression (PSD) is among the most common  neuropsychiatric 
sequelae of stroke. Cross-sectional studies have demonstrated that about one- third 
of patients develop depression during the acute stage after stroke and more than 
50 % suffer depression at some later point. PSD is strongly associated with negative 
outcomes, such as increased length of hospital stay, increased severity of neurologi-
cal and functional deficits, more severe cognitive deficits, worse quality of life, and 
increased mortality. Randomized controlled trials have demonstrated the efficacy 
of nortriptyline, citalopram, and reboxetine to treat PSD. Recent studies also sug-
gest that prophylactic treatment with antidepressants may significantly decrease the 
incidence of PSD, although more research in this area is needed.  

  Keywords     Poststroke depression   •   Cognition   •   Mortality   •   Prevention   •   Treatment   • 
  Physical impairment  

        Introduction 

 Depression is one of the most frequent psychiatric complications after stroke. 
 Cross-sectional studies have reported that about 20 % of patients suffer from 
major depression after an acute stroke and an additional 20 % develop minor 
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depression [ 1 ]. Poststroke depression (PSD) has a negative impact on functional 
recovery and is associated with more severe cognitive deficits, poor quality of life, 
and higher mortality [ 1 ]. This chapter will first discuss current conceptual limita-
tions in the diagnosis of depression after stroke. It will then address the prevalence, 
natural course, clinical correlates, and treatment and prevention of PSD.  

    Diagnosis of PSD 

 One of the most challenging problems in neuropsychiatry is how to diagnose depres-
sion when the symptoms of the neurological illness overlap with those of the affec-
tive disorder. Stroke patients frequently complain of insomnia, loss of appetite, poor 
concentration, loss of libido, and poor energy, which are all commonly identifi ed 
through assessment with generic depression scales. 

 Four strategies have been proposed to minimize the overlap dilemma. In the “inclu-
sive approach,” symptoms of depression are counted as present regardless of whether 
they may be related to physical illness [ 2 ]. In the “exclusive approach,” symptoms are 
removed from the diagnostic criteria whenever there is a potential overlap between 
depression and the neurological condition [ 3 ]. In the “substitutive approach,” somatic 
symptoms of depression are replaced with psychological symptoms [ 4 ]. Finally, in the 
“etiological approach,” symptoms of depression are included only when the examiner 
considers the symptoms not to be related to the neurological disorder [ 5 ]. 

 In recent years several studies have been conducted to determine the specifi city of 
depressive symptoms in stroke. Paradiso and coworkers [ 6 ] followed a group of acute 
stroke patients for 2 years and found that suicide ideation, ideas of reference, and 
pathological guilt were the only depressive symptoms not to be signifi cantly more 
frequent in patients with DSM-IV major depression vs. those with no depression at 3 
months poststroke. They also found 100 % sensitivity of standard DSM-IV criteria for 
major depression during the acute stroke period and 96 % sensitivity at the 2-year 
follow-up. Cumming and coworkers [ 7 ] carried out a factor analysis of 10 depressive 
symptoms in depressed and nondepressed stroke patients and found no signifi cant 
differences between PSD and primary major depression for either psychological or 
somatic symptoms of depression. Based on these and previous fi ndings, Robinson and 
Spalletta [ 8 ] suggested that no modifi cation of the DSM-IV criteria for major depres-
sion is needed for the diagnosis of PSD. Nevertheless, future studies should further 
examine the validity of these criteria, specifi cally on stroke patients that are diffi cult 
to assess with current techniques (e.g., patients with aphasia or dementia).  

    Prevalence of PSD 

 Most studies assessing patients in acute settings reported a frequency of major 
depression of about 20 %, while another 20 % had minor depression [ 1 ]. For patients 
living in the community, the frequency of major depression was reported to be of 
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about 14 %, with 9 % for minor depression [ 1 ]. Robinson [ 1 ] suggested that this 
difference may be explained by more severe strokes among patients cared for in 
hospital settings as compared to patients living in the community.  

    Natural Course of PSD 

 There are few prospective studies of patients with untreated PSD with a relatively 
long follow-up. Robinson’s studies found that about 50 % of patients with acute 
major depression remained depressed 6 months later, with the frequency dropping 
to 11 % 12 months poststroke, and none at the 24-month follow-up [ 9 ]. On the other 
hand, patients with minor depression seem to have a more chronic course, with 
about 50 % showing major or minor depression throughout the 2-year follow-up 
period [ 9 ]. Astrom and coworkers [ 10 ] reported a frequency of major depression of 
30 % at 3 months poststroke. One year later, 60 % of them were nondepressed, 
while the remaining 40 % continued to be depressed. 

 The mechanism underlying the variability in the duration of depression remains 
poorly understood. In a small study that compared six depressed patients who spon-
taneously recovered from depression 6 months poststroke and ten depressed patients 
who did not recover, the main fi nding was that the non-recovered group had a higher 
frequency of cortical lesions and more severe in-hospital impairment in activities of 
daily living than the recovered group [ 11 ]. 

 In conclusion, if left untreated, PSD is a long-lasting mood disorder, and dura-
tion may be infl uenced by lesion location and severity of acute impairments.  

    Clinical Correlates of PSD 

    Relationship to Lesion Variables 

 Pioneering studies by Robinson’s group [ 1 ] showed a signifi cant association between 
the frequencies of PSD and left frontal lesions. Starkstein and coworkers [ 12 ] later 
found this association to be true for both cortical and subcortical strokes in anterior 
regions of the left hemisphere. Another important fi nding from Robinson’s studies 
[ 1 ] was a signifi cant correlation between the distance of the lesion from the frontal 
pole and depression scores (i.e., the closer the lesion to the frontal pole, the higher 
the depression score). Later studies by other investigators produced heterogeneous 
results, ranging from replication of Robinson’s fi ndings [ 10 ,  13 ,  14 ] to no association 
between PSD and lesion variables [ 15 ]. Potential reasons for these discrepancies 
have been extensively discussed [ 1 ] and include differences in the time since stroke, 
demographic factors, recruitment bias, and source of patients (e.g., acute stroke units, 
rehabilitation services, patients living in the community). Time since stroke was 
identifi ed as the main confounder by Shimoda and Robinson [ 16 ]. They reported that 
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the frequency of depression 2 weeks after stroke was signifi cantly higher for patients 
with left vs. right hemisphere strokes, but there were no signifi cant between-group 
differences in the frequency of depression at 3–6 months and 1–2 years after stroke. 
A meta-analysis that only included patients assessed up to 2 months after stroke 
found a signifi cant association between left anterior lesions and depression 
(OR = 2.29, 95 % CI = 1.6–3.4,  p  < 0.001) [ 17 ]. Bhogal and coworkers [ 13 ] reported 
that the association between PSD and lesion location is infl uenced by source of 
patients (inpatients vs. individuals living in the community) and by time since stroke.  

    Relationship to Physical Impairment 

 A signifi cant association between PSD and both physical and functional defi cits has 
been consistently demonstrated, but this association is a complex one. Several stud-
ies showed that while PSD is a signifi cant predictor of poorer recovery, more severe 
functional and physical impairments in the acute stage are strong predictors of 
depression [ 1 ]. 

 Parikh and coworkers [ 18 ] and Pohjasvaara and coworkers [ 19 ] reported that 
depression at baseline predicts poor long-term functional and physical outcome. 
Donnellan and coworkers [ 20 ] recently examined the impact of depression on stroke 
outcomes. After controlling for relevant confounders, they found acute PSD was 
signifi cantly associated with increased functional disability and poorer quality of 
life at 1 month poststroke. A review by Hackett and Anderson [ 21 ] found that 9 of 
11 studies assessing physical and functional impairments in PSD demonstrated that 
greater functional and physical disability was associated with a greater frequency of 
depression. 

 Narushima and Robinson [ 22 ] reported that 34 patients (with or without depres-
sion) who received a 12-week treatment within the fi rst 30 days after stroke with 
either fl uoxetine (up to 40 mg/day) or nortriptyline (up to 100 mg/day) showed a 
greater recovery on activities of daily living than 28 patients receiving the same 
medications but who started treatment at 140 days poststroke. This fi nding suggests 
that early treatment with antidepressant drugs, even in the absence of depression, 
may have a positive impact upon functional recovery. These preliminary fi ndings 
should be confi rmed in large-scale randomized controlled trials (RCTs).  

    Relationship with Cognitive Impairment 

 A signifi cant association between PSD and more severe cognitive impairment has 
been consistently demonstrated in both hospital and community settings. Robinson 
and coworkers [ 23 ] were the fi rst to demonstrate signifi cantly lower scores on the 
Mini Mental State Examination (MMSE) for patients with major depression as com-
pared to nondepressed patients. These fi ndings were later replicated by Spalletta and 
coworkers [ 24 ], Downhill and Robinson [ 25 ], and Morris and coworkers [ 26 ]. To 
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control for lesion variables, Starkstein and coworkers [ 27 ] matched 11 patients with 
PSD with 11 nondepressed stroke patients for lesion location and volume. They rep-
licated the fi nding of signifi cantly lower MMSE scores for patients with major 
depression as compared to lesion-matched nondepressed individuals. Bolla- Wilson 
and coworkers [ 28 ] assessed a series of patients with an acute stroke using a compre-
hensive neuropsychological battery. They found that patients with PSD and left 
hemisphere lesions had signifi cantly more severe defi cits on temporal orientation, 
language, and executive functions than nondepressed patients with left hemisphere 
strokes. On the other hand, there were no signifi cant differences on any cognitive 
domain between patients with right hemisphere strokes with or without depression. 

 The question now arises as to whether antidepressant treatment may have a ben-
efi cial effect upon cognition in PSD. Kimura and coworkers [ 29 ] reported that 24 
patients with PSD who responded to treatment with nortriptyline had a greater 
improvement on MMSE scores than nonresponders ( N  = 23). This improvement in 
cognition was reported to last for 2 years or more, even after the antidepressant was 
ceased [ 30 ] suggesting that antidepressant medication may improve cognitive defi -
cits among patients with PSD.  

    Relationship to Mortality 

 Several studies have demonstrated an increase in both short-term (1–2 years post-
stroke) and long-term (5–10 years) mortality in patients with PSD. Morris and 
coworkers [ 31 ] reported that patients with PSD were 3.4 times more likely to have 
died during 10 years of follow-up than nondepressed patients. House and coworkers 
[ 32 ] reported that patients scoring 1 or more points on the depression subscale of the 
General Health Questionnaire had a mortality rate 2.4 times greater than patients 
who scored zero. In a retrospective study, Williams and coworkers [ 33 ] replicated 
the fi nding of greater mortality 6 years poststroke for patients with depression as 
compared to nondepressed patients. Jorge and coworkers examined mortality data 9 
years after 104 acute stroke patients were randomly assigned to receive treatment 
with nortriptyline, fl uoxetine, or placebo. The main fi nding was that 67 % of patients 
who were given full-dose antidepressants were alive at follow-up, as compared to 
only 35 % of placebo-treated patients. This suggests that treatment with antidepres-
sants within the fi rst 6 months after stroke is associated with increased survival of 
stroke victims with or without depression.   

    Treatment of Poststroke Depression 

 Given the poor prognosis of patients with PSD, it is not surprising that several RCTs 
have been conducted to investigate both the treatment and prevention of PSD. We 
will now discuss the most relevant RCTs and meta-analyses, including both 
 pharmacological and psychosocial interventions. 
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    Pharmacological Treatments 

    Antidepressants 

 The fi rst randomized controlled trial (RCT) of antidepressants in PSD was carried 
out by Lipsey and coworkers [ 34 ] who used nortriptyline for 6 weeks with doses 
increasing from 25 to 100 mg/day. The main fi nding was greater effi cacy of the 
nortriptyline over placebo. Side effects from the nortriptyline group were delirium, 
drowsiness, confusion, and agitation in three patients which were severe enough to 
require discontinuation. Since this seminal study, a number of RCTs have been 
reported, most of them using selective serotonin reuptake inhibitors (SSRIs). 
Andersen and coworkers [ 35 ] examined the effi cacy of citalopram (10–20 mg/day) 
in a 6-week RCT that included 59 completers. The main fi nding was a signifi cant 
reduction on the HAM-D in the citalopram group as compared to the placebo group, 
with only minor side effects in the active treatment group. 

 Robinson and coworkers [ 36 ] carried out the only RCT to compare the effi cacy 
of a tricyclic drug (nortriptyline) against an SSRI (fl uoxetine) and placebo. This was 
a 12-week study, and patients with contraindications to the use of fl uoxetine (intra-
cerebral hemorrhage) or nortriptyline (cardiac conduction abnormalities, cardiac 
arrhythmia, narrow-angle glaucoma, sedation, or orthostatic hypotension) were 
excluded. Patients in the fl uoxetine group were started on 10 mg/day for the fi rst 3 
weeks, and the dose was increased up to 40 mg/day. Patients on nortriptyline were 
started on 25 mg/day for the fi rst week, and the dose was increased up to 100 mg/
day. The main fi nding was that patients on nortriptyline showed a signifi cantly 
greater decrease on HAM-D scores as compared to patients on fl uoxetine or placebo 
(Fig.  3.1 ). On the other hand, there were no signifi cant differences between the 
fl uoxetine and the placebo groups. Based on these fi ndings, Robinson and cowork-
ers recommended a slow increase of nortriptyline, with a goal of achieving a serum 
concentration between 50 and 150 ng/mL.

   The only RCT to use a norepinephrine reuptake inhibitor was conducted by 
Rampello and coworkers [ 37 ] who assessed the effi cacy of reboxetine among 
patients with PSD and psychomotor retardation. Patients on reboxetine (4 mg/day) 
showed a signifi cant decline on depression scores as compared to patients on pla-
cebo over the 16-week trial. 

 The effi cacy of antidepressants was examined in two meta-analyses. Chen and 
coworkers [ 38 ] identifi ed 16 relevant RCTs: 12 assessed SSRIs, 2 assessed tricy-
clics, and the remaining trials assessed other compounds. There was a signifi cantly 
greater improvement in depression with active treatment as compared to placebo 
(pooled response rates of 65 and 44 %, respectively). Positive effects were observed 
after 3–4 weeks of treatment, and longer duration of treatment was associated with 
a greater response. Based on this important fi nding, the time-dependent effect of 
antidepressants in PSD should be further studied, and maintenance treatment should 
be perhaps recommended. Hackett and coworkers [ 39 ] conducted a meta-analysis 
that included seven RCTs of antidepressants: 4 RCTs used SSRIs (fl uoxetine, 
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sertraline, and citalopram), one RCT used a tricyclic compound (nortriptyline), and 
2 RCTs assessed other antidepressants (aniracetam and trazodone). The main fi nd-
ing was that antidepressants were not associated with overall benefi t as compared to 
placebo, but there was a signifi cant effect in favor of active treatment on response 
rates and reduction in depression scores. Nevertheless, outcomes were quite hetero-
geneous, and active treatment was associated with increased frequency of adverse 
events.  

    Psychostimulants 

 Psychostimulants were mostly assessed in open-label studies using dextroamphet-
amine and methylphenidate and generally reported good effi cacy of these com-
pounds in treating PSD [ 40 ,  41 ]. However, the only RCT carried out to date failed 
to demonstrate signifi cant treatment effi cacy [ 42 ]. 

 Several important limitations of RCTs for PSD should be noted. First, the recruit-
ment periods of different studies ranged from that the acute stroke period to months 
or years after the stroke. Patients have also been recruited from different sources, 
such as acute stroke units, rehabilitation settings, or from the community. Second, 
some studies have excluded patients with a pre-stroke history of depression, while 
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  Fig. 3.1    Change in depression scores for depressed poststroke patients entered in a study 
 comparing fl uoxetine, nortriptyline, and placebo. Signifi cant time-by-treatment interaction 
( F  = 3.45, df = 8, 212,  p  = 0.004). Signifi cantly    greater change in patients treated with nortriptyline 
than in those taking fl uoxetine or placebo (post hoc tests with Duncan’s statistic,  p  < 0.05) [ 36 ] 
(Reprinted with permission)       
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other studies have included patients regardless of a previous positive psychiatric 
history. Third, the diagnosis of depression has been heterogeneous, ranging from 
scoring above a specifi c cutoff point on a depression scale to using more appropriate 
standardized diagnostic criteria for major depression. Finally, duration of treatment 
has ranged from 4 to 8 weeks, and primary outcome measures have varied from full 
remission (i.e., no longer meeting the criteria for depression), response (a reduction 
of 50 % or more on the baseline depression score), or a signifi cant reduction in 
depression scores.   

    Non-pharmacological Treatments 

    Psychosocial Interventions 

 Few studies have examined the efficacy of psychosocial interventions as a treat-
ment for PSD. Lincoln and coworkers [ 43 ] showed cognitive-behavioral treatment 
to be no more effective than a placebo treatment. One meta-analysis examined the 
efficacy of psychotherapy for PSD and showed no significant effects for active 
treatment [ 39 ]. Nevertheless, a recent RCT of a care management intervention 
(Activate-Initiate-Monitor intervention) showed that care management of PSD 
resulted in greater remission of depression and reduction of depressive symptoms 
than usual care alone [ 44 ]. Positive results were also found with the use of an inte-
grated case model of depression treatment and a physical exercise program [ 45 ]. 
Treatment took place in the home three times a week for a total of 36 sessions 
and was supervised by a physical or occupational therapist. One limitation of this 
study is that there was no formal psychiatric interview to ascertain a diagnosis 
of PSD. Nevertheless, these findings suggest that adding patient activation and 
telephone- based treatment monitoring may enhance the efficacy of antidepres-
sants to treat PSD.   

    Repetitive Transcranial Magnetic Stimulation (rTMS) 

 Two RCTs examined the effi cacy of rTMS in PSD. The fi rst study included 20 
patients who received 10 sessions of rTMS or sham stimulation on the left dorsolat-
eral prefrontal cortex [ 46 ]. Patients receiving active treatment showed a signifi cant 
reduction of depressive symptoms as compared to sham treatment. The treatment 
was well tolerated, with only mild side effects in both groups. The second study [ 47 ] 
included 18 patients who were randomly assigned to low-frequency (1 Hz), high- 
frequency (10 Hz), or sham stimulation. The main fi nding was that high-frequency 
rTMS resulted in a signifi cant decrease in depression scores as compared to sham 
treatment. Future studies are needed to further examine the effi cacy and safety of 
rTMS for PSD.  
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    Electroconvulsive Therapy (ECT) 

 There are no RCTs of ECT in PSD, but retrospective studies suggest that elderly 
individuals with stroke and depression may show moderate or marked improvement 
after ECT without further neurological complications except for prolonged postictal 
confusion and amnesia [ 48 ]. ECT could become a useful alternative for patients 
refractory to antidepressants or psychotherapy, but the effi cacy and safety of ECT 
should be examined in appropriate RCTs.   

    Prevention of Poststroke Depression 

 Given that PSD is associated with greater functional impairment, more severe cog-
nitive defi cits, and higher mortality, prevention is of great relevance. Both pharma-
cological and psychotherapeutic interventions have been explored in preventing 
PSD, with variable success. 

    Pharmacological Interventions 

 The fi rst prevention study was carried out by Palomaki and coworkers [ 49 ], who 
compared the effi cacy of mianserin (60 mg/day) against placebo during a 12-month 
period in a sample of 100 acute stroke patients. The authors found no signifi cant 
differences between active treatment and placebo in preventing PSD. Rasmussen 
and coworkers [ 50 ] have examined the effi cacy of sertraline (mean dose 63 mg/day) 
to prevent PSD in a series of 137 acute stroke patients who received acute treatment 
or placebo during 12 months. About 8 % of patients on sertraline developed depres-
sion as compared to 22 % of patients on placebo. Treatment with sertraline was well 
tolerated, and side effects were minor. On the other hand, using sertraline 50 mg/
day, Almeida and coworkers [ 51 ] were unable to fi nd signifi cant effi cacy for the 
active treatment. However, the study was methodologically limited given the short 
follow-up period (3 months only), and the study may have lacked power to detect 
signifi cant differences between sertraline and placebo. 

 More recently, Robinson and coworkers [ 52 ] conducted a multicenter RCT that 
included 176 nondepressed patients within 3 months after stroke who were followed 
for 12 months. Patients were randomized to escitalopram, a non-blinded problem- 
solving therapy, or placebo. The main fi nding was that both active treatments were 
superior to placebo in preventing PSD. In another study, Robinson’s group reported 
that nortriptyline treatment increased the vulnerability to depression after its discon-
tinuation, suggesting that patients may develop tolerance to this antidepressant [ 53 ]. 
Finally, Jorge and coworkers [ 54 ] reported that a 12-week trial with nortriptyline 
(25–100 mg/day) or fl uoxetine (10–40 mg/day) may signifi cantly decrease the 
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9-year mortality as compared to depressed or nondepressed stroke patients treated 
with placebo (Fig.  3.2 ).

   Yi and coworkers [ 55 ] carried out a meta-analysis on the effi cacy of fl uoxetine 
for the prophylaxis of PSD. The analysis included six studies and the main fi nding 
was a signifi cant reduction of PSD, increased recovery on neurological function, 
and improved independence on activities of daily living. On the other hand, there 
were no signifi cant differences between the fl uoxetine and placebo groups on 
depression scores at the end of the studies. There were no differences on side effects 
between patients on fl uoxetine or placebo, although nausea, insomnia, and seizures 
were more frequent in the fl uoxetine group. Of note, reductions in the incidence of 
PSD were related to onset of fl uoxetine administration, with patients receiving 
fl uoxetine 1 week after the stroke showing the best results. Side effects in the differ-
ent trials were minimal, and the analysis of adverse events suggests a high risk- 
benefi t ratio in favor of antidepressants. 

 Anderson and coworkers conducted a Cochrane review to examine whether 
pharmacological interventions can prevent PSD [ 56 ]. They included data from 10 
RCTs, and main outcome measures of which were the presence of major depres-
sion or dysthymia or scoring above specific cutoff points for depressive disorder 
on specific depression rating scales. They reported no consistent evidence that 
antidepressant treatment prevents PSD, although the overall rate of depression 
was lower among patients treated with antidepressants. The negative finding may 
be explained by major differences between studies, such as time from stroke to 
onset of antidepressant intake, and the use of different drugs (fluoxetine, sertraline, 
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trazodone, piracetam, maprotiline, mianserin, nortriptyline, indeloxazine, and 
 methylphenidate). Furthermore, treatment duration varied from 2 weeks to 12 
months, and outcome measures differed between studies. 

 In conclusion, it is still unclear whether all stroke patients should receive prophy-
lactic treatment with antidepressants. Ramasubbu [ 57 ] discussed several limitations 
to implement generic treatment, consequent to the fact that 50 % of stroke patients 
may never develop depression. For instance, patients and their families may not 
accept antidepressant treatment in the absence of depression, and clinicians may be 
reluctant to prescribe these medications due to concerns about side effects and 
potential drug interactions.  

    Psychosocial Interventions 

 Anderson’s and coworkers Cochrane review [ 56 ] also assessed the effi cacy of psy-
chotherapy to prevent PSD. They included four RCTs and quasi-RCTs comparing 
different types of psychotherapy against standard care. Psychotherapeutic interven-
tions consisted of problem-solving therapy, motivational interviewing, and multi-
disciplinary home-based therapy targeting psychosocial stressors. The main fi nding 
was a signifi cant improvement on psychological distress after psychotherapy, but 
there were no signifi cant differences on depression outcome. More evidence is 
required before a defi nite recommendation about using psychotherapy to prevent 
PSD is made.   

    Conclusion 

 PSD is a frequent finding after stroke and is significantly associated with nega-
tive physical, functional, and cognitive outcomes. RCTs have demonstrated the 
efficacy of nortriptyline and citalopram to treat PSD, but patients should be ade-
quately selected to avoid severe side effects. Psychosocial interventions may also 
have efficacy for PSD and could enhance the effect of antidepressants. Prevention 
of PSD with antidepressants is still a debated issue, and future studies should 
identify the population of stroke patients that may significantly benefit from this 
intervention.     
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    Abstract     Mania is a rare consequence of stroke, and according to the sparse 
 published information, it is difficult to describe its demographic, clinical, and prog-
nostic characteristics. We defined poststroke mania as a mood disorder character-
ized by an elevated, expansive, or irritable mood, pressured speech, distractibility, 
grandiosity, hyperactivity, and disinhibition. The diagnosis is based on DSM-IV-TR 
and Krauthammer and Klerman criteria. A recent systematic review of all cases of 
poststroke mania allows the collection of 49 studies describing 74 cases. Although 
there are some cases of mania after left-sided strokes, the majority of cases referred 
to right-sided lesions. These lesions were more frequently located in the area of 
orbitofrontal circuit that includes the orbitofrontal cortex, the basotemporal region, 
the thalamus, and the caudate nucleus. This circuit is crucial for mood regulation 
and social behavior. The typical patient with mania associated to stroke was a male, 
without personal/family history of psychiatric disorder, with at least one vascular 
risk factor, without subcortical atrophy, and with a right cerebral infarct. Similar to 
primary mania, treatment consists of mood stabilizers and typical or atypical anti-
psychotics. Mania has high potential disruptive impact after stroke, during the acute 
care and in the post-acute and rehabilitation phase.  

    Chapter 4   
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  Keywords     Poststroke mania   •   Mood disorder, DSM-IV-TR   •   Elevated, expansive, 
or irritable mood   •   Increased rate or amount of speech   •   Overactivity   •   Flight of 
ideas   •   Grandiose ideation   •   Orbitofrontal circuit   •   Mood stabilizers   •   Antipsychotics  

        Defi nition 

 Mania is the main symptom for the diagnosis of bipolar disorder, a mood disorder 
with a prevalence in community studies between 0.4 and 1.6 % and which causes a 
signifi cant personal and social impairment [ 1 ]. Mania is characterized by affective 
disturbances, such as an elevated, expansive, or irritable mood; changes in speech, 
with an increased rate or amount; disturbances in language thought and content, 
with fl ight of ideas, grandiose ideation, and lack of insight; and behavioral distur-
bances characterized by overactivity and social disinhibition [ 1 – 4 ]. Primary mania 
refers to the psychiatric condition itself without a documented brain lesion, and 
secondary mania describes the manic symptoms caused by neurological, metabolic, 
or toxic disorders [ 5 ]. The term secondary mania was introduced by Krauthammer 
and Klerman in 1978. Starkstein et al. did not fi nd signifi cant differences between 
primary and secondary mania clinical profi les [ 6 ]. 

 DSM-IV-TR presents the criteria for mood disorder due to a general condition. 
These criteria should be used for the diagnosis of depression and/or mania after 
stroke. In Table  4.1 , we present the DSM-IV-TR criteria and also the Krauthammer 
and Klerman criteria for secondary mania.

   The literature of mania after stroke is composed predominantly by case reports, 
small case series, and a few systematic studies. Although mania can be very disrupt-
ing during stroke hospitalization and recovery, its low prevalence limits the descrip-
tion of its clinical, demographic, and prognostic features and the identifi cation of 

   Table 4.1    Diagnostic criteria for poststroke mania   

 1. DSM-IV-TR diagnostic criteria for 293.83 mood disorder due to stroke with manic features 
  A.  A prominent and persistent disturbance in mood predominates in the clinical picture and is 

characterized by elevated, expansive, or irritable mood 
  B.  There is evidence from the history, physical examination, or laboratory fi ndings that the 

disturbance is the direct physiological consequence of a stroke 
  C. The disturbance is not accounted for by another mental disorder 
  D. The disturbance does not occur exclusively during the course of a delirium 
  E.  The symptoms cause clinically signifi cant distress or impairment in social, occupational, or 

other important areas of functioning 
 2. Krauthammer and Klerman [ 5 ] criteria for secondary mania 
  A.  Symptoms duration of at least 1 week 
  B.  Presence of elevated or irritable mood 
  C.  Presence of at least two of the following symptoms: hyperactivity, pressured speech, fl ight 

of ideas, grandiosity, decreased sleep, distractibility, and lack of judgment 
  D.  There was no previous history of manic depressive or other affective illness and symp-

toms of a confusional state (such as delirium) co-occurring with the mania 
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evidence-based strategies for dealing with it. Recently, we performed a systematic 
review of all cases of mania associated with stroke, published until December 2010, 
aiming to answer to those questions, in order to increase the robustness of the evi-
dence of this neuropsychiatric complication of stroke [ 7 ]. 

 We included studies that were required to fulfi ll the following inclusion criteria: (1) 
all cases of mania associated with stroke; (2) patients with diagnosis of cerebral infarct 
(INF), intracerebral hemorrhage (ICH), or subarachnoid hemorrhage (SAH); and (3) 
adult patients (≥18 years old). From 265 abstracts identifi ed by electronic search, refer-
ence lists of the studies collected, and handbooks of neuropsychiatry of stroke, 139 
were potentially relevant, of which 49 studies (35 %) met the inclusion criteria. These 
49 studies describing 74 cases of poststroke mania were included in the fi rst analysis to 
determine the most important characteristics of those cases. In a second analysis, from 
those 49 studies, we selected 32 studies (49 cases), corresponding to cases in whom an 
explicit temporal and causal relationship between manic symptoms and stroke was 
documented. The results and conclusions of the systematic review will be discussed 
throughout this chapter along with data from previous studies and case reports.  

    Epidemiology 

 Mania is a rare consequence after stroke and its prevalence seems to be around 1 % 
[ 8 ]. In large community-based studies, such as the Oxfordshire Community Stroke 
Project and the Perth Community Stroke Study, no cases of poststroke mania were 
found [ 9 ,  10 ]. 

 In 1922, Babinski fi rst associated a right hemispherical lesion with euphoria, 
indifference, and anosognosia [ 11 ]. Since then, nearly a hundred cases have been 
described. In our systematic review, we had confi rmed the rarity of poststroke 
mania, identifying only 74 cases of adult stroke patients with mania symptoms pub-
lished since the 1970s (Table  4.2 ).

   Cohen and Niska described a case of a 59-year-old man, who 2 years after a right 
temporal hematoma presented manic symptoms, compatible with secondary mania 
criteria [ 58 ]. Jampala and Abrams reported the cases of a 52-year-old man and a 
40-year-old man admitted with mania after a left and right hemispherical stroke 
lesion, respectively [ 57 ]. After a review of the cases with mania and the type and 
location of intracerebral lesions, the authors questioned the association between 
mania and right lesions. One year later, Cummings and Mendez strengthened the 
relationship between right hemispheric strokes and mania, while presenting two 
patients with lesions in the right thalamus, followed by mania [ 56 ]. 

 In successive studies, Starkstein et al. collected the highest number of poststroke 
mania patients. Until 1987, the authors found only three patients with mania among 
700 stroke patients [ 8 ]. In 1987, they included 11 consecutive patients in a group of 
secondary mania, four of whom had stroke [ 6 ]. The same authors performed a series 
of studies about mania and depression and collected 17 patients with mania, of 
whom 9 with a stroke [ 61 ]. 

4 Mania
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 Caeiro et al., in a study of neuropsychiatric disturbances in consecutive acute 
stroke patients, investigated the presence of mania, using the Mania Rating Scale 
(MRS) [ 27 ]. MRS is a widely used mania scale with 11 items, in which mania is 
operationally defi ned if patients score at least 12 points [ 62 ]. Of the 188 patients, 
with a mean age of 56.9 and a mean of 6.6 years of education, only one (0.5 %) 
fulfi lled the criteria for mania. This patient presented emotional and behavioral 
changes characteristic of a manic episode, such as an elevated mood, talkativeness, 
overactivity, and denial (Case 1). 

 Celik et al. described a case of a 69-year-old woman with vascular risk factors 
that after a right temporoparietal stroke had an acute change in her behavior with 
manic symptoms [ 22 ]. Nagaratnam et al. studied two patients with secondary mania 
following left- and right-sided infarctions [ 19 ]. Rocha et al. followed a 47-year-old 
woman without personal or familiar history of psychiatric disorder and with a right 
medial frontal lobe, which seems to cause elated mood, irritability, agitation, pres-
sured speech, grandiosity, insomnia, and denial [ 18 ]. 

 Mania can manifest in the acute phase but there are reported cases of mania until 
2 years after stroke [ 8 ]. In fact, the majority of mania cases appeared in the fi rst days 
after stroke, with 53 % immediately after stroke, 23 % during the fi rst month after 
stroke, and 23 % after this fi rst month. This delayed presentation may cause diffi cul-
ties in the identifi cation of manic symptoms. 

 As stated earlier, the clinical profi le of poststroke mania is very similar to the 
symptom profi le of primary mania. We found that the fi rst symptom of mania 
associated with stroke is the presence of elevated mood, which in some cases 
alternates with an irritable mood. Other frequent symptoms are an increased rate 
or amount of speech, insomnia, and agitation. We also counted the number of 
core symptoms of mania and found that the majority of the patients presented 
fi ve or more symptoms of mania. The difference between primary and secondary 
mania seems to be the symptom duration, which is longer in secondary mania 
probably due to the presence of other comorbidities and the usage of lower doses 
of antimanic agents.  

    Risk Factors 

 Since the first reported cases, the association between poststroke mania and right- 
sided lesions has been the most quoted risk factor for poststroke mania. Indeed, the 
majority of patients described in case studies and small case series had right-sided 
lesions. However, this association has been challenged by the description of cases of 
mania following left hemispheric lesions [ 31 ,  36 ,  42 ,  57 ]. Of the 74 cases of mania 
and stroke, 50 (68 %) had right-sided lesions, while only 11 (15 %) presented left-
sided lesions, a difference which reaches statistical significance (Table  4.3 ).

   With respect to stroke location, almost all cases refer to lesions in the right cor-
ticolimbic pathways, an integrated system that includes the limbic system and the 
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basal ganglia. The orbitofrontal circuit is a complex functional network that includes 
the orbitofrontal cortex, the basotemporal region, the thalamus, and the caudate 
nucleus. This circuit is crucial for mood regulation and social behavior [ 6 ,  19 ,  26 ]. 
Basotemporal and orbitofrontal lesions are frequently associated with mood and 
behavior changes such as disinhibition, lack of spontaneity and affective control, 
irritability and aggression, decreased social sensitivity, and confabulation. Secondary 
mania caused by degenerative, infectious, and traumatic disorders was also fre-
quently related with lesions in basal ganglia [ 6 ]. 

 Dysregulation at this level results in decreased prefrontal modulation and mood 
changes expressed as manic symptoms. 

    Table 4.3    Description of the 74 cases of stroke and mania   

 Variables   N  = 74   p  

 Age  <65  35  0.19* 
 ≥65  22 
 Range (years)  27–91 
 No information  17 

 Gender  Female  17  0.00* 
 Male  44 
 No information  13 

 History of personal
psychiatric disorder 

 Yes  4  0.00* 
 No  55 
 No information  15 

 Family history
of psychiatric disorder 

 Yes  3  0.00* 
 No  38 
 No information  33 

 Vascular risk factors  Yes  26  0.00* 
 No  7 
 No information  41 

 Stroke type  Cerebral Infarct  56  0.00** 
 Intracerebral hemorrhage  7 
 Subarachnoid hemorrhage  9 
 No information  2 

 Stroke laterality  Right  50  0.00** 
 Left  11 
 Bilateral  4 
 No information  9 

 Subcortical atrophy  Yes  2  0.00* 
 No  36 
 No information  36 

 Relation with stroke  Causal and temporal relationship  49  0.00** 
 Secondary to treatment  4 
 Previous affective disorder a   4 
 Unknown  17 

  *Binomial test for proportions; **chi-square test for proportions 

  a Three cases of depression and one case of cyclothymia  
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 Imaging studies and the systematic review of all the cases evidenced that the 
majority of patients had large middle cerebral artery infarctions, with lesions in 
the basal ganglia and frontal and temporal lobes [ 7 ]. Blumberg et al. found a 
decreased activation on the right rostral and orbital prefrontal cortex in patients 
with mania [ 63 ]. 

 Cases of mania with left-sided stroke could be explained by a disconnection 
between left medial and anterior thalamus with the frontal lobe, which could cause 
a frontal dysfunction. In this situation the frontal lobes induce an inhibitory effect 
on the limbic system, which ceases to have its modulating role [ 24 ]. 

 Mania could also be related with a biochemical dysfunction caused by right 
hemisphere stroke, which increases the level of brain serotonin. This mechanism 
seems to occur in mania caused by antidepressant therapy [ 13 ,  45 ]. Mood-stabilizing 
drugs seem to be effective in the treatment of manic symptoms due to their effect on 
serotonin system [ 18 ]. 

 Establishing the causal relationship between stroke and mania has also been 
based on other factors than right-sided lesions, namely, a predisposing genetic 
factor and/or the presence of subcortical brain atrophy. Starkstein et al. found 
that stroke patients with mania had more subcortical atrophy than the remaining 
stroke patients matched by lesion size and location [ 6 ]. Krauthammer and 
Klerman excluded patients with previous affective disorder in the diagnosis of 
secondary mania [ 5 ]. In an epidemiological study about geriatric mania, the 
authors found that the majority of patients did not have personal or family history 
of affective disorder [ 64 ]. However, in our systematic review, we did not fi nd 
evidence in favor of these two factors. The majority of poststroke mania cases 
did not have history of family or personal psychiatric disorder or subcortical 
atrophy (Table  4.3 ). 

 The presence of vascular risk factors, such as hypertension and diabetes, is 
another factor that characterizes late-onset mania [ 22 ,  65 ]. Fujikawa found a signifi -
cant association between silent cerebral infarcts and mood disorders in elderly [ 66 ]. 
The desirable control of vascular risk factors has impact not only on the prevalence 
of stroke and other cardiovascular diseases but also on the prevalence of poststroke 
consequences, such as mania. 

 Looking at the range and average age of the poststroke mania cases reported in 
the literature, we observe that the onset of mania occurs much later in life than that 
what is characteristic of primary mania. The more recent published exception is a 
case of mania in a 27-year-old female with a right cerebral infarct and heart surgery 
1 year and 6 months before, respectively, and without family or personal history of 
affective disorder [ 12 ]. Cassidy and Carroll suggested a cutoff of 47 years old to 
distinguish between early-onset and late-onset mania [ 65 ]. 

 In the systematic review of poststroke mania, we found that the typical patient 
with mania associated to stroke was a male, without personal/family history of psy-
chiatric disorder, with at least one vascular risk factor, without subcortical atrophy, 
and with a right cerebral infarct.  
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    Outcome 

 The follow-up of these patients was described in a minority of cases. Some patients 
had recurrent episodes of mania or presented hypomania. We could not confi rm that 
about 30 % of patients may develop a bipolar disorder [ 61 ].  

    Management 

 The mood, cognitive, and behavioral changes that characterize mania can have 
a strong impact in stroke management and rehabilitation. In this context, the 
treatment of manic symptoms should be similar to that which is recommended 
for primary mania. Treatment consists of mood stabilizers and typical or atypi-
cal antipsychotics [ 13 ,  18 ,  67 ,  68 ]. These drugs should be prescribed to post-
stroke mania patients with precautions for three main reasons: older patients 
have a highly sensitivity to psychotropic drugs, the presence of stroke itself 
could change their efficacy, and stroke patients had frequently other medical 
comorbidities [ 68 ]. Dosages should be lower and increased slower than in pri-
mary mania. 

 Lithium was frequently used with favorable results, but its use is controversial in 
cases with cerebral lesions because the stroke itself may alter the sensitivity to lith-
ium neurotoxicity [ 6 ,  42 ,  69 ]. Anticonvulsant mood stabilizers, such as carbamaze-
pine and valproic acid, were effective in other patients, with the advantage of also 
preventing poststroke seizures [ 18 ]. Antipsychotics were used in cases of severe 
mania with psychotic symptoms, and in recent years atypical antipsychotics have 
been preferred because they had comparatively less side effects. Antipsychotics are 
associated with the emergence of extrapyramidal symptoms and parkinsonian syn-
dromes [ 25 ]. Other relevant side effects of neuroleptics include drowsiness, 
increased risk of falls, prolonged QT interval, cardiac arrhythmias including sudden 
death, increased risk of cardiovascular events including stroke, decreased threshold 
for seizures, and weight gain. Benzodiazepines were also used as adjunctive treat-
ment for hyperactivity and insomnia [ 17 ]. 

 Different neurotransmitters are involved in the orbitofrontal circuit and their 
excess seems to mediate the relation between and affective disorder. In addition to 
serotonin, other neurotransmitters could be involved in poststroke mania, what 
could explain the diversity of therapeutic response to different substances [ 19 ]. 

 In systematic review, we have data on the treatment for only 47 (64 %) of the 74 
cases included. Mood stabilizers (lithium, carbamazepine, and valproic acid) were 
used in 62 %, typical antipsychotics (haloperidol) in 32 %, atypical antipsychot-
ics (olanzapine, risperidone) in 19 %, and benzodiazepines (diazepam, lorazepam) 
in 13 %. We found three cases of stroke patients with depression that developed 
mania after antidepressant treatment [ 33 ,  36 ,  42 ]. Data on dosages, duration of 
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the treatment, and efficacy were so scarce that it was impossible to provide any 
 meaningful results. 

 The lack of placebo-controlled and double-blind trials and the marked differ-
ences in effi cacy between the same or similar drugs in different cases reinforce 
doubts about the role of pharmacological treatment in the resolution of symptoms 
and impede the defi nition of targeted and evidence-based treatment guidelines [ 6 , 
 17 ,  68 ].  

    Conclusion 

 Although rare, mania has high potential disruptive impact after stroke, during the 
acute care and later, in the post-acute and rehabilitation phase. A manic patient has 
diffi culty in understanding why he is in hospital. He resists treatment and rehabilita-
tion strategies, denying and depreciating the disease symptoms. Manic symptoms 
could be a part of a clinical profi le characterized by other neuropsychiatric changes, 
such as delirium, denial, post-traumatic stress disorder, psychotic disorders, and 
personality changes due to stroke. We have carefully examined the patient in order 
to establish the differential diagnosis with these other conditions, because all of 
them have common symptoms which may mislead the diagnosis. Only a detailed 
psychiatric/psychological assessment can detect not only the more frequent neuro-
psychiatric poststroke changes but other rare consequences, such as mania. 

 Poststroke mania should also be considered in any manic patient who presents 
concomitant neurological focal defi cits and is older than expected for the onset of 
primary mania. As stressed above, typically these patients are male, without psychi-
atric antecedents or subcortical atrophy, with vascular risk factors and right infarct.  

 Case 1: Mania in the Acute Phase of Subarachnoid Hemorrhage 

 A 65-year-old female, without vascular risk factors and no personal or family 
history of mood disorders, was admitted because of acute onset of severe 
headache, vomiting, and brief loss of consciousness. She was alert but somno-
lent, oriented, and collaborative, with neck stiffness and left hemiparesis 
(Hunt and Hess’ grade 2). CT scan revealed subarachnoid hemorrhage with 
hematic densities in the basal cisterns, posterior fossa, third and fourth ven-
tricles, and left lateral ventricle, with moderate hydrocephalus (Fig.  4.1 ). 
Angiography revealed an intracranial left vertebral artery dissection.

   Psychiatric/psychological assessment was performed on the third day of 
hospitalization. The patient was oriented, but she presented attention and 
short-term memory mild defects. In the Mania Rating Scale, she presented 
an elevated mood, with euphoria, elation, and ecstasy (item 1). This period 
of intense self-satisfaction and optimism alternates with anger (item 9). She 
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 Case 2: Bipolar Disorder After Stroke 

 A 68-year-old male, active University Professor, with diabetes, hypertension, 
and coronary heart disease suffered a minor left hemispheric deep parietal 
ischemic stroke (Fig.  4.2 ). He had anomic aphasia, alexia with agraphia, and 
a slight distal upper limb paresis. No cardiac cause of embolism was detected, 
and apart from <50 % ipsilateral carotid stenosis, no other abnormal results 
were found in a comprehensive workup in search of the cause of his stroke. 
He recovered completely and returned to his previous academic and social 

presented a mild overactivity (item 2), a severe increased rate or amount of 
speech (item 6), and hyper-religiosity (item 8). The patient reported also a 
decreased need for sleep (item 4) and eating. She admitted a change in his 
behavior but denied his neurological disease and psychiatric disturbances 
(item 11), alluding that there was nothing really wrong with her and present-
ing a carefree, cheerful, and jovial approach to life, with coolness behavior. 
She scored 12 on Mania Rating Scale. Her behavioral changes were treated 
with diazepam (5–20 mg). Thirteen days after the first psychiatric assessment, 
the manic symptoms had regressed, remained only a hyper-religiosity and a 
decreased need for sleep. The patient was discharge on the 21st day with a 
modified Rankin Scale score of 1. 

  Fig. 4.1    Acute brain CT showing typical features of generalized acute subarachnoid 
hemorrhage       
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activities. Two months later he had a fist hypomanic episode characterized 
by multiple and grandiose plans, optimism, and decreased sleep, which was 
shortly followed by a prolonged major depressive episode, during which the 
patient had very depressed mood, pessimism, and decreased energy, avoid-
ing social contacts and staying in bed for prolonged periods. Except for what 
could be judged retrospectively as a hyperthymic temperament, he had no 
previous psychiatric history. During the next 2 years, he alternated depres-
sive and manic episodes. Although the patient complained mainly of his 
depressive symptoms, manic episodes were particularly disturbing because 
of overactivity, engagement in multiple commitments, decreased sleep, and 
excessive spending including traveling to foreign countries. Depressive epi-
sodes were treated with venlafaxine and manic episodes controlled with halo-
peridol, although the patient frequently missed medical appointments during 
these periods. The clinical condition was finally stabilized with lithium and 

lamotrigine.  

  Fig. 4.2    DWI MR
showing subcortical
left parietal infarct       
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    Abstract     Anxiety is present in at least 20 % of stroke patients already in the acute 
phase and once present tends to run a chronic course. Of the different anxiety 
 disorders, generalized anxiety disorder is the most common. The concept of 
 “post-stroke anxiety,” as a direct consequence of biological mechanisms associated 
to stroke is controversial. More likely, the etiology of anxiety after stroke is proba-
bly multifactorial, associated with, e.g., personality traits, psychosocial stressors, 
and yet unknown biological mechanisms. The role of the stroke lesion location is 
unknown, although posterior right hemisphere location has been suggested in 
 generalized anxiety, right temporal location in panic disorder, and lesions affecting 
the frontal- subcortical circuitry in the obsessive-compulsive disorder (OCD). 
Compared to post-stroke depression, anxiety has been far less studied. Yet it has a 
strong negative impact on the quality of life of the stroke victims and their caregiv-
ers, and it is associated with impaired activities of daily living and probably also 
premature institutionalization. Although the validity of structured methods and rat-
ing scales is probably suboptimal, their routine use is recommended to improve 
detection of this often neglected disorder. There are no randomized controlled 
 high-quality studies of the management or pharmaceutical treatment. In clinical 
practice most of the patients seem to benefi t from the serotonin-selective reuptake 
inhibitors and other antianxiety drugs that are widely used in general psychiatry. 
However, neuroleptics, benzodiazepines, and tricyclic antidepressants should be 
used with caution in this fragile patient population.  
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 Anxiety Disturbances in Stroke Patients 
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        Introduction 

 Anxiety as a post-stroke symptom or syndrome has received only relatively little 
attention in clinical work or research, and its impact, clinical correlations, and 
management are far less understood than those of post-stroke depression. Yet vas-
cular diseases and risk factors are associated with anxiety or excessive worrying, 
as has been shown in adult cohort studies like the one carried out by Fiedorowicz 
et al. [ 1 ]. They found in a representative cohort of 5,692 individuals, that vascular 
disease and risk factors (diabetes, high BP, and obesity) were associated with 
anxiety (diagnosis of generalized anxiety disorder (GAD), post-traumatic stress 
disorder (PTSD), and obsessive-compulsive disorder (OCD), especially in men 
(OR = 1.62, CI 1.19.2.21). Furthermore, in a meta-analysis of data from fi ve large 
cohorts of community- dwelling older people, history of TIA or stroke was associ-
ated with anxiety (the Hospital Anxiety and Depression Scale score 8 or higher; 
OR 1.55; CI 1.23–1.97) [ 2 ]. Such cohort studies demonstrate that anxiety is a 
signifi cant neuropsychiatric problem in patients with cerebrovascular disorders 
(CVD) and their risk factors, but they leave the questions of causality and mecha-
nisms unanswered. 

 Fearful emotions and worry are normal emotions in patients with acute stroke, 
but they often continue despite physical recovery and sometimes develop into 
anxiety syndromes that seriously interfere with the patients’ emotional and cogni-
tive functioning and adaptation to the illness [ 3 ]. Ruminating worries may focus 
on wide range of concerns, like having a new stroke or other new debilitating ill-
ness, not coping with activities of daily living, or getting abandoned by near ones. 
Sudden panic-like outbursts of anxiety may be triggered by fear of falling. 
Agitated anxiety may occur in sudden complex situations that a patient with cog-
nitive diffi culties fi nds overwhelming, typically in situations where the disabled 
individual is assisted in daily life. Numerous physiological arousal symptoms 
associated with anxiety like heart pounding, shortness of breath and choking sen-
sations, numbness and tingling, nausea, and increased muscle tone may lead to 
repeated unnecessary emergency room visits. “Fear of fear” experienced by many 
patients, and the rapid calming effect that benzodiazepines and alcohol have on it 
may predispose vulnerable patients to excessive use of these agents and to all the 
motor, cognitive, and psychiatric side effects that they bring on. Depersonalization 
and feelings of unreality associated with anxiety may bring about fear of going 
insane in a patient or misinterpretation of the symptoms as a psychotic disorder by 
a clinician. Irritated, tense and apprehensive emotional state of mind, insomnia, 
fear of being left alone, tendency for social isolation, and continuous anxious 
apprehension of things to come may seriously affect the quality of living of the 
patients and their caregivers alike. 
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 Too often anxiety is interpreted as a normal consequence of serious illness by the 
patients and their near ones, not to be reported to health-care professionals, who also too 
often fail to recognize anxiety disorders or have nihilistic attitudes towards their man-
agement. In this chapter we want to emphasize the high prevalence and signifi cance of 
anxiety in stroke patients and present the treatment options available for them.  

    Anxiety in General Psychiatry 

 The anxiety syndromes are classifi ed according to the circumstances (triggering 
internal or external factors) and temporal associations (continuous vs. paroxysmal) 
in which the pathological anxious affect arises. The classifi cation of anxiety disor-
ders in the Fourth Edition of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-IV) is presented in Table  5.1 .

   GAD (Table  5.2 ) is the most prevalent anxiety disorder in general practice [ 5 ]. It 
is characterized by excessive anxiety and worry, which the patients fi nd hard to 
control. Most of the patients report onset of symptoms in childhood, adolescence, 

  Table 5.1    Anxiety disorders 
in the DSM-IV [ 4 ]  

 Generalized anxiety disorder (GAD) 
 Post-traumatic stress disorder (PTSD) 
 Panic disorder 
 Agoraphobia (with or without panic disorder) 
 Specifi c phobias 
 Obsessive-compulsive disorder (OCD) 
 Anxiety disorder due to a general medical condition 
 Substance-induced anxiety disorder 

   Table 5.2    Diagnostic criteria for generalized anxiety disorder according to the DSM-IV [ 4 ]   

 A. Excessive anxiety and worry, occurring more days than not for at least 6 months, about a 
number of events or activities (such as work or school performance) 

 B. The person fi nds it diffi cult to control the worry 
 C. The anxiety and worry are associated with three or more of the following six symptoms 
   1. Restlessness or feeling keyed up or on edge 
   2. Being easily fatigued 
   3. Diffi culty concentrating or mind going blank 
   4. Irritability 
   5. Muscle tension 
   6. Sleep disturbance (diffi culty falling or staying asleep or restless unsatisfying sleep) 
 D. The focus of the anxiety and worry is not confi ned to features of another Axis I disorder, e.g., 

panic disorder, anorexia nervosa, and somatization disorder 
 E. The anxiety, worry, or physical symptoms cause clinically signifi cant distress or impairment in 

social, occupational, or other important areas of functioning 
 F.  The disturbance is not due to the direct physiological effects of a substance or a general medical 

condition and does not occur exclusively during a mood disorder or a psychotic disorder 
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or early adulthood, and the course is usually chronic or fl uctuating, with symptom 
exacerbation during times of stress. Of the individuals with generalized anxiety, 
20–45 % have comorbid depression [ 6 ].

   In elderly population, the prevalence of any anxiety symptoms ranges from 15 to 
52 % in community samples and 15 to 56 % in clinical samples. The high variance 
of the reported prevalences is attributable to the conceptual and methodological 
inconsistencies that characterize the literature. In those studies that have used the 
criteria most often used in stroke literature (e.g., DSM-IIR or DSM-IV criteria or a 
rating scale cut point), the reported prevalence of anxiety in elderly community- 
dwelling people varies between 10 and 14 % [ 7 ]. Of the more specifi c anxiety syn-
dromes in the older population (55–85 years), Beekman et al. [ 5 ] reported GAD as 
the most prevalent disorder (7.3 %), followed by phobic disorder (3.0 %), panic 
disorder (1.0 %), and OCD (0.6 %).  

    Diagnostic Issues in Patients with Post-stroke Anxiety 

 Applying the diagnostic criteria for anxiety disorders in patients with post-stroke 
anxiety is often diffi cult. In patients with new onset anxiety after stroke, the disorder 
is often less clear and only partly fulfi ls the criteria required by the DSM. 
Furthermore, many patients that are not anxious may fulfi l some of the somatic and 
cognitive criteria of the GAD (being easily fatigued, having diffi culties in concen-
tration, or having sleep diffi culties), because they are often part of the neurological 
stroke syndrome. 

 R.G. Robinson has studied the specifi city of anxiety symptoms in a sample of 
357 stroke patients by dividing the patients in those with excess anxiety or worry 
and those without [ 8 ]. The anxious patients had signifi cantly higher frequency of all 
of the anxiety symptoms of DSM-IV GAD, suggesting that the generalized anxiety 
criteria may have face validity also in stroke patients. 

 Also, the requirement of symptom persistence of 6 months for the GAD cannot 
be fulfi lled in studies addressing anxiety in acute and subacute stages of stroke. 
Therefore, many of the studies in this fi eld have used modifi ed diagnostic criteria, 
e.g., neglecting the time criteria [ 9 ,  10 ]. 

 The DSM-IV classifi cation also gives an opportunity to diagnose “true” post- 
stroke anxiety, i.e., anxiety that is a direct physiological consequence of stroke 
(Table  5.3 ). Prominent anxiety in any form is suffi cient for inclusion in the A. crite-
ria, so that the symptom criteria are much more permissive than, for example, in the 
GAD syndrome. Using this diagnosis, however, is challenging, as is the case in any 
other post-stroke neuropsychiatric syndromes. The criterion C of the diagnostic cri-
teria for anxiety disorder due to general medical condition (e.g., stroke) requires 
that anxiety is judged to be a direct  physiological  consequence of a specifi c medical 
condition and that it is not better accounted for by any other mental disorder (e.g., 
adjustment disorder in which anxiety emerges as  psychological consequence  caused 
by stressor, for example, developing stroke).
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   However, there is no way to make a reliable distinction between psychological 
and physiological etiologies in stroke patients, and such dichotomy is artifi cial at 
best. The “direct physiological consequence,” e.g., a stroke affecting neurocircuitry 
or neurochemistry associated with fear regulation is probably only one factor among 
others that results in anxiety disorder. Previous personality traits, above all neuroti-
cism, an enduring personality tendency to experience anxiety and guilt, may increase 
risk for anxiety also in post-stroke patients. Genetic factors, somatic complaints and 
medications, previous psychiatric disorders, current interpersonal relations, psycho-
social stressors, and also protective factors yet to be identifi ed most likely play an 
important part in the pathogenesis of post-stroke anxiety. Such a multifactorial 
approach is analogous to what has been suggested for the etiology and risk factors 
of post-stroke depression [ 11 ]. Furthermore, in stroke patients, the knowledge of the 
pathophysiological mechanisms between the brain infarct process and subsequent 
anxiety symptoms is limited at present, e.g., association between the lesion charac-
teristics like location and anxiety is yet unclear. The use of the “anxiety disorder 
associated with a medical condition” or “post-stroke anxiety” diagnosis is probably 
best justifi ed in patients with no history of pathological anxiety, and a clear tempo-
ral association between the stroke and the onset of anxiety disorder. The criteria of 
“anxiety disorder associated with another medical condition” in the upcoming 
DSM-V [ 12 ] will probably remain essentially similar with the “anxiety disorder due 
to stroke” of the DSM-IV. 

 In the clinical studies, most investigators have worked around the diagnostic cri-
teria problem by using rating scales described below.  

    Assessment of Post-stroke Anxiety 

 The use of structured in-depth diagnostic tools as a part of psychiatric practice has 
been shown to improve the quality of patient management. Such systematic inter-
view procedures increase the relevancy of diagnostic process in a clinical fi eld, where 
exact biological measurements like neuroimaging or laboratory tests have often 
only an exclusive role, whereas inclusive diagnostics often depend on more vague 
observations of the patients’ behavior and self-report. Thus, the DSM-IV- based 

   Table 5.3    The DSM-IV criteria for anxiety disorder due to stroke [ 4 ]   

 A. Prominent anxiety, panic attacks, or obsessions or compulsions predominate in the clinical 
picture 

 B. There is evidence from the history, physical examination, or laboratory fi ndings that the 
disturbance is the direct physiological consequence of a general medical condition 

 C. The disturbance is not better accounted for by another mental disorder (e.g., adjustment 
disorder in which the stressor is stroke) 

 D. The disturbance does not occur exclusively during the course of a delirium 
 E. The disturbance causes clinically signifi cant distress of impairment in social, occupational, 

or other important areas of functioning 
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Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental 
Disorders (SCID) is the golden standard for diagnosing anxiety syndromes after 
stroke [ 13 ]. 

 In neurological clinical practice, the use of less exhaustive, easy-to-give formal 
screening instruments (see below) and rating scales are valuable in detecting neuro-
psychiatric symptoms that might otherwise be missed [ 14 ]. However, the use of 
these screening instruments as a sole method in diagnosing post-stroke anxiety in 
clinical research has been questioned, as it has been shown that, e.g., associations 
between stroke lesion location and post-stroke anxiety vary within same patient 
groups when different rating scales and cut points are used [ 15 ]. The most widely 
used rating scales are probably sensitive but lack specifi city in post-stroke patients 
and may in fact measure “general distress” more than specifi c anxiety syndrome 
[ 16 ]. Thus, they should probably be used as robust screening instruments at best or 
as a measurement of the changes in the severity of the anxiety symptoms both in 
research and in clinical work. Clinical psychiatric evaluation is needed to confi rm 
the diagnosis of the anxiety syndromes. 

 Having said that, a formal screening at certain time points after stroke would 
probably increase the detection of treatable anxiety symptoms and disorders. 
Anxiety is often overlooked by the patients and their caregivers as a “natural conse-
quence” after a frightening or devastating acute illness and underdiagnosed in clini-
cal practice. Presence of anxiety symptoms within 2 weeks after stroke is strongly 
associated with persisting anxiety symptoms and disorders at 4-month follow-up, 
and the individuals at risk for such emotional complications can be identifi ed by 
appropriate questionnaires [ 17 ]. Thus, screening for anxiety—along with depres-
sion—is recommended already at the acute-subacute phase, as well as at 3–4 months 
after stroke as a part of routine follow-up procedures in stroke patients. 

 The Hospital Anxiety and Depression Scale (HADS) is the most commonly used 
screening instrument for anxiety symptoms in post-stroke patients [ 18 ]. It is a self- 
rating scale for detecting and grading states of depression (HADS-D) and anxiety 
(HADS-A) in general hospitals with seven items assessing depressive, and seven 
items assessing anxiety symptoms. Its internal construct, e.g., ability to differentiate 
anxiety and depression is good in general psychiatry [ 19 ]. It is an instrument with 
good psychometric properties in terms of factor structure, subscale intercorrelation, 
homogeneity, and internal consistency. Screening cut point for anxiety is usually 8 
points or higher, although recent studies comparing HADS with DSM-IV criteria 
for anxiety disorders after stroke have recommended much lower cutoff at 4 points 
or higher [ 20 ]. 

 The second most widely used screening instrument is the Beck Anxiety Inventory 
(BAI), also a self-inventory instrument that screens not only the presence of, but 
also the severity of (graded from 0 to 3) 21 symptoms of anxiety [ 21 ]. The total 
score ranges from 0 to 63, with scores 8–5 indicating mild, 20–28 moderate, and 
29–63 severe anxiety. The somatic symptoms are heavily weighted. 

 The Hamilton Anxiety Rating Scale (HAM-A) has been widely used in clinical 
and research settings for more than 50 years [ 22 ]. It consists of 14 items defi ned by 
a series of psychic and somatic anxiety symptoms. However, its usability in stroke 
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patients is limited because of many somatic items that are often present also in non- 
anxious patients after stroke. 

 The presence and severity of anxiety symptoms in post-stroke patients as a part 
of neuropsychiatric symptom spectrum or the presence of comorbid psychiatric 
symptoms in stroke patients presenting with anxiety symptoms can be assessed with 
the Neuropsychiatric Inventory (NPI) [ 23 ]. It is a caregiver-rated scale composed of 
12 subscales that measure different behavioral symptoms: delusions, hallucination, 
agitation, dysphoria, anxiety, euphoria, apathy, disinhibition, irritability, aberrant 
motor behavior, nighttime behavioral disturbances, and eating abnormalities. The 
NPI was originally designed to assess the variety of neuropsychiatric symptoms of 
dementia patients, but it performs well also in patients with moderate or severe 
stroke [ 24 ,  25 ]. 

 Although the diagnostic criteria like the DSM-IV as well as structured scales for 
identifying and rating the severity of anxiety are essential in clinical neuropsychia-
try, their extensive use in everyday neurological practice may be too time- consuming 
and require some psychiatric expertise. In real-life clinical situations, the key 
screening questions for GAD, the most important form of anxiety syndromes, are:

•    During the past month, have you been feeling worried, anxious, or tense most of 
the time?  

•   Are you frequently fearful, irritable, or having trouble sleeping?    

 If the answer is “yes” for either or both of these questions, more in-depth 
 assessment of the anxiety symptoms or referral to consulting psychiatrist is  probably 
warranted for.  

    GAD and Anxious Symptoms in Stroke Patients 

 Most of the studies addressing anxiety in stroke patients focus on the GAD. However, 
the total number of these studies is small, and the methodological inconsistencies 
and shortcomings of them probably explain the discrepancies reported. Thus, differ-
ent patient populations (community based vs. stroke unit patients), variation in the 
diagnostic criteria used (DSM criteria vs. rating scales), different approaches to 
comorbid depression (analysis of “pure anxiety” or any anxiety, i.e., also with comor-
bid depression), and overlapping of the published patient populations in some studies 
(previous study populations included in a later study) shadow the overall picture of 
this fi eld. The pivotal studies of the prevalence and clinical correlates of GAD and 
anxiety symptoms after stroke are presented in Table  5.4 . Here it can be seen, that in 
spite of the heterogeneous data, the prevalence of anxiety syndromes is probably 
higher in post-stroke patients than in the general elderly population.

   The breakthrough study of post-stroke anxiety was carried out in 1972 by 
Gainotti    [ 35 ]. He described catastrophic reactions (anxiety, tears, or aggression in 
cognitively challenged patients provoked by a request to perform a task beyond 
their capacity) in altogether 160 left and right hemisphere infarcts. He found out 
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that anxious-depressive catastrophic reactions were associated with left hemisphere 
lesion location. Many of the early papers addressing frequency, phenomenology, 
and clinical correlates of post-stroke anxiety were published by a study group of 
Robinson [ 29 ,  36 – 38 ]. The pooled data from these studies including 357 acute 
stroke patients was partially reanalyzed and published by Robinson in a monograph 
[ 8 ]. The overall prevalence of GAD in the stroke cohort was 22 %. However, 86 % 
of those patients had comorbid minor or major depression. Ten percent of the 357 
patients had “pure” GAD, without any depression. 

 House and colleagues reported a signifi cantly lower prevalence of GAD between 
1 % (DSM-III) and 3 % (ICD-9) in 128 patients within a yearlong follow-up. The 
frequency of anxiety syndromes was similar to that of an age-sex-matched control 
group of 111 individuals [ 26 ]. 

 Burvill et al. reported a high prevalence of 24 % (12 % of the men and 28 % of 
the women) of any anxiety (mostly agoraphobia) from a community-based acute 
stroke cohort from Australia [ 39 ]. Two thirds of the patients were symptom free at 
1 year without any specifi c treatments. The authors suggested that anxiety symp-
toms disappear with time, as the patients adapt to the illness, and that the etiology 
of anxiety would thus be more “psychological” than “biological.” 

 Confl icting results were published in Sweden in a population-based cohort of 80 
consecutive stroke patients by Monica Åström, who found a high prevalence of 
GAD (in 28 % of patients) at the acute stage [ 10 ]. Similar results were reported by 
Leppävuori et al., who studied 277 consecutive acute stroke patients at 3 months 
after stroke [ 9 ]. They found that altogether 20.6 % of the patients had GAD, and 
9.4 % of the patients had GAD due to stroke (i.e., GAD judged to be a direct physi-
ological consequence of stroke, according to the DSM-IV). History of pre-stroke 
anxiety disorder was present in 32 % of the patients, a strikingly higher prevalence 
than that of GAD in Finnish general population (1.5 %). 

 Numerous studies have used self-report questionnaires (as opposed to structured 
psychiatric assessment) to detect anxiety symptoms after stroke. As discussed above, 
such methods are unspecifi c and may measure, e.g., general distress rather than anxi-
ety. From the clinical point of view, such studies may be valuable, as clinicians treat-
ing post-stroke patients often face unspecifi c or atypical clusters of anxiety symptoms 
rather than the precise syndromes described in the diagnostic manuals and textbooks. 
Fure et al. reported that 26 % of their 178 patients suffered from anxiety symptoms 
(HADS-A > 7) already at 3–7 days after admittance to the stroke unit [ 30 ], and after 
3-month follow-up, Barker-Collo et al. found that 21 % of their 73 stroke patients 
suffered from moderate to severe anxiety symptoms (BAI > 15) [ 31 ]. 

 Using the NPI, Angelelli and coworkers reported that prevalence of anxiety 
symptoms was present in 23 % of 124 patients within one year after stroke, com-
pared to 3 % of 61 healthy control patients [ 25 ]. The anxiety was associated primar-
ily with programmed events (71 %), subjective tension and inability to relax (58 %), 
and fear of being separated from caregivers or near ones (33 %). 

 In 532 consecutive stroke patients from rehabilitation centers of four European 
countries, de Wit et al. found that prevalence of anxiety (HADS-A score 8 or higher) 
at 2, 4, and 6 months after stroke was almost constant (between 22 and 25 %), 
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whereas the severity of anxiety symptoms tended to wane. Almost half of the 
patients with anxiety symptoms at 2 months were anxiety-free at 6 months. The 
prevalence and severity of anxiety symptoms were similar in four countries 
(Belgium, Germany, Switzerland, and UK) participating in this study [ 32 ]. 

 Anxiety is common also in patients with vascular cognitive impairment. Ballard 
and colleagues compared the neuropsychiatric profi les between 92 patients with 
Alzheimer’s disease and 92 patients with vascular dementia (VaD) [ 40 ]. Anxiety was 
assessed using the DSM-IV symptom checklist. If two or more of the symptoms on 
the list (anxiety, worry, restlessness, fatigue, irritability, poor concentration, muscular 
tension, panic attacks, social phobia, or agoraphobia) were present, anxiety was diag-
nosed. Patients with vascular dementia showed twice as much anxiety symptoms as 
patients with Alzheimer disease (72 % vs. 38 %), most commonly of the GAD type. 
The prevalence of anxiety increased in the more cognitively impaired VaD patients, so 
that in patients with MMSE < 20 anxiety was present in 68 % of the patients, whereas 
in patients with MMSE < 10 anxiety was present in almost everyone (94 %).  

    The Clinical and Neuroradiological Correlates of GAD 
and Anxiety Symptoms 

 Analogously to the studies in post-stroke depression, some investigators have tried 
to identify signifi cant lesion locations associating with post-stroke anxiety 
(Table  5.4 ). Tang et al. [ 41 ] studied a large cohort of 693 patients, and diagnosed 
anxiety using a cut point of 8 points or more on HADS-A ( n  = 42). The number of 
acute right frontal infarcts was four times higher in patients with higher anxiety 
scores, and in a multivariate regression model (including age, sex, geriatric depres-
sion scale score, presence of acute infarcts), the presence of right frontal infarct was 
independently associated with anxiety (OR = 3.87, CI 1.5–9.6,  p  = 0.004). However, 
the probable high comorbidity of depression was unaccounted for, and thus the 
impact of depression to the results remains unclear. 

 Robinson’s group has reported that in patients with right hemisphere infarcts, 
patients with GAD had more posterior lesions than those without anxiety or depres-
sion. In patients with left hemisphere lesions, those who had anxiety and comorbid 
depression had signifi cantly more cortical lesions than those patients with depres-
sion and without anxiety [ 8 ,  42 ]. 

 Analogously, Monica Åström found that GAD with depression was associated 
with left hemisphere lesion, whereas GAD alone was more common in patients with 
right hemisphere infarcts [ 10 ]. 

 In the Helsinki Aging Stroke study, MRI (1T) was used to identify neuroana-
tomical correlates of post-stroke anxiety using a sophisticated protocol for lesion 
location (hemispheres, brain lobes, cerebellum, pons, detailed white and grey mat-
ter subcortical structures, and circulation territories), infarct volume, brain atrophy, 
and white matter changes associating with DSM-IV-defi ned anxiety syndromes in 
277 patients [ 9 ]. However, 80 % of the patients with anxiety were also depressed, 
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which made it impossible to identify independent anatomical explanatory variables 
for anxiety [ 9    ]. 

 Of the clinical correlates of post-stroke anxiety (Table  5.4 ), female sex, impairment 
and disability, few social contacts or living alone, and severity of depression are 
reported to be associated with anxiety in more than one of the studies. Migraine and 
epilepsy or central and cortical cerebral atrophy may also contribute to anxiety. 
Robinson has reported that post-stroke anxiety is associated with younger age and 
history of alcohol abuse [ 8 ]. Patients with anxiety were more impaired in their activi-
ties of daily living (as measured by the Johns Hopkins Functioning Inventory) and 
social functioning (as measured by the social ties checklist). There were no differ-
ences in stroke symptoms or aphasia in patients with and without anxiety, or cognitive 
function as measured by the Mini-Mental Score Examination (MMSE). Not surpris-
ingly, the use of anxiolytic drugs or history of anxiety disorders or other psychiatric 
disorders is also associated with anxiety in stroke patients [ 9 ]. Severity of stroke as 
measured with stroke scales, other somatic illnesses, aphasia, or length of formal edu-
cation, on the other hand, have not been associated with post-stroke anxiety. 

 Most of the studies report a high comorbidity of anxiety disorders and depression 
in stroke patients, varying between 25 and 80 %. The possible causative association 
between these two disturbances is unknown, but strong evidence from general psy-
chiatry suggests that anxiety disorders may be primary to depression [ 43 ]. Also, in 
around 30 % of post-stroke patients who have depression, comorbid anxiety disor-
der signifi cantly interacts with depression and has a negative impact on the severity 
and course of depression as well as on the activities of daily living and social func-
tioning [ 38 ]. 

 Once present, anxiety symptoms tend to persist. Thus, Åström reported that after 
a 1-year follow-up, only 23 % of the patients diagnosed with GAD at acute phase 
had recovered, and almost all of those who had not recovered run a chronic course 
and had not recovered at 3 years after stroke [ 10 ]. In a cross-sectional study using 
HADS-A cut point >7 points, Bergersen et al. found that anxiety symptoms are 
surprisingly prevalent at 2–5 years after stroke, with 36 % reporting anxiety symp-
toms in the HADS-A [ 33 ]. About half of the patients reported “having been through 
episodes of anxiety” at some point during the long follow-up.  

    Other Anxiety Syndromes After Stroke 

 Post-traumatic stress disorder (PTSD) may follow exposure to an extremely trau-
matic experience that induces fear of death, severe injury, or threat to physical integ-
rity of self and others. Acute severe illness or being diagnosed with a life-threatening, 
fearful condition like stroke may be suffi cient as triggering experiences. PTSD is in 
many ways associated with memory. It includes intrusion of recurrent, intrusive 
memories of the traumatic event, recurrent distressing dreams with the content or 
affect of the event, intense anxiety with physiological reactions when exposed to 
cues of the stressor, and sudden spontaneous “fl ashbacks,” reliving the incident and 
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associated emotions unexpectedly. Patients with PTSD tend to avoid circumstances 
like places and activities that could serve as a cue to the traumatic event. Their 
memories of the incident are usually patchy at best. Anxiety, hypervigilance, self- 
destructive or aggressive behavior, sleep disturbances, concentration diffi culties, 
negative cognitions about one’s self or others, and pervasive negative emotional 
state are common psychological symptoms in the PTSD. 

 Sembi and coworkers were the fi rst to study the prevalence of PTSD in their 
cohort of 61 patients who had experienced a fi rst-ever stroke or transient ischemic 
attack [ 44 ]. Using structured diagnostic interview and self-reported measures they 
found that 10 % of the patients had PTSD, compared to the reported prevalence of 
PTSD of less than 2 % in general population. The features and symptom spectrum 
of post-stroke PTSD did not differ from that of patients with PTSD after an assault, 
combat, or traffi c accident. In later studies, the prevalence of PTSD in stroke patients 
has varied between 6 and 31 % [ 45 ]. Long-term prognosis of PTSD after stroke is 
unknown, but at 3 months follow-up the symptom spectrum and severity remains 
unchanged and may be chronic in course, as has been suggested in studies of other 
critical illnesses [ 46 ]. Even non-severe stroke may induce long-lasting PTSD syn-
drome, especially in patients with more negative cognitive appraisals of the acute 
stroke experience [ 47 ]. Little is known of proper treatment of post-stroke PTSD, but 
emphasis should probably be placed on prevention by reducing the initial fear and 
confusion by an encouraging attitude combined with adequate information when 
treating patients with acute stroke. In later phases, antidepressive medication with 
serotonin-selective reuptake inhibitors, psychosocial support, and in some cases 
trauma-related cognitive-behavioral therapy can be recommended [ 48 ]. 

 Obsessive-compulsive disorder (OCD) is characterized by unwanted, recurrent 
intrusive thoughts or obsessions (e.g., of violent or sexual content or doubts of for-
getting important things like locking doors) that typically increase anxiety, and 
repetitive, not appropriate behavior patterns or compulsions (e.g., washing hands, 
checking). Obsessions are often described as anxiety-producing and compulsions as 
anxiety-releasing symptoms [ 49 ]. 

 There are some case reports of OCD following stroke and other local brain inju-
ries [ 50 ]. Basal ganglia infarcts [ 51 ] or frontal lesions [ 52 ], mostly right-sided are 
the most typical lesion locations in these cases. The current neuroanatomical model 
of OCD is dysfunction of frontal-subcortical circuitry, which regulates anxiety- 
generating memories and associated obsessions, repetitive behavior, and executive 
functions [ 53 ]. The structures involved are orbitofrontal cortex and anterior cingu-
late cortex, caudate nucleus, substantia nigra, globus pallidus and thalamus, and the 
white matter connections, e.g., internal capsule that connects these structures com-
pleting the frontal-subcortical-frontal loops [ 54 ]. Lesions affecting the inhibitory 
elements within these loops, e.g., by brain infarcts may cause overactivation of the 
direct pathway and lead to symptoms of OCD [ 49 ]. 

 Panic disorder is a syndrome with sudden, unexpected panic attacks of severe 
anxiety and several physical symptoms like tachycardia, hyperventilation, and gas-
trointestinal symptoms [ 55 ]. The key cognition of the patients is a feeling of a total 
loss of control, which can be experienced, for example, as a fear of losing 
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consciousness or fear of sudden death. In addition to these attacks, the syndrome 
includes worry about the possibility of future attacks, phobic avoidance of situa-
tions and places which might elicit panic attacks (agoraphobia), and in stroke 
patients quite often fear of a new incipient stroke and “unnecessary” visit to emer-
gency room. Reports of post-stroke panic disorders are anecdotal case reports [ 56 ]. 
Those studies and case reports of patients with other focal brain damage (i.e., brain 
tumor, AV malformations) suggest that lesions affecting anterior cingulate cortex 
and temporal lobe structures, especially on the right side are associated with panic 
disorder [ 57 ,  58 ]. 

 Social anxiety disorder (social phobia) is another common anxiety disorder, 
characterized by a fear of social situations. The patients avoid the scrutiny of others 
and are afraid of embarrassment or humiliation caused by doing or saying some-
thing “funny” or looking somehow striking to others. Patients suffering from social 
phobia may shun most interpersonal encounters. Apart from single case reports 
[ 59 ], the studies of social phobia after stroke are practically nonexistent. However, 
clinicians treating stroke victims in the rehabilitation phase and after often fi nd this 
disorder in their patients. The role changes of the patient (e.g., from a highly func-
tional family breadwinner to an ailing stroke patient needing assistance in activities 
of daily living), the psychological stigma associated with stroke and subsequent 
withdrawal from social contacts is a fairly common complaint of post-stroke 
patients. Some of these behavioral changes are associated with anxious ideation that 
fulfi l the criteria for social phobia but remain undiagnosed and untreated. 

 Although some case reports of phobias after specifi c brain lesion locations (thala-
mus and frontal-subcortical connections) exist [ 60 ], specifi c phobias (i.e., phobic 
fear of spiders, thunderstorms, or high places) after stroke are probably rare and are 
not specifi c to pathophysiology of stroke per se. Rather, the unfamiliar circumstances 
that the patient with acute stroke faces may trigger fear reactions that then may be 
learned, for example, a phobia of needles after painful blood taps in the hospital. 

 The prevalence of the above-mentioned anxiety disorders in stroke patients in 
general is relatively unknown. In an early study, Burvill et al. reported high preva-
lence of agoraphobia (often associated with panic disorder) at 9 % [ 39 ]. Sagen et al. 
[ 17 ] reported in their 104 consecutive stroke unit patients 4 months after stroke a 
prevalence of panic disorder (prevalence in elderly population in parenthesis) 
10.6 % (1.0 %), specifi c phobias 8.7 % (3.0 %), and OCD 1.9 % (0.6 %). These 
studies suggest that the whole anxiety disorder spectrum not just the GAD or unspe-
cifi c anxiety symptoms may be overrepresented in post-stroke patients. However, 
we found in the Helsinki Stroke Aging study of 486 consecutive stroke patients [ 9 ], 
that when using the DSM-IV criteria and a structured clinical psychiatric assess-
ment, the prevalence of panic disorder, specifi c phobias, and OCD were all under 
2 % and did not exceed the prevalence of these syndromes in the Finnish general 
population (unpublished data). 

 Like the association between CVD and depression, the association between anxi-
ety and CVD may be bidirectional: anxiety is overrepresented in patients with stroke, 
and on the other hand, anxiety seems to be a risk factor for cerebrovascular symp-
toms and stroke [ 61 ]. This pre-stroke anxiety or anxiety disorders as a risk factor for 
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subsequent stroke has been studied in different patient groups. For example, in a 
large telephone health survey of 770 patients with ischemic heart disease or conges-
tive heart failure discharged from a cardiology department, Kornerup et al. reported 
that a high HADS-A score (11–21 vs. 0–10) at 1 year after discharge predicted con-
sequent stroke during a 5-year follow-up (HR 2.25, 95 % CI 1.05–4.82) [ 62 ]. 

 Likewise, preliminary studies in PTSD [ 63 ] and panic disorder [ 64 ] suggest 
increased risk for subsequent stroke in individuals who are diagnosed with these 
disorders. 

 Several possible intermediary mechanisms for these associations have been sug-
gested, but they are probably multifactorial. Thus, effect of anxiety on blood pres-
sure, heart rate and vagal control, unhealthy lifestyle, increased activity of the 
catecholamines and stress hormones, and increased infl ammatory mediators and 
oxidative stress may all contribute to the adverse outcome. Phobic and acute anxiety 
may also activate coagulation and fi brinolysis in the direction of a hypercoagulable 
state [ 65 ].  

    Signifi cance of Post-stroke Anxiety 

 Many studies have shown that in different neurological disorders depression is the 
most important psychiatric disorder to have a negative impact on the quality of life 
(QoL), and this is the case also in stroke patients. However, anxiety is also an inde-
pendent inverse correlate of QoL in stroke patients [ 66 ,  67 ]. Especially, important 
aspects of quality of life like social functioning, role limitations, mental health, and 
vitality measured by the health-related quality of life scale (HRQOL) are signifi -
cantly impaired in patients with post-stroke anxiety, compared with non-anxious 
stroke patients [ 68 ]. Furthermore, social functioning and inability in activities of 
daily living (ADL) are more affected in patients with anxiety than in those without 
[ 38 ]. The patients with comorbid depression and anxiety fare even worse than 
patients with depression alone in these domains that are known to associate with 
worse QoL [ 38 ]. Almost half of the patients with acute stroke suffer from exagger-
ated fear of falling, which is often accompanied by anxiety and depression [ 69 ]. 
Fear of falling affects negatively the outcome of stroke patients, decreasing inde-
pendence, physical and social activities, and QoL [ 70 ]. 

 Anxiety has also a deleterious impact on the families and caregivers of the 
patients. Psychiatric symptoms, especially anxiety and depression in patients have 
repeatedly been shown to be independent predictors of caregiver burden and worse 
caregiver QoL [ 71 ]. Furthermore, anxiety is common not only in patients but also in 
their informal caregivers. Half of the caregivers score 8 points or higher on the 
HADS-A at 1–3 months post-stroke [ 72 ], which may indicate the “contagious” 
nature of this symptom between chronically ill individuals and their near ones. 

 Fear of psychiatric stigma or unawareness of treatment possibilities may be rea-
sons for the patients’ reluctance to seek help for their anxiety and other emotional 
problems after stroke. Thus, Bergersen et al. reported that only half of the stroke 
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patients discharged from a rehabilitation hospital and experiencing anxious or 
anxious- depressive episodes 2–5 years after discharge had consulted health-care 
professionals about their emotional problems [ 33 ]. 

 Although relatively little is known about the nature or correlates of cognitive 
defi cits associated with anxiety and anxiety disorders in general, GAD probably 
affects working memory, visual memory, semantic memory, and verbal memory 
[ 73 ]. Disorders of attention are common, especially hyperattention and hypervigi-
lance for possibly threatening external or internal (somatic) cues disturb concen-
tration. In addition, PTSD and OCD are also associated with problems in executive 
functions [ 74 ]. Patients with post-stroke anxiety were at increased risk of general 
cognitive decline during a 6-month follow-up in a study by Rasquin et al. [ 75 ], but 
otherwise the signifi cance of post-stroke anxiety to cognitive outcome is unknown. 

 Although the economical burden associated with anxiety after stroke is 
unknown, it is probably signifi cant. Anxious individuals after stroke are heavy 
users of health- care services. Increased dependency in daily living, sometimes 
leading to premature institutionalization, increases the costs associated with stroke 
in patients with anxiety. The expenses associated with stroke and anxiety could be 
extrapolated from what is known of costs of anxiety in general. In Europe, the total 
direct and indirect costs of all anxiety disorders in 2010 has been estimated as hav-
ing been 74.4 billion €, higher than, e.g., stroke (64.1 billion €) or traumatic brain 
injury (33.3 billion €), but less than dementia (105.2 billion €) or mood disorders 
(113.4 billion €) [ 76 ].  

    Pathophysiology of Anxiety 

 Research on the neuroanatomy of anxiety disorders has rapidly increased during the 
last 15 years, following the evolution of sophisticated neuroimaging techniques 
(PET, MRS, fMRI, and DTI). Dysregulation of the neurocircuitry that controls the 
primary emotion (fear), thus leading to a more pervasive state (anxiety), may be the 
common pathophysiological mechanism behind different anxiety syndromes [ 77 ]. 
The classical limbic structures regions associated with anxiety disorders are the 
amygdala, the hippocampus, and the insula. Hyperreactivity to fearful cues or rest-
ing overactivity of amygdala is the most consistent fi nding in functional neuroimag-
ing studies of different anxiety disorders [ 78 ]. The amygdala integrates information 
from sensory modalities, prior learning (memory), and threat response and together 
with hippocampus gives an emotional valence to conscious and subconscious mem-
ories. Activation of the amygdala in reaction to fearful cues is associated with auto-
nomic fear response and arousal [ 79 ]. The insula has been suggested to be the key 
region in integrating the internal bodily information (interoception) with the emo-
tional information from the amygdala and cognitive executive control information 
from the prefrontal cortex. Anxious affect with maladaptive behavioral and cogni-
tive response, e.g., avoidance behavior is refl ected by the abnormal fMRI fi ndings 
in insula in patients with anxiety disorders [ 80 ]. Finally, the medial prefrontal cortex 
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(medial orbitofrontal cortex and anterior cingulate cortex) provides the conscious 
and subconscious control of fearful and threatening emotions and behavior [ 81 ]. 

 It is intriguing to speculate that post-stroke anxiety could at least in part be 
explained by disrupted neurocircuitry, analogously to what has been suggested of 
the pathophysiology of post-stroke depression. In post-stroke depression, lesions 
affecting frontal-subcortical or limbic circuitry, e.g., a critical infarct affecting the 
anterior cingulate circuits, have been proposed to mediate the effect of stroke to 
depressed affect [ 82 ]. However, the studies addressing the association between 
stroke lesion location and post-stroke anxiety are contradictory and suffer from 
methodological problems. The very high prevalence of comorbid depression with 
post-stroke anxiety makes the task of identifying critical lesion locations and dis-
rupted circuits associated purely with post-stroke anxiety challenging, and the asso-
ciation between lesion location and subsequent anxiety remains controversial [ 9 ]. 

 Neurochemistry of anxiety disorders is a complex and rapidly evolving fi eld. 
Corticotrophins, hypothalamus-hypophyse-adrenal cortex axis, monoamines regu-
lating mood and emotions (noradrenaline, serotonin, and dopamine), GABA sys-
tem, neuropeptides (substance P, neuropeptide Y, oxytocin, vasopressin, orexine, 
and galanine), glutamate system, and endogenous opiates all probably have a role in 
regulating fear and anxious affect [ 77 ,  83 ]. However, at present there are no studies 
or infl uential theories of the possible specifi c neurochemical mechanisms of post- 
stroke anxiety. 

 Pre-stroke personality traits probably associate with presence and severity of 
anxiety symptoms after stroke, as has been shown in post-stroke depression [ 84 ]. 
However, the only study in which pre-stroke personality and subsequent anxiety has 
been studied found only weak correlation between neuroticism and anxiety in stroke 
patients [ 24 ].  

    Treatment of Post-stroke Anxiety 

 As there are no randomized, controlled studies of the treatment of anxiety disorders 
in patients with the GAD after stroke, the clinical recommendations have to be 
extrapolated from what is known of the management of anxiety syndromes in gen-
eral. Guidelines for intrinsic anxiety syndromes apply, as long as the susceptibility 
of stroke patients to side effects and to drug-drug interactions is accounted for. 
Table  5.5  is a synthesis from current studies and guidelines of the pharmacological 
treatments of anxiety in non-stroke populations (e.g., by Davidson et al. [ 85 ] and by 
Baldwin et al. [ 86 ]), modifi ed for stroke patients.

   Serotonin-selective reuptake inhibitors (SSRI’s) are the fi rst-line choice for post- 
stroke anxiety, based on their good performance in other related patient groups, i.e., 
patients with post-stroke depression, Parkinson’s disease, or elderly depressive 
patients in general. Within the SSRIs, sertraline, citalopram, and escitalopram are 
recommended because of their favorable interaction profi le and rapid elimination 
half-time, which is an advantage if side effects occur or if preparation change is 
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considered. Anxiety and agitation may transitionally increase during the fi rst days 
after the initiation of these drugs, of which the patients and their caregivers should 
be informed. Positive response should be expected within 2–6 weeks, and the dose 
should be increased after 2–6 weeks if no improvement has occurred. The SSRIs are 
moderately effective in GAD, and they are usually well tolerated. However, some 
caveats should be remembered when using these drugs in stroke patients. 
Hyponatremia, falls, and bone fractures have recently been associated with chronic 
use of the SSRIs [ 87 ], as well as gastrointestinal bleedings especially when other 
drugs affecting platelet function and coagulation (e.g., anti-infl ammatory agents or 
warfarin) are prescribed [ 88 ]. 

 Other new-generation and tetracyclic antidepressants are recommended if the 
SSRIs fail or are not tolerated. Drugs affecting both serotonergic and noradrenergic 
systems (e.g., duloxetine, venlafaxine, and mirtazapine) and dopamine and norad-
renergic systems (e.g., bupropion) can be considered on post-stroke GAD, based on 
what is known of their profi le in GAD in general. Some case reports have associated 
the use of mirtazapine with akathisia, which can both mimic and increase anxiety. 
Venlafaxine and duloxetine have been reported to increase blood pressure in some 
patients, and bupropion has been associated with epileptiform EEG changes and 

   Table 5.5    Pharmacological treatment of anxiety in stroke patients   

 Dosing 
(mg)  Comments 

  Serotonin-selective reuptake 
inhibitors  

 First-line choice. Beware of hyponatremia and GI 
bleeding, headache, sexual dysfunction 

 Sertraline  50–150 
 Escitalopram  5–20 
 Citalopram  10–40 
 Fluoxetine  10–40  Extended half-life 
 Paroxetine  10–40 
  Other antidepressants   Second-line choice 
 Duloxetine  30–60 
 Venlafaxine  37.5–150  Dose-related risk of elevated blood pressure 
 Bupropion  100–150  Increases risk for convulsions in susceptible 

individuals 
 Mirtazapine  15–30  Favorable profi le for patients with insomnia, 

beware of akathisia, sedation, weight gain 
 Buspirone  10–60 
 Trazodone  50–300  Favorable profi le for patients with insomnia 
 Nortriptyline  50–100 
  Anticonvulsants   Third-line choice 
 Pregabalin  150–300  Beware of sedation, falls 
  Antipsychotics   Third-line choice 
 Quetiapine  25–200  Beware of sedation, falls, hypotension 
  Benzodiazepines   Short-period use. Beware of sedation, falls, 

cognitive disturbances, dependency 
 Lorazepam  0.5–2 
 Clonazepam  0.5–1.5 
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dose-dependent risk of seizures [ 89 ]. Trazodone is a tetracyclic antidepressant with 
sedative properties, which can be utilized in patients whose primary complaint 
among the anxiety symptoms is insomnia. 

 Of the atypical antipsychotics, quetiapine has been shown to be effective in 
GAD, and risperidone is probably effective in OCD in nonelderly adults. However, 
in elderly patients with dementia, they are associated with an increased mortality 
(OR 1.5), risk of cardiovascular (OR 1.1–2.3) and cerebrovascular accident (0.7–3.2). 
The safety profi le for these serious outcomes seems to be the worst for risperidone 
and olanzapine, and more favorable for quetiapine. Although there are no high-
quality trials of neuroleptics for neuropsychiatric symptoms in stroke patients, these 
drugs should be used with caution in this frail patient population [ 90 ]. 

 Tricyclic antidepressant nortriptyline for post-stroke GAD was studied by the 
Robert G. Robinson’s study group of the Iowa University. They pooled secondary 
data from their three nortriptyline studies in post-stroke depression to study the effi -
cacy of that drug in post-stroke GAD [ 91 ]. These three studies were carried out in 
different times, but in all the studies the same semistructured interview (Present State 
Examination, PSE) was used in altogether 27 patients, of whom 13 were randomly 
assigned to nortriptyline and 14 to placebo. All patients had also comorbid minor or 
major depression. Nortriptyline was increased stepwise to 100 mg/day within 3–4 
weeks. They found out that the reduction of the Hamilton Rating Scale for Anxiety 
(HAM-A) score was more than 50 % in 9 of the 13 patients in the nortriptyline group 
and in 3 of the 14 patients in the placebo group (Fisher’s exact test:  p  = 0.02). The rate 
of the improvement of anxiety symptoms was signifi cantly faster than the improve-
ment of neurological defi cits caused by stroke. This study with its many potential 
severe fl aws is the only one that even tries to approach the pharmacological treatment 
of post-stroke anxiety in a randomized, controlled trial. Nortriptyline and other tricy-
clic antidepressants are, however, associated with anticholinergic side effects, 
decreased cardiac conduction, orthostatic hypotension, and a narrow therapeutic 
dose window. They should be used in stroke patients only when the safer options like 
the SSRIs and pregabalin have failed in the treatment of severe post-stroke anxiety. 

 Both paroxetine (an SSRI) at 20 mg/day alone or together with psychiatrist 
administered supportive psychotherapy and buspirone at 40–60 mg/day have been 
reported to diminish anxiety symptoms in patients with comorbid anxiety and depres-
sion signifi cantly as measured by the HAM-A compared with “standard care.” These 
two separate Chinese studies with altogether 175 patients were reviewed by Cambell 
Burton et al. [ 92 ]. They concluded that evidence from these studies was insuffi cient 
because of methodological issues (e.g., no placebo-control groups were used). 

 Numerous anticonvulsants (e.g., phenytoin, gabapentin, levetiracetam, carbam-
azepine, oxcarbazepine, tiagabine, and valproate) have emerged as possible treat-
ment options for anxiety disorders in general psychiatry [ 93 ]. Of these pregabalin, 
a novel gamma-aminobutyric acid (GABA) analog that is approved for the treat-
ment of neuropathic pain and partial-onset seizures, has emerged as the most prom-
ising. It has been approved for the treatment of GAD in the European Union. 
Pregabalin has been shown to be both safe and effective in eight controlled trials, 
and its use has rapidly increased in patients who are either treatment resistant or 

5 Anxiety Disturbances in Stroke Patients



102

intolerant to other antianxiety drugs [ 94 ]. The response is usually rapid, with alle-
viation of anxiety symptoms within fi rst week of the treatment. No trials of pregaba-
lin for patients with post-stroke anxiety exists, but in one 13-week randomized, 
controlled, double-blind multicenter study of 219 patients, it was found to be both 
effective and safe in central post-stroke pain at doses of 150–600 mg/day [ 95 ]. 
However, common side effects of dizziness and somnolence may limit its use in 
post-stroke patients. Also, emerging reports of potential abuse of this drug must be 
borne in mind in susceptible patients [ 96 ]. 

 Transcranial magnetic brain stimulation is a promising, novel method for a wide 
range of psychiatric disorders, including OCD and post-traumatic stress disorder 
[ 97 ]. It is probably effective and safe for depression in elderly patients with estab-
lished CVD (patients with “vascular depression”) [ 98 ] and may be helpful also in 
patients with anxiety, given the high comorbidity of anxiety and depression in post- 
stroke patients. 

 Various forms of psychological therapies are available for treating anxiety, but 
there are no clinical studies of their use in post-stroke anxiety. However, in other 
neuropsychiatric syndromes, modifi ed cognitive-behavioral techniques (CBT) are 
the most studied and recommended forms of psychotherapy. In elderly somatic ill 
patient such therapies may concentrate on stress management, relaxation, sleep 
hygiene, learning to cope with negative cognitions, problem solving, establishing 
meaningful activities, and encouraging positive cognitions, e.g., meaningfulness 
and positive expectations [ 99 ]. Thus, in patients with depression in Parkinson’s dis-
ease, 10 weekly individual 60–75 min sessions of manualized CBT combined with 
four separate individual caregiver educational sessions reduced signifi cantly both 
depression and anxiety symptoms, and the effect in those patients was at least as 
good as that reported from antidepressive trials of the same disorder [ 100 ]. The use 
of CBT has been encouraged in post-stroke depression, although the empirical evi-
dence of its effi cacy is still controversial [ 101 ]. 

 The psychological well-being and neuropsychiatric symptoms like anxiety can also 
be improved in stroke patients by focusing interventions on the carers, as was shown by 
Lalit Kalra et al. in their single-blind randomized controlled trial of 300 patients and 
their caregivers and a control group. The active intervention group of caregivers was 
trained in basic nursing and personal care techniques (lifting, handling techniques, 
assistance in personal activities of daily living, common stroke- related nursing prob-
lems like prevention of pressure sores, nutrition, continence, etc.), whereas the control 
group received treatment and support as usual. It was found that anxiety signifi cantly 
reduced in the trained group of the caregivers, as well as in the patients that they took 
care of (as measured by the HADS-A scores: 3 vs. 4.5,  p  < 0.0001) [ 102 ].  

    Conclusions 

 Post-stroke depression is underdiagnosed and undertreated both among stroke 
patients and their caregivers, and the same is true in post-stroke anxiety. There are 
safe and effective treatments for post-stroke anxiety which, however, have not been 
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evaluated in clinical randomized trials. Post-stroke anxiety impairs the quality of 
life of patients and their caregivers and increases the health-care costs of stroke 
patients, which already are high and due to the age structure of populations will 
increase in the coming years. Therefore, the physicians treating stroke patients 
should have a high suspicion index for post-stroke anxiety, and they should ask two 
simple questions, which could reveal the presence of post-stroke anxiety and lead to 
its treatment after a more in-death assessment. Serotonin-selective reuptake inhibi-
tors are the fi rst choice, but also other antidepressants and even anticonvulsants can 
be effective. Proper diagnosis and treatment of post-stroke anxiety will reduce both 
human suffering and economic burden of post-stroke anxiety.     
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    Abstract     Apathy is a disorder of motivation. Apathetic patients have diffi culties in 
starting, sustaining, or fi nishing any goal-directed activity. They lose self-activation 
or self-initiated behavior and may present emotional indifference. Apathy is mostly 
related to damage to subcortical brain structures linked to the anterior cingulate 
circuit, the so-called motivational circuit. Stroke lesions encompassing the frontal 
lobe, the cingulum, or subcortical structures such as the pallidus, internal capsule, 
caudate, putamen, and anterior or medial thalamic nuclei are associated with apathy. 
Validated scales are used to assess apathy in stroke patients. 

 Apathy is frequent in stroke patients affecting 1 in every 3 patients. Apathetic patients 
are older than non-apathetic patients. Cognitive impairment is three times more frequent 
in apathetic than in non-apathetic stroke patients. Although some studies claimed an 
association between apathy and right-sided stroke lesions, there is no consistent evidence 
to support this association. Apathy without depression is about two times more frequent 
than depression without apathy, reinforcing the view that although these two neuropsy-
chiatric disturbances can be associated, one can occur separately from the other. 

 The management of apathy includes pharmacological and non-pharmacological 
interventions. Drugs with potential effect in improving apathy include dopaminergic 
agents, stimulants, antidepressants with dopaminergic or noradrenergic activity, and 
acetylcholinesterase inhibitors. However, there are no randomized controlled trials 
to prove the effi cacy and safety of these interventions in apathetic stroke patients.  

  Keywords     Apathy   •   Motivation   •   Abulia   •   Athymhormia   •   Emotional indifference   
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        Defi nition of Apathy and Related Concepts 

 Etymologically, apathy is a word with a Latin and a Greek origin. From the Greek 
“apátheia” (απάθεια), it means absence of sensibility, indifference, impassibility, 
absence of pain. From the Latin “apathia,” it corresponds to an absence of passion, 
calm, and insensibility of the soul [ 1 ]. Apathy is an insensibility to suffering, an 
absence of any kind of emotion, and a lack of interest in or concern for things that 
others fi nd moving or exciting [ 1 ]. What characterizes an apathetic state is the 
inability of an organism to be motivated, to be aroused, or to be activated by any 
external or internal stimulus and consequently the inability to react emotionally or 
by motion [ 2 ,  3 ]. 

 Motivation is “the process of starting, directing and maintaining physical and psy-
chological activities” and “includes mechanisms involved in preferences for one activ-
ity over another and the vigour and persistence of responses” [ 4 ]. Motivation is distinct 
from emotion which is “a complex reaction pattern involving experiential, behavioural 
and physiological elements, by which the individual attempts to deal with a personality 
signifi cant matter or event” [ 4 ]. Behavior corresponds to “actions by which an organ-
ism adjusts to its environment”. Action, as part of behavior, is a “self-initiated sequence 
of movements, usually with respect to some goal” [ 4 ]. Lack of motivation often results 
in an absence of any goal-directed or any other type of physical activity [ 5 ]. Sometimes, 
actions or emotions cannot be triggered by the subject himself but are prompted by 
others, who represent a motivational external stimulus for action. 

 Motivation incorporates others concepts, such as impetus or drive, need, motive, 
will, and volition. Impetus or drive is a “generalized state of readiness precipitating 
an activity or course of action.” It is “created by deprivation of a needed substance, 
of negative stimuli or of negative events” [ 4 ] either from outside or within the organ-
ism. Impetus or drive is a psychic and biological force, which will prompt the satis-
faction of a primary need or of a learned need. Need is a “condition of tension in an 
organism resulting from deprivation of something required for survival, well-being 
or personal fulfi lment” [ 4 ], which induces an action to satisfy the need. Motive is a 
specifi c physiological or psychological state of arousal that directs the energies of 
an organism towards a goal [ 4 ]. Will is the “capacity by which human beings are 
able to make choices and determine their own behavior in spite of the infl uences 
external to them” [ 4 ]; Will is fundamental for motivation and subsequent behavior. 
Volition is a cognitive process, a “faculty by which an individual decides upon and 
commits to a particular course of action, especially when this occurs without direct 
external infl uence… includes choice and decision, self-control, intentional action 
and an active rather than passive response to events” [ 4 ]. 

 Clinical concepts related to apathy comprise abulia, athymhormia, anhedonia, 
and/or emotional indifference [ 2 ,  6 ]. Abulia is a severe form of apathy [ 3 ,  7 – 9 ]. 
Abulia is a lack of will, expressed by an absence or reduction of spontaneous acting 
and thinking. Athymhormia defi nes the loss of psychic, motor, or affective autoac-
tivation. Individuals are able to be hetero-activated (activated by others), but not 
activated by their own will [ 3 ,  7 – 10 ]. Anhedonia describes the lack of pleasure or 
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interest in activities that the patient once enjoyed. It is the “inability to enjoy experi-
ences or activities that would normally be pleasurable” [ 4 ]. Emotional indifference 
represents a lack of emotions that usually arouse an individual [ 3 ,  7 – 9 ,  11 ]. 

 Personality is “the unique psychological quality of an individual that infl uence a 
variety of characteristic behavior patterns (both overt and covert) across different 
situations and over time.” A personality change is a “chronic, infl exible, maladapta-
tive pattern of perceiving, thinking and behaving” [ 4 ]. Personality change defi nes 
a pattern of inner experience and behavior that deviates from the expectations of the 
culture of an individual. It is stable over time and impairs the ability of the individ-
ual to function in social or other settings. The apathetic type of a personality change 
is characterized by severe apathy and indifference [ 11 ].  

    The Concept of Apathy in Clinical Practice 

 In clinical practice, apathy includes an absence of motivation and of feelings, emo-
tions, and interests [ 3 ] and of the corresponding behavior. A subclassifi cation of apa-
thy was attempted by Marin [ 5 ] who described three apathy syndromes: (1) cognitive 
apathy, a motivational disturbance with impairment of executive functions and related 
to dysfunction of the fronto-dorso-lateral cortex; (2) motor apathy, a motivational dis-
turbance with extrapyramidal motor dysfunction, due to an impairment of the motor-
striate regions; (3) sensory apathy, a motivational disturbance, which is manifested 
also by anosognosia, due to a dysfunction of the right parietal or prefrontal cortex; (4) 
emotional apathy without any of previous associated disturbances, related to dysfunc-
tion of neuronal circuits involving the amygdala and the cingulum [ 5 ,  6 ,  12 ,  13 ]. 

 Apathetic patients have diffi culties in starting, sustaining, and fi nishing any goal- 
directed activity or voluntary movements. They lose self-activation or self-initiated 
behavior [ 3 ]. Patients often report “not having plans,” “not caring about things,” or 
having “low interest in doing things.” In the emotional fi eld, apathetic patients may 
present placidity and emotional indifference. Occasionally, apathetic patients may 
show impaired control of the expression of emotions and impulses such as aggres-
siveness [ 2 ,  5 ,  14 – 20 ]. 

 Starkstein and Leentjens [ 7 ] proposed an international clinical criteria, for psy-
chiatrists, neurologists, psychologists, or other clinical practitioners, which was 
adapted from Marin et al. [ 2 ,  3 ] criteria. The proposal of diagnostic criteria for apa-
thy resumes to “(A) Lack of motivation relatively to the previous level of functioning 
of the patient or the standards of his or her age and culture, as indicated either by 
subjective account or observation by others, (B) Presence for at least 4 weeks during 
most of the day, of at least one symptom belonging to each of the following three 
domains: 1) diminished goal-directed behaviour, 2) diminished goal- directed cogni-
tion and 3) diminished concomitants of goal-directed behaviour, (C) The symptoms 
cause clinically signifi cant distress or impairment in social, occupational or other 
important areas of functioning, (D) The symptoms are not due to diminished level of 
consciousness or the direct physiological effects of a substance.” 
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 Following the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV- TR) [ 11 ], apathy associated with stroke is classifi ed as a “Personality Change 
Due to a General Medical Condition” if the predominant feature of the personality 
change is marked apathy and indifference. The International Statistical Classifi cation 
of Diseases and Related Health Problems 10th Revision (ICD-10) [ 21 ] describes 
apathy as a “Personality and Behavioural Disorders Due to Brain Disease, Damage 
and Dysfunction” in which are affected the (I) expression of emotions and needs, 
(II) cognitive functioning with disturbance on planning and anticipating personal 
and social consequences of behavior/absence of behavior, and (III) ability to sustain 
goal-directed activities and emotional behavior. 

 The DSM-IV-TR [ 11 ] criteria of “Personality Change Due to a General Medical 
Condition” apathetic type is the most suitable to diagnose apathy in the post-acute 
phase of stroke. However, this criterion is not completely suitable to diagnose apa-
thy in acute phase of stroke. To diagnose a personality change, it is necessary a 
permanent change from a previous pattern of the behavior and cognition of the 
patient. Thus, it is not appropriate to diagnose a permanent change of personality in 
the acute phase of stroke.  

    How to Assess Apathy 

 Marin et al. [ 3 ] developed the 18-item Apathy Evaluation Scale (AES), which is the 
most used scale in the study of apathy in stroke patients (See [ 14 ,  22 – 24 ]). Originally, 
it aimed to characterize and quantify apathy in patients older than 55 years old, 
based on clinical, self-rated, or informant opinion. Factor analysis of AES [ 3 ] iden-
tifi ed three main factors important in the assessment of apathy: cognitive (items 1, 
3, 4, 5, 8, 11, 13, and 16), behavioral (items 2, 6, 9, 10, and 12), and emotional 
(items 7 and 14). Internal consistency is high for the clinical-rated (coeffi cient 
 α  = 0.90), for the self-rated (coeffi cient  α  = 0.86), and for informant-rated (coeffi -
cient  α  = 0.94) versions (Table  6.1 ).

   Leuken et al. [ 25 ] created a 10-item short version of the AES adapted for 
demented nursing home residents, easier and faster to accomplish and with more 
acceptance by professional caregivers. The Leuken et al. [ 25 ] short version of the 
AES has high internal consistency (short AES clinical version: Cronbach  α  = 0.95; 
AES self-rated version: Cronbach  α  = 0.92). Caeiro et al. [ 26 ] also developed a 
10-item version of the AES, to assess apathy in acute stroke units’ settings. This 
version also has good construct validity and internal consistency (10-item AES 
clinical version: Cronbach  α  = 0.70; Split-half = 0.79; 10-item AES self-rated ver-
sion: Cronbach  α  = 0.65; Split-half = 0.57) (Table  6.1 ). 

 Starkstein et al. [ 27 ] developed the Apathy Scale (AS), which is an adapted ver-
sion of the AES, validated in patients with Parkinson’s disease but also used in 
stroke patients. This scale had high internal consistency (coeffi cient  α  = 0.76) and 
good inter-rater reliability ( r  = 0.81,  p  < 0.01). 
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 The Neuropsychiatric Inventory (NPI) [ 28 ] assesses neurobehavioral and emo-
tional disturbances secondary to a neurological, psychiatric, or other medical dis-
ease and includes the assessment of apathy. The NPI is useful if the rating of a 
caregiver is needed. Habib [ 29 ] also proposed a questionnaire to assess disorders of 
action and motivation in neurological practice. Recently, Sockeel et al. [ 30 ] and 
Dujardin et al. [ 31 ] developed the Lille Apathy Rating Scale, mostly used for 
patients with Parkinson’s disease.  

    Pathophysiology of Apathy 

 Motivational disturbances such as apathy, lack of spontaneity, and indifference, 
with loss of motor and affective initiative, may occur after several types and loca-
tions of brain lesions (uni or bilateral). These lesions may involve the caudate, inter-
nal globus pallidus, putamen, or a part of a wide circuit (the motivational circuit) 
that includes the medial nucleus of the thalamus and certain frontal regions con-
nected with the limbic system such as the anterior part of the cingulate gyrus [ 8 ,  10 , 
 20 ,  29 ,  32 – 36 ]. Reports of patients with so-called frontal lobe syndrome with apa-
thetic characteristics, secondary to bilateral lesion of both globus pallidus (motor/
self-activation) and of both caudate nucleus (motivation/apathy), suggest that these 
two brain structures are part of a network, connected with the frontal cortex, essen-
tial for organization of motivational behavior [ 10 ,  34 ,  37 ]. 

   Table 6.1    Long and short 
version of the AES  

 Apathy evaluation scale 

  1. S/he is interested in things. a  
  2. S/he gets things done during the day. 
  3. Getting things started on his/her own is important to him/her. 
  4. S/he is interested in having new experiences. 
  5. S/he is interested in learning new things. 
  6. S/he puts little effort into anything. a  
  7. S/he approaches life with intensity. 
  8. Seeing a job through to the end is important to her/him 
  9. S/he spends time doing things that interest her/him. 
 10. Someone has to tell her/him what to do each day. a  
 11. S/he is less concerned about her/his problems than s/he 

should be. a  
 12. S/he has friends. a  
 13. Getting together with friends is important to her/him. a  
 14. When something good happens, s/he gets excited. a  
 15. S/he has an accurate understanding of her/his problems. a  
 16. Getting things done during the day is important to her/him. 
 17. S/he has initiative. a  
 18. S/he has motivation. a  

   a Items included in the 10-item Apathy Evaluation Scale [ 26 ]  
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 Apathy due to damage of the projections from the globus pallidus to the nigro- 
striatum dopaminergic area or lesions of several mesencephalon nuclei disturbs loco-
motor goal-directed behavior [ 19 ,  38 ]. The caudate nucleus is important for 
spontaneous activity, as a prefrontal activity regulator [ 34 ]. Malfunctioning of tha-
lamic projections disturbs the normal activity of the ipsilateral frontal cortex [ 18 ,  39 ]. 
Caudate nucleus and thalamus have limbic afferents from the amygdala and orbital 
gyrus (inferior or orbital surface of the frontal lobe) and thus have a role in coding the 
emotional meaning of the events. The infl uences of the limbic signals into the striate-
thalamic-cortical circuits, and consequently in motor or cognitive inhibition, in 
depression or in apathy secondary to a medical condition are well known [ 35 ,  40 ,  41 ]. 

 The frontal network comprises fi ve circuits, three neurobehavioral (dorsolateral, 
orbitofrontal, and anterior cingulate), and two motor (oculomotor and motor) [ 42 ]. 
The anterior cingulate circuit is the most important cortico-subcortical circuit for 
motivation, whose damage is responsible for apathetic states following several neu-
rological conditions including stroke. 

 The anterior cingulate circuit allows intentional selection of the exterior stimu-
lus, which is sustained by internal needs and by a combination of emotional infor-
mation with motivation. A lesion at any level of the anterior cingulate circuit 
(anterior cingulate gyrus, caudate, globus pallidus, thalamus, and interconnecting 
pathways) can be followed by apathy, abulia, loss of psychic self-activation or even 
akinetic mutism, and catatonia [ 43 ]. 

 Limbic areas also have major importance for the processes of motivation. The 
information from the exterior reaches the limbic structures and the associated moti-
vational circuit, through the posterior hemispheric systems, where it is translated, 
recognized, and included in preexisting supports [ 5 ]. The posterior systems provide 
a representation of the environment, which is incorporated in the anterior areas of 
the temporal lobe and in the insula.  

    Incidence of Apathy in Stroke Patients 

 In a recent meta-analysis [ 44 ], we searched for publications on apathy secondary to 
cerebral infarcts or intracerebral hemorrhages, in online databases. From the initial 
1,399 publications, we included 19 studies (2,221 patients). Overall, in studies on 
apathy secondary to stroke, the incidence of apathy ranged between 15.2 and 71.1 % 
(Fig.  6.1 ). Pooled incidence of apathy in stroke was 36.3 % (95 % CI: 30.3–42.8 %), 
with some heterogeneity ( I  2  = 46.8 %) among the studies (Fig.  6.1 ). Thus, apathy 
secondary to stroke is a frequent neuropsychiatric disturbance affecting 1 in every 3 
stroke patients. The pooled estimate of incidence of “pure” apathy (apathy without 
concomitant depression) was 21.4 % (95 % CI: 15.6–28.7 %) (Fig.  6.2 ), twice more 
frequent than the pooled estimate incidence of “pure” depression (depression with-
out concomitant apathy: 12.1 %, 95 % CI: 8.2–17.3 %).

    In this meta-analysis [ 44 ], the incidence of apathy secondary to stroke was compa-
rable after left- or right-sided hemispheric stroke lesions (Odds ratio [OR] = 1.14; 
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95 % CI: 0.60–2.15;  I  2  = 63 %) (Fig.  6.3 ). The incidence of apathy was also similar after 
hemorrhagic or ischemic strokes (OR = 1.16; 95 % CI: 0.25–5.26;  I  2  = 79 %) (Fig.  6.3 ).

       Incidence of Apathy in the Acute Phase of Stroke 
(Apathy in Acute Stroke) 

 In most of the studies with acute stroke patients, the operational diagnosis of apathy 
includes abulia or avolition, athymhormia, and/or emotional indifference [ 2 ,  6 ]. 
There is no nosological defi nition for apathetic syndromes either in the DSM-IV-TR 
or in the ICD-10 which can be used in the acute phase of stroke [ 7 ,  11 ,  21 ]. In the 
systematic review [ 44 ], the meta-analysis identifi ed an incidence of apathy in acute 
stroke of 39.5 % (95 % CI: 28.9–51.1 %;  I  2  = 47.0 %) (Fig.  6.1 ).  
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  Fig. 6.1    Overall Incidence of apathy (Reproduced with permission from [ 44 ])       
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    Incidence of Apathy in the Post-acute Phase of Stroke 
(Poststroke Apathy) 

 Studies on poststroke apathy may be supported by nosological criteria as defi ned in 
the DSM-IV-TR [ 11 ] or by ICD-10 [ 21 ]. However, most of the studies defi ned apa-
thy based on the cutoff point of the scale used to assess apathy in that particular 
study. The frequency of apathetic patients in post-acute phase of stroke range is 
20.1–91.7 % [ 45 – 54 ]. In the meta-analysis [ 44 ], we estimated a pooled incidence of 
post-stroke apathy of 34.3 % (95 % CI: 27.8–41.4 %;  I  2  = 45.7 %) (Fig.  6.1 ).  

    Location of Lesions Causing Apathy in Stroke Patients 

 Apathy may be associated with infarcts at paramedian diencephalon- mesencephalon 
[ 33 ,  34 ,  55 ,  56 ]. The most commonly subcortical stroke lesions causing apathy are 
located in the cingulate gyrus [ 57 ], the anterior limb of the internal capsule [ 8 ], the 
lenticular nucleus or the globus pallidus, and in the anterior and medial thalamic 
nuclei [ 18 ,  39 ]. A review from Jorge and colleagues [ 32 ], based on the fi ndings from 
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  Fig. 6.2    Incidence of apathy (excluding concomitant depression) in stroke (Reproduced with 
 permission from [ 44 ])       
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fi ve studies, suggested that stroke involving subcortical areas of the cortico- 
subcortical frontal circuits is associated with apathy. 

 Right-sided stroke lesions involving fronto-subcortical circuits or 
 cortico-limbic- reticular subsystems, encompassing the frontal region, anterior cin-
gulated gyrus, basal ganglia, anterior limb of the internal capsule, and thalamus cause 
apathy [ 12 ,  17 ,  18 ,  43 ,  46 ,  51 – 54 ,  57 ,  58 ] or indifference [ 59 ]. To explain the impor-
tance of the right-sided lateralization of brain lesion in patients with apathy, 
Davidson [ 60 ] suggested that the anterior regions of the left and right hemisphere 
are specialized in the  process of approach and withdrawal, respectively. 
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  Fig. 6.3    Incidence of apathy in left versus right-sided stroke lesions and in hemorrhagic versus 
ischemic strokes (Reproduced with permission from [ 44 ])       
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 Patients with bilateral lesions or with left-sided stroke lesions at the corpus cal-
losum and cingulate gyrus or at the superior frontal lobe area and basal ganglia may 
present hypobulia or apathy or indifference [ 45 ,  48 ,  49 ,  57 ] or profound behavior 
changes such as athymhormia [ 61 ]. 

 In CADASIL (cerebral autosomal dominant arteriopathy with subcortical infarcts 
and leukoencephalopathy), apathy is common affecting 37.8–41 % of the patients 
[ 62 ,  63 ]. The presence of white matter and lacunar lesions [ 63 ] and reduction of 
cortical surface or infarcts at the mediofrontal and orbitofrontal areas [ 62 ] are inde-
pendently associated with apathy. 

 In the acute phase of subarachnoid hemorrhage (SAH), 42.4 % of the patients 
can be apathetic. Apathy is present in 22 % of the patients with perimesencephalic 
SAH and in 61.5 % of the patients with anterior communicating artery (ACoA) 
aneurysms [ 64 ]. Higher hematic densities in the left and in the right lateral ventri-
cles are associated with apathy [ 64 ]. Apathy is one of the possible behavioral 
sequelae of ACoA rupture, although in some systematic studies no cases of apathy 
were found among SAH survivors [ 65 ]. 

 Apathy has also been reported after cerebral venous sinus thrombosis, in cases 
with thrombosis of the deep venous system and thalamic infarcts or in patients with 
superior sagittal sinus thrombosis and cingulated infarcts [ 66 – 68 ].  

    Evidence from Lesion Studies in Cases with Apathy 
in Acute Stroke 

 Apathy in acute stroke is associated with stroke lesions involving the posterior limb 
of the internal capsule [ 38 ], caudate or putamen [ 5 ], but also with lesions in the ter-
ritories supplied by the anterior cerebral artery [ 57 ] or the internal carotid artery [ 69 ]. 
Right hemispherical stroke lesions are commonly reported and increase the risk of 
apathy in acute stroke, mostly if the lesion is striatocapsular or thalamic [ 14 ,  51 ]. 

 Only two studies on apathy in acute stroke provide information [ 14 ,  38 ] for the 
analysis between the incidence of apathy and stroke type. Patients with hemorrhagic 
stroke have a slight higher risk to present apathy in the acute phase (OR = 2.58; 95 
% CI: 1.18–5.65;  I  2  = 0 %) [ 44 ]. Incidence of apathy in acute stroke [ 14 ,  38 ,  57 ,  70 , 
 71 ] is comparable in patients either with left- or right-sided hemispheric lesions 
(OR = 1.03; 95 % CI: 0.39–2.74;  I  2  = 78 %) [ 44 ] (Fig.  6.3 ).  

    Evidence from Lesion Studies in Cases with Poststroke 
Apathy 

 Poststroke apathy associated with subcortical strokes is the most commonly 
reported, mostly if strokes involve the thalamus [ 52 ] or the striatum, globus palli-
dus, substantia nigra, and the subthalamic nucleus [ 45 ,  48 ,  49 ]. Single infarcts or 
hemorrhages in strategic subcortical locations interfere with specifi c circuits that 
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link the prefrontal cortex to basal nucleus or with nonspecifi c thalamic-cortical pro-
jections [ 72 – 75 ]. 

 In the most recent meta-analysis [ 44 ], only one study on poststroke apathy [ 48 ] 
included data on ischemic and intracerebral hemorrhage. Ischemic patients pre-
sented a higher risk of poststroke apathy (OR = 4.35; 95 % CI: 1.11–16.7). Incidence 
of poststroke apathy [ 48 ,  51 ,  53 ,  58 ] was similar in patients with left- or right-sided 
hemispheric lesions (OR = 1.41; 95 % CI: 0.70–2.85;  I  2  = 0 %) [ 44 ] (Fig.  6.3 ).  

    Evidence from Functional Studies: Poststroke Apathy 

 A case study using brain single-photon emission computed tomography (SPECT) 
[ 36 ] described a patient presenting psychosis and apathetic behavior after an acute 
bilateral thalamic infarct. SPECT showed bilateral hypoperfusion of the frontal lobes, 
which highlighted the role of thalamo-frontal circuits in the pathogenesis of apathy. 
Onoda et al. [ 45 ] using brain SPECT gave further evidence that hypoperfusion of the 
basal ganglia is associated to poststroke apathy. Habib [ 34 ] reported a patient with an 
infarct involving the head of the caudate nucleus. SPECT demonstrated an area of 
decreased perfusion in the right basal ganglia. Habib [ 34 ] concluded that the striate 
and the ventral globus pallidus are the brain areas where motivations are translated 
into behaviors and thus are an interface between motivation and action. Yamagata 
et al. [ 53 ] study provided further neurophysiological (event-related evoked potential) 
evidence of dysfunction of the frontal-subcortical system in apathetic patients with 
subcortical stroke. The apathetic group of stroke patients showed (1) prolonged 
latency of the novelty P3; (2) reduced novelty P3 amplitude over the frontal site, 
resulting in posterior shift of the scalp topography; and (3) correlations between the 
changes in novelty P3 measures and degree of apathy state. 

 Recently, Glodzik-Sobanska et al. [ 58 ] examined proton MRI spectroscopy fi ndings 
in unaffected frontal lobes of stroke patients and demonstrated a correlation between 
apathy and reduction in the  N -acetylaspartate/creatine ratio in the right frontal lobe.  

    Risk Factors and Associated Conditions for Apathy 
in Stroke Patients 

 Several publications suggest that aging increases the risk of poststroke apathy [ 47 ,  48 , 
 51 ,  76 ,  77 ]. In our systematic review [ 44 ], among ten studies [ 14 ,  38 ,  45 ,  47 ,  48 ,  51 , 
 53 ,  54 ,  58 ,  76 ] providing data for comparison of ages, apathetic patients were 3 years 
older than non-apathetic patients (mean difference [MD]: 2.74 years old [95 % CI: 
1.25–4.23];  I  2  = 0 %), especially in the post-acute phase of stroke (MD = 2.99 [95 % 
CI: 1.36–4.61];  I  2  = 0 %). In the acute phase [ 14 ,  38 ,  45 ], apathetic patients were not 
older than non-apathetic patients (MD = 1.42 [95 % CI: −2.35–5.20];  I  2  = 0 %). 

 Other demographic factors such as male gender and low educational level or 
social condition were also pointed as risk factors for poststroke apathy, although of 
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less signifi cance than age. In our meta-analysis (Fig.  6.4 ), the frequency of patients 
with apathy secondary to stroke was similar in males (OR = 0.88; 95 % CI: 
0.66–1.17;  I  2  = 0 %) and females (OR = 1.07; 95 % CI: 0.80–1.42;  I  2  = 0 %), either in 
the acute phase or in post-acute phase of stroke [ 44 ].

   The presence of cognitive impairment before stroke is a risk factor for post-
stroke apathy [ 51 ,  53 ]. Poststroke cognitive impairment was also an important fac-
tor associated with poststroke apathy [ 45 ,  47 ,  48 ,  51 ,  76 ,  77 ]. Cognitive impairment 
is three times more frequent in apathetic than in non-apathetic patients (OR = 2.90; 
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95 % CI: 1.09–7.72;  I  2  = 14 %) [ 44 ] (Fig.  6.4 ), although this estimate is based on 
data from only three studies [ 14 ,  53 ,  54 ]. Severity of cognitive impairment, as 
assessed by the Mini-Mental State Examination [ 78 ] and the Hasegawa Dementia 
Rating Scale Revised, was higher in apathetic than in non-apathetic patients (stan-
dardized mean difference [SMD] = 0.68; 95 % CI: 0.50–0.85;  I  2  = 0 %). However, 
severity of cognitive impairment was similar in the studies performed in acute 
(SMD = 0.66; 95 % CI: 0.40–0.92;  I  2  = 0 %) and in post-acute (SMD = 0.69; 95 % 
CI: 0.46–0.92;  I  2  = 0 %) stroke phases. In some studies, patients presenting post-
stroke apathy showed impairments in verbal fl uency tasks [ 53 ] but also other exec-
utive-type dysfunctions [ 18 ,  71 ,  76 ,  79 ,  80 ] including of attention and mental 
fl exibility [ 37 ,  51 ,  61 ,  76 ,  81 ]. 

 A review on apathy following stroke [ 32 ], both in acute and in post-acute phases of 
stroke, concluded that apathy is often associated with depression, but that one can 
occur separately from the other. In the acute phase of stroke, half of the patients with 
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apathy also present depression [ 38 ]. Our meta-analysis [ 44 ] identifi ed nine studies 
[ 14 ,  42 – 49 ] providing information on depression (Fig.  6.4 ). Depression was more 
common in apathetic than in non-apathetic patients (OR = 2.29; 95 % CI: 1.41–3.72; 
 I  2  = 44 %). The overall pooled incidence of apathy without depression was twice 
(21.4 %; 95 % CI: 15.6–28.7 %;  I  2  = 45.6 %) (Fig.  6.2 ) that of depression without 
apathy (12.1 %; 95 % CI: 8.2–17.3 %;  I  2  = 43.4 %), further reinforcing the notion that 
these are different clinical entities. In only half of the apathetic or of the depressive 
patients, an overlap between these two neuropsychiatric disturbances is seen. 
Depression severity, as assessed through validated scales (Montgomery and Asberg 
Depression Rating Scale [ 82 ], Hamilton Depression Rating Scale [ 83 ], Self-Rating 
Depression Scale [ 84 ]), was borderline higher in apathetic patients (SMD = 0.38; 95 
% CI: −0.03–0.79;  I  2  = 73 %,  p  = 0.003) [ 44 ]. This difference was signifi cant only for 
the acute phase studies (SMD = 0.65; 95 % CI: 0.35–0.95;  I  2  = 13 %) but not for the 
post-acute phase stroke studies (SMD 0.06; 95 % CI: −0.69–0.81;  I  2  = 80 %) [ 44 ]. 
Apathy and depression are linked probably because they share symptoms such as 
diminishing interest in daily activities. Patients with both poststroke apathy and post-
stroke depression also share common neuropsychological features such as low MMSE 
scores [ 76 ] and working memory impairment [ 51 ]. Specifi c subcortical stroke loca-
tions can induce both poststroke apathy and poststroke depression [ 51 ,  76 ]. Poststroke 
apathy has been linked to right hemispheric subcortical lesions [ 49 ,  51 ,  85 ], while 
poststroke depression has been linked to left anterior lesions in one publication [ 49 ]. 

 In acute stroke phase, apathy is present among patients with depression; how-
ever, non-depressive patients can also become apathetic [ 14 ,  15 ,  45 ,  69 ]. In the 
meta-analysis, we found that in the two publications [ 14 ,  38 ] reporting apathy and 
depression in acute phase of stroke, apathetic patients were not more frequently 
depressed compared with non-apathetic patients (OR = 1.18; 95 % CI: 0.28–5.02; 
 I  2  = 71 %). Apathetic acute stroke patients often do not have the emotional experi-
ences of loss [ 14 ] and do not feel sad but may show anhedonia [ 70 ], a symptom 
which may be confused with depressive mood. Apathetic patients often do not com-
plain neither express their mood and emotional state [ 14 ], in contrast to the behavior 
usually displayed by depressed patients. 

 The association between poststroke apathy and poststroke depression is frequent; 
Fourteen percent to 51 % of the stroke patients present an overlap of poststroke 
apathy and poststroke depression [ 45 ,  51 ,  58 ,  76 ]. In post-acute phase of stroke, 
apathetic patients have 3 times more depression compared with non-apathetic 
patients (OR = 3.04 [95 % CI: 2.13–4.35],  I  2  = 5 %) [ 47 – 49 ,  51 ,  53 ,  54 ,  76 ]. The 
pooled incidence of poststroke apathy without concomitant poststroke depression 
was 21.5 % (95 % CI: 15.2–29.5 %;  I  2  = 45.4 %) [ 44 ] (Fig.  6.2 ).  

    Associated Neuropsychological Disturbances 

 Poststroke apathy is among the most troublesome stroke sequelae and may eclipse 
intellectual defi cits [ 86 ]. In the elderly, the association between apathy and execu-
tive dysfunction increases [ 81 ]. 
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 Above all, apathetic patients present diffi culties in executive tasks related to 
goal-directed abilities and spontaneous psychomotor initiative, motor slowness and 
diminished spontaneous movements, and increasing number of motor and verbal 
perseverations [ 18 ,  71 ,  87 ,  88 ]. 

 In the acute phase of stroke, apathy is associated with global cognitive impair-
ment (low MMSE scores) [ 14 ,  38 ,  45 ,  69 ]. The majority of the patients assessed in 
the acute phase of stroke have, at least, one cognitive domain disturbed such as 
memory and executive functions [ 77 ,  81 ,  89 ]. 

 Patients with poststroke apathy have worse cognitive performances (low MMSE 
scores) than patients without apathy [ 48 ,  49 ,  51 ,  53 ,  54 ,  76 ,  90 ]. Apathy, as an 
inability of the organism to be motivated and to drive acts and relationships, is 
associated with executive impairments [ 48 ,  80 ]. The most frequent neuropsycho-
logical impairments are in the domains of attention and concentration, speed of 
information processing, working memory, and reasoning [ 51 ,  76 ,  90 ]. These neu-
ropsychological impairments remain even after statistical correction for the 
 presence of depression [ 51 ].  

    Outcome of Apathy in Stroke Patients 

 The timing of apathy assessment after stroke varied across studies from 1 day 
to 15 months from stroke onset. Three studies reported the evolution of apathy 
secondary to stroke over a year [ 16 ,  47 ,  90 ] and another over a 15-month 
period [ 76 ]. 

 Caeiro et al. [ 90 ] evaluated 76 patients in the acute phase of stroke and at 
1-year follow-up. In the acute phase of stroke, 17 patients were apathetic, and at 
1-year follow-up, poststroke apathy was present in 18 patients. Apathy in acute 
stroke was an independent risk factor for poststroke apathy (OR = 3.1, 95 % 
CI = 0.8–12.8). Fourty-one percent of the acute apathetic patients remained apa-
thetic at 1-year follow- up. Eleven new cases of poststroke apathy were identifi ed 
at 1-year follow-up. Angelelli et al. [ 16 ] identifi ed a three-time higher risk of 
development of poststroke apathy, at 6 months/1-year follow-up in patients pre-
senting poststroke apathy at 2-month poststroke. Mayo et al. [ 47 ] studied a cohort 
of stroke survivors over a 1-year period and found that 50 % stroke patients were 
apathetic. The extent of apathetic behavior remained stable over the fi rst year 
after stroke. 

 Withall et al. [ 76 ] followed a sample of stroke patients, 2–15 months after 
stroke. Two months after stroke, 21.7 % patients had poststroke apathy. Of these, 
at 15 months, 21.7 % remained apathetic, 30.4 % presented apathy and depression, 
and 43.4 % did not present any of these neuropsychiatric disturbances. Logistic 
regression analysis identifi ed early cognitive impairment as a risk factor for post-
stroke apathy. 

 In conclusion, nearly half of the patients with apathy in the acute phase of stroke 
remain apathetic. Apathy in the acute phase of stroke is a predictor of long-term 
poststroke apathy.  
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    Infl uence of Apathy in Stroke Outcome 

 Apathy is a risk factor for poor outcome or recovery after stroke [ 50 ,  51 ] because 
the patients are unable to return to their previous occupational and social activities 
[ 71 ,  79 ,  80 ]. The opposite is also true; the absence of apathy within the fi rst year of 
poststroke is a predictor of a favorable outcome following stroke [ 91 ]. Apathy inter-
feres with the ability of stroke patient to seek out rehabilitation services and to carry 
out rehabilitation exercises [ 48 ,  92 ,  93 ] or return to social relationships [ 48 ,  77 ]. 

 Although a previous systematic review including fi ve studies supported the 
association between apathy secondary to stroke and a lower functional status [ 32 ], 
our meta-analysis did not confi rm those claims. The severity of the clinical global 
outcome, as assessed through validated scales (Modifi ed Ranking Scale [ 14 ,  45 ], 
Johns Hopkins Functioning Inventory [ 38 ], Instrumental Activities of Daily 
Living [ 51 ,  76 ], Functional Independence Measurement [ 49 ], and Barthel Index 
[ 47 ,  48 ], was not signifi cantly different between apathetic and non-apathetic 
patients (SMD = −0.01 [95 % CI: −0.39–0.36];  I  2  = 86 %)) [ 44 ]. Clinical outcome 
was not worse for apathetic patients either in acute (SMD = 0.27 [95%CI: −0.22–
0.75];  I  2  = 71 %) and in post-acute stroke studies (SMD = −0.18 [95 % CI: −0.71–
0.35];  I  2  = 91 %). Stroke is a component of physical health and also impairs 
psychological health, which has a negative infl uence in other domains of health 
[ 94 ]. One should note that apathetic patients may be less aware or report fewer 
complains about their functional loss. 

 Patients presenting apathy in acute stroke have a greater degree of cognitive, 
emotional, and physical disturbances [ 14 ,  38 ,  45 ,  48 ,  69 ,  85 ,  95 ]. Apathy is a main 
determinant of longer hospital stay following stroke and of nursing home and hos-
pitalization in demented patients [ 96 ]. Apathy secondary to stroke increases the 
burden of caregivers, who may misattribute the pathological loss of drive to laziness 
or defi ance [ 12 ,  97 ].  

    Management of Apathy 

 The management of apathy includes pharmacological and non-pharmacological 
interventions, namely, behavioral psychotherapy [ 98 ]. 

 Drugs with potential effect in improving apathy include (1) dopaminergic agents 
[ 99 ] such as amantadine and dopaminergic agonists (e.g., bromocriptine [ 98 ] and 
ropinirole [ 100 ]); (2) stimulants, such as methylphenidate [ 101 ] and modafi nil 
[ 102 ], because of its effect on stimulation of dopamine and norepinephrine release; 
(3) antidepressants with dopaminergic (e.g., bupropion) or noradrenergic (e.g., ven-
lafaxine) activity; and (4) acetylcholinesterase inhibitors (e.g., donepezil [ 103 ]) and 
nootropics (e.g., nefi racetam [ 104 ]). 

 There are, however, no randomized controlled trials to prove the effi cacy and 
safety of these medications in apathetic stroke patients. 
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    Abstract     Disturbances in the voluntary control of emotional expression after 
a stroke were fi rst reported in the nineteenth century and extensively reviewed by 
Wilson in 1924. A variety of terms have since been used such as pathological laugh-
ing and crying, pseudobulbar affect, emotionalism, emotional lability, involuntary 
emotional expression disorder, and post-stroke emotional incontinence (PSEI). The 
prevalence of PSEI ranges 6–34 % (mostly 10–20 %) of stroke patients. It seems 
that PSEI is more often observed in the subacute stage than in the acute or chronic 
stage. However, there are patients who show abnormal emotional display before the 
onset of other major neurologic dysfunction ( fou rire prodromique ). 

 Recent advances in brain imaging technologies have shown that lesions affecting 
frontal-internal capsular-pontine base circuitry most often produce PSEI. Cerebellar, 
basal ganglionic, and thalamic lesions are also occasionally associated with PSEI. 
Wilson proposed that pathological crying and laughing is caused by disinhibition of 
a brainstem fasciorespiratory control center for emotional expression secondary to 
lesions of descending corticobulbar pathways from higher cortical brain centers. 
This disinhibition theory has been modifi ed, and it is currently believed that defi cits 
in any areas of brain network related to emotional expression (cortico-limbic 
subcortical- thalamic-ponto-cerebellar system) can lead to PSEI. 

 Lesion location studies, positron emission tomography studies, and clinical trial 
results have shown that serotonin dysfunction plays an important role in producing 
PSEI. Selective serotonin reuptake inhibitors (SSRIs) are recommended as fi rst-line 
agents for the treatment of PSEI as they are promptly effective and tolerable and 
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may also improve patients’ quality of life. When SSRIs are ineffective or poorly 
tolerated, tricyclic antidepressants, selective adrenergic receptor inhibitors, or dopa-
minergic agents can be considered.  

  Keywords     Emotion   •   Expression   •   Crying   •   Laughing   •   Depression   •   Stroke  

        Introduction 

 Disturbances in the voluntary control of emotional expression after a stroke were 
fi rst reported in the nineteenth century. Since Wilson’s description of the classic 
model of pathological laughing and crying [ 1 ], clinicians have paid increased atten-
tion to this issue. Abnormal emotional displays have been described using a variety 
of terms, including pseudobulbar affect, pathological laughing and crying, emotion-
alism, lability of mood, and emotional incontinence [ 2 ]. Patients typically present 
with uncontrollable outbursts of involuntary laughing or crying that are unrelated to 
the underlying emotional state [ 1 ]. However, a milder form of emotional lability, 
provoked by congruous emotional stimuli, is more prevalent in clinical practice [ 3 ]. 
Patients suffering from emotional expression disorders are not necessarily depressed 
or elated during their emotional displays [ 2 ]. Nevertheless, when the symptoms are 
frequent or severe, they can be embarrassing and distressing for both the patient and 
their caregivers. 

 Recent advances in imaging technologies such as computed tomography (CT), 
magnetic resonance imaging (MRI), and positron emission tomography have 
increased our understanding of the lesion location and pathogenesis of this syn-
drome, and a number of randomized clinical trials (RTCs) have shown effective 
therapeutic strategies. In this chapter, we review the history, nomenclature, clinical 
features, lesion locations, pathogenesis, involved neurotransmitters, and therapeutic 
strategies associated with disturbed control of emotional expression after stroke.  

    History 

 Abnormal emotional displays in patients with brain pathology are described in med-
ical literature as far back as 1837 [ 4 ]. In 1872, Charles Darwin wrote in his book 
“The Expression of the Emotions in Man and Animals” that “certain brain diseases 
have a special tendency to induce weeping” [ 5 ]. Years later, several European 
authors including Oppenheim and Siemerling [ 6 ], Brissaud [ 7 ], and Nothnagel [ 8 ] 
published clinical case reports that described pathological laughing and crying. In 
1903, a French neurologist, Charles Féré [ 9 ], described a patient who showed path-
ological laughter heralding an apoplectic event and used the term “ fou rire pro-
dromique ” to describe this phenomenon. The following year, Weisenberg [ 10 ] 
published the fi rst case series of pathological laughing and crying in the USA and 
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described the essential features of this syndrome: impulsive laughing and crying 
that is beyond the control of the patient and brought on by the slightest irritation, or 
occasionally without any apparent cause, and crying that may terminate in laughing 
or vice versa. It was in 1924, however, when Wilson [ 1 ] wrote a comprehensive, 
landmark review on the important clinical and pathological features of this syn-
drome. The subsequent paper by Davison and Kelman [ 11 ] is another excellent and 
comprehensive description of this issue.  

    Nomenclature 

 Multiple terminologies have been used to describe these abnormal emotional dis-
plays in patients with brain disease, and they are summarized in Table  7.1 . The term 
most familiar to physicians may be pseudobulbar affect, incorporating pseudobul-
bar crying, laughing, weeping, and pseudobulbar palsy. The term has been used 
because symptoms of pseudobulbar palsy (dysarthria, facial palsy, dysphagia, and 
increased jaw jerk) are frequently present in these patients. However, this term is 
inappropriate for several reasons. Firstly, episodes may occur without these neuro-
logic signs [ 12 ]. Recent studies have found that mild emotional displays were often 
accompanied by unilateral brain lesions that did not produce signifi cant bulbar 
symptoms [ 3 ,  13 ]. Furthermore, lesions that lead to abnormal emotional displays 

   Table 7.1    Terminologies describing abnormal emotional display after brain disease   

 Pros  Cons 

 Pseudobulbar affect 
(laughing, crying) 

 Widely used, familiar to 
physicians 

 Not all the patients show bulbar 
symptoms 

 Pathophysiologic mechanisms are 
beyond corticobulbar tracts 
involvement 

 Pathological affect 
(laughing, crying) 

 Familiar to physicians, easy 
to understand 

 Does not exclude ictal symptoms 
(gelastic epilepsy) 

 Correctly imply that the 
symptoms are related 
to brain pathology 

 Emotional lability, 
affective lability 

 Can encompass a large number 
of patients showing 
emotional problems 

 Less specifi c, does not clearly covey 
the meaning of symptoms related 
to brain disorders 

 Emotionalism  Comprehensive, short  Less specifi c, does not clearly covey 
the meaning of symptoms related 
to brain disorders 

 Emotional incontinence  Correctly imply that the 
symptoms are due to 
neurological disorders 

 Some criticize it as distasteful 

 Involuntary emotional 
expression disorder 

 Clearly differentiates expres-
sion from formulation 
disorders of emotion 

 The term “involuntary” is confusing 

 Gives patients unnecessary stigma 
as a “disorder” 
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are not necessarily limited to the corticobulbar circuitry and may involve the corti-
cal, subcortical, and limbic structures [ 14 ]. Therefore, although this term has been 
used until recently [ 12 ,  15 – 17 ], it is clearly inappropriate.

   Another widely used term is pathological crying or laughing. This was used by 
Wilson [ 1 ] to describe “exaggerated, forced, involuntary, uncontrollable laughing or 
weeping.” Pathological crying or laughing is easy to understand, appropriately 
implicates the presence of underlying brain pathology, and therefore has been fre-
quently used until recently [ 3 ,  18 – 23 ]. However, this term indicates any laughing 
and crying caused by brain pathology and does not exclude ictal symptoms in 
patients with gelastic epilepsy [ 24 ,  25 ]. In addition, milder symptoms, such as sim-
ple, excessive smiling, or weeping upon congruous emotive stimuli [ 13 ,  26 ,  27 ], are 
not readily incorporated by this term. Finally, the term does not differentiate between 
pathological expression and pathological formulation of primary feelings. In this 
sense, the term pathological affect [ 28 ] is also inappropriate, as it implies abnormal 
development of emotion in patients with hysteria or depression. 

 Emotional lability [ 27 ,  29 ] and affective lability [ 30 ] are also used to describe 
abnormal emotional displays in patients with neurologic disorders. These terms are 
occasionally used to indicate symptoms similar to pathological laughing and crying 
[ 26 ] or emotional incontinence [ 29 ], but they are also used to indicate excessive 
weeping due to depression or a sad situation. In addition, these are too mild to incor-
porate the severely abnormal emotional displays described in early reports [ 1 ,  31 ]. 
Emotional incontinence is another term frequently used [ 13 ,  32 – 34 ]. It encompasses 
a broad range of symptoms, from simple excessive emotional displays to severe 
pathological laughing or crying, and clearly indicates that they are related to neuro-
logic disorders. Moreover, as “incontinence” is frequently used in clinical neurol-
ogy, the term is familiar to us. The term emotionalism has also been used occasionally 
to imply similar meanings [ 26 ,  35 ,  36 ] but is less specifi c and does not clearly con-
vey the meaning that this is a specifi c symptom secondary to a neurologic disorder. 

 Recently, “involuntary emotional expression disorder” has been proposed as a 
term to describe abnormal emotional displays in neurology patients [ 2 ]. Although 
we agree on its merits, this term is still confusing. There are patients with bilateral 
voluntary facial paresis who have no facial weakness during pathological laughing 
and crying [ 1 ]. Although Wilson hypothesized that lesions affecting the “voluntary” 
pathways from the cerebral motor cortex result in dysregulation of the brainstem 
emotion center [ 1 ], this theory has since been criticized [ 18 ]. Thus, using the term 
“involuntary” may lead to confusion. Furthermore, although it is generally agreed 
that the abnormal emotional displays are primarily a problem in the output of emo-
tion, there are lingering arguments that patients may also have abnormalities on the 
perception side [ 37 ], and this possibility is not suitably encompassed by the term 
“expression disorder.” Finally, using the term “disorder” may give patients unneces-
sary stigma; abnormal emotional displays are a simple neurologic symptom but are 
not a specifi c disorder. To avoid this confusion, some authors used simpler terms 
such as “excessive crying” [ 37 ] or “uncontrolled crying” [ 38 ,  39 ]. Although we 
appreciate the comprehensiveness and the simplicity of these terms, they do not 
 suffi ciently convey the meaning of medical symptoms caused by brain lesions. 
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 With all this consideration, we will use the term post-stroke emotional inconti-
nence (PSEI) in the text. Although some authors interpret this term as distasteful 
[ 15 ] or derogatory [ 40 ] to patients, we do not agree. In our view, emotional inconti-
nence is simple, yet suffi ciently indicates the dysregulation of emotional expression 
due to brain pathology. This can be used in medical settings alongside terms such as 
urinary and fecal incontinence.  

    Phenomenology 

    Illustrative Patient 

 A 72-year-old hypertensive woman developed sudden dysarthria and mild right 
hemiparesis. From then on, she showed frequent, excessive laughing and, less 
often, crying on trivial occasions. In addition, she gradually became more forget-
ful and had diffi culty in gait. When she was admitted to our hospital 2 years later, 
she was alert and oriented. She had dysarthria, dysphagia, and increased deep 
tendon refl exes in both limbs. Her gait was clumsy and spastic. Her daughter 
reported that she occasionally fell down; she was once admitted to an orthopedic 
clinic due to spine fracture. Her mini-mental state examination score was 21/30, 
and cognitive function tests showed impaired attention, memory, visuospatial, 
word retrieval, and frontal executive functions. However, she did not have a par-
ticular diffi culty in her daily life as a housewife. There was no personality change 
according to her relatives. 

 Of note was that she laughed frequently. During the interview of 5 min, she 
laughed approximately ten times. The laughter was sudden, explosive, uncontrol-
lable, and lasted usually for 15–30 s (Fig.  7.1 ). Meeting and talking with somebody 
frequently triggered her laughing. According to her daughter, the laughing was 
especially frequent when the patient encountered her granddaughters. The patient 
reported that she also laughs while left alone. However, her daughter stated that she 
seems to laugh while she thinks about her family especially her granddaughters, 
upon which the patient agreed.

   Although it was the laughter that was mainly observed, she also cried occa-
sionally upon trivial events. During the interview, after one prolonged laugher, 
tears were observed in her eyes. When asked whether she was depressed, she 
denied but stated that she is stressed because of her gait diffi culty and frequent 
laughing. She did not have major depression according to DSM-IV criteria. The 
frequent and excessive laughing prevented her from normal social life; she 
rarely went out for shopping because she was afraid of her laughing being 
watched by others. Occasionally, she had diffi culty in falling asleep because she 
continuously laughed. 

 Brain MRI showed multiple, bilateral subcortical, and white matter ischemic 
lesions (Fig.  7.2 ). Magnetic resonance angiography showed mild stenosis on distal 

7 Disturbances in the Voluntary Control of Emotional Expression After Stroke



136

  Fig. 7.1    Patient showing excessive and uncontrollable laughing (Permission obtained from the patient)       

  Fig. 7.2    T2-weighted MRI shows multiple periventricular and white matter ischemic lesions       
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basilar artery. Fluoxetine 20 mg/day was given, which signifi cantly reduced the 
frequency and intensity of her laughing. Her excessive laughing persisted with some 
fl uctuation in intensity during 5 years of follow-up. The excessive laughing recurred 
whenever the medication was discontinued.

   Typically, PSEI patients show excessive and inappropriate crying or laughing 
without apparent motivating stimuli or in response to stimuli that would not nor-
mally have evoked such responses. The episodes are sudden, episodic, and uncon-
trollable, and the symptoms occur in a stereotypical way, resembling an automatism. 
The pathological facial expressions do not correspond with an analogous emotional 
change and do not serve to resolve inner tensions as they do in healthy individuals 
[ 1 ,  11 ,  31 ]. Unlike the patient described above, crying is generally more common 
than laughing, but many patients cry and laugh and can switch between the two 
 during the course of one episode [ 1 ,  11 ]. 

 Except for severe cases, episodes of PSEI rarely occur when the patient is left 
alone and are usually provoked by emotional or social stimuli [ 3 ,  26 ,  41 ]. The stim-
uli may be very trivial. For example, approaching the patient’s bedside can trigger 
explosive laughing or crying. Although the stimuli appear to be emotionally incon-
gruent, the severity of PSEI evoked may still be related to the degree of stimulation. 
For example, Wilson described a man who exhibited laughter whenever he read war 
news, and the more serious and anxious the news, the more he laughed [ 1 ]. Early 
reports emphasized the importance of these incongruent or contradictory emotional 
stimuli and the “unheralded,” “uncontrollable” nature of symptoms [ 31 ]. For exam-
ple, patients may laugh uncontrollably at the funeral ceremony of a relative. 
However, recent studies have found that symptoms are more often triggered by 
appropriate and congruent stimuli, although their responses are obviously excessive 
[ 13 ,  26 ]. Moreover, “unheralded” and “uncontrollable” crying and laughing are 
uncommon in clinical practice. Allman et al. [ 41 ] analyzed 30 stroke patients who 
cried on one or more occasions over 1 month period and found that only fi ve patients 
had episodes of crying without warning and fi ve had “uncontrollable” crying. Other 
authors have also discussed that the trigger is usually emotionally relevant. House 
et al. [ 26 ] interviewed patients with PSEI and categorized the provoking stimuli as 
(a) sad or depressing: thoughts of illness, dying from stroke, discussion of illness, 
pictures of famine or disaster; (b) sentimental: visits from grandchildren, conven-
tional expression of greeting, enquiries about well-being; and (c) discussion of the 
symptom itself: asking about PSEI itself provoked tearfulness. 

 One of the most common stimuli for PSEI is conversation [ 3 ,  39 ], especially the 
initiation of speech. Other stimuli include apprehension, diffi culty and suffering, 
situations characterized by a certain mood (e.g., amusing, festive, mourning) [ 39 ], 
and unfamiliar or awkward situations [ 3 ]. For example, patients are more likely to 
exhibit PSEI when they meet unfamiliar visitors or doctors than when they meet 
their spouses. Patients may laugh when they saw their wives wearing a new dress, 
but not an ordinary one [ 3 ]. In the hospital, watching dysfunctional neurological 
fi ndings (e.g., hand tremor on fi nger to nose test), which is not familiar to ordinary 
persons, often triggers PSEI [ 3 ,  42 ]. We observed a patient who experienced severe 
laughter whenever he saw other patients receiving rehabilitation therapy. Another 

7 Disturbances in the Voluntary Control of Emotional Expression After Stroke



138

patient laughed whenever he spoke the vowels (a, e, i, o, or u) during rehabilitation 
therapy for aphasia. 

 After being discharged to their home, it is common to see patients weep at televi-
sion dramas that did not evoke crying before the onset of stroke [ 3 ]. Although cry-
ing in this situation may not be an abnormal response, PSEI patients cry longer and 
more frequently. Therefore, although the emotional valence is not incongruent, and 
the display is not uncontrollable, this behavior is considered abnormal by both the 
patient and their relatives and should be considered a part of PSEI. 

 Poeck [ 31 ] attempted to differentiate emotional lability from pathological laugh-
ing and crying, stating that the former occurs in an appropriate situation, is accom-
panied by an alteration of mood, and does not have the fi xed sequential pattern seen 
in the latter. However, along with others [ 37 ,  41 ], we believe that differentiating 
between these two conditions is not always easy. According to our observations [ 3 ], 
patients symptoms may vary; they may show pathological laughing and crying but 
also weep easily at another time. Furthermore, although the severe, classical patho-
logical laughing and crying may persist in some PSEI patients (as in the illustrative 
case), the intensity of the symptoms is often attenuated with time, becoming simple 
emotional lability [ 3 ,  43 ]. Finally, as discussed above, truly unheralded crying, 
without any warning signs, is uncommon in clinical practice and is diffi cult to rate 
especially when there was warning in some episodes but not others [ 41 ]. Thus, we 
consider the clinical spectrum of PSEI very diverse, with symptoms often lying 
between the extremes of emotional lability and pathological laughing and crying. 
The two extreme ends seem to differ in a quantitative rather than qualitative way. 

 Although PSEI is usually observed at the time of stroke, it may clinically mani-
fest a few days, weeks, or even several months after the onset of stroke [ 3 ]. In some 
cases, this may be due to the failure of physicians to diagnose PSEI in the acute 
phase of stroke. However, it is also possible that PSEI is not manifest until some-
time after stroke: patients with altered consciousness, aphasia, or decreased cogni-
tion may not be able to perceive social or emotional stimuli until some way into 
recovery. In some cases, PSEI may be detected only when patients are discharged 
from a hospital and when they are exposed to a wider variety of social and emo-
tional stimuli. Persistent functional defi cits or a lack of social support in the sub-
acute stages of stroke may also evoke delayed-onset PSEI [ 44 ]. Finally, the delayed 
onset may be related with the complex pathophysiology of PSEI; it may develop 
due to asynchronous recovery during reorganization of the cortical-subcortical 
emotional circuitry after the acute phase [ 3 ]. 

 In contrast, there are patients who show abnormal emotional display  before  the 
onset of other major neurologic dysfunction. This rare but interesting phenomenon 
was initially described by Féré in 1903 as  fou rire prodromique  (prodrome of crazy 
laughter). Coelho and Ferro [ 45 ] reviewed 18 published cases of  fou rire pro-
dromique  and found that  fou rire  can last anywhere from a few seconds to several 
hours. The other neurologic defi cits usually appeared immediately after the  fou rire ; 
however, there were cases where their appearance was delayed for days or even 
months. There is also one report of a patient with multiple vascular risk factors who 
showed recurrent spells of crying associated with left paresthesia and mild 
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weakness that resolved within 3 h [ 46 ], which suggests that a transient ischemic 
attack may manifest as transient laughing or crying. 

 The frequency of and the severity of PSEI episodes experienced by the patient 
vary greatly. When severe, these episodes produce signifi cant distress and embar-
rassment and impair patients’ social or occupational function as shown in the illus-
trative case. A recent study showed that patients with PSEI had signifi cantly lower 
scores in the general and mental health, social function, and role-emotional dimen-
sions of quality of life than those without [ 47 ].   

    Diagnostic Criteria 

 Wilson [ 1 ] described the abnormal emotional displays as exaggerated, forced, involun-
tary, uncontrollable laughing or weeping and stated that there is an unbalanced relation 
between stimulus and response and a disconnection between mood and affect and that 
the outbursts are of a stereotyped nature. Poeck [ 31 ] described four similar criteria for 
pathological laughing and crying: (1) a response to a nonspecifi c stimulus, (2) the 
absence of a corresponding change in affect or a lack of relation between the affective 
change and the observed expression, (3) the absence of voluntary control over the extent 
and duration of facial expressions, and (4) the absence of a corresponding change in 
mood lasting beyond the actual laughing or crying and a lack of relief after such an 
expression of mood. The third of these was considered to be the most important. 

 Twenty years later, House et al. [ 26 ] diagnosed PSEI using fi ve simple questions: 
(1) Have you been more tearful since the stroke than you were beforehand? (2) Does 
the weepiness come suddenly at times when you aren’t expecting it? (3) If you feel 
the tears coming on, or if they have started, can you control yourself to stop them? 
(4) Have you been unable to stop yourself crying in front of other people? (5) Is that 
a new experience to you? Thus, the crying or laughing associated with PSEI should 
be sudden, unheralded and uncontrollable. Nevertheless, the House criteria are 
more generous than those used previously [ 1 ,  31 ] as they include emotional displays 
secondary to stimuli congruent with mood. 

 However, as discussed above, we see more patients with mild yet excessive or 
inappropriate laughing or crying that does not fi t with these criteria but is neverthe-
less considered abnormal by both the patient and relatives. For this reason, a less 
stringent set of criteria were developed by Kim and Choi-Kwon [ 13 ], where PSEI 
was diagnosed if both the patient and his/her relatives agree that excessive and/or 
inappropriate laughing and/or crying occurred on at least two occasions. The crying 
or laughing is not required to have been sudden, unheralded, or uncontrollable, as 
these characteristics are rare and diffi cult to assess in clinical practice [ 41 ]. This 
assessment is easy to perform and takes only a few minutes and can therefore be 
utilized conveniently by busy clinicians. The severity of the PSEI may be assessed 
with the concomitant use of a visual analogue scale. However, as confi rmation of 
laughing and/or crying is required from relatives of the patient, these criteria cannot 
be used for patients who live alone. 
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 There are more recent criteria that have not yet been used in the study of PSEI. 
The diagnostic criteria of Nieuwenhuis-Mark et al. [ 37 ] require that episodes are 
frequent and immediate, the patient is more likely to burst out laughing or crying 
than previously was the case, emotional reactions are linked with specifi c or (in 
some cases) nonspecifi c stimuli, the intensity of the emotional reaction is out of 
proportion to what would be expected, and the patient is not able to control his 
behavior in social situations. The criteria of Cummings et al. [ 2 ] are more complex. 
Diagnosis of PSEI requires episodes of involuntary or exaggerated emotional 
expression that result from a brain disorder, including episodes of laughing, crying, 
or related emotional displays. Episodes represent a change from the persons’ usual 
emotional reactivity, may be incongruent with the person’s mood or in excess of the 
corresponding mood states, and are independent or in excess of any preceding stim-
ulus. They are sudden in onset, brief (lasting seconds to minutes), and stereotyped 
and may vary in severity between patients. Episodes may be, but are not required to 
be, accompanied by autonomic changes (e.g., fl ushing of the face), pseudobulbar 
palsy signs, and proneness to or episodes of anger. 

 In addition to tools for diagnosing the presence and absence of PSEI, there are 
tools for assessing the degree and severity of PSEI. The best known of these was the 
scale developed by Robinson et al. [ 48 ]. This scale assesses the frequency at which 
the patient has experienced sudden episodes of laughing or crying and asks ques-
tions to ascertain details of the triggers for, and severity and duration of, these epi-
sodes and the associated emotions. The inter-rater and test-retest reliability is good. 
There also are scales that were developed for patients with amyotrophic lateral 
 sclerosis [ 30 ] or multiple sclerosis [ 49 ] that may be used in stroke patients as well.  

    Prevalence 

 Emotional incontinence is observed in a wide range of neurologic disorders, includ-
ing amyotrophic lateral sclerosis [ 50 ,  51 ], Parkinson’s disease [ 52 ], Alzheimer’s 
disease [ 53 ], multiple system atrophy [ 54 ], multiple sclerosis [ 22 ,  55 ,  56 ], and trau-
matic brain injury [ 57 – 59 ]. The reported prevalence of emotional incontinence in 
these conditions ranges from 10 to 50 %. In the acute/subacute stage of stroke, PSEI 
prevalence has been reported to vary from 6 to 34 % [ 13 ,  26 ,  27 ,  29 ,  33 ,  35 ,  44 , 
 60 – 62 ] (Table  7.2 ). The heterogeneous results are due to different diagnostic criteria 
of PSEI, the timing of assessment, and characteristics of study population. The most 
frequently used diagnostic criteria are those of House [ 26 ] followed by Kim [ 13 ]. 
As discussed above, the Kim criteria do not require uncontrollable or unheralded 
emotional displays and thus include milder cases. Indeed, Tang et al. [ 33 ] reported 
that 17.9 % of Chinese stroke patients were diagnosed with PSEI according to the 
Kim criteria but only 6.3 % according to the House criteria.

   Unfortunately, patients with aphasia, cognitive dysfunction, or severe neurologic 
defi cits are generally excluded from prevalence estimates. As patients with bilateral, 
diffuse brain lesions show more severe, frequent, and persistent PSEI [ 1 ], the 
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prevalence is likely to be underestimated. Post-stroke emotional incontinence 
should therefore be considered one of the major emotional symptoms in stroke 
survivors. 

 There have been few studies that examined the longitudinal course of PSEI. Our 
observations are that the severity of PSEI generally diminishes with time [ 3 ] and 
often disappears after a period of several months or years [ 43 ,  63 ]. However, PSEI 
may newly appear in the subacute stage. One report indicates that the prevalence 
of PSEI was 15 % at 1 month post-stroke, 21 % at 6 months post-stroke, and 11 % 
at 12 months post-stroke [ 26 ], suggesting that PSEI may be most prevalent in the 
subacute stage. In a recent study of 508 stroke patients, we also showed that the 
prevalence of PSEI was increased from 9 % at admission to 12 % at 3 months post-
stroke [ 44 ]. Of the 48 patients who were diagnosed with PSEI in the acute stage of 
stroke, 24 had recovered by 3 months post-stroke, and there were 40 new diagno-
ses. Functional defi cits measured with the modifi ed Rankin scale, and the serotonin 
polymorphism VNTR STin2, were related to the new development of PSEI at 3 
months. These studies collectively indicate that PSEI should be considered an 
evolving symptom that may disappear or newly develop in the acute/subacute stage 
of stroke.  

    Factors Related to the Development of PSEI 

 Severe motor dysfunction [ 13 ] and neurologic dysfunction assessed by the National 
Institutes of Health Stroke Scale [ 33 ,  62 ] or the modifi ed Rankin scale [ 33 ,  44 ] are 
related to the development of PSEI. A lack of social support is also related to the 
development of PSEI in the subacute stage [ 44 ]. The lesion location [ 13 ,  27 ,  44 ] and 
the presence of depression [ 13 ,  26 ,  35 ] are also closely related to PSEI and are dis-
cussed in more detail below. It has also been shown that age [ 33 ,  35 ], gender [ 13 ], 
and type of stroke (ischemic vs. hemorrhagic) [ 13 ] are associated with the develop-
ment of PSEI. However, these results are from univariate analyses and have not 
been replicated by other studies (Table  7.2 ). 

 The factors related to PSEI may differ according to the timing of the investiga-
tion. In a recent study, we showed that lesion location (subcortical area) was the 
only factor that was associated with PSEI at the time of admission, whereas func-
tional status, serotonin polymorphism, and low social support were related to PSEI 
at 3 months post-stroke [ 44 ].  

    Relation Between PSEI and Neuropsychiatric Symptoms 

 Generally, PSEI is considered to be the result of abnormalities in the expression of, 
rather than formulation of emotion. Thus, PSEI and depression are separate and 
independent constructs. Post-stroke emotional incontinence is differentiated from 
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depression by duration, affect, behavior, insight, perception, and course (Table  7.3 ) 
[ 2 ,  37 ]. However, PSEI seems to be closely related to concurrent or past history of 
depression. There are reports that more than half of patients with pathological 
laughing and crying had depression [ 48 ,  60 ], and patients with the past history of 
depression had a 14-fold greater risk of developing PSEI [ 33 ]. In our recent study 
[ 44 ], post-stroke depression (PSD) was signifi cantly correlated with PSEI both at 
admission and at 3 months post-stroke. Among the patients with PSEI at admission, 
42 % had depression at admission, and 44 % had depression at 3 months post- 
stroke. The close relation between PSEI and PSD may, at least in part, be explained 
by the similar lesion location (fronto-basal ganglia-brainstem pathways), perhaps 
with similar neurochemical changes [ 13 ]. However, the lesion location [ 13 ] and 
underlying pathophysiological mechanisms (see below) are still different between 
PSD and PSEI; improvement of pathological laughing and crying by nortriptyline 
was independent of depression status [ 48 ], and selective serotonin reuptake inhibi-
tors (SSRIs) improved PSEI more effectively than they did PSD [ 64 ].

   Nevertheless, the close relation between PSEI and the past history of depression 
[ 33 ], severe neurological defi cits [ 13 ], and the lack of social support [ 44 ] raises 
suspicion that PSEI may at least in part be related to reactive depression in premor-
bidly depressive patients. According to Nieuwenhuis-Mark et al. [ 37 ], although 
PSEI is mainly an emotional expression disorder, these patients may also differ 
from normal persons in their exposure to precipitating emotional stimuli. Calvert 
et al. [ 35 ] interviewed 448 stroke survivors and found that PSEI was closely associ-
ated with depression, irritability, and ideas of reference. Although ideas of reference 
may be related to the embarrassing nature of PSEI, the authors proposed that PSEI 
might be just one manifestation of a more general disorder of emotional control that 
occurs after a stroke. 

   Table 7.3    Difference between emotional incontinence and depression   

 Emotional incontinence  Depression 

 Concept  Mainly expression disorder, affect 
(transient) 

 Content problem, mood 
(sustained) 

 Stimuli  Often with incongruent stimuli  Congruent situation 
 Emotional expression  Crying, laughing, or both  Crying 
 Duration  Brief (minutes)  Tonic mood lasting days or 

months 
 Voluntary control  Uncontrollable in classical cases  Can be modifi ed 
 Stereotypy  Stereotypical  Variable features 
 Brain disorder  Yes  No except for post-brain disease 

depression 
 Bulbar symptoms  Usually present  None 
 Fatigue  Not related  Common 
 Sleep and appetite 

disorder 
 Not related  Maybe present 

 Anhedonia  Not related  Maybe present 
 Suicidal idea  Not related  Maybe present 
 Thought content  Not related  Decreased self-esteem 
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 In addition to depression, PSEI seems to be related to cognitive impairment 
[ 26 ,  29 ,  64 ]. This is understandable as anterior cortical lesions are closely associ-
ated with PSEI [ 13 ,  26 ,  33 ,  60 ] as discussed below. However, it should be noted that 
patients with severe cognitive dysfunction were generally excluded in previous 
studies (Table  7.2 ), and so the full extent of the relation between PSEI and cognitive 
impairment remains unknown. 

 Post-stroke emotional incontinence is also related to anger proneness. We found 
that PSEI was more closely associated with anger proneness than it was with PSD 
[ 65 ]. In addition, PSEI and anger proneness were related to similar lesion locations 
(preferably involving the striatocapsular and pontine base areas) and exhibited simi-
lar therapeutic responses to SSRIs [ 66 ]. These results suggest that PSEI and anger 
proneness may be part of a spectrum of wider emotional control disorders that are 
secondary to brain damage associated with neurochemical derangement. However, 
although a serotonin polymorphism is related to PSEI [ 44 ], anger proneness is more 
closely related to monoamine oxidase (MAO)-A polymorphism [ 67 ]. Therefore, 
although PSEI and anger proneness are closely related, there still are differences in 
the underlying pathophysiological mechanisms. 

 There is also evidence that PSEI may be related to sexual dysfunction. We exam-
ined non-depressed, sexually active patients 3 months and 2 years post-stroke [ 63 ] 
and found that the presence of PSEI was associated with decreased erectile function 
3 months after the stroke. Two years after the stroke, the presence of PSEI at 3 
months post-stroke was signifi cantly related to decreased libido, coital frequency, 
and erectile function. We speculated that an alternation of the serotonergic system 
secondary to stroke might be related to both post-stroke emotional and sexual dis-
turbances, although the role of serotonin in sexual function is quite complex [ 68 ].  

    Lesion Location Related to PSEI 

 As shown in the illustrative case, PSEI frequently occurs in patients with diffuse, 
multiple strokes associated with bulbar palsy, gait diffi culty, or quadriparesis [ 1 ]. In 
these patients, it is diffi cult to locate the lesion that is responsible for PSEI. However, 
early reports [ 1 ,  6 ,  7 ] already stated that PSEI could be produced by focal, unilateral 
infarcts. 

 Brissaud [ 7 ] and Wilson [ 1 ] emphasized the lesions occurring in the genu or the 
anterior limb of the internal capsule as a responsible lesion for PSEI, which proba-
bly involve the corticobulbar tract that descends from the frontal operculum and the 
lower part of the precentral gyrus. Poeck [ 31 ] reviewed 30 cases of PSEI verifi ed by 
autopsy and found single lesions in ten patients. Subcortical areas were damaged in 
all, and the anterior limb of the internal capsule was damaged in the majority of 
cases. The putamen was involved in four cases, the caudate nucleus in three, and the 
thalamus in two cases. He emphasized the role of subcortical lesions in producing 
PSEI and suggested that a single circumscribed cortical lesion cannot produce path-
ological laughing and crying [ 31 ]. However, Davison and Kelman [ 11 ] described 
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more diverse lesion locations that are involved in PSEI, including frontal, parietal, 
and temporal cortices and the hippocampus, and proposed that these cortical areas 
may act as centers for the integration of affective responses, perhaps through inti-
mate connections with the hypothalamus. 

 Recently, with the advent of imaging techniques such as CT and MRI, thorough 
premortem examination of lesion location has become possible. Studies using 
these imaging tools have confi rmed that lenticulocapsular lesions, particularly 
those involving the genu or the anterior portion of the posterior limb of the internal 
capsule, are closely associated with PSEI [ 3 ,  69 ]. In addition, MRI studies have 
revealed that the brainstem is another important region related to PSEI [ 3 ]. These 
studies have also shown that the frequency of PSEI does not differ between left and 
right lesions [ 27 ] but that anterior cortical strokes more often lead to PSEI than 
posteriorly located strokes do [ 26 ,  60 ]. We [ 13 ] studied 148 patients with unilateral 
strokes that were identifi ed using CT/MRI and found that PSEI was frequent 
(>40 %) in patients with lesions in the anterior cortical area (anterior cerebral 
artery territory and superior division middle cerebral artery territory), the base of 
the brain stem (pontine base and medial medullary area) and lenticulocapsular 
areas, whereas none of the patients with lesions in the posterior cortical (parietal or 
occipital lobe) and dorsolateral brainstem (dorsal pontine or lateral medullary 
area) areas exhibited PSEI. Patients with lesions in the thalamus or cerebellum had 
an intermediate prevalence of PSEI. Taken together, these results suggest that ante-
rior cortex-internal capsule/basal ganglia-ventral brainstem circuitry is closely 
related to PSEI. Although the lesion location is similar to that producing PSD, 
PSEI seems to be more closely related to subcortical (basal ganglia and pontine) 
lesions [ 13 ]. 

 Limbic structures such as the medial temporal lobe, thalamus, and hypothalamus 
are related to formation and regulation of emotion, and, as discussed below, the 
cerebellum also plays a critical role in the regulation of emotional expression [ 18 ]. 
Indeed, strokes occurring in the thalamus [ 70 ] or the cerebellum [ 18 ,  42 ] do produce 
PSEI, and lesions affecting the limbic areas have been shown to produce gelastic 
seizures [ 24 ,  71 ,  72 ]. However, lesions in these locations are not as frequent as len-
ticulocapsular/ventral brainstem regions [ 13 ], in part because limbic areas are less 
often involved in cerebrovascular diseases. 

 It has been suggested that the right hemisphere is associated with negative 
emotion and the left hemisphere with positive emotions, and therefore, damage to 
the right hemisphere more often produces laughing, whereas left hemispheric 
lesions more often produce depression or crying [ 73 ]. However, this argument has 
not been supported by recent studies [ 67 ], probably because PSEI is related to 
dysfunction in the expression of, rather than formulation of, emotion [ 2 ,  24 ]. 

 As diffuse, multiple cerebral ischemic lesions are closely related to PSEI [ 1 ], it 
may be expected that white matter signal intensities or microbleeds play a role in 
development of PSEI. Indeed, patients with PSEI had a higher incidence of periven-
tricular white matter lesions than those without PSEI. However, the difference was 
not statistically signifi cant [ 13 ]. More recently, Tang et al. [ 29 ] reported that micro-
bleeds, especially those located in the thalamus, are closely related to PSEI. 
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However, this result has not been replicated [ 44 ] and further studies are required to 
clarify the relation between PSEI and diffuse cerebral small vessel diseases. 

 Finally, the lesion locations related to  fou rire prodromique , laughing or crying 
heralding other symptoms of stroke [ 9 ], include the brainstem [ 20 ,  74 – 77 ]; subcor-
tical areas including internal capsule, striatum, and the thalamus [ 45 ,  69 ,  78 – 80 ]; 
and the cortex of the middle cerebral artery territory [ 81 ]. Thus, the lesion locations 
associated with  fou rire prodromique  appear to be similar to those associated with 
usual PSEI.  

    Pathogenesis 

 Wilson proposed that pathological crying and laughing is caused by the release (or 
disinhibition) of a brainstem fasciorespiratory control center for emotional expres-
sion secondary to lesions of descending regulatory (corticobulbar) pathways from 
higher cortical brain centers [ 1 ]. Although the presence of a discrete structure rep-
resenting the fasciorespiratory “center” has been questioned, the critical anatomic 
structures for laughing and crying, such as the seventh cranial nerve, the nucleus 
ambiguus, and the phrenic nuclei in the upper cervical cords, are in close proximity 
and are believed to be controlled by ventral paralimbic networks [ 82 ]. Moreover, 
frequent involvement of the anterior cortical region [ 27 ] and lenticulocapsular- 
brainstem pathway in PSEI patients [ 13 ] seems to supports this disinhibition 
hypothesis. Thus, this old hypothesis is still considered plausible [ 15 ,  31 ]. 

 Davison and Kelman [ 11 ] proposed an expanded version of Wilson’s theory in 
which frontal, premotor, motor, and temporal cortical areas act as centers for the 
integration of affective responses. The hypothalamus or other diencephalic nuclei, 
which are under cortical inhibitory infl uence, are considered to be the main centers 
for the release of affective responses, and a lesion of the cortico-hypothalamic tract 
would remove cortical control and thereby induce excessive affective responses. 

 However, there are certain clinical features of PSEI that are not readily explained 
by this simple, one-sided, disinhibition theory; not all patients show symptoms of 
bulbar palsy; laughing may change to crying or vice versa in response to the same 
stimulus; and the responses may be induced by entirely incongruent stimuli. Therefore, 
emotional expression seems to be regulated in a more complex manner, perhaps asso-
ciated with structures outside of the cortico-capsular-brainstem circuitry. 

 Parvizi et al. [ 18 ] described patients presenting with PSEI due to lesions of the 
ponto-cerebellar pathway [ 54 ,  83 – 86 ] and hypothesized that the cerebellum may 
play a modulatory role and adjust the execution of laughing or crying to the cogni-
tive and situational context. Dysfunction of circuitry involving the cerebellum may 
exert infl uence over the brainstem nuclei as well as the cerebral cortex itself. In this 
way, cerebellar lesions may result in the impairment of circuitry relevant for the 
adjustment of laugher and crying responses or in the inability of the brainstem 
regions to produce appropriate emotional display. Given the fact that thalamic, stria-
tal, and pallidal lesions are involved in PSEI [ 13 ], these structures may also regulate 
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affective responses, perhaps by means of intimate association with the hypothala-
mus [ 11 ]. 

 Recent studies have shown that higher cortical areas, particularly the prefrontal 
cortex, are involved in modulating and tuning human emotions [ 87 ,  88 ]. There 
seems to be two cortical paralimbic networks [ 23 ]. The ventral paralimbic network 
including the orbitofrontal, ventromedial frontal, anterior cingulate, and insular cor-
tices incorporates the core functions of the limbic system and integrates social and 
motivational information to generate contextually relevant emotional responses 
[ 82 ]. The ventral network system receives regulatory input from a dorsal paralimbic 
network that is composed of the hippocampus, the dorsal region of the anterior cin-
gulate gyrus, and the dorsomedial and dorsolateral prefrontal cortices. This dorsal 
network permits conscious awareness and voluntary regulation of emotion [ 82 ]. 
The cerebellum seems to modulate the functions of both the ventral and the dorsal 
systems [ 84 ,  89 ]. 

 Considering this complex structures and pathways related to emotion, and the 
variety of lesion locations producing PSEI, Rabins and Archinegas [ 90 ] suggested 
that a complex cortico-limbic subcortical-thalamic-ponto-cerebellar system con-
tributes to the expression of emotions. Defi cits in any areas of this system may cause 
disruption of generalized network functions and thereby lead to disturbances in 
emotional expression. 

 Traditionally, the lesions affecting this network were considered to lower the 
threshold for emotional output [ 1 ,  31 ]. However, PSEI may also involve abnormali-
ties on the perception side. There may be three factors that determine the nature and 
degree of abnormal crying: (1) the exposure to emotional stimuli, (2) the appraisal 
of these stimuli, and (3) the ability to control one’s tears. According to Nieuwenhuis- 
Mark et al. [ 37 ], patients with stroke or other brain diseases differ from normal 
subjects in the appraisal of precipitating emotional stimuli, suggesting that PSEI 
may not solely be an emotional output disorder, as early authors emphasized [ 1 ,  31 ]. 
It, however, should be noted that even as early as 1939, Davison and Kelman [ 11 ] 
considered the psychodynamic problems associated with altered “feeling tone” as a 
possible component of pathological crying. 

 In patients with gelastic seizures, stimulation of the left superior mesial frontal 
region produced seizures that manifest as laughter without a subjective feeling of 
mirth, whereas stimulation of the fusiform gyrus and parahippocampal gyrus pro-
duced bursts of laughter accompanied by a feeling of mirth [ 24 ]. Therefore, the 
anterior cingulate region may be involved in the motor act of laughter and the basal 
temporal cortex in processing laughter’s emotional content. This implies that strate-
gic lesion location may infl uence the motor and sensory components of emotion 
differently, even though the fi nal phenomena are equally expressed as excessive or 
inappropriate laughing and crying. In addition, the close association between PSEI 
and the past history of depression [ 33 ], severe neurological defi cits, and perceived 
lack of social support [ 44 ] suggests that psychological diffi culties in association 
with individual genetic predisposition [ 44 ,  62 ] may also play a role in altering the 
sensory part of the emotional regulation system. Further studies are required to 
explore this complex issue. 
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 The pathogenic mechanism of  fou rire prodromique  seems to be identical with 
that of usual PSEI [ 79 ], as the clinical features of laughing and crying are similar 
except that they occur before the appearance of other neurologic symptoms. 
However, patients with  fou rire prodromique  differ from PSEI patients in that they 
are not neurologically disabled nor aware of their fi nal neurologic outcome at the 
time of their emotional display. Therefore, the mechanism seems to be pure emo-
tional output abnormality secondary to a release phenomenon [ 91 ]. Other explana-
tions, not necessarily at odds with the aforementioned mechanism, include ephaptic 
stimulation and activation of the descending corticopontine/bulbar pathway second-
ary to early ischemic injury [ 77 ]. Finally, at least in some patients who had cortical 
lesions, the possibility of seizure after ischemic insult cannot be ruled out [ 81 ].  

    Neurotransmitters and Genetic Traits Involved in PSEI 

 Although the pathogenesis of PSEI remains unclear, neuroanatomical lesion studies 
suggest the involvement of serotonergic pathways [ 61 ,  63 ,  92 ]. The serotonergic path-
way ascends from the brainstem raphe nuclei to the limbic forebrain structures and then 
projects through the basal ganglia to the frontal cortex. Lesions associated with PSEI 
generally correlate with the areas of the brain that have abundant serotonergic fi bers 
and receptors [ 13 ,  61 ,  92 – 94 ], and previous studies have reported successful treatment 
of PSEI with SSRIs [ 66 ,  95 ]. Furthermore, serotonin transporter binding ratios in the 
midbrain and pons regions are lower in stroke patients with PSEI than in those without 
PSEI [ 96 ]. Finally, serotonin gene polymorphism was found to be related to the devel-
opment of PSEI [ 44 ,  62 ]. However, the exact mechanism of serotonin dysfunction in 
PSEI remains uncertain. Perhaps damage to the serotonergic (raphe) nuclei in the ven-
tral brainstem and their ascending projection may decrease the cerebral availability of 
serotonin, impairing the regulation of affect and leading to PSEI [ 23 ]. The therapeutic 
effect of SSRIs on PSEI may be due to the repletion of serotonin in this system and 
subsequent improvement in the operation of higher cortical areas. However, as seroto-
nergic receptors are widespread throughout the brain, SSRIs may also exert direct 
action on the brainstem, cerebellum, and limbic systems. 

 Various other neurotransmitters have also been proposed to be involved in PSEI. 
Early studies [ 97 ,  98 ] reported the improvement of PSEI after administering 
levodopa or amantadine hydrochloride, suggesting that dopamine may have a posi-
tive role in stabilizing the infl uence of motor cortex on the brainstem laughing/cry-
ing centers. Dopamine is an important modulator of information processing circuits 
in the brain. There are dopaminergic connections between the ventral tegmental, 
substantia nigra, and cortico-limbic-striatal areas, and dopaminergic projections 
may modulate the signal-to-noise ratio in this circuitry [ 99 ]. However, there are no 
large-scale RTCs that have used dopaminergic agents, and the role of dopamine in 
PSEI requires further investigation. 

 Glutamine is another important neurotransmitter that is involved in emotion. 
Glutamine is the principal excitatory neurotransmitter, and gamma-aminobutyric 
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acid (GABA) is the primary inhibitory neurotransmitter in the glutaminergic sys-
tem. The balance of excitation and inhibition is modulated by other neurotransmit-
ter systems such as dopamine, serotonin, acetylcholine, and the sigma receptor 
system, and this regulation may be important in emotional regulation [ 90 ]. Non- 
competitive glutamate receptor antagonists such as dextromethorphan stabilize glu-
tamatergic neurotransmission and prevent excessive glutamate-mediated excitatory 
activity [ 100 ]. Dextromethorphan was found to be effective in the treatment of 
pathological laughing and crying in amyotrophic lateral sclerosis [ 101 ] and multiple 
sclerosis [ 102 ], perhaps due to its effect on sigma-1 receptors; the receptors are 
concentrated in the brainstem, cerebellum, and limbic structures [ 103 ] and may be 
closely related to PSEI. As activation of sigma-1 receptor agonists increases the 
serotonergic function of the dorsal raphe nucleus [ 104 ], dextromethorphan may also 
modulate the serotonergic system. 

 It remains unknown why some patients exhibit PSEI while others do not, even 
when the lesion location and the degree of neurologic defi cits are apparently similar. 
This may be partially explained by the differential involvement of strategic areas 
that preferentially affect the neurotransmitter systems in patients with grossly simi-
lar lesion locations [ 61 ]. Alternatively, genetic polymorphism, particularly in the 
serotonin system, may play a role; Kim et al. [ 62 ] studied 276 Korean stroke patients 
and found that the 5-HTTLPRs allele was related to the susceptibility to develop 
PSEI at 2 weeks after stroke. However, another study of Korean stroke patients 
found that it was the number of tandem repeats within intron 2 (STin2 VNTR) that 
was associated with PSEI at 3 months post-stroke [ 44 ]. Although the difference in 
these results is diffi cult to explain, these results collectively suggest that, in addition 
to the location of brain lesion damaging serotonergic neuronal fi bers, serotonin 
polymorphism in individual subjects may determine the susceptibility to PSEI.  

    Pharmacological and Non-pharmacological Treatments 

    Selective Serotonin Reuptake Inhibitors and Tricyclic 
Antidepressants 

 There were many case studies [ 52 ,  105 – 108 ] that reported positive outcomes of 
SSRIs and tricyclic antidepressants (TCAs) on the treatment of PSEI, and a recent 
Cochrane review confi rmed that these drugs are effective in reducing the frequency 
and severity of PSE [ 109 ]. In fi ve RCTs [ 66 ,  95 ,  110 – 112 ], SSRI administration was 
effective in alleviating PSEI, and two RCTs showed that TCAs were effective in 
treating PSEI [ 48 ,  113 ] (Table  7.4 ). The effective doses of SSRIs are at the low end 
of the therapeutic range used for treating depression. To date, the evidence suggests 
that SSRIs should be the fi rst choice for PSEI treatment. They are preferred over 
TCAs because the time required to reduce PSEI symptoms is much shorter, they are 
better tolerated, and they have a lower potential for drug interaction and side effects. 
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Fluoxetine was reported to have a sustained effect on PSEI symptoms at 3 months 
after its discontinuation [ 66 ] and improve general health domains of quality of life 
at 9 months after the cessation of medication [ 114 ].

   Despite the positive evidence for SSRIs in PSEI, there are a number of method-
ological limitations in these RCTs that should be kept in mind. First, the participants 
studied ranged from 6 days to more than 3 years post-stroke at the time of random-
ization [ 48 ,  66 ,  95 ,  112 ,  113 ]. The PSEI may spontaneously improve over the course 
of months [ 3 ], and the etiology and severity of PSEI may differ between patients 
early after stroke and those who survive in the long term [ 44 ]; therefore, recruiting 
patients at different stages after stroke makes it diffi cult to generalize the results. 
Trials that include homogeneous patient groups may be needed to fully determine 
the effi cacy of SSRIs and TCAs. Second, the duration of treatment in the published 
RCTs varies from 10 days [ 110 ] to 26 weeks [ 112 ] for SSRIs but only from 3 weeks 
[ 113 ] to 6 weeks [ 48 ] for TCA. Therefore, longer treatment durations may be neces-
sary, especially for TCAs. Third, the dose–response relations for pathological 
laughing and pathological crying have not been determined separately. We observed 
a signifi cant reduction in pathological crying, but no change in laughing, with dose 
of 20 mg/day fl uoxetine [ 66 ], suggesting that dose response may differ between the 
two affective states. Future studies are needed to determine appropriate doses for 
the treatment of pathological laughing and crying. Finally, many patients with PSEI 
also have PSD. The inclusion of participants with both PSEI and PSD limits the 
ability to interpret the therapeutic results. However, at least three studies [ 48 ,  66 , 
 112 ] reported that patients with PSEI alone exhibited reduced symptoms after SSRI 
treatment, suggesting that SSRIs have a benefi cial effect on PSEI regardless of the 
presence of depression.  

    Selective Adrenergic Receptor Inhibitors 

 In contrast to the RCTs using SSRIs [ 66 ,  95 ,  110 – 112 ] and TCAs [ 48 ,  113 ], there 
are only case studies addressing the pharmacological treatment of PSEI with the 
selective adrenergic receptor inhibitors (SNRIs), reboxetine [ 115 ], venlafaxine 
[ 116 ], mirtazapine [ 117 ], and lamotrigine [ 118 ]. The mechanism of action of these 
agents may be direct or indirect augmentation of the serotonergic function. With 
limited data, these SNRIs are currently reserved for patients who fail to respond to 
or cannot be treated with SSRIs [ 117 ].  

    Levodopa and Amantadine 

 Dopaminergic agents may also be used to treat PSEI. Although no RCTs are avail-
able at this time, case series suggest that levodopa or amantadine may be effective 
in treating PSEI [ 97 ,  98 ]. Amantadine inhibits the reuptake of dopamine in 
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postsynaptic receptors and therefore increases the activity of dopamine. Amantadine 
is also an agonist for the sigma-1 receptor, which is found in the limbic, motor, and 
brainstem areas, and modulates fi ring of dorsal raphe serotonergic neurons [ 119 , 
 120 ]. However, because most patients with PSEI are elderly, the gastrointestinal 
side effects of levodopa and amantadine should be considered, and these medica-
tions are not currently considered the drug of choice for PSEI.  

    Dextromethorphan/Quinidine (Nuedexta) 

 Dextromethorphan/quinidine (Nuedexta®; Avanir) is another potentially useful drug 
for the treatment of PSEI [ 15 ]. Recent RTCs using this drug have shown decreased 
number of crying and laughing episodes in patients with either multiple sclerosis or 
amyotrophic lateral sclerosis [ 101 ,  102 ]. Dextromethorphan is an NMDA receptor 
antagonist and also a sigma-1 receptor agonist. As discussed above, sigma-1 receptors 
are heavily expressed in the limbic system, and the benefi cial effect of dextrometho-
rphan may be mediated by activation of sigma-1 receptor or enhancement of seroto-
nergic activities. As dextromethorphan undergoes extensive fi rst-pass metabolism in 
the liver by CYP2D6 after absorption from the gastrointestinal tract, a minimal dose 
(10 mg) of quinidine sulfate has been added to the drug to inhibit the metabolism and 
increase the bioavailability of dextromethorphan. Although quinidine may cause QT 
prolongation and immune-mediated thrombocytopenia, there were no signifi cant side 
effects reported [ 121 ]. The effi cacy of Nuedexta for treating PSEI has not been tested 
and has not been compared to TCAs or SSRIs. When used alone, it appears to be safe; 
however, concomitant use of this drug with other serotonergic agents could be prob-
lematic due to drug interaction; this might precipitate a life-threatening serotonin syn-
drome, particularly if the concomitant drugs are also metabolized by CYP2D6 (such 
as fl uoxetine, paroxetine, and tricyclic antidepressants).  

    Non-pharmacological Management 

 There are no RCTs of non-pharmacological treatments for PSEI, although some 
RCTs address the positive effects of non-pharmacological treatment for PSD 
[ 122 –  126 ]. Depressive symptoms occur in 25–50 % of PSEI patients; therefore, 
cognitive behavioral therapy (CBT) may also be useful for patients with PSEI. This 
therapy is designed to challenge dysfunctional thoughts or beliefs that are associ-
ated with low mood and may show a positive effect on the confi dence and daily 
activities of patients with depression. The drawbacks of CBT are that cognitively 
impaired or aphasic patients may not benefi t, it is not cost-effective, and several 
weeks of treatment are needed before improvements are seen. There also are con-
fl icting reports as to the effectiveness of CBT [ 125 – 127 ]. Further studies are needed 
to verify the benefi t of CBT in patients with PSEI.   
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    Summary 

 In summary, once PSEI is recognized and diagnosed, it can, in most cases, be 
reduced by pharmacological interventions without or with only mild side effects. 
SSRIs are recommended as fi rst-line agents for the treatment of PSEI as they are 
effective and tolerable and may also improve patients’ quality of life. When SSRIs 
are ineffective or poorly tolerated, TCAs, SNRIs, and dopaminergic agents can be 
considered. Nuedexta may be another useful alternative drug, although its effi cacy 
for PSEI requires further study. The education and support of PSEI patients and 
their family members with CBT may form an important part of treatment. There are, 
however, limited data to guide clinicians on how long patients should remain on 
treatment regimens and how soon to start treating the patients. The need for long- 
term treatment needs to be evaluated on an individual basis.     
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    Abstract     Aggressiveness is not a medical diagnosis. It corresponds to behavioral 
changes that patients display often in the acute, subacute, and chronic phases of 
stroke. These changes are related to the emotion of anger and associate variably 
with the anger trait, hostility, impulsivity, disruptiveness, confusion, agitation, anxi-
ety, depression, and some cognitive changes which could be specifi c or not to the 
localization of the vascular lesion. For assessment purposes, it is important that 
poststroke aggressiveness represents a signifi cant change in comparison to the pre-
stroke condition and that it has suffi cient clinical severity to be considered distress-
ing and producing signifi cant interference with personal and social patterns of 
functioning. 

 The link between aggressiveness and regional brain dysfunction remains still 
poorly understood. 

 In order to achieve a better comprehension of aggressiveness-related states and 
to fi nalize effective interventions, we propose to organize them in categories which 
are specifi c to poststroke disorders taxonomies (such as the dysexecutive syndrome; 
catastrophic reactions, aphasia and other left hemisphere syndromes; misoplegia, 
somatoparaphrenia, misidentifi cation disorders, and other right hemisphere syn-
dromes; poststroke delirium, mania, psychosis, and mood disorders; poststroke pain 
and fatigue conditions; and vascular dementia). 

    Chapter 8   
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 Additional studies with clinically meaningful long-term outcomes are required 
to identify and support pharmacological and behavioral interventions. Drug therapy 
for poststroke agitation and aggression remains a signifi cant research issue.  

  Keywords     Aggressiveness   •   Anger   •   Irritability   •   Impulsivity   •   Stroke   
•   Dysexecutive syndrome   •   Catastrophic reaction   •   Aphasia   •   Right hemisphere   
•   Poststroke mood disorders       

 Case 1 
    A 66-year-old right-handed man had almost complete left middle cerebral 
artery territory ischemic stroke of cardioembolic etiology (atrial fi brillation), 
which occurred 16 years before. 

 Residual neurologic defi cits were severe Wernicke aphasia (WA), right 
homonymous hemianopia, faciobrachial paresis, and hypoesthesia. 
Spontaneous language was hyperfl uent and deeply uncommunicative 
because of continuous phonological and verbal paraphasias (neologisms, 
jargonophasia) intermingled with frequent swearing. Auditory and written 
comprehension was almost abolished. The patient was unable to process 
any kind of communicative inputs, even gestural. Semantic repetition, 
reading, and writing were severely affected in the same way as spontane-
ous language. However, he needed only minor help for most basic activi-
ties of daily living at home. He was able to walk alone with a cane. The 
patient’s collaboration was only just suffi cient in routine activities at home 
and out. He and his wife participated to few social events which seemed 
pleasurable to him. 

 Caregivers did not note depressive signs. However, he showed irritability 
and aggressiveness as he was prone to slander when he seemed to misunder-
stand the conversation. Aphasia therapy was withdrawn several years before 
due to the emergence of irritability and anger in coping with linguistic tasks. 

 Few days before Christmas, 16 years after the onset of stroke, he shot him-
self in the head with a pellet gun, which he had moved secretly from the stor-
age basement into the house. The lead bullets pierced the temples (from the 
left to the right) throughout the orbits, sectioning the optic and the oculomotor 
nerves bilaterally, outside the cranial cavity. The patient became blind, but the 
brain remained otherwise uninjured, and he did not present new neurological 
defi cits. No surgical intervention was conducted, and the patient spent 
2 months in a psychiatric hospital, 1 month in a rehabilitation hospital, and 
2 months in an institution before being discharged at home. 

 An antidepressant (citalopram) was introduced early and progressively 
increased to the highest recommended dose (60 mg/day) over a month. 
However, his general condition and behavior were considered to be similar to 
the status prior to the suicide attempt    (Fig.  8.1 ).
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    Discussion  
 Over 16 years after the stroke onset and before the suicide attempt, anger and 
irritability were the most prominent and persisting behavioral alterations of 
the patient. These symptoms usually appear among the ones which may fol-
low Wernicke aphasia (WA). In fact, patients with WA seem to experience 
high frustration due to impaired verbal communication. Hence, they are par-
ticularly vulnerable to anger and aggressiveness. For this patient, it was not 
possible to perform standard clinical mood assessments as comprehension 
and verbal expression were severely affected. Neurologists, neuropsychia-
trists, neuropsychologist, and speech-language therapists have an important 
role in identifying affective symptoms of patients with severe aphasia and 
making appropriate referrals for establishing medical, psychiatric, or pharma-
cological intervention. The access to harmful situations or to weapons should 
be carefully considered and prevented in patients with WA, especially when 
they display anger or frustration. 

  Fig. 8.1    From  left to right ,  up to down : in the  fi rst row , note the bullet remnants in the 
orbits along the optic nerves with the evidence of an orbital hematoma on the left. Note the 
holes on the left (entrance) and right (outlet) temples, which let foresee the bullet trajectory. 
The images ( lower row ) show the residual malacic ischemic lesion located within the left 
MCA territory and including the perisylvian language areas       

 Case 2 
    A 70-year-old right-handed man, known for atrial fi brillation and arterial 
hypertension, was a victim of a cardioembolic multifocal stroke in the left 
middle cerebral artery territory with consecutive Broca’s aphasia (BA), cata-
strophic reactions, dysexecutive syndrome, and right ataxic hemiparesis.  
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CT scan showed in addition an ancient stroke in the superfi cial territory of 
the  right posterior cerebral artery. Since the admission to the rehabilitation 
 hospital, fl uoxetine was started. After 3 months of rehabilitation, he was able 
to communicate with phrases of moderate complexity, although considerable 
articulatory effort. Comprehension was suffi cient for most complex sentences. 
At discharge, the Functional Independence Measure (FIM) was 90/126 
 (moderately severe defi cit). He was able to walk and he needed mild 
 supervision in basic activities of daily living. 

 After his discharge at home, anger, irritability, and frustration escalated to 
an overwhelming degree. He refused to continue aphasia therapy and physio-
therapy, and his social contacts progressively diminished. His wife experi-
enced an increased caregiver burden as, at home, she was the constant target 
of taunting, verbal, and physical attacks. Irritability was triggered by misun-
derstandings, by the need to repeat him words and sentences because of his 
linguistic utterances. His clinical condition corresponded to a multi-infarctual 
dementia, as supported by radiological images (Fig.  8.2 ).

   At that point, aphasia, dysarthria, dysphagia, and hemiparesis suddenly 
worsened, and this was considered to be the consequence of a new subcortical 
stroke (in the deep middle cerebral artery territory). The patient was admitted 
again to the rehabilitation ward in the postacute phase. Despite the patient was 
assigned to the same therapists, his collaboration was severely reduced. 

    While performing linguistic tasks, he could show sudden frustration and 
hostility with gestures (knocking the pencil and the papers on the table, 
shouting to the therapist, and leaving). He showed the same oppositional 
behavior during the deglutition therapy. The videofl uoroscopy study showed 
tracheal aspiration but the patient refused the PEG tube. He did not adapt to 

  Fig. 8.2    Brain transverse CT sections Showing multifocal strokes (in the superfi cial poste-
rior cerebral artery territory on the  right  and in the superfi cial middle cerebral artery terri-
tory on the  left )       
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     Introduction 

 Aggressiveness (verbal and physical), aggression, and irritability are behavioral 
changes that patients display often in the acute [ 1 ,  2 ] subacute, and chronic phases 
of stroke [ 3 ,  4 ]. Nevertheless, the link between aggressiveness and regional brain 
dysfunction is poorly understood. Behavioral and pharmacological interventions for 
aggressiveness are often insuffi cient and the rehabilitative interventions and medi-
cal follow-up can be seriously compromised by aggressive behaviors (cf case 1 and 
case 2). Irritability increases the length of the hospitalization in rehabilitative set-
tings. Aggressiveness reduces the stroke patients’ quality of life and is a major 
source of burden and stress for them and their families. Aggressive behaviors 
endanger interpersonal relationships and occupational functioning and might cause 
legal problems [ 4 ]. Irritability and hostility are determinants for other aspects of 

the prescription of a modifi ed diet (soft food) and thickened liquids. He 
rejected the use of both the cane and the walker and the risk of falling 
remained high. 

 The treatment with pregabalin, quetiapine, and citalopram only slightly 
improved the irritability and aggressiveness at the cost of mild sedation. He 
refused any sort of psychological support or behavioral intervention. As the 
intention of being discharged back home was not feasible, the length of the 
hospitalization considerably increased. The social insurance ceased to cover 
the costs of the rehabilitative therapies. Only after several meetings with the 
rehabilitative team and his family, he accepted to be transferred to a residen-
tial care institution at the condition to go home during the weekends. The 
functional independence score was 66/126 (severe defi cit) after 3 months of 
the second period of rehabilitation. 
  Discussion  
 For this 70-year-old patient, with a multi-infarct dementia, aggressiveness and 
catastrophic reactions were signifi cant behavioral changes that emerged early 
after the fi rst stroke. The presence of nonfl uent aphasia, catastrophic reactions 
in response to linguistic demands, irritability, anger, and hostility poorly 
responded to pharmacological interventions. These behavioral symptoms 
 signifi cantly reduced the participation to the rehabilitative programs, increased 
the burden of the caregivers and the rehabilitative team, extended the length 
of the hospitalization, and prevented his discharge. Although not considered 
among the items of most current stroke scales for defi cit or outcome 
 assessment, aggressiveness was, for this patient, the most important symptom 
to treat from a family, social, and rehabilitative point of view. 

 Aggressiveness had a negative effect on functional recovery and increased 
substantially the risk of morbidity (aspiration pneumonia and falls) and 
mortality. 
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disease and morbidity such as treatment nonadherence, suicide attempts (cf. case 1), 
and violence. In elderly patients, aggressiveness is a common reason for referral to 
psychogeriatric services and for admission to a nursing home. In institutions, 
aggressive patients create serious management problems and deplete nursing 
resources. Furthermore, anger and aggressiveness could substantially limit the 
patient’s competences in self-determination and self-agency (the ability to have a 
meaningful leadership role to make choices). 

 Therefore, it is important to support clinical research aimed to screen, to achieve 
a better comprehension of, and to treat poststroke aggressiveness.  

    The Multidimensionality of Poststroke Aggressiveness 

 Aggressiveness (intention and delivery to harm) and aggression are the overt behav-
ioral translation of anger and do not correspond to specifi c medical diagnoses. 

 Anger is a basic emotion characterized by indignation, dislike, belligerence, 
rage, or wrath and refers to a dimension of feelings and attitudes. Anger represents 
the emotional or affective component of the aggressive behavior. Anger, as other 
emotions, tends to occur in relation to subjects or objects or to some external or 
internal stimuli, lasts for seconds or minutes, has unique facial expressions, and 
tends to elicit to adaptive behavior. 

 State anger is embedded in a specifi c situational context, and it fl uctuates over 
time as a function of external events. 

 Trait anger (or anger proneness) is a personality trait, a general stable tempera-
ment of low threshold reactivity for angry feelings. 

 Irritability is the condition to be easily angered and corresponds to a mood state 
that predisposes toward certain emotions (anger), cognitive states (e.g., hostile 
appraisals), and certain actions (aggression). Irritability is subjectively unpleasant 
and displays by means of behaviors characterized by the expression of negative 
emotions generally in interpersonal relationships or social contexts. 

 Hostility is a cognitive dimension of anger and corresponds to a negative evalu-
ation of persons and things accompanied with a desire to harm or aggress them. 
Hostility could manifest with cynicism, mistrust, and denigration. 

 Aggression corresponds to the translation of aggressiveness into its behavioral 
forms. 

 Aggressiveness and related states and behaviors are often associated with psy-
chomotor agitation and appear disproportionate to the context. 

 For aggressive patients, the perception of the environment and interpersonal 
interactions are often distorted by states of threat, victimization, or disrespect, and 
in this context, provocation and retaliation are critical factors. 

 Aggressiveness can be further classifi ed into the premeditated and impulsive 
subtypes, according to the degree of control that the patient can assume over the 
behavior [ 5 ]. This is an important aspect as impulsive and non-impulsive (i.e., 
planned or premeditated) aggression might have different mechanisms and responses 
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to pharmacological interventions [ 6 ] and might also be judged differently from a 
forensic point of view. 

 Impulsivity is a multidimensional concept that involves the tendency to act 
quickly without refl ection, overthrowing normal control mechanisms on emotions, 
behaviors, and cognition. Impulsive individuals only insuffi ciently avoid or sup-
press acts that are potentially harmful. The psychological construct of impulsivity 
includes defi cits in planning (inability to plan ahead), cognition (making up one’s 
mind quickly), and regulation of motor acts (acting without thinking). 

 Disruptiveness corresponds to a subjective evaluation of the examiner on the 
intensity of the aggressiveness of the examined. Physical aggression is the most 
disruptive form of aggressiveness. 

 Aggressiveness and aggression can manifest with verbal or motor behaviors 
against objects, people, and toward self (i.e., self-injury, suicide). 

 Physical aggressive behaviors of stroke patients include biting, grabbing, hitting, 
hurting oneself or others, falling intentionally, kicking, and physical sexual 
advances, pushing, scratching, spitting, tearing, and throwing things. Aggressiveness 
can associate with other agitated behaviors (inappropriate dressing and/or disrob-
ing, inappropriate eating or drinking, exit-seeking behaviors, handling and hiding 
things, hoarding, pacing, repetitious mannerisms, restlessness, attention-seeking 
behaviors, complaining, and negativism). Verbal aggressive behaviors manifest 
with cursing, making strange noises, screaming, shrieking, hostile muttering, taunt-
ing and verbal sexual advances, and repetition of sentences and questions. 
Aggression can be active (direct engagement to harm) and direct (face-to-face con-
frontation) or passive (causing harm by not doing something) and indirect (harming 
circuitously through another person or object), or undirected (unspecifi c discharge 
of negative affect). 

 In stroke patients, aggressiveness and cognitive changes are often associated. 
Cognitive defi cits affect not only the reliability of patients’ answers to standardized 
verbal assessments [ 7 ] but also the patients’ insight into their own behavior. Many 
aggressive patients deny obstinately being aggressive, and for them, the experience 
and the expression of emotion might dissociate as it happens for depressive feelings 
and crying in patients with pseudobulbar palsy. Aphasia challenges the assessment 
of anger and irritability even with the use of analogical or observational scales. 
Independently from aphasia, aggressiveness impoverishes efforts and motivation 
toward behavioral and neuropsychological evaluations. 

 Aggressiveness could be subtle, fl uctuating in time or strictly related to the con-
text in which it manifests. It may also associate or alternate in stroke patients with 
opposite emotional behaviors such as apathy or placidity. 

 Sometimes, only detailed and repeated examinations can clarify whether there is 
a relationship between aggressiveness and cognitive changes. An example is the 
patient with WA or other fl uent aphasia for whom a paranoid ideation manifests as 
a consequence of the verbal deafness-like defi cits (cf. case 1). 

 A well-known example of disturbed social judgment, poor comprehension of 
defi cits, and aggressiveness is that of William Douglas (former Supreme Court, 
Justice “the most doctrinaire and committed civil libertarian ever to sit on the 
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court” who, after a right hemisphere stroke, showed a deep anosognosia into his 
behavioral and cognitive changes [ 8 ]. He engaged into inappropriate social behav-
iors and outrages as he attempted to continue participating in the court cases for 
2 years, as he believed to be able to plead at the bench despite of his obvious 
incapacity. 

 Other emotional or psychological factors that are strictly related to neurologic 
defi cits should be considered in the assessment of aggressiveness such as the frus-
tration due to the inability to communicate with aphasia [ 9 ], to move with hemipa-
resis, to fi lter out excessive stimulation, or to be aware about the loss of the social 
role. Aggressiveness could be heavily triggered by the experience of physical pain 
or discomfort, fatigue, anxiety, and depression. 

 For diagnostic purposes, it is also important that poststroke aggressiveness rep-
resents a signifi cant change in comparison to the prestroke condition. Thus, “pre-
stroke” aggressiveness should be systematically inquired. Prestroke personality 
traits could be implicated in the emergence of aggressiveness and other behavioral 
and psychological symptoms after stroke [ 10 ]. Social and familial issues, prior 
exposure to violence, psychotropic mediction, drug and alcohol addiction, and 
notion of prestroke depression and anxiety constitute other relevant factors. 

 Another issue that is relevant for diagnosis is that poststroke irritability, impul-
sivity, and aggressiveness should have suffi cient clinical severity to be considered 
distressing and should produce signifi cant interference with personal and social pat-
terns of functioning. Furthermore, in understanding the impact of aggressive behav-
iors and successive changes to therapies, it is important to take into account both: 
the type of behavior and its frequency. 

 Although aggressiveness could be easily outlined and recognized by anyone, a 
major problem for clinical studies in stroke is that its underlying psychological, 
psychopathological, or psychiatric constructs are not yet easily translated or trans-
latable into operational terms. For example, there are no DSM-IV diagnostic criteria 
that could apply to the diagnosis of poststroke aggressive behaviors. 

 Aggressiveness can manifest together with other psychiatric symptoms and be 
categorized into other several poststroke syndromes or disorders that do not fi t with 
DSM-IV diagnosis. 

   Psychodinamic factors 

 Although anger, irritability, aggressiveness, and aggression could emerge directly 
from brain damage after stroke, it is noteworthy to understand and inquire the role 
of psychodynamic factors. Patients’ irritability could be heavily related to the 
 unexpected dramatic changes of body integrity and intimate life projects, hence a 
psychological assessment is here required. 

 Early after onset, there may be a profound sense of confusion (refl ecting the 
effects of a life-threatening trauma), which mixes with cognitive impairments and 
other symptoms of which the person may even be only partially aware. This combi-
nation lead some patients to view the situation as unreal and themselves as no longer 
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being “a real person.” The new emotional condition of a patient (or the caregiver) 
who thinks how brain stroke changed the previous life has been often compared (in 
terms of psychodynamic mechanisms) to a bereavement. As the person becomes 
aware of what has happened and, at least, of some of the consequences, he asks about: 
“Why me?” Loss of control over both physical and cognitive skills, combined with an 
apparent inability to recover as expected and with future uncertainties, provokes frus-
tration and anger. Some patients experience generalized anxiety; others have specifi c 
fears (e.g., not to be able again to walk, to talk, to drive, to return to work). 

 These preliminary considerations on the multiplicity of the aspects related to 
poststroke anger and aggressiveness point out to the need of a multidisciplinary or 
holistic clinical approach, which includes neurologic, neuropsychiatric, behavioral, 
emotional, psychological or psychodynamic, pharmacological, rehabilitative, and 
social evaluations and interventions. That approach to diagnose, investigate, and 
treat aggressive behaviors would be necessarily complex. Unfortunately, at the 
moment, aggressiveness is not recorded among the items of the most current stroke 
and outcome assessment scales.   

   Poststroke Disorders That Might Manifest 
with Aggressiveness (Table  8.1 ) 

          The Dysexecutive Syndrome 

 The dysexecutive (or “frontal lobe”) syndrome refers to the disruption of those 
human faculties that allow adapting behaviors according to environmental needs. 
This syndrome includes, besides aggressiveness, a broad range of behavioral 
changes that generally do not fi t into both stroke and DSM-IV taxonomies. 

 According to the frontal-subcortical anatomo-functional systems classifi cation 
[ 11 ], three prototypical variants of the dysexecutive syndrome have been proposed 
[ 12 ]. This classifi cation reminds to the effects of the frontal lobe lesions previously 
described in the work of Luria [ 13 ]. 

    Table 8.1    Poststroke 
disorders that might manifest 
with aggressiveness         

 Dysexecutive syndrome 
 Emotional dyscontrol and disinhibition 
 Loss of empathy 
 Catastrophic reactions and Wernicke aphasia 
 Personality changes 
 Mania 
 Psychosis, delusions, and misidentifi cation syndromes 
 Delirium/confusion with agitated behaviors 
 Misoplegia and somatoparaphrenia 
 Depression and suicide 
 Anxiety 
 Pain and fatigue syndromes 
 Vascular dementia 
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 The dorsolateral prefrontal circuit originates in Brodmann’s areas 9 and 10 on 
the lateral surface of the anterior frontal lobe (superfi cial superior middle cerebral 
artery territory). Neurons in these regions project to the dorsolateral head of the 
caudate nucleus, which projects by direct and indirect routes to the internal globus 
pallidus (Gpi)-substantia nigra pars reticulata (SNr) complex. This complex outputs 
to the parvocellular pars of the ventral anterior and mediodorsal thalamus which 
closes the circuit by projecting back to Brodmann’s areas 9 and 10 of the dorsolat-
eral frontal lobe. 

 Stroke confi ned to the dorsolateral prefrontal region (after lobar hemorrhage or 
watershed infarcts) manifests with slowness in thinking, failure to recognize con-
cepts and generate hypothesis, lack of fl exibility, perseveration, stereotypical motor 
behavior (e.g., grasping), and acting on simple motivations [ 14 ]. In this context, 
aggressiveness might manifest as an impulsive behavior due to lack of cognitive 
control on emotions. The dorsal prefrontal cortex (PFC) systems explicitly concep-
tualize emotional stimuli and analyze how associations between stimuli and emo-
tional responses can be changed. 

 The second circuit originates from neurons of the anterior cingulate cortex 
(ACC) (Brodmann’s area 24, anterior cerebral artery territory), which provide input 
to the ventral or limbic striatum (the ventromedial caudate, ventral putamen, nucleus 
accumbens, and olfactory tubercle) that connects by direct and indirect routes to the 
ventral pallidum, which, by its turn, gives input to the magnocellular mediodorsal 
thalamus. The mediodorsal thalamus closes the circuit sending projections to the 
ACC. The anterior cingulate cortex is believed to have a prominent role in modulat-
ing arousal, which is a critical feature of negative emotions. The connectivity of the 
ACC and amygdala may provide a means by which emotional arousal is modulated. 
Patients with stroke involving the ACC (in the anterior cerebral artery territory) 
often show apathy and a low level of anger and irritability [ 15 – 17 ]. 

 The orbitofrontal circuit (anterior communicant artery region) originates in the 
lateral orbital gyrus of Brodmann’s area 11 and the medial inferior frontal gyrus of 
the areas 10 and 47. These areas send projections to the ventromedial caudate, 
which projects in turn by direct and indirect loops to the GPi and the SNr. Neurons 
are sent from the GP and SNr to the magnocellular division of the ventral anterior 
and mediodorsal thalamus. This division of the circuit then closes with projections 
from this thalamic region to the lateral orbitofrontal cortex. 

 The orbitofrontal cortex (OFC) is thought to mediate socially appropriate behav-
iors and empathy. Stroke (generally hemorrhagic) circumscribed to this cortical 
region is rare except as a complication of rupture and repair of anterior communi-
cating artery aneurysms. This localization might produce marked personality 
changes such as impulsiveness, anger, irritability, explosiveness, tactlessness, affec-
tive ability, and lack of personal sensitivity [ 18 ]. Similar emotional changes have 
been reported with ventral caudate [ 19 ] and right thalamic lesions (limbic nuclei) 
[ 20 ]. With orbitofrontal damage, aggressiveness and antisocial behavior can be the 
resultant of lack of emotional appraisal of interpersonal relationships [ 21 ] or incom-
petence in following moral rules. 
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 Patients with traumatic brain injury and lesions of the orbital frontal cortex have 
higher aggression/violence scores on questionnaires compared to normal controls 
and patients with lesions in other brain regions [ 22 ]. Studies of impulsive aggressors 
have found hypoactivation of the ACC and OFC regions of the medial prefrontal 
cortex [ 23 ]. The OFC carries out low-level appraisals of punishment/reward values 
of behavioral responses (in contrast to complex punishment/reward appraisals per-
formed by lateral prefrontal cortical regions) and of the appropriateness of behav-
iors in accordance with social rules. Patients with OFC damage can lose the notion 
of sociobehavioral appropriateness. 

 The somatic marker hypothesis [ 8 ] argues that somatic states associated with 
previous stimuli/events provide an effective, automatic mechanism to facilitate 
choice of response options [ 8 ,  24 ]. It is further argued that lesions to the ventrome-
dial PFC effectively deactivate this mechanism, resulting in poor decision-making 
and  antisocial behavior [ 24 ,  25 ]. 

 fMRI studies in healthy subjects provide robust evidence for the key role of the 
frontal lobes (especially the OFC) in anger, antisocial behavior [ 26 ], and general 
emotions recognition and control [ 27 ]. 

 The ventral PFC and OFC areas seem engaged in processing the context- 
appropriate emotional value of stimuli (rewarding or unrewarding) and selecting 
actions on the basis of those evaluations. Maintaining cognitive representations of 
emotional situations might be the role of the ventral prefrontal areas that receive 
inputs from perceptual, memory, and limbic systems, especially from the amygdala. 

 However, despite this broad frontal-subcortical loops classifi cation, the frontal 
systems are highly reciprocally interconnected and also relay, through subcortical 
nuclei, to the limbic system and to other cortical associative areas. Thus, the frontal- 
subcortical network extends widely over the brain and is particularly vulnerable to 
every stroke. In the majority of cases, the ischemic lesion involves more than one 
system and patients may present combined features of those dysexecutive 
syndromes.  

    Emotional Dyscontrol and Disinhibition 

 Emotional dyscontrol and defective emotional regulation may be critical factors for 
the emergence of aggressiveness and antisocial behavior. Anger, as the other emo-
tions, is a multicomponential processes characterized by different latencies, magni-
tude, duration, and offset of multiple responses such as overt behaviors, internal 
experience, endocrine and peripheral autonomic changes. Each of these processes 
can be subjected to different control mechanisms. It is important to distinguish 
between behavioral (suppressing the overt expression of anger) and cognitive con-
trol on emotions (e.g., attending to or interpreting anger-eliciting situations in ways 
that limit emotional responding) as these regulatory processes might dissociate. 
Anger control also requires a feedback from the occurring behavior, feelings, and 
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autonomic changes and from the external world in general. Anger control might be 
unconscious (automated) or conscious (controlled). 

 Thus, the system of anger generation and regulation could be the sum of multi-
ple, partially independent subsystems that go along with top-down and bottom-up 
and serial and parallel processing. The challenge is to investigate these subsystems 
separately. 

 The role of prefrontal areas in anger regulation is has been elucitated on the basis 
of neuroimaging studies on healthy individuals by means of specifi c paradigms fi ns 
with showing some evidence in structural MRI studies based on voxel-based mor-
phometry [ 28 ]. The behaviors of patients with frontal lobe damage are a decisive 
argument for the role of the prefrontal region in emotional regulation and control. 
Such patients tend to be emotionally impulsive and poorly affectively regulated [ 3 ]. 

 Their behaviors include decreased concern with social propriety, environmental 
dependency, utilization, imitation and stereotyped behaviors, restlessness, exuber-
ance, euphoria, emotionalism, facetiousness, extroversion, lack of restraint, purpose-
lessness, childish behavior, distractibility, egocentricity, grandiosity, capriciousness 
and instability, social and sexual disinhibition, poor judgment, diminished foresight, 
social withdrawal, absence of tact, concreteness, acting on simple motivations, 
impulsiveness, self-centeredness, and immorality but also inertia, lack of ambition, 
indifference to the environment, satisfaction with inferior performance, slowness in 
thinking, lack of emotional expression, decreased self-concern, shallow affect, 
depressed outwardly directed behavior, and social sense. Several of these behaviors 
might occur together even in the absence of severe cognitive defi cits. 

 Thus, the primary disorder of aggressiveness due to the damage of frontal sys-
tems seems likely to resemble a personality disorder [ 29 ] dominated by lack of 
empathy, control, and self-refl ection (vulnerability to interference, impoverished 
judgment, and inability to self-correct and self-monitor). However, the precise 
nature of prefrontal regulatory mechanisms on anger has still to be determined. 
Researchers have still to fi nd a common frame about even such basic issues as 
whether the left or right PFC is preferentially charged with the regulation of nega-
tive versus positive emotion [ 30 ].  

    Loss of Empathy and Defective Theory of Mind (ToM) 

 Empathy is the sense of feeling and understanding the feelings and needs of others 
in reference to oneself. Loss of empathy has been repeatedly proposed as a core 
defi cit in control disorders such as aggressiveness. Hence, anger regulation and con-
fl ict resolution could depend from the capacity of empathizing. 

 The theory of mind (ToM) and emotional intelligence (EI) are cognitive con-
structs that are tightly related to empathy. 

 ToM (or “mentalizing” or perspective taking) highlights the idea that we have 
insights, within a defi ned temporal window, of cognitive and affective aspects of our 
minds as well as a basic understanding of the ideas, thoughts, and feelings of others 
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with whom we interact or share situations. The somewhat shallow defi ned term of 
“emotional intelligence” has been used to describe the ability to understand emo-
tions and express feelings, to understand how others feel and to relate with them, to 
manage and control emotions, to use emotions in adapting to one’s environment and 
generate and use positive affects, and to be self-motivated in coping with daily 
demands and challenges. 

 Empathy, ToM, and EI could be essential factors inhibiting aggression and dis-
rupting behaviors, as the propensity to be aggressive could refl ect an insuffi cient 
empathic response to the distress of others. 

 Aggressive behaviors might arise from an abnormal processing of affective 
information, resulting in a defi ciency in experiencing fear, empathy, and guilt, 
which normally take control on violent impulses and remind to moral or ethical 
rules. Empathy, ToM, or EI faculties act upon recognition of emotional states 
refl ected in the tone of voice, facial expression, or body posture signaling, in order 
to anticipate the actions of others and adaptively guide response behaviors. Thus, 
some patients might lack empathy as they lose their ability to recognize actions in 
the social word. This condition has been otherwise defi ned as social-emotional 
agnosia, which is diffi cult to distinguish from, and could co-occur with alexithymia. 
Lack of empathy, ToM, and EI has been related to the spectrum of conduct disorders 
and of antisocial behaviors in healthy adolescents. 

 Functional neuroimaging data clearly support the role of the prefrontal lobe 
(together with its connections to the temporal cortex and the amygdala) in tasks 
demanding empathy and ToM. The prefrontal, insular, and temporal areas impli-
cated in empathy and ToM might be part of the prefrontal “mirror” system [ 31 ]. 

 However, only few studies explored defi cits of empathy, TOM, and EI in patients with 
stroke [ 32 – 37 ]. These studies suggest a dominant role for the right prefrontal cortex. 

 Empathy and EI are crucial domains in planning clinical research on poststroke 
aggressiveness. Impaired ability to attribute mental states to others has implications 
for interventional or rehabilitative cognitive and behavioral programs and relevance 
for relatives and caregivers.  

    Catastrophic Reactions (CR) and Wernicke Aphasia (WA) 

 Patients with aphasia are often observed to display aggressiveness in both the acute 
and chronic phases of stroke. However, there have been few systematic studies that 
investigated the association of aphasia with anger and aggressiveness. 

 Aggressiveness is particularly manifest in patients with CR and with WA. 
 The German neurologist, neuropsychologist, and psychiatrist Kurt Goldstein 

(1878–1965) fi rst coined the term “catastrophic reaction” referring to a state of 
confusion and anxiety which is caused by the patient’s sudden inability to perform 
certain tasks. Clinically, CR is an outburst of frustration, depression, and anger sud-
denly building up to an overwhelming degree in overt behaviors (shouting, cursing, 
hitting, kicking, and biting). Within psychiatric taxonomies, this behavior seems to 
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remind to the intermittent explosive disorder (or episodic dyscontrol syndrome) in 
healthy adolescents. The DSM-IV indicates the salient features of the intermittent 
explosive disorder as several discrete episodes of failure to resist aggressive impulses 
that result in serious assaultive acts or destruction of property and the degree of 
aggressiveness expressed during the episodes being grossly out of proportion to any 
precipitating psychosocial stressors. 

 Starkstein et al. validated a specifi c scale to inquire the presence and to measure 
the severity of the CR and suggested a relationship between this behavior and post-
stroke depression [ 38 ]. 

 Through an observational scale, in a cohort of 326 consecutive patients with fi rst 
ever stroke, Carota and colleagues [ 39 ] reported the occurrence of this behavior in 
relatively few patients (3.9 %), all with aphasia. Those patients shared a common 
lesion site next to the insular region. The authors concluded that CR might be the 
behavioral translation of a “paleological thinking,” emerging from homologous 
areas of the right hemisphere when language and paralimbic areas are damaged in 
the dominant one. Hence, CR would correspond to a shift from a left to a right mode 
of limbic processing. 

 This hypothesis has been also proposed to explain the aggressiveness of patients 
with WA and fi nds some evidence in the fact that patients with anosognosia of the 
hemiplegia who are generally indifferent to their condition or its consequences have 
suffered stroke on the right hemisphere with lesions often on homologous sites 
(associative temporoparietal posterior areas) [ 40 ,  41 ] than WA patients. 

 WA is a severe form of fl uent aphasia as verbal expression (fl uent paraphasic 
speech), comprehension, and reading are extensively perturbed. The peculiar behav-
ioral profi le of WA patients has been relied to the damage of associative temporal 
areas next to Wernicke area [ 42 ,  43 ]. This profi le includes abnormal affective dis-
plays such as paranoid agitation, frustration, anger, aggressiveness, psychosis, 
euphoric indifference, anxiety, and restlessness. 

 A psychological or psychodynamic hypothesis for the aggressiveness of WA 
patients is based on the assumption that they are deeply unaware of their own linguistic 
diffi culties, are not able to monitor their own verbal output, and do not understand oth-
ers’ responses to their language. Thus, WA patients should experience a condition that 
inevitably engenders frustration, irritability, and feelings of isolation. Such a condition 
might be sometimes exacerbated by the others’ demands of clarifi cation by repeating 
what the patient says or by the “sound of silence” in conversation breaks [ 44 ]. 

 With WA, there is no access to the patient’s inner world. Interviews or question-
naires that screen or assess poststroke depression, other affective disorders (such as 
mania and schizotypic conditions), and suicide cannot be generally administered in 
patients with WA (cf. case 1). 

 The potential for depression, anxiety, alienation, behavioral dyscontrol, and, 
fi nally, suicide potentiality, should be seriously pondered for patients with WA by 
all health-care providers and discussed carefully with the family. 

 The assessment of patients with severe aphasia should employ measures of both 
verbal and nonverbal communication, possibly with supportive communicative 
partners in ecological contexts and daily life activities [ 45 ].  
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    Personality Changes 

 Personality changes are frequent after stroke [ 46 ,  47 ]. Emergence of anger after 
stroke has been often classifi ed in the DSM-IV category of personality changes and 
enduring personality changes. Personality disorders are the most frequent of all 
psychiatric diagnosis and they are defi ned by experiences and behaviors that differ 
from social norms and expectations. They include diffi culties in cognition, emotive-
ness, interpersonal functioning, and control of impulses with the result of irritabil-
ity, anxiety, distress, or depression. Patients experiencing poststroke anger and 
irritability and showing aggressiveness might behave as psychiatric patients diag-
nosed with antisocial, avoidant, obsessive-compulsive, paranoid, passive- aggressive, 
sadistic and schizoid personality disorder.  

    Mania 

 Aggressiveness is a common component of manic symptoms. Among the several 
manic syndromes that are categorized in the DSM-IV, only manic episodes have 
been investigated in stroke. Symptoms of manic episodes are agitation, infl ated self- 
esteem, and decreased need for sleep, distraction, fl ight of ideas, impulsiveness, 
psychosis, and excessive involvement in pleasurable activities with potentially 
harmful consequences. However, these symptoms have been also described, in the 
case of stroke patients, in terms of disinhibition, acquired sociopathy, pseudopsy-
chopathic syndrome, and frontal lobe syndrome, terms that may engender confusion 
when comparing different studies. 

 During the acute phase of stroke, manic behaviors generally emerge when 
 strategic areas are involved (frontal and temporal lobe, caudate nucleus, thalamus 
[generally unilateral paramedian artery infarction]), mostly within the right 
 hemisphere  20 ,  48 – 51 ], and are usually associated with signifi cant memory 
 disturbances, signs of the dysexecutive syndrome, or spatial neglect.  

    Psychosis, Delusions, and Misidentifi cation Syndromes 

 The relationship between aggressiveness and psychotic symptoms has been widely 
described. Pure or fl orid psychosis has been reported to be an extremely rare com-
plication of stroke and there have been only a few reports, all of which suggested, 
however, an association with strategic localizations, in the right hemisphere, that are 
similar to those of mania [ 52 ]. 

 Delusions are false or absurd beliefs that are resistant to reason or confrontation 
and that the patient defends against all logical odds, without any credible evidence 
and often with irritability, agitation, and aggressiveness. They are a rare 
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complication of stroke in the acute phase [ 53 ] and might generally appear when the 
ischemic lesion includes the right temporal lobe. 

 In the absence of cognitive or perceptive visual changes or distortions, misiden-
tifi cation syndromes consist in specifi c delusions by which it is no more possible to 
match the real identities of persons, objects, and places with the subjective feelings 
normally related to those identities. This confl ict engenders usually frustration, 
anger, and violent behaviors [ 54 ]. 

 Patients with reduplicative paramnesia sustain that a place or location has been 
duplicated or transposed to another location, while patients with the Capgras syn-
drome affi rm that one member of the family (usually the spouse) has been replaced 
by an identical-looking impostor. Patients with the Fregoli syndrome believe that all 
the people they meet are represented by a single person that changes appearance. 
Patients with intermetamorphosis believe that individuals exchange their reciprocal 
identities. These very rare syndromes occur with right hemisphere stroke [ 55 – 57 ] 
with frontal, parietal, temporal, or thalamic localization. Delusional misidentifi ca-
tion syndromes are situated in the interface between neurology and psychiatry, as 
they can manifest with the same semiology for patients with stroke and for patients 
with schizophrenia without distinct brain damage.  

    Delirium/Confusion with Agitated Behaviors 

 Agitated delirium is a rare clinical manifestation in the acute phase of stroke and is 
predictive of unfavorable outcomes, particularly higher mortality, longer hospital-
izations, and dementia [ 58 – 60 ]. Unfortunately, items for agitation and psychomotor 
behavior are included in some scales for delirium such as the Delirium Rating Scale 
[ 61 ] but not in other scales such as the Confusion Assessment Method [ 62 ].  

    Misoplegia and Somatoparaphrenia 

 The term misoplegia was coined by Critchley in 1955 and refers to a deep dislike 
mounting to wrath of rage or hatred against paralyzed limbs in patients with hemi-
plegia (generally the arm) [ 63 ]. Some manifestations of this condition may be 
restricted to verbal aggression toward a limb, but commonly, misoplegia includes 
physical acts such as striking and beating the hemiplegic extremity. One patient 
with this condition put out cigarettes on his paralyzed arm (personal observation of 
the authors). Unfortunately, misoplegia has not been the object of systematic clini-
cal and cognitive studies. 

 Somatoparaphrenia consists in attributing the ownership of the affected limb to 
someone else (generally a close relative), usually along with anger. Misoplegia and 
somatoparaphrenia emerge after right hemisphere stroke (frontal, insular, or parietal 
localization) [ 64 – 67 ], are almost invariably associated with spatial neglect and fre-
quently with anosognosia of hemiplegia, and belong to the category of abnormal 
attitudes toward the affected limb. This category includes also asomatognosia, 
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anosodiaphoria, personifi cation, illusory limb movement, supernumerary limbs, 
and all behaviors which manifest with the above-reported stroke localizations.  

    Poststroke Depression and Suicide 

 Poststroke depression (PSD) is a condition with high prevalence (33 %) over all 
stroke phases and which has high negative impact on participation to rehabilita-
tion, daily activities, quality of life, survival of patients, caregiver burden, and 
health-care costs. Irritability and aggressiveness are also frequent symptoms that 
manifest with depression. In depressive individuals (without stroke), impulsivity/
aggression has been reported to be signifi cantly related to suicidal behavior [ 68 ], 
while higher levels of aggression have been correlated to the increased lethality of 
suicide attempts [ 69 ]. 

 Suicide is the most extreme form of aggressiveness and violence against his own 
body. Suicide rate among stroke patients is low but not negligible (up to 7 %) and 
suicidal intents are frequent, in both acute and chronic phases [ 70 ,  71 ]. However, the 
prevalence of suicidal ideations appears similar between patients with stroke and 
patients with other chronic medical conditions. Prestroke depression might be a risk 
factor for suicide in patients with PSD [ 72 ]. It is particularly diffi cult to assess sui-
cidal thoughts or plans in patients with severe aphasia (cf. case 1); however, their 
presence should be accurately pondered for every aphasic patient, especially those 
ones with both severely impaired auditory and written comprehension. 

 Over the fi rst 6 months after stroke, unexpected suicides have been related to the 
damage of the temporal and parietal cortex [ 73 ]. There are no data to affi rm that 
antidepressants can substantially increase the risk of suicide after stroke.  

    Poststroke Anxiety 

 Anxiety has been conceptualized with aggressiveness and irritability along the same 
continuum of behavior. 

 Most studies investigated the prevalence of the generalized anxiety disorder after 
stroke and found a very high prevalence even in long term, although probably 
slightly inferior than depression. However, very often, the two disorders occur 
together. 

 An extraordinary example of behavioral changes consisting of irritability, depres-
sion, concentration diffi culties, and anxiety has been provided by the Swiss writer 
C.F. Ramuz who reported in his diary the effects of a stroke on his life [ 74 ]. 

 Poststroke anxiety shares many symptoms with the post-traumatic stress disorder. 
 Both disorders follow a sudden and unpredictable life-threatening event. 

Poststroke anxiety is assumed to have both biological and psychological founda-
tions, but the relationship with stroke location remains to be disentangled. Frontal- 
subcortical loops are probably involved [ 75 ]. There is still insuffi cient evidence to 
guide the pharmacological treatment of anxiety after stroke [ 76 ].  
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    Poststroke Pain and Fatigue Syndromes 

 Pain syndromes, physical discomfort, and fatigue are frequent after stroke [ 77 ,  78 ]. 
They are all causes of irritability and aggressiveness. The reported prevalence of 
chronic pain in stroke survivors varies considerably with fi gures ranging from 11 to 
50 %. Pain syndromes and physical discomfort are due to poststroke central neuro-
genic pain; spasticity and muscular stiffness or spasms; joint, musculoskeletal, and 
tissue modifi cations (retraction, pseudoarthrosis, contractures); hemiplegic pain 
shoulder syndromes; headache; loss of conditioning; infections (pulmonary and uri-
nary); pressure ulcers; falls; and fractures. Assessment of pain syndromes and their 
prevention and treatment are mandatory for treating irritability and aggressiveness. 
Medical and neurologic complications occur frequently after stroke in rehabilitative 
setting [ 79 ].  

    Vascular Dementia (VaD) 

 Agitation, irritability, taunting, screaming, catastrophic reactions, and aggressive 
behaviors are particularly frequent in patients with vascular dementia (cf. case 2) 
and correspond to the most prevalent neuropsychiatric symptoms. 

 Aggression and depression have a tendency to be more frequent in patients with 
VaD than in individuals with Alzheimer disease (AD) [ 80 ]. For AD patients, indeed, 
delusions, apathy, and aberrant motor behaviors prevail. In cohorts of patients with 
VaD, behavioral changes (including agitation/aggressiveness) have been more often 
assessed with the Neuropsychiatric Inventory (NPI) than with other scales. In 
patients with large-vessel VaD, a higher severity of agitation/aggression and eupho-
ria is reported than in patients with small-vessel VaD, who exhibit more apathy [ 81 ]. 
Agitation, irritability, and aggression might be the signs of a personality change that 
could precede the cognitive decline and heralding the onset of small-vessel VaD. As 
different variants of VaD are traced (multi-infarct dementia, subcortical ischemic 
vascular dementia, vascular dementia after strategic stroke), it would be interesting 
to study in large groups of patients whether it would be possible to identify specifi c 
correlations between VaD variants and specifi c fronto-subcortical circuits for 
aggressiveness, anger, and irritability.   

    Diagnostic Instruments 

 Several questionnaires allow inquiring the presence of anger, irritability, 
 aggressiveness, and aggression (Staxi-2; Spielberger Trait Anger Scale; Anger 
 Self-Report; Anger Questionnaire; Buss-Perry Scale; Behavioral Anger Response 
Questionnaire; Irritability Questionnaire; Irritability, Depression, and Anxiety 
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Scale; Aggression Questionnaire; Novaco Anger Scale and Provocation Inventory; 
Symptom Checklist-90-Revised that includes a hostility subscale) and their multi-
ple dimensions (anger expression out/in, anger control out/in, outward/inward 
 irritability). These questionnaires have been extensively used in psychiatric fi elds, 
especially in adolescents, to investigate personality disorders and tendencies toward 
violent behaviors. 

 However, the applicability of these questionnaires to large cohorts of stroke 
patients would be diffi cult as many of them have aphasia or cognitive defi cits [ 7 ]. 
Actually, up to 25–30 % of stroke patients may suffer of aphasia [ 82 ]. Patients with 
moderate-severe spatial neglect (35 % of the total stroke population in the fi rst 
stroke phases) [ 83 ] might show altitudinal biases and prefer the top of self-report 
scales. Anosognosia (lack of awareness) and anosodiaphoria (indifference to the 
defi cit), alexithymia (diffi culty in identifying and reporting own feelings), unaware-
ness of emotions, defective abstract thinking, and magnitude estimation defi cits 
undermine introspection into emotional experiences. Observational scales specifi c 
to anger, irritability, hostility, and aggression (Overt Aggression Scale, Observational 
Scale for Aggressive Behavior, the Aberrant Behavior Checklist, the Uplift/Burden 
Scale), although easier to apply, do not permit suffi cient insight into the different 
anger aspects. 

 The Neuropsychiatric Inventory (NPI) is a multidimensional proxy-based 
 instrument, which has been mainly used in patients with neurodegenerative disor-
ders [ 84 ]. NPI is a structured caregiver’s interview, which assesses 10 behavioral 
disturbances, including agitation/aggression and irritability/lability, and quantifi es 
their severity and frequency and the effects on caregivers. A similar scale is the Brief 
Psychiatric Rating Scale which, among its 24 items, includes suicidality, hostility, 
suspiciousness, hallucinations, tension, uncooperativeness, and motor hyperactivity. 

 The Frontal Behavioral Inventory, the Dysexecutive Questionnaire, the Frontal 
System Behavior Scale, the Brain Impairment Behavior Scale, the Cohen-Mansfi eld 
Agitation Inventory, and the Burns Irritability Apathy Scale are other scales 
employed for proxies or nursing staff to rate behavioral changes and include items 
of irritability and aggressiveness. 

 In systematic studies or when detailed clinical evaluations of aggressiveness are 
required for stroke patients, the combined use of self-reported or caregiver-based 
scales with observational methods should be encouraged.  

    Specifi c Studies on Poststroke Anger, Aggressiveness, 
and Irritability 

 In a study performed by Paradiso and coworkers, patients were asked whether they 
experienced episodes of anger and aggressive behaviors by means of a structured 
clinical interview [ 85 ]. The percentage of patients with cognitive impairment in the 
angry outburst group (66 %) were greater than the control group (22 %). Angered 
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patients had a higher frequency of anterior left hemisphere lesions (46.7 %) com-
pared with controls (29.4 %). 

 Chan and colleagues [ 86 ] identifi ed aggressiveness and violent behaviors (scored 
by nurse staff or proxies) in 25 % of 92 patients with recent stroke by means of at 
least 1 of the following 5 items of the present state examination (shouting or quar-
reling, hitting people or throwing or breaking things, episode of violent behavior 
with catastrophic impact on others, agitation during the interview, excitement or 
violence during the interview). In this study, aggressiveness showed to be associated 
with depression and anxiety and the aggressive patients had lesions that were 
located more frontal than in nonaggressive patients. 

 Using the 10-item Spielberger Trait Anger Scale, Kim and coworkers inter-
viewed 145 patients, 3–12 months after stroke, to assess the inability to control 
anger or aggression [ 3 ]. This inability was present in 47 patients (32 %) and was 
closely related to motor dysfunction, dysarthria, emotional incontinence, and lesions 
affecting frontal-lenticulocapsular-pontine base areas. 

 Greenop and colleagues, by means of structured informant interview (NEO 
Personality Inventory revised, NPI), found that, 3 months after stroke, agitation and 
irritability were associated with high premorbid neuroticism personality trait [ 10 ]. 

 Aybek and colleagues prospectively recruited and assessed 254 stroke patients in 
earliest phases after stroke with the Emotional Behavior Index (EBI), a 38-item 
scale designed to evaluate observed behavioral changes [ 2 ]. They found observed 
aggressiveness in 17 % of the patients and correlated it to personal history of depres-
sion but not with stroke severity and lesion localization. 

 Santos and coworkers [ 87 ] screened anger prospectively in 202 consecutive 
acute stroke patients in the earliest phases (≤4 days) using eight items from three 
psychiatric scales (Catastrophic Reaction Scale, Mania Rating Scale, and 
Comprehensive Psychopathological Rating Scale) by defi ning the presence of anger 
if the patient scored positive at least in one item. By using this cutoff, anger was 
detected in 35 % of patients but manifested in two dissociated components: 
emotional- cognitive (in-anger) and behavioral (out-anger), without signifi cant cor-
relation with lesion localization. In another study, important physical aggressive-
ness requiring neuroleptic treatment was found in 3/41 (7 %) of patients with acute 
posterior cerebral artery stroke [ 88 ]. 

 The most important conclusion resulting from the above studies is that anger and 
aggressiveness are feelings that patients report or display very often after stroke in 
both the acute and chronic phases. 

 However, based on these fi ndings, it is not possible yet to trace a specifi c struc-
tural or functional neuroanatomical localization of poststroke aggressiveness.  

    Treatment of Poststroke Aggressiveness 

 When all possible causative factors (pain, distress, medical complications, and mis-
understandings) have been extensively evaluated and treated, persisting verbal and 
physical aggressiveness require pharmacologic or behavioral interventions. 
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 Drugs should be used only when non-pharmacologic approaches have failed and 
when aggressiveness is severe, recurrent, or persistent. Unfortunately, there are no 
specifi c studies on the pharmacological treatment of poststroke aggressiveness. 
Actually, most recommendations derive from studies on traumatic brain injury and 
dementia (in particular, Alzheimer’s disease) [ 89 ], studies which were not double 
blind, randomized, or placebo controlled. As most of those studies allowed the use 
of concomitant medications, it is unclear whether the effi cacy of a drug is indepen-
dent from the others. 

 As in older, medically fragile patients, there is a higher risk of side effects; the 
balance between harm and benefi ts of drugs depends upon an individual 
assessment. 

 When there is the need of a prompt treatment to limit harm (e.g., disruptive 
behaviors, interference with nursing care), atypical neuroleptics (quetiapine, olan-
zapine, risperidone, aripiprazole, clozapine) should be started with the lowest 
doses and titrated according to symptom severity and frequency. Once started, 
effectiveness and safety of these drugs need frequent monitoring. When physical 
aggressiveness requires the administration of i.v. drugs, it is necessary to apply a 
monitor and a surveillance, preferably in a continuous care setting. However, there 
is the evidence (for patients with dementia) that a specifi c anti-aggressive effect 
(separated from the sedative one) can be already achieved with the lowest doses of 
neuroleptics [ 89 ]. 

 It is important to stress that stroke patients, at risk of aggressiveness and fugue, 
require strict surveillance to limit the risk to harm, and in rehabilitation settings, for 
example, at night, where nurse resources are diminished, this could require the use 
of contentions or the presence of relatives or external operators. 

 Tapering and withdrawing of neuroleptics should be thought after a short period 
of behavioral stability as there is not any evidence supporting a long-term use. For 
aggressiveness, only mild sedation should be envisioned. 

 Haloperidol, despite the possibility of extrapyramidal side effects, could be 
introduced as the fi rst treatment over short periods, because of its high effi cacy and 
manageability and low risks of hypotension. 

 Atypical neuroleptics show lower propensity for extrapyramidal symptoms and 
tardive dyskinesia than typical antipsychotics. Nevertheless, this assumption has 
been recently questionned [ 90 ]. 

 Several side effects of neuroleptics should be pondered [ 91 ], especially for 
patients with strokes, such as sedation (associated with aspiration pneumonia), QTc 
interval prolongation (dose dependent), hyperlipidemia, weight gain (dose depen-
dent), diabetes mellitus, sexual side effects, cataract, and extrapyramidal side 
effects. They increase the overall risk of cerebrovascular events and death, espe-
cially in the elderly patients. They are prone to age pharmacokinetic-related changes 
that determine higher and/or more variable drug concentrations. Neuroleptics (as 
well as SSRI and cholinomimetics) increase the seizure risk that is due to cortical 
stroke. Neuroleptics and benzodiazepines increase cognitive dysfunction and 
worsen recovery in rehabilitative settings. Anticonvulsants (valproate, carbamaze-
pine, gabapentin, pregabalin) could be very useful for impulsive chronic aggressive-
ness associated with relevant affective and mood changes. Gabapentin and 

8 Poststroke Aggressiveness



182

pregabalin have the best tolerability profi le, but their effi cacity for aggressiveness 
has not been yet suffi ciently investigated. Although selective serotonin reuptake 
inhibitors (SSRIs) are widely used clinically for the treatment of aggression, there 
are relatively few controlled trials on their effi cacy. They show benefi ts of fl uoxetine 
[ 92 ,  93 ] and citalopram [ 94 ,  95 ] in aggressive patients with personality disorders 
and dementia. Fluoxetine improves quality of life scores of stroke patients, particu-
larly in the mental health subdomains, although no defi nite improvement has been 
noted in the anger proneness scale [ 96 ]. Fluoxetine and citalopram, known to be 
effective in the treatment of poststroke depression and emotional lability, might 
improve irritability and anger when they are associated symptoms of depression. 
Trazodone and mirtazapine could be useful when a sedative effect is required and 
when insomnia or the sleep/waking cycle is reversed. 

 Beta-adrenergic antagonists have been most extensively studied and show good 
effectiveness in patients with a history of traumatic brain injury [ 97 ]. However, 
elderly patients with stroke could be prone to the specifi c side effects of these 
agents. 

 Benzodiazepine appears to be effi cacious and safe only for short-term use and 
for acute agitation. Because of potential adverse events (including falls, excessive 
sedation, dysphagia, development of tolerance, and increasing of cognitive defi cits), 
these agents should be used only for behavioral emergencies or as sedatives for 
medical or surgical procedures. 

 Lamotrigine, gabapentin, and pregabalin might also be particularly useful as 
add-on drugs because they have a good safety profi le and less hepatic interferences 
with other drugs. They also reduce neuronal excitability in case of seizures. 

 As for anticonvulsants, there is also some evidence for lithium to be effective for 
aggressiveness but side effects (tremor, sedation, nausea, polyuria) could be rele-
vant even within recommended blood levels. Lithium neurotoxicity can increase 
with concomitant antipsychotic medication [ 98 ]. 

 The use of cholinesterase inhibitors might be of some utility in patients with 
vascular dementia. However, some caution should be taken about the risk of epi-
lepsy, especially in patients who already had seizures and are not treated by 
antiepileptics. 

 The role of psychological intervention (e.g., cognitive behavior therapy) for 
patients with stroke presenting irritability, anger, and aggressiveness remains to be 
demonstrated, although the organic basis of anger suggests that such patients would 
be perhaps less responsive to psychological or cognitive therapies. Patients with 
aggressiveness and irritability must be motivated to seek psychological treatments. 
However, those patients are often unaware of the inappropriateness of their behav-
iors and their effects on caregivers. Aggressiveness is often the behavioral equiva-
lent of the dysexecutive syndrome. Thus, defi cits of concrete thinking, lack of 
abstract reasoning, diffi culties with cognitive fl exibility, and problems in switching 
ideas can lead to complicated therapeutic encounter or simply to attending sessions 
at the designated time. 

 However, there is some data supporting the common experience that behavioral 
intervention can be helpful [ 99 ].  
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    The Neuroscientifi c Perspective of Poststroke Aggressiveness 

 The defi nition and classifi cation of poststroke aggressiveness and related conditions 
should be further elaborated, unifi ed, and clinically rated by standardized and vali-
dated scales and other procedures. In other terms, it occurs to defi ne the criteria 
which are signifi cant for diagnosis, including characterization of intensity and fre-
quency of behaviors. This could be achieved when different specialists and hospi-
tals, involved actively in the management of stroke patients (from the stroke unit to 
the rehabilitation ward), constitute a common network and share similar protocols 
and registries to collect data. 

 In such a framework, the following dual attributes of anger, aggressiveness, and 
aggression should be taken into account: intentions versus behaviors, physical ver-
sus verbal, direct versus indirect, positive-constructive versus negative-destructive, 
overt versus covert, proactive versus reactive, impulsive versus premeditated, and 
predatory versus affective [ 5 ,  100 ]. 

 Poststroke aggressiveness, in most cases, identifi es with a dyscontrol syndrome 
and with the hostile-impulsive-uncontrolled-unplanned-reactive-hot blooded-overt- 
defensive-affective-negative-destructive-high aroused subtype of anger more than 
with the instrumental-premeditated-controlled-planned-proactive-coldblooded-
hidden- offensive-predatory-positive-constructive-low aroused subtype. 

 Studies correlating loci of focal injury and patterns of altered aggressiveness 
might bring unique insights into the brain architecture responsible for mediating 
and inhibiting hostile behaviors. Indeed, the increased anger and irritability of 
stroke sufferers might be related to brain damage other than to distress about their 
condition or other, even if signifi cant, psychodynamic aspects. 

 Neurophysiology, pharmacology, and clinical neuroscience researches suggest, 
as well as for the control of emotions, that the neural regulation of anger, aggres-
siveness, aggression, and irritability is controlled by a multiregional hierarchical 
model. For this reason, we believe that future studies on aggressiveness should not 
address to large and unspecifi c cohorts of stroke patients. Moreover, the object of 
such studies should be samples of patients which are enrolled according to those 
specifi c categories, within stroke taxonomies, which have previously described and 
summarized in Table  8.1 . 

 These categories of poststroke aggressiveness could still fi t in four further super-
ordinate groups such as (1) frontal circuits related, (2) aphasia related, (3) right 
hemisphere related, and (4) poststroke mood disorders related. 

 Biological differences for groups of patients with aggressiveness within specifi c 
poststroke conditions might be detected with neurophysiology (differences in vis-
ceral/autonomic/somatic/muscular and brain activities), functional neuroimaging 
(differences in brain anatomy and activity), and neurochemical (differences in brain 
neurotransmitter levels and activity) techniques. 

 On the other side, cognitive and psychological studies, within the above- 
mentioned stroke categories, should precise differences in mental and emotional 
dispositions and control mechanisms. In this context, it will be possible to detect 
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brain activation with functional neuroimaging (fMRI, PET) coupled with 
 neurophysiological techniques (EEG/ERPs) by mean of an experimental 
 paradigm that focuses on specifi c psychological processes. 

 This is might represent a useful conceptual frame in order to disentangle, as 
much as possible, neurobiological factors of aggressiveness from psychodynamic, 
psychosocial, or vulnerability issues. 

 Furthermore, the choice of adequate scales to assess the severity of behavioral 
displays within these categories which are specifi c to stroke taxonomies is 
straightforward. 

 This is mandatory for assessing treatment benefi ts as it is necessary to defi ne the 
magnitude of change considered to be clinically meaningful. Additional studies 
with long-term outcomes, also including outcome measures, are required to identify 
and support pharmacological and behavioral interventions. Pharmacological studies 
as well as systematic behavioral approaches for poststroke agitation and aggression 
also deserve a signifi cant research priority.     
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    Abstract     Patients with stroke or other brain lesions may remain unaware and explic-
itly deny their neurological defi cits, including paralysis, blindness, amnesia, and 
aphasia – a phenomenon called anosognosia. The neuropsychological disorders and 
neuroanatomical substrates underlying anosognosia are still poorly known. Whereas 
purely psychological defense mechanisms cannot account for it, no unique neuropsy-
chological defi cit in executive function, reasoning, or memory appears to be consis-
tently linked to anosognosia. This chapter fi rst reviews the most common forms of 
anosognosia for different domains of defi cits and then focuses on denial of hemiple-
gia. Evidence from recent studies on the latter case suggests a role of multiple com-
ponent defi cits affecting not only motor control, attention, or proprioception but also 
emotional and self-monitoring systems implicated in error detection as well as belief 
formation and updating. These abilities are likely to rely on a distributed network of 
brain areas, possibly including limbic and subcortical circuits in insula, basal ganglia, 
and amygdala, in addition to premotor and executive control systems.  

  Keywords     Anosognosia   •   Denial   •   Error monitoring   •   Stroke   •   Hemiplegia   
•   Neglect   •   Proprioception  
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        Introduction 

 Stroke often results in severe and conspicuous defi cits, such as paralysis, loss of 
speech, and blindness. Strikingly, however, some patients suffering from these defi -
cits may deny their impairment and thus claim to have intact neurological or cogni-
tive abilities despite a severe handicap. This striking dissociation between the 
presence and the subjective experience of defi cits has been termed “anosognosia” 
by Babinski, who fi rst reported this phenomenon in a patient with hemiplegia [ 1 – 3 ]. 
Anosognosia, broadly defi ned as a lack of awareness or denial of one’s illness that 
is not fully explained by amnesia, confusion, or a more global mental disorder, may 
concern a wide range of neurological or psychiatric defi cits [ 1 ,  4 ]. It occurs in sev-
eral neurological conditions besides hemiplegia, for example, in cortical blindness 
after bilateral occipital lesions, in some forms of amnesia after frontotemporal 
lesions, in aphasic syndromes (particularly for Wernicke type), or in other distur-
bances such as neglect or apraxia (see [ 1 ,  5 ]). Anosognosia is also common in neu-
rodegenerative disease, particularly in frontotemporal dementia and Alzheimer 
disease. In all these conditions, denial of illness has a profound impact on everyday 
life for both the patients and their caregivers. It can signifi cantly affect medical care 
by delaying appropriate consultation and limiting the acceptance of reeducation and 
treatment. Hence, anosognosia is usually associated with worse prognosis for func-
tional recovery. 

 The cognitive mechanisms and anatomical substrates associated with denial of 
neurological illness still remain poorly known. Despite a frequent occurrence and 
many clinical reports, the phenomenon has rarely been studied using systematic 
experimental approaches. The most common presentation of anosognosia concerns 
hemiplegia, usually affecting the left limbs after injury of the right hemisphere, and 
is therefore often associated with hemispatial neglect, but the two disorders can be 
dissociated in some cases. Spatial hemineglect itself is intimately linked to anosog-
nosia manifestations since these patients typically fail to notice their loss in spatial 
awareness, although some form of declarative knowledge concerning the existence 
of neglect and its consequences may be verbally reported by the patient after being 
told and undergoing rehabilitation (even when they actually still remain unable to 
compensate their inattention in spontaneous behavior). The commonalities or speci-
fi cities between different domains of anosognosia (e.g., paralysis, blindness) remain 
largely unknown. Besides denial of the illness, a partial form (or variant) of impaired 
awareness of defi cits is “anosodiaphoria,” which is defi ned as a lack of concern or 
affective responses commensurate to the severity of neurological handicap. Finally, 
denial can also be motivated by psychodynamic factors, such as threat to self- 
esteem, fear of impaired body integrity, and exaggerated optimistic biases (see 
Weinstein and Kahn [ 22 ]), although these factors are generally insuffi cient to 
explain most cases of anosognosia after brain lesions, in particular when denial can 
be dissociated between two defi cits or even between two limbs [ 1 ]. Although denial, 
anosognosia, and unawareness of illness are terms often used interchangeably in 
clinical practice, it might be valuable to better defi ne them in future studies and link 
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them to more specifi c mechanisms or behaviors. For instance, denial may be more 
appropriate to refer to explicit manifestations that can be of neurological or psycho-
logical origin, whereas anosognosia seems more appropriate to describe both 
implicit and explicit aspects of impaired awareness of neurological disorders [ 6 ]. 

 In this chapter, we will mainly focus on anosognosia for left hemiplegia after a 
lesion of the right hemisphere, since it is common and has received greater attention 
in the neuropsychological literature. The cognitive and anatomical factors associ-
ated with AHP have been investigated less rarely than anosognosia in other domains. 
We will also briefl y describe the other neurological and psychiatric conditions 
where manifestations of anosognosia have been observed.  

    Anosognosia for Hemiplegia 

 Anosognosia for hemiplegia (AHP) may occur with motor disorders of different 
degrees of severity and may affect the upper and/or lower limb to different extent in 
some cases. It is most common after acute stroke, but similar phenomena may occa-
sionally be observed with other hemispheric lesions or dysfunctions such as tumors, 
demyelinating diseases, or post-seizure Todd’s paralysis. Some rare forms have 
been reported for sensorimotor loss after brainstem strokes or peripheral neuropa-
thies [ 7 ,  8 ], but related to severe concomitant disturbances in cognitive functions 
(such as dementia or confusion) which are not necessarily present in patients with 
focal hemispheric stroke. Although AHP is also sometimes observed for a right 
hemibody paralysis after left hemisphere damage, a much higher frequency of left- 
sided disorders has been clearly established, not only in studies of patients with 
focal brain lesions but also during investigations with the WADA test [ 9 ]. Therefore, 
AHP is often associated with left spatial hemineglect [ 114 ] which may contribute to 
the unknowing of left limbs and their impairment, although neglect alone seems 
insuffi cient to account for AHP [ 2 ]. AHP may occasionally be accompanied by 
other disturbances on the body schema such as kinetic illusion, supernumerary 
phantom limbs, or delusions concerning the affected limbs (e.g., patients may 
believe that the paralyzed limb is a grafted prosthetics). 

 Clinically, AHP is usually evaluated using a systematic interview developed by 
Bisiach, in which questions about the defi cits are asked in a progressive fashion, 
refl ecting the degree at which the motor defi cit is verbally acknowledged by the 
patient: (1) spontaneously, (2) after a general question about health, (3) after a spe-
cifi c question about the limb, or (4) after confrontation with a requested motor 
action. The severity of AHP can be rated (from 0 to 3) based on the question level 
at which the patient does or does not report    his/her defi cit. AHP may also manifest 
in nonverbal behaviors, for example, when the patient attempts to go out of the bed 
despite hemiplegia or makes unrealistic plans for sport activities. 

 The neuropsychological and anatomical correlates of AHP have begun to be better 
defi ned in recent years (see below), but the exact brain circuits and cognitive mecha-
nisms for awareness or unawareness of paralysis still remain little understood [ 10 ]. 
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As already noted above, AHP is associated with a poor prognosis for recovery, pre-
sumably because of the lack of cooperation and motivation of the patients during their 
rehabilitation which is a “natural” consequence of their denial of defi cit [ 11 ].  

    Anosognosia in Cortical Blindness 

 Besides the original description of AHP by Babinski, the fi rst cases of denial of a 
neurological illness were reported in patients with complete blindness, typically 
following bilateral occipital lesions, due to vascular or traumatic injuries [ 12 – 14 ]. 
This form of denial is often termed Anton or Anton-Babinski syndrome. Angelergues 
et al. [ 15 ] distinguished several degrees of anosognosia for such defi cits: (1) no 
denial of blindness, but no spontaneous complaint and indifference (i.e., anosodi-
aphoria); (2) explicit denial of visual loss and attribution of diffi culties to external 
causes (lack of lighting, inappropriate glasses, etc.); (3) anosognosia associated 
with hallucinatory percepts and patient claiming to see objects or people, with more 
or less of fantasy; and (4) anosognosia of blindness accompanied by mental confu-
sion. Anosognosia of blindness is often associated with an amnesic syndrome, for 
example, when a bilateral stroke in posterior temporal artery extends to the hippo-
campal regions (Dide-Botcazo syndrome [ 16 ]). In some cases, denial of blindness 
is favored by the appearance of visual hallucinations or confusion due to concomi-
tant lesions [ 17 ]. Mental confusion or other cognitive disorders may also contribute 
to anosognosia for blindness in rare cases with peripheral ocular origin or in trau-
matic cases combining injuries to the optic nerves and frontal lobes. Anosognosia 
for visual loss is also observed in patients with hemianopia, frequently associated 
with spatial neglect and an extension of occipital lesions toward the parietal lobe.  

    Anosognosia in Aphasia 

 The assessment of awareness for the language defi cits in aphasic patients is ham-
pered by signifi cant diffi culties. It is diffi cult to obtain from an aphasic patient a 
detailed verbal description of his knowledge about his disorder, because of the limi-
tations in expression or comprehension. Interestingly, awareness of aphasic symp-
toms is directly correlated to residual abilities for understanding, much more than to 
those for verbal expression. Anosognosia of speech disorders is therefore more 
common in Wernicke or conduction aphasia. 

 One method to quantify the degree of anosognosia is to assess the control exerted 
by the patient on language production, in particular by measuring self-corrections 
[ 18 ]. A scale of anosognosia and auto-correction for aphasia developed by Wepman 
[ 19 ] is always used in clinical assessment. An aphasic who does correct himself may 
still become aware of his mistakes by signals from interlocutors: this is the mecha-
nism called “open loop” [ 20 ], while an aphasic with anosognosia is apparently 
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unable to use these cues nor to rely on an internal model of speech plans to compare 
them with actual output (closed loop). The latter problem might potentially be simi-
lar to an impaired monitoring of motor intentions as proposed for AHP [ 21 ]. 

 Anosognosia for aphasia is typically associated with jargon, echolalia, or stereo-
typic speech, such as in transcortical sensory aphasia. Some patients are able to 
recognize their own productions as inappropriate when these are reported by 
another person or played back from audio recordings. Weinstein and Kahn [ 22 ] 
reported that jargon could sometimes occur specifi cally in response to questions 
about the disease (pure denial of disease) but this is rare. A milder form of anosog-
nosia for specifi c language impairment may be seen when patients fail to continu-
ously monitor the quality of their productions, even if they are aware of their 
language disorder. A careful consideration of these aspects is important for reha-
bilitation strategy.  

    Anosognosia in Amnesia 

 Anosognosia is present only in some forms of amnesic defi cits, and its manifesta-
tions are directly related to the etiology and extent of brain lesions. Anosognosia is 
always present in Korsakoff’s syndrome of alcoholic origin. In this case, its intensity 
is correlated with the existence of confabulations, with a parallel evolution over time 
after acute onset. The loss of confabulations during follow-up is usually associated 
with improving awareness of memory impairment. In amnesic syndromes following 
surgery on aneurysms of the anterior communicating artery, anosognosia is also fre-
quent and often accompanied with confabulation. Van der Linden and Bruyer [ 23 ] 
reported a constant association of anosognosia with frontal dysexecutive signs. 
Schinder and colleagues also pointed to a frequent involvement of orbitofrontal dam-
age in patients with spontaneous confabulation and severe denial of amnesia [ 24 ]. 

 In contrast, amnesic patients with hippocampal injury are generally not or less 
anosognosic. For example, the patient HM was partially aware of his memory prob-
lems [ 25 ]. Many other examples of severe amnesic syndromes without anosognosia 
or confabulations with hippocampal lesions are given in the literature (see for review 
[ 26 ]). Likewise, patients with transient global amnesia (TGA) may exhibit high 
levels of anxiety and concerns for their memory loss despite very severe antero-
grade amnesia. This cannot be simply attributed to the patients “forgetting” about 
their problems.    These fi ndings indicate that anosognosia for amnesia is not a conse-
quence of the severity of memory defi cits and cannot be simply attributed to the 
patients “forgetting” their amnesic problems. However, a role for memory problems 
in anosognosia has been proposed in patients presenting Dide-Botcazo syndrome 
(anosognosia of blindness and amnesia after bilateral PCA stroke; see [ 16 ]). Thus, 
overall the mechanisms for anosognosia of amnesia remain poorly known, possibly 
caused by the disorganized retrieval of false memories in patients with confabula-
tions or defi cits in post-retrieval executive monitoring functions associated with the 
frontal lobes.  
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    Anosognosia in Neurodegenerative Disease 

 Besides acute cerebrovascular lesions, progressive brain dysfunction associated 
with some forms of dementia may also cause anosognosia for various defi cits. It is 
common in Alzheimer disease (AD), where it has been hypothesized that the par-
ticular pattern of memory impairment, with losses in recent memory but sparing of 
older (semantic) information [ 27 ,  28 ], may lead to an outdated sense of self (for 
review [ 29 ,  30 ]). Anosognosia is also constant in frontotemporal dementias (specifi -
cally in the compartmental variant). In contrast, it is absent in the initial stages of 
semantic dementia and primary progressive aphasia, as long as degeneration remains 
confi ned to cortical temporal areas. One might nevertheless qualify this view by 
considering separately the specifi c cognitive alterations that occur during the course 
of the disease. Patients may be aware of some but not other defi cits. 

 The assessment of anosognosia in dementia is diffi cult, but important for ade-
quate care. It can be measured globally as the difference between judgments made 
by the patient and his entourage on the intensity of diffi culties in various activities, 
as well as between scores on specifi c neuropsychological tests and subjective rat-
ings by the patient. In standardized tasks (Neuropsychological Assessment Battery, 
NAB [ 31 ]) that quantify real-world abilities, patients are also asked to predict their 
performance relative to a normal distribution graph [ 32 ]. Such self-appraisal is usu-
ally impaired in frontotemporal disease more than in AD. 

 A certain degree of anosognosia is common in the early stages of AD, even 
though patients may complain of memory problems, and it steadily increases as the 
disease progresses. Mangone et al. [ 33 ] found a correlation between anosognosia 
and the severity of dementia, particularly on tests probing functions of the prefrontal 
cortex such as the visual reproduction subtest of the Wechsler Intelligence Scale and 
the Continuous Performance Test. These results suggest a relationship between 
anosognosia and right hemispheric prefrontal damage. However, other authors [ 34 ] 
found a great heterogeneity of anosognosia in AD, without systematic correlation 
with the degree of deterioration in cognitive dysfunctions. 

 A few recent studies [ 35 ,  36 ] also investigated the neuroanatomy of anosognosia 
in neurodegenerative disorders by using voxel-based morphometry (VBM) and 
show a relationship between self-appraisal accuracy and atrophy in right ventrome-
dial prefrontal cortex. Then together, these data accord with other studies indicating 
that right hemisphere damage is frequently present in patients with anosognosia 
behavior [ 26 ,  37 – 43 ].  

    Anosognosia in Schizophrenia 

 Denial or unawareness of disease is also commonly observed in schizophrenia, 
where it has been variably interpreted as a primary symptom of the illness or attrib-
uted to defensive mechanisms. However, there is substantial evidence that it is likely 
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to refl ect a specifi c neuropsychological disturbance related to brain dysfunction. 
This “lack of insight” into one’s own illness in patients with schizophrenia has long 
been known since Bleuler and can occur for both negative and positive symptoms 
[ 44 ]. Such poor insight may refer to variable aspects, however, concerning the over-
all manifestations of the disease, treatments, social consequences, or specifi c psy-
chiatric symptoms. A discrepancy between the objective performance on 
neuropsychological tasks (e.g., executive or memory functions) and the self- 
evaluation made by the patient is frequently observed, suggesting a dysfunction in 
the “metacognitive” control abilities or in a more central reality monitoring system, 
as proposed by Frith [ 45 ]. Although results remain partly contradictory, it has been 
suggested that impaired frontal lobe functioning might provide a causal explanation 
for the poor insight as well as several other delusional aspects of schizophrenia. 

 A few anatomical studies (e.g., [ 44 ,  46 ]) systematically examined the relation-
ship between different domains of poor insight and different subregions of the fron-
tal lobe in 15 patients with chronic schizophrenia. The authors found that denial was 
associated with reduced volume in the bilateral middle frontal gyrus, rectus gyrus, 
and left anterior cingulate gyrus. One problem is that these studies were conducted 
in patients with chronic schizophrenia, which makes it diffi cult to identify the 
effects of chronic disease and exposure to antipsychotic medications. Another study 
in a sample of 35 patients without long-term effects of antipsychotic medication 
[ 47 ] reported that the lack of awareness of illness in schizophrenics was signifi -
cantly correlated with a smaller volume in right DLPFC, relative to patients with 
preserved insight, regardless of global cognitive functioning and disease severity. 
Moreover, distinct aspects of impaired awareness, refl ecting the ability to recognize 
different symptoms to different degrees [ 48 ], were related to distinct brain subre-
gions [ 49 ], with atrophy in DLPFC being more specifi cally linked to denial itself, 
whereas atrophy in orbitofrontal cortex was linked to misattribution of symptoms.  

    Theories of Anosognosia 

 Many theories and speculations have been proposed since the initial description of 
this syndrome in 1914 by Babinski [ 50 ], but none is able to explain all aspects and 
variations of anosognosia [ 1 ,  51 ]. Many of these theories have been proposed based 
on hypothetical assumptions or observations of single cases, but systematic empiri-
cal approaches are still rare [ 52 ]. This lack of a universally accepted theory of 
anosognosia after one century of neuropsychological investigations suggests that a 
trivial mechanism for this defi cit is unlikely and that anosognosia probably refl ects 
a heterogeneous collection of defi cits, i.e., with multifactorial origin and potential 
variability. Furthermore, it is not clear if common defi cits are present across differ-
ent domains of anosognosia (e.g., paralysis, blindness, memory) since dissociations 
can be observed between awareness and denial of different defi cits within the same 
patient [ 1 ]. Although correlations with some forms of executive dysfunction and/or 
frontal lobe damage have been reported in different domains (see above), it is still 
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unclear which frontal lobe function or region would be critically linked to the emer-
gence of anosognosia (when combined with brain lesions giving rise to the neuro-
logical defi cit per se). A possible common theme, however, involves the role of 
“metacognitive” abilities allowing one to monitor performance and to compare the 
actual outcome of an action or response with some representation of the goals and 
desired outcome associated with that action [ 5 ,  52 ]. However, the exact cognitive 
processes mediating these abilities and their neural substrates remain poorly under-
stood. Although cognitive neuroscience research has highlighted the role of specifi c 
areas in the brain (e.g., in anterior cingulate and insula as well as basal ganglia) in 
self-monitoring and error detection, there is little knowledge on the possible impli-
cation of these circuits in anosognosia (see [ 6 ]). 

 Below we will mainly review current views on AHP, since this is one of the most 
common domains of anosognosia after stroke, and several recent studies have begun 
to better characterize the possible components involved. While some of the mecha-
nisms may be specifi c to motor paralysis, others might potentially be more general 
and thus also relevant in other domains. 

    Putative Mechanisms of Anosognosia for Hemiplegia 

 Babinski himself, during his fi rst description of anosognosia, emphasized the role of 
sensory defi cit, especially proprioception, depriving the patient from the sensation of 
the paralyzed limb. However, this explanation was insuffi cient, since many studies 
have reported patients presenting AHP and preserved proprioception. A similar but 
more sophisticated explanation was later proposed by Levine [ 53 ] who suggested 
that the combination of proprioceptive defi cits with severe paralysis could make the 
patient unable to feel directly the lack of movement and that his paralysis has there-
fore to be deducted (or “discovered”) by other cognitive processes of inference and 
reasoning, which are potentially defi cient due to brain damage or confusion. Although 
this “discovery” theory is interesting by pointing to the role of different factors and 
provides an explanation for anosognosia in patients with peripheral paralysis and 
dementia [ 54 ], it does not account, however, for the vast majority of anosognosic 
patients who show no global cognitive decline as observed in dementia. 

 In contrast to this neurological explanation, another classic interpretation was put 
forward by Weinstein and Kahn [ 22 ] who emphasized the psychodynamic mecha-
nisms of anosognosia. According to these authors, anosognosia is due to an active 
denial and motivational factors, favored by the brain injury but primarily refl ecting a 
desire to preserve self-image and/or to avoid anxiety-related reactions. The authors 
showed that anosognosic patients frequently present with premorbid specifi c person-
ality traits, characterized by a mental rigidity and perfectionism. However, this theory 
does not explain certain clinical dissociations in anosognosia (e.g., when the patient 
denies only one of its various symptoms), or the predominance of right hemispheric 
lesions, but has the merit of taking into account the affective mechanisms or motiva-
tional, which are often neglected by neuropsychological theories. Other explanations 
involving motivational repression have also been made more recently [ 55 ]. 
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 Other authors have reported that AHP might be linked with the production of 
confabulations [ 56 ], amnesic and dysexecutive symptoms [ 57 ], or a disconnection 
of frontal systems responsible for supervisory mechanisms and awareness [ 58 ]. But 
these associations are not found in all cases. 

 More recently, several researchers such Heilman and colleagues [ 59 ,  60 ] and 
Berti and colleagues    [ 5 ,  21 ] have highlighted the role of impaired movement con-
trol mechanisms in AHP, derived from more general theories in normal [ 61 ]. The 
“feedforward” theory of Heilman postulates that the detection of paralysis requires 
the ability to detect a mismatch between the intention to move and the actual pro-
prioceptive feedback corresponding to the desired movement. In this model, a defi -
cit in the generation of motor commands (such as a motor intentional neglect) might 
cause anosognosia by depriving the patient of the possibility to detect the absence 
of movement, since no motor command would be generated. Berti and colleagues 
have further developed this hypothesis by highlighting, on the one hand, the exis-
tence of an “efferent copy” of the motor command that allows the generation of an 
internal model (feedforward) of the desired movement and, on the other hand, the 
existence of a “comparator” process evaluating the correspondence between this 
feedforward model and the ongoing feedback (proprioception, sensation). 
According to these authors [ 62 ], the disruption of the comparator would be the 
main cause of AHP. This theory has the merit of relying on a well-established 
model of motor control and experimental data but only applies to the fi eld of motor 
defi cits, without suggesting whether and how similar “comparator” mechanisms 
may be involved for anosognosia of other defi cits (e.g., tactile anesthesia, blind-
ness, amnesia) (Fig   .  9.1 )

   In parallel, other data suggest that the AHP is not a unitary phenomenon, but may 
vary according to test procedures or patients [ 63 ]. For example, Marcel and col-
leagues developed a procedure to assess awareness of motor performance in which 
anosognosics were found to specifi cally overestimate themselves in a fi rst-person 

Goals/
prior intention Desired state

Affordances

Urge to move/intention
C

X

X

Limb World

The discrepancy is not
detected

Sensory
information/actual state

Comparator
A

Comparator

Comparator

Sense of
agency

Planner
(movement
selection)

Motor awareness

Efference
copyForward model

(movement
predictor/predicted state)

B

  Fig. 9.1    Model of motor control according to [ 62 ]. The  ‘X’  indicates the locus of the lesion. In  A  
is the comparator; in  B , the predictor; in  C , the locus of emergence of the intention to move       

 

9 Denial of Illness



198

perspective but not in a third-person perspective (motor action imagined for another 
person). The authors attributed these diffi culties to an impairment in multiple cogni-
tive functions preventing an integration and updating of self body knowledge. 

 In recent years, several multifactorial hypotheses were also advanced  [ 2 ,  51 ,  64 –
 66 ]. In particular, an “ABC” model of anosognosia [ 2 ] was proposed to underscore 
that different combinations of defi cits may explain the lack of awareness of neuro-
logical symptoms and lead to different forms of anosognosia in different patients. In 
this model, a fi rst prerequisite is the diffi culty in assessing the symptom (component 
A) which deprives the patient of a direct experience of it, due to elementary neuro-
logical disorders such as proprioceptive loss, neglect, and hemianopia [ 53 ]. The 
second factor is the diffi culty of updating beliefs and knowledge (component B), 
which may refl ect different cognitive disorders affecting mental fl exibility, delu-
sions, or amnesia [ 57 ]. Finally, a third factor implicates defi cits in some monitoring 
or check operations (component C), necessary for adjusting to ambiguous cues or 
errors, making reasonable inferences in the presence of insuffi cient information, 
and searching for new information [ 67 ]. Critically, in this model, varying degrees of 
disruption in this chain of operations could lead to different behaviors: doubt and 
discovery, affording awareness of defi cits, or, conversely, denial and delusion, caus-
ing anosognosia of different types (component D). In this perspective, some patients 
may show anosognosia despite relatively preserved motor commands or proprio-
ceptive feedback when their abilities to adapt beliefs or checks are severely dis-
rupted (or vice versa). Finally, various aspects of monitoring processes might 
potentially operate at explicit or implicit levels, leading to distinct declarative or 
behavioral manifestations of denial [ 6 ]. Similarly, Davies and Coltheart [ 64 ] pro-
posed a two-factor theory of anosognosia, a fi rst involving a delusional disorder and 
a second based on other cognitive disorders disrupting the discovery of the defi cit. 
The latter proposals could potentially be extended beyond AHP since delusions as 
well as impairments in belief formation and check operations might contribute to 
denial in various domains of anosognosia. 

 Thus, overall, there is currently no general agreement on the cognitive and possi-
bly emotional or motivational factors that determine poor awareness of movement 
disorder in patients with AHP [ 10 ], although it is increasingly recognized that it is 
likely to refl ect a combination of neurological and neuropsychological defi cits, rather 
than a unitary phenomenon. However, the exact nature of these defi cits is still diffi cult 
to defi ne and more research on AHP and other forms of denial of illness is required.   

    Clinical and Neuropsychological Study of AHP 

 To clarify the cognitive factors and cerebral substrates involved in anosognosia, we 
recently studied the clinical manifestations of AHP and lesion correlates in a large 
population of patients with motor weakness of the left hemibody after right hemi-
sphere stroke [ 68 ]. For this study, we recruited a consecutive series of patients 
admitted with a fi rst acute cerebrovascular accident and systematically investigated 
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anosognosia and other neurological symptoms using a battery of clinical and exper-
imental tests shortly after admission (hyperacute phase: 0–3 days post stroke). All 
patients were then followed up during their hospitalization (post-acute: 4–10 days) 
and after 6 months (chronic stage). A similar neuropsychological and neurological 
assessment was performed in all three phases (hyperacute, post-acute, and chronic), 
with tests probing different components potentially implicated by existing theories 
of anosognosia (see above). Brain lesions were systematically recorded and ana-
lyzed using statistical methods for mapping voxel-based lesion [ 69 ,  70 ]. 

 Over a period of 2 years, we examined 337 patients (all right handed) admitted 
for a fi rst right hemisphere stroke, among whom 58 had a signifi cant motor defi cit 
(suffi cient to disrupt activities of daily living) affecting 1 or 2 limbs (upper or lower) 
on the left side. These patients had a mean age of 65 years (standard deviation [SD] 
± 14 years). The severity of motor defi cit was assessed on a scale of 0–4 (0 = normal 
force, 1 = dropping of the limb when outstretched, 2 = complete fall of the limb, 
3 = inability to raise the limb despite residual movement, 4 = complete absence of 
movement). The severity of defi cits on this scale was distributed as follows: mean 
2.84 (SD ± 1.21) in hyperacute phase, 2.55 (SD ± 1.8) in post-acute phase, and 1.16 
(SD ± 1.50) in chronic phase. 

 The degree of awareness of the defi cit was evaluated by several standardized 
instruments, including the scale of Bisiach [ 71 ] and the questionnaire of Feinberg 
[ 72 ]. In the scale of Bisiach, anosognosia is measured on a scale of 0–3 points: 0 if 
motor defi cit is spontaneously reported, 1 if it is reported only after a specifi c ques-
tion, 2 if it is acknowledged after confrontation (e.g., a failed attempt of movement 
at the request of the examiner), or 3 if it is still denied after confrontation. The 
Feinberg questionnaire includes 10 items, adapted from earlier clinical question-
naires [ 73 ,  74 ] which assess the ability to describe reasons for hospitalization, as 
well as sensations, movements, or opinions concerning the affected limb(s). For 
each patient, we computed a composite score of anosognosia by combining Bisiach 
and Feinberg scales [ 68 ]. Our results showed that AHP is extremely common in the 
hyperacute stage: apparent denial (e.g., Bisiach ≥ 2) was observed in more than one- 
third of patients on admission and remained high during the fi rst week (one-quarter 
of patients), but then decreased signifi cantly during reevaluation 6 months later 
(only 5 %). 

 Another test to measure anosognosia was adapted from the procedure of Marcel 
and colleagues [ 63 ]. This test requires comparing the evaluation (by the patient or 
the examiner) of the performance in a motor or a verbal fl uency task (from 0 = nor-
mal, as usual, to 10 = totally impossible), before and after its actual execution. A 
discrepancy between the assessment by the patient and that by the examiner mea-
sures the degree of anosognosia, while a change in the evaluation by the patient 
before and after the test measures his/her ability to modify awareness and beliefs. 
Motor skills were tested with two unimanual tasks performed successively with 
each hand (a drink, drawing her hair) and two bimanual tasks (clap, open a bottle). 
In the hyperacute phase, 70 % of patients overestimated their motor performance 
with the affected limb at their fi rst evaluation (before any attempt), and 50 % always 
overestimated it after the task (immediately or 15 min later) despite their actual 
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failure. In the post-acute phase, 50 % of patients still overestimated their motor 
performance both before and after a run. Furthermore, the degree of discordance 
between the assessment by the patient and the examiner was highly correlated with 
the severity of AHP measured with Bisiach and Feinberg scores ( r  > 0.59,  p  < .001). 
By contrast, in all phases, the prediction and evaluation of performance for verbal 
fl uency tasks were relatively normal and did not correlate with the severity of AHP 
( r  < 0.17). This dissociation suggests that denial of defi cit in patients with AHP is 
specifi c to their motor skills but does not extend to the verbal domain. 

 In addition, the neurological examination of patients was completed by several 
other measures probing touch, proprioception, visual fi eld, vigilance, spatial 
neglect, as well as basic executive functions, memory, and orientation, plus several 
personality scales measuring mood, anxiety, or optimism [ 75 ]. In all tests, patients 
with AHP generally showed more frequent and more severe defi cits than patients 
without AHP. In particular, the severity of AHP (estimated by the composite score 
from Bisiach and Feinberg scales) correlated with the severity of tactile and pro-
prioceptive defi cits, the presence of hemianopia, the severity of visual and tactile 
extinction, and reduced alertness. Among neuropsychological defi cits, the severity 
of the AHP also correlated with the severity of spatial neglect (estimated by differ-
ent tests), as well as more weakly with the degree of spatial and temporal disorien-
tation, memory impairment, and signs of global cognitive dysfunction in the 
MMSE. However, interestingly, the severity of the AHP did not correlate with 
impairment in simple frontal functions (evaluated at the bedside with verbal fl u-
ency and the categorization test of Weigl [ 76 ]) or in memory tests (short-term span 
or word list learning). Finally, no correlation was found with the personality scales. 
These results were broadly similar in the hyperacute (3 days) and post-acute phase 
(fi rst week). These data indicate that AHP tends to occur in patients who have many 
other symptoms. 

 To further assess the contribution of each of these neurological and neuropsy-
chological domains, we also performed a multiple regression analysis that showed 
that the factor most strongly related to the severity of AHP in the hyperacute phase 
was the severity of proprioceptive defi cit (beta = 0.62,  p  < .001), whereas the sever-
ity of AHP in the post-acute phase was more closely related to the severity of 
spatial neglect (beta 0.38,  p  < .013). These fi ndings accord with classical accounts 
for AHP by Babinksi [ 50 ] and Levine [ 53 ]. However, a number of double dissocia-
tions were also observed among our patients. On the one hand, eight of them had 
a complete proprioceptive defi cit but no anosognosia (Bisiach score = 0), whereas 
a patient with anosognosia (Bisiach score = 2) showed no proprioceptive defi cit. 
On the other hand, one patient had severe neglect (evident in all tests) but no signs 
of AHP, while conversely a patient with severe anosognosia (Bisiach score = 3) 
showed no signs of hemineglect in any of the four tests used. Taken together, these 
results suggest that the presence of proprioceptive disorder or spatial neglect can 
have an important role in the emergence of the AHP but only relative since these 
defi cits are neither necessary nor suffi cient. It seems therefore possible that the 
combination of different defi cits is more important than the mere presence of a 
specifi c defi cit. 
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 In accord with the latter view, it was found that anosognosia scores were low 
(Bisiach <0.3 on average) in patients with only one or two neurological/neuropsy-
chological defi cits (hyperacute or post-acute phase), but signifi cantly higher (>1.3 
on average) when the patients had fi ve or six defi cits. In particular, the combination 
of severe proprioceptive loss (above the median of the whole group) and severe 
hemineglect (above the group median) was associated with a high incidence of AHP 
(14/18 patients in hyperacute phase and 11/15 in post-acute phase). Patients with 
one of these defi cits alone exhibited AHP in less than half of the cases (8/16 hyper-
acute phase, 6/14 for post-acute phase), whereas patients with no proprioceptive 
defi cit and no hemineglect only very rarely presented with anosognosia (2/14 and 
4/15, respectively). This distribution is signifi cantly different from chance (chi 
2 = 6.74,  p  < .034). Therefore, the simultaneous presence of different defi cits, espe-
cially proprioceptive and hemineglect, may have additive or interactive effects 
favoring the emergence of AHP. 

 Furthermore, in our own study [ 68 ], we found a remarkable dissociation between 
AHP and anosognosia for hemineglect. The latter was evaluated using the scale of 
Catherine Bergego [ 77 ] that probes for symptoms of spatial neglect in everyday life 
as reported by the patients and by the nursing team. The discrepancy between these 
two reports measures the degree of anosognosia for hemineglect. Surprisingly, we 
found no correlation between the severity of anosognosia for hemiplegia and the 
severity of anosognosia for hemineglect in our population, in either the hyperacute 
or post-acute phase. This dissociation further suggests that awareness of hemiplegia 
and awareness of unilateral neglect involve at least partly distinct mechanisms, in 
accordance with a “modular” view of “metacognitive” mechanisms subserving 
awareness for different neurological functions [ 4 ,  78 ]. 

 In summary, a systematic assessment of neurological and neuropsychological 
correlates of the AHP reveals that denial of illness may be relatively selective for the 
motor domain, even though it is strongly related to the presence and severity of 
other neurological defi cits. A combination of defi cits seems to favor the occurrence 
of the AHP, suggesting a multifactorial origin, consistent with the existence of large 
brain damage in most of these patients [ 2 ,  51 ,  68 ]. In particular, impaired proprio-
ception and spatial attention, or any combination thereof, seem important but not 
suffi cient for the emergence of an AHP. These associated defi cits may thus consti-
tute an essential permissive factor (but not unique) for the development of AHP as 
proposed in the “ABC model” [ 2 ] or other models [ 53 ].  

    Neuroanatomy of Anosognosia for Hemiplegia 

 Like neurological and neuropsychological mechanisms, the neuroanatomical sub-
strates of AHP are still debated. Following the infl uential work of Bisiach [ 38 ] and 
Heilman [ 79 ], anosognosia has generally been attributed to lesions in the right pari-
etal regions. In particular, a classic study of Bisiach et al. [ 39 ] compared lesions 
observed in 5 patients with AHP with 5 other patients without anosognosia and 
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revealed an overlap of damaged regions in the right temporoparietal junction in 4 
out of 5 patients with anosognosia. However, the etiology of these lesions was 
mixed (vascular or tumoral), and the delay between symptom onset and anosogno-
sia unclear. Similarly, Feinberg et al. [ 80 ] reported a strong association between 
lesion in the right inferior parietal lobe and asomatognosia. 

 More recently Berti and colleagues [ 81 ] conducted a systematic study of brain 
lesions in 17 patients with AHP and 12 without, all suffering from left spatial 
neglect. These authors observed a predominance of lesions in the right frontal 
regions (premotor cortex). In addition, one of their patients with AHP but without 
neglect suffered from an injury involving the same premotor regions. All these 
patients were examined during the fi rst 2 months after an acute stroke, but with a 
variable delay. However, confl icting results have subsequently been reported by 
Karnath and Baier [ 82 ,  83 ], who studied brain lesions in 14 patients with AHP and 
13 hemiplegic patients without (recruited on average between 3 and 7 days after 
stroke). A voxel-based analysis of brain damage in these patients revealed a pre-
dominance of lesions in the right insula, especially its posterior part, and in the 
white matter of the posterior internal capsule. The disagreement between these stud-
ies may have multiple reasons, including methods of assessment of anosognosia, 
time from onset of symptoms, and neuropsychological profi le. 

 In our own study [ 68 ], we also performed a systematic investigation of lesions on 
brain MRIs in each patient (based on images T1, T2, and FLAIR). All lesions were 
reconstructed in 3D on the original image of each patient and then normalized into 
a standard anatomical volume (MNI: Montreal Neurological Institute). The com-
parisons between patient with and without anosognosia were made with standard 
anatomical subtraction methods (with the MRIcro software) and with voxel-based 
regression using neuropsychological scores obtained in various tests [ 69 ,  70 ]. First, 
to confi rm the validity of these anatomic analyses, we showed that the severity of 
motor defi cit correlated with lesions in regions of the precentral motor cortex and 
anterior internal capsule (in both the hyperacute and post-acute phases). Similarly, 
the severity of left unilateral neglect (estimated by the composite score of different 
visual tests) was correlated with lesions in the right posterior parietal cortex and 
dorsolateral prefrontal cortex (during both phases) and in the right temporoparietal 
region during the post-acute phase only. These results confi rm previous studies on 
the anatomy of unilateral neglect obtained with similar methods [ 70 ,  84 ,  85 ] and 
thus validate the anatomical approach used for AHP [ 70 ]. 

 The lesion mapping analysis of anosognosia was performed by using the compos-
ite scores of anosognosia severity (Bisiach and Feinberg scales), as a continuous vari-
able in a linear voxel-based parametric regression analysis of brain lesions (VLSM: 
voxel-based lesion-symptom mapping) (cf. [ 69 ,  70 ]). This approach allowed us to 
weight the impact of injury in different regions depending on the severity of anosog-
nosia in each individual, without making a dichotomous categorization of patients 
into two arbitrary groups (with anosognosia and without anosognosia). In the hyper-
acute phase (Fig   .  9.2A ), we found that the severity of AHP correlated with lesions in 
several anterior brain areas, including the insula, the anterior internal capsule, the 
basal ganglia and caudate nucleus head, as well as the anterior paraventricular white 
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matter of the right hemisphere. In post-acute phase (Fig   .  9.2B ), anosognosia severity 
correlated with the same areas, plus additional regions in the premotor cortex, dorsal 
anterior cingulate gyrus, temporoparietal junction, and medial temporal regions (hip-
pocampus and amygdala). More generally, the total volume of lesions also correlated 
with the severity of anosognosia in the post-acute phase, but not in the subacute 
( R  = 0.57,  p  = .001, and  R  = 0.29,  p  = .08, respectively) (Fig.  9.2 )

   In summary, voxel-based analyses of lesions associated with AHP point to partly 
distinct correlates for hyperacute and post-acute phases. In agreement with Baier 
and Karnath, lesions in the insula and anterior subcortical regions may be the most 
critical in the hyperacute and post-acute phases, but additional lesions in the parietal 
regions and frontal and/or medial temporal lobe appear to be necessary for the pres-
ence of persistent AHP beyond the hyperacute phase. These same regions are prob-
ably structurally intact but dysfunctional in the hyperacute phase (ischemic 
penumbra and diaschisis). Together, these lesions may result in different defi cits in 
motor programming, spatial attention, and proprioception, but also error monitoring 
as well as memory and emotional processes. These anatomical data converge with 
behavioral outcomes in neuropsychological testing and reinforce the notion that 
anosognosia does probably not result from damage to a single brain system. In other 
words, the ability to assess and be aware of motor performance (or defi cit) most 
likely involves a combination of several processes including sensory, motor, spatial, 
emotional, and monitoring systems, underpinned by different brain circuits. 

 On the one hand, these recent results confi rm the classic work of Bisiach and 
colleagues showing the importance of the right temporoparietal junction, also impli-
cated in asomatognosia and other disorders of the body schema [ 80 ,  86 ]. Our results 
(post-acute phase) are also compatible with a key role of premotor areas [ 81 ], pos-
sibly involved in the “feedforward” control of action [ 87 ]. It is likely that these 
regions are responsible for planning and initiating movement but also generating 
corollary motor signals (efference copy) used for monitoring and adjustment of 
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  Fig. 9.2    Brain damage correlating with the severity of anosognosia for hemiplegia (Adapted from 
Vocat etal.[ 67 ])       
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current movements, compared with proprioceptive sensory feedback. Finally, 
lesions in the insula are consistent with the results of Baier and Karnath [ 83 ]. 
However, while these authors pointed to a possible role of the insula in body percep-
tion and motor agency [ 82 ,  88 ], it is noteworthy that these regions are also strongly 
involved in emotional and monitoring processes, including risk estimation, error 
detection, decision making under uncertainty, and rejection of false beliefs [ 89 – 94 ]. 
The latter functions might also be relevant for promoting awareness of defi cits in 
patients with brain damage. Some role for motivational or emotional factors is also 
suggested by the involvement of medial temporal structures [ 68 ], particularly the 
amygdala, whose function is closely associated with fear and detection of self-rele-
vant events [ 3 ,  95 ,  96 ]. As suggested for neuropsychological defi cits, the combina-
tion and variability of lesions within these brain systems may contribute to the 
emergence of AHP and its clinical heterogeneity in different patients.  

    Beliefs and Error Monitoring 

 Some of the regions implicated in AHP, such as the insula and anterior cingulate 
cortex [ 68 ], are known to be recruited during functional neuroimaging studies in 
normal subjects during error detection tasks [ 93 ], but also during tasks requiring to 
evaluate beliefs or knowledge about various facts [ 90 ]. For example, an interesting 
study by Harris and colleagues [ 90 ] examined brain activity in healthy volunteers 
while they judged various statements (concerning general semantics, maths, history, 
or autobiographical facts) and decided whether these statements were true, false, or 
uncertain (see Table  9.1 ). A selective activation of the insula and dorsal anterior 
cingulate gyrus was observed when the subjects rejected these statements as incor-
rect facts, consistent with the involvement of these regions in error detection [ 93 ] 
and performance monitoring [ 92 ]. Damage to these circuits or their connections 
may contribute to the behavior of patients with anosognosia who typically fail to call 
into question prior beliefs about their health and their motor or cognitive skills [ 97 ].

   An inability to question past beliefs and detect their inaccuracy in uncertain 
 conditions is not only consistent with the role of the insular and cingulate regions in 
normal brain and their frequent lesion in patients with anosognosia but also accord 
with the “ABC model” of anosognosia [ 2 ]. In this perspective, AHP can only result 
from a lack of appreciation of motor commands or proprioceptive feedback if it is 
accompanied at the same time by an inability to question beliefs or knowledge of 
the patient about his condition or an inability to trigger reactions of doubt or 

   Table 9.1    Examples of the belief verifi cation task used by Harris et al. [ 89 ]   

 Mathematical facts  Semantic facts  Personal/autobiographical facts 

 (2 + 6) + 8 = 16  Gigantic means “great”  You have two sisters 
 62 is divisible by 9  Devious means “friendly”  You were born in Paris 
 1.2 57  = 32608.5153  Acrasie means “weakness of will”  You had lunch at home on Dec. 8 
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verifi cation in case of uncertainty. More research is needed to test for this hypothe-
sis with patients with AHP by using error monitoring tasks related or unrelated to 
motor performance. 

 Thus, such hypothesis of an abnormal control of beliefs also implies that a defi cit 
in motor control is not suffi cient to explain the AHP (as proposed by “feedforward” 
models of action based on a comparison between motor intention and execution), 
but postulates the existence of other concomitant factors. In fact, this view con-
verges with other recent neuropsychological investigations using monitoring tasks. 
For example, Jenkinson et al. [ 98 ] examined patients’ ability to discriminate 
between information generated internally (by intention) or externally (by sensory 
experience), using a paradigm previously developed to test reality monitoring abili-
ties in some psychiatric disorders (like schizophrenia). These abilities were esti-
mated via a memory task for motor information (gestures) and visual information 
(drawings), which could be either real or imaginary. In the visual domain (perceived 
or imagined drawings), patients with AHP showed a greater diffi culty in discrimi-
nating between these two types of memories (real or imagined) than hemiplegic 
patients without AHP or control subjects without paresis. In the motor domain (ges-
tures performed, observed, or imagined), hemiplegic patients with and without AHP 
had greater diffi culty to distinguish between the different memories than healthy 
subjects. These results suggest that reality monitoring defi cits associated with 
anosognosia may extend beyond the motor domain and that more specifi c defi cits in 
movement control may not be exclusively observed in anosognosic patients but also 
in those with motor impairments without anosognosia. 

 It therefore seems likely that some cognitive dysfunction related to performance 
monitoring and belief updating might contribute to anosognosia. This is supported 
by recent fi ndings from a “riddles test” that was designed to be easily given at the 
bedside and examine the capabilities of belief fl exibility and verifi cation (cf. [ 97 ]). 
This test presents patients with successive verbal cues in order to discover a target 
word, initially unknown but indirectly described by the cues (see Table  9.2 ). After 
each new cue, the patient is asked to offer a word, new or identical to the previous 
word, and to indicate their level of confi dence.

   When this test was given to a group of patients with right brain damage, we 
found a striking difference between hemiplegic patients without anosognosia and 
those with persistent anosognosia (in subacute phase). Normal subjects and patients 
without AHP reported low confi dence after the fi rst cues (average ~ 2–3 on a scale 
of 8), which gradually increases with further clues. On the contrary, patients with 
AHP reported a high level of confi dence with the fi rst cue already (average ~5–6 on 
the scale of 8). Furthermore, patients without anosognosia and healthy subjects 
tended to change their response after the second, third, and fourth cues, whereas 

  Table 9.2    Test of 
riddles [ 96 ]  

 Clue n°1 :  My weight is about 300 g 
 Clue n°2 :  I produce a consistent sound 
 Clue n°3 :  The sport makes me excited 
 Clue n°4 :  I’m usually on the left side rather than the right side 
 Clue n°5 :  Lovers often draw me on the trees 
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patients with anosognosia frequently perseverated in their fi rst response. 
Nevertheless, all patients including those with anosognosia gave the correct answer 
after the last cue, indicating that they did not show differential defi cits in semantic 
knowledge. Rather, anosognosics exhibited selective diffi culties to appraise the 
degree of uncertainty and doubt about uncertain beliefs, even when contradicted by 
experience. Note that this test does not involve any motor or sensory components. 
Furthermore, the perseverations of patients on incorrect answers in this test did not 
correlate with their performance in other tests of frontal functions, such as verbal 
fl uency or fl exible categorization of geometric shapes [ 76 ], or with scores on the 
MMSE. These fi ndings therefore point to a particular defi cit affecting cognitive 
fl exibility and ability to update beliefs, which may contribute to the AHP in patients 
with motor weakness but impaired appreciation of this (e.g., due to proprioceptive 
defi cit or hemineglect), as posited by the discovery and “ABC” framework [ 2 ,  53 ].  

    Implicit or Explicit Knowledge 

 Although patients with anosognosia deny the existence of their defi cits, some 
aspects of their behavior have long suggested the possibility of unconscious or 
implicit knowledge of their disability. This was already described with the term of 
“Dunkle Erkenntnis” by Anton [ 12 ]. For example, the fact that the patients remain 
in bed or accept medical examinations, while denying the existence of paralysis or 
any illness, might suggest that patients have a latent or indirect knowledge of their 
defi cits [ 1 ,  99 ]. Some authors have postulated that this knowledge was actually 
repressed by psychodynamic processes to protect the patient’s psyche against a 
breach of physical integrity [ 100 ,  101 ]. Alternatively, it could refl ect the existence 
of different neural pathways for detecting motor errors, with different access to 
conscious awareness [ 97 ]. 

 An indirect test to probe such implicit knowledge has been described by Nardone 
and collaborators [ 55 ]. In their study, patients had to press as quickly as possible a 
button to the appearance of a dot in the middle of a screen, which was preceded by 
a word that could relate to their defi cit (paralysis, arm, etc.) or was unrelated (house, 
sky). By comparing trials in which a word related to the disease was presented with 
those with a neutral word, the authors observed a slowing of reaction time in patients 
with AHP, and this slowing was proportional to the severity of anosognosia as mea-
sured by the Feinberg scale. These results were interpreted as evidence that patients 
had an implicit knowledge of their defi cit, which was activated by the presentation 
of words related to their defi cit but inhibited by repression processes (e.g., Freudian 
type), thus producing slower reaction times in the target detection task. A similar 
phenomenon suggesting an implicit knowledge of the defi cit was also reported in a 
sentence completion task [ 101 ] where completion with words related to the disease 
was signifi cantly reduced compared to the completion sentence of non-disease 
words [ 103 ]. 
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 To further study the implicit knowledge in patients with anosognosia, we also 
used a standard procedure of implicit association (IAT, Implicit Association Test), 
often applied in social psychology [ 103 ]. In this test, subjects must classify two 
categories of words related either to oneself (I, me, my, etc.) or to others (you, thou, 
etc.) and two categories of words related to good health (strength, vitality, well- 
being) or to illness (sickness, weakness, paralysis). In a condition called “congru-
ent,” the subject is asked to press the same button response to classify words 
referring to oneself and those relating to good health and to press the other button 
to categorize words referring to others and disease. In the second and critical condi-
tion, called “incongruent,” the response mapping is changed so that the words 
referring to disease and self are classifi ed with the same response button, while the 
words referring to others and health are categorized with the second button. This 
second condition typically leads to a time cost in reaction times because of the 
“natural” subjective incongruency between self and illness. According to the logic 
of IAT, if the subject considers himself/herself as healthy, the pairing between the 
concepts of good health and self is easy (hence leading to faster responses in the 
task), as compared with the pairing between self and illness words. 

 By testing a group of 12 hemiplegic patients with and without AHP in this test 
[ 97 ], we observed a signifi cant increase in reaction time for the incongruent (self 
and illness) compared to congruent combination (self and health). Moreover, this 
cost correlated with individual scores in a scale of subjective health: in other words, 
the more a subject considers himself healthy, the more he has diffi culty in classify-
ing words referring to self and illness using the same response button (in terms of 
reaction time). However, in this test, patients with AHP were found to behave like 
healthy subjects, and their responses refl ected their (incorrect) belief to be healthy, 
with no evidence of an implicit association with disease words. Further studies 
are needed to understand the discrepancy between results in this test and previous 
results of Nardone et al. [ 55 ] and Fotopoulou et al. [ 103 ].  

    Therapeutic Interventions 

 The presence of an AHP is associated with a relatively unfavorable prognosis for 
recovery. This is related to several factors, including the diffi culty of the patient to 
become aware of its defi cit, resulting in poor cooperation, lack of motivation, or 
even refusal for rehabilitation activities. Despite this pejorative signifi cance of 
anosognosia, to date there are few specifi c treatment strategies to address this defi cit 
[ 65 ]. Few studies, if any, have been conducted to address, in a systematic manner 
and/or in large groups of stroke patients, the potential benefi t of therapeutic inter-
ventions aiming at increasing awareness of defi cits. 

 However, several reports have shown a temporary remission of anosognosia and 
other symptoms after specifi c interventions, especially caloric vestibular 
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stimulation [ 105 – 107 ], but also prism adaptation [ 108 ]. More recently, a video feed-
back intervention was described and led to remarkable results [ 109 ]. In this study, 
patients were initially confronted with their motor defi cits while they were fi lmed 
by the examiner. Subsequently, after having had the opportunity to observe their 
diffi culties during this confrontation through video recording, these patients showed 
a signifi cant reduction in anosognosia. These observations suggest that indirect 
experience of the motor defi cit via the video enabled patients to better adjust their 
knowledge about their illness than a confrontation through direct experience. 
However, further studies are needed to confi rm these effects and to evaluate system-
atic therapeutic interventions in these patients to improve awareness of defi cits and 
promote recovery.  

    Emergence of a Multifactorial and Dynamic Model 
of Anosognosia 

 The review of neuropsychological and anatomical correlates of denial of illness 
after brain lesion converges to suggest a multifaceted phenomenon with a multifac-
torial origin, presumably refl ecting the combined effect of different elementary defi -
cits. Thus, AHP, the most common and most studied form of anosognosia, involves 
a disorder affecting not only the online control of motor action or intentions but 
appears to be associated with additional problems of monitoring and belief fl exibil-
ity. Various combinations of critical defi cits could lead to AHP by disrupting, on the 
one hand, the direct appreciation of motor losses (due to defi cits in action controlled 
by internal “feedfoward” signals and/or “feedback” information conveyed by pro-
prioception and spatial attention) and, on the other hand, by damaging the capacity 
to monitor and detect error in performance. Altogether, this could lead to inappro-
priate confi dence in initial beliefs or partial information. This set of defi cits is not 
only consistent with recent theories of anosognosia proposing a role for different 
mechanisms, such as the two-factor model [ 64 ] or ABC model [ 1 ,  68 ], but also 
plausible given the anatomical data obtained in AHP [ 5 ,  68 ,  81 ,  83 ]. Notably, AHP 
seems to correlate with lesions affecting the premotor cortex and the temporopari-
etal junction (both linked to motor control, proprioception, attention, or body 
schema) but also the insula, cingulate cortex, basal ganglia, and medial temporal 
regions including the amygdala (all related to motivational systems and executive 
control of the error). 

 Based on these results, we propose a general model of anosognosia [ 6 ,  10 ] in 
which the assessment of one’s (e.g., motor) performance depends on access to dif-
ferent information sources (e.g., motor, proprioceptive, visual attention) and is per-
formed in parallel at the conscious level (explicit) and unconscious level (implicit). 
Indeed, research on error detection and performance monitoring in healthy subjects 
shows that it is possible to record specifi c neurophysiological or behavioral 
responses in error (during motor tasks or others) even when the subject is not aware 
of having made such a mistake [ 93 ,  110 – 113 ]. Moreover, the existence of distinct 
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pathways (explicit and implicit) for motor control and self-monitoring makes it pos-
sible to consider different forms of anosognosia, involving different degrees of dys-
function in one or the other of these levels, or both. Thus, an explicit monitoring 
system may depend on the integrity of frontal and parietal cortical networks, whose 
damage could lead to a partial form of anosognosia where the patient verbally 
denies the existence of the defi cit but nevertheless behaves appropriately to it. 
Conversely, dysfunction within the monitoring system could involve implicit net-
works in connection with the insula, cingulate cortex, and/or the amygdala, associ-
ated with a more “automatic” and preconscious detection of errors, whose damage 
may lead to implicit form of anosognosia – as observed in patients with anosodi-
aphoria or after head trauma (showing explicit knowledge of their defi cits, but an 
absence of appropriate behavior given their situation). A combined defi ciency of 
both systems could lead to a complete anosognosia, as observed after voluminous 
brain damage (Fig.  9.3 ).

   AHP and other forms of anosognosia remain intriguing clinical disorders whose 
understanding needs to be improved, both because of the theoretical interest for mech-
anisms of self-awareness and because of the potential impact on therapeutic manage-
ment in these patients. While many explanatory models have been proposed over the 
past century, none seems entirely satisfactory to date [ 1 ,  10 ,  51 ]. It seems important 
that clinical research in this area stands out from a single mechanistic framework and 
develops more detailed cognitive models based on empirical data [ 52 ]. We hope that 
recent fi ndings described in this review provide a fi rst step in this direction.     
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-Training reactive

  Fig. 9.3    Multifactorial model of anosognosia for hemiplegia (Adapted from Vocat and 
Vuilleumier [ 6 ])       
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    Abstract     CADASIL is an inherited small artery disease caused by mutations of 
the NOTCH3 gene. The disease is responsible for migraine with aura at onset, for 
transient ischemic attacks and stroke during mid-adulthood, and can lead progres-
sively to dementia. The neuropsychiatric manifestations of CADASIL include 
mood and behavior disturbances and various degrees of cognitive impairment. They 
are observed at all stages of the disorder. Episodes of mood disturbances (depres-
sion, manic episodes) are reported in 10–20 % of patients during the course of the 
disease; they are usually observed after the fi rst ischemic events. Apathy is detected 
in more than one-third of patients several years after onset and alters the quality of 
life of patients. A marked decline of cognitive performances is detected in the vast 
majority of subjects with aging, particularly after age 50 years. However, executive 
dysfunction can be detected earlier, even after the third decade using dedicated 
 cognitive tests. Dementia occurs after 60 years, usually after repeated ischemic 
event, and is nearly constant at the end stage of the disorder.  

  Keywords     CADASIL   •   NOTCH3   •   Apathy   •   Executive dysfunction   •   Cognitive 
decline   •   Mood disturbances   •   Depression   •   Vascular dementia  
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        Introduction 

 Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy (CADASIL) [ 1 ] is an inherited small artery disease of mid-adulthood. 
It is caused by mutations of the NOTCH3 gene on chromosome 19 [ 2 ]. The exact 
prevalence of CADASIL is unknown. The disease has been diagnosed in multiple 
countries on all continents. Based on a register for the disease in the west of 
Scotland, Ravzi et al. estimated that the prevalence of NOTCH3 gene mutation is 
about 4.14 per 100,000 adults in this population [ 3 ]. This frequency is probably 
underestimated. 

 CADASIL is still underdiagnosed but it appears as one of the most frequent 
hereditary cerebrovascular diseases. It is considered as a model of “pure” vascular 
dementia related to a small-vessel disease and as an archetype of the so-called sub-
cortical ischemic vascular dementia [ 4 ]. CADASIL can be responsible for mood 
alterations, behavior disturbances, and cognitive impairment.  

    Pathophysiological Features 

 CADASIL is characterized by white-matter rarefaction and subcortical ischemic 
lesions easily detected in vivo by magnetic resonance imaging (MRI). Macroscopic 
examination of the cerebral tissue reveals a diffuse myelin pallor and rarefaction of 
hemispheric white matter usually sparing the U fi bers [ 5 ]. Lesions predominate in 
the periventricular areas and centrum semiovale. They are associated with lacunar 
infarcts in the white matter and basal ganglia (lentiform nucleus, thalamus, caudate) 
[ 6 ,  7 ]. The most severe hemispheric lesions are the most profound [ 5 ,  8 ,  9 ]. In the 
brain stem, lesions predominate in the pons and correspond to the so-called pontine 
ischemic rarefaction of myelin previously reported by Pullicino et al. [ 10 ]. Small 
deep infarcts and dilated Virchow-Robin spaces are often associated with ischemic 
white-matter lesions. 

 In CADASIL, the wall of cerebral and leptomeningeal arterioles is thickened in 
association with a signifi cant reduction of the lumen [ 5 ]. Penetrating arteries in the 
cortex and white matter are sometimes stenosed [ 11 ,  12 ]. Some inconstant features 
are close to those reported in patients with hypertensive encephalopathy [ 13 ] such 
as various degrees of duplication and splitting of internal elastic lamina, adventitial 
hyalinosis and fi brosis, and hypertrophy of the media. However, a distinctive feature 
is the presence of a granular material within the media extending into the adventitia 
[ 5 ,  8 ,  14 – 18 ]. The PAS-positive staining suggests the presence of glycoproteins 
within the media; the staining for amyloid substance and elastin is negative [ 6 ,  8 ]. 
By contrast, the endothelium is usually spared. Sometimes, the smooth muscle cells 
are not detectable and replaced by collagen fi bers [ 13 ]. On electron microscopy, the 
smooth muscle cells appear swollen and often degenerated, some of them present 
with multiple nuclei. There is a granular, electron-dense, osmiophilic material 
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(GOM) within the media [ 19 ]. This material consists of granules of about 10–15 nm 
of diameter. It is localized close to the cell membrane of smooth muscle cells. The 
smooth muscle cells are often separated by large amounts of this material. 

 CADASIL is caused by stereotyped mutations of the NOTCH3 gene [ 2 ]. Unlike 
other members of the Notch gene family whose expression is ubiquitous, the 
NOTCH3 gene is expressed only in vascular smooth muscle cells [ 20 ] of arterial 
vessels [ 21 ]. It encodes a single pass transmembrane receptor of 2,321 amino acids 
protein, with an extracellular domain containing 34 EGF repeats (including 6 cyste-
ine residues) and 3 Lin repeats associated with intracellular and transmembrane 
domains [ 2 ,  22 ]. This cell surface receptor is mediating signal transduction with 
receptor ligands such as Jagged (Jag) and Delta (D) on neighboring cells which are 
also type 1 transmembrane receptors [ 2 ,  23 – 25 ]. The NOTCH3 gene is required to 
generate functional arteries in mice and is involved in arterial differentiation and 
maturation of vascular smooth muscle cells [ 26 ]. The stereotyped missense muta-
tions [ 2 ] or deletions [ 20 ] responsible for CADASIL are within epidermal-growth- 
factor-like (EGF-like) repeats and only located in the extracellular domain of the 
NOTCH3 protein [ 23 ,  27 ,  28 ]. All mutations responsible for the disease lead to an 
uneven number of cysteine residues. 

 The NOTCH3 protein usually undergoes complex proteolytic cleavages leading 
to an extracellular and a transmembrane fragment. These two fragments form a 
heterodimer at the cell surface of smooth muscle cells. In CADASIL, the ectodo-
main of the NOTCH3 receptor accumulates within the vessel wall of affected sub-
jects [ 20 ]. This accumulation is found near but not within the characteristic granular 
osmiophilic material on electron microscopy. It is observed in all vascular smooth 
muscle cells and in pericytes within all organs (brain, heart, muscles, lungs, skin). 
An abnormal clearance of the NOTCH3 ectodomain from the smooth muscle cell 
surface is presumed to be responsible for this accumulation [ 20 ,  29 ]. 

 Vascular abnormalities observed in the brain are also present in other organs 
[ 6 ,  8 ]. The GOM surrounding smooth muscle cells is also present in the media of 
arteries located in the spleen, liver, kidneys, muscle, and skin and also in the wall of 
carotid and aortic arteries [ 6 ,  8 ,  30 ]. These vascular lesions can be detected by nerve 
or muscle biopsy [ 31 ,  32 ]. The presence of the GOM in the skin vessels has 
been used to confi rm the intravitam diagnosis of CADASIL using punch skin 
 biopsies [ 8 ,  33 – 36 ]. 

 Transgenic mice expressing mutant NOTCH3 develop vascular alterations 
 characteristic of CADASIL [ 37 ]. Impaired autoregulation of cerebral blood fl ow has 
been detected in these mice with a decreased relaxation or increased resistance of 
cerebral vessels [ 38 ]. In addition, fl ow-induced dilation was signifi cantly decreased 
and pressure-induced myogenic tone signifi cantly increased in these arteries sug-
gestive of impaired vascular mechanotransduction [ 39 ]. Recent data support that 
alterations of cerebrovascular autoregulation and of functional hyperemia occur 
parallel to a signifi cant reduction of capillary density in the cerebral tissue early and 
before the appearance of visible structural changes within the vessel wall. These 
changes are presumably responsible for white-matter hypoperfusion detected at the 
onset of the disease [ 40 ].  
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    Neuropsychiatric Symptoms 

 Neuropsychiatric manifestations include mood and behavior disturbances and 
 various degrees of cognitive impairment [ 41 ]. They can be observed at all stages of 
the disorder. Episodes of mood disturbances are reported in 10–20 % of patients 
during the course of the disease [ 42 ,  43 ]. Apathy is detected in more than one-third 
of patients. A marked decline of cognitive performances is detected in the vast 
majority of subjects with aging, particularly after age 50 years. Dementia is mostly 
observed after 60 years and appears nearly constant at the end stage of the disorder 
[ 34 ,  42 ,  44 ] (Fig.  10.1 ).

      Mood Disturbances 

 About one-fi fth of CADASIL patients experienced episodes of mood disturbances. 
Their frequency is widely variable among families [ 43 ,  45 ]. 

 Episodes of major depression are reported by 10 % of 80 CADASIL patients 
investigated by Peters et al. [ 46 ]. In some cases, antidepressive drugs were found 
ineffi cient to relieve symptoms during the most severe episodes. Severe depres-
sion of the melancholic type alternating with typical manic episodes and suggest-
ing bipolar mood disorder has been reported in few cases [ 47 ] although the 
NOTCH3 gene was not found involved in familial forms of bipolar disorder [ 48 ]. 
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  Fig. 10.1    Natural history with the main clinical manifestations of CADASIL       
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The location of ischemic lesions in basal ganglia and the frontal location of 
white-matter lesions may play a key role in the occurrence of such mood distur-
bances [ 49 ]. Recently, Brookes has shown that depression was a major predictor 
of quality of life in patients with small-vessel disease including patients with 
CADASIL [ 50 ]. 

 Most often, psychiatric manifestations are observed in patients after diagnosis 
and with a history of ischemic symptoms and signal abnormalities at MRI examina-
tion. However, these episodes can be inaugural in some patients and may lead to 
misdiagnosis [ 43 ,  45 ,  51 ]. Leyhe et al. recently reported two cases admitted to a 
geronto-psychiatric hospital with psychopathological manifestations at the onset of 
the disorder [ 52 ]. The fi rst case was a 66-year-old man who was described as a 
reserved, peaceful, and calm person and who became irritable, started to neglect 
himself and his duties, and presented a submanic episode mildly improved after a 
treatment with neuroleptic drugs. The patient started again to consume alcohol after 
years of abstinence. The second case was a 62-year-old woman with a 2-year epi-
sode of depressive symptoms who was initially successfully treated by amitripty-
line. She was admitted to the hospital because she deteriorated despite medication 
with paranoid ideas and became melancholic. The psychopathological symptoms 
slowly improved under a combination of antidepressive, anxiolytic drugs and neu-
roleptics. In both cases, MRI results and the family history were essential for 
diagnosis.  

    Apathy and Other Psychiatric Manifestations 

 Apathy is defi ned as a lack of motivation [ 53 ,  54 ], but it can be also defi ned as a 
quantitative reduction of voluntary (or goal-directed) behavior [ 55 ]. Apathetic 
patients may also present with reduced interest in their environment, indifference, 
fl attening of affect, or lack of emotional reactivity [ 56 ,  57 ]. Apathy is frequent and 
detected in 40 % of CADASIL patients [ 58 ]. This frequency is close to that reported 
in other subcortical disorders also involving basal ganglia such as Parkinson’s or 
Huntington’s disease. Reyes et al. observed that the presence of apathy can result in 
a reduction of quality of life independently of cognitive status and depression dur-
ing the course of the disease [ 58 ]. 

 Apathy is frequently associated with other neuropsychiatric symptoms in 
CADASIL. In a recent study, 94 % of apathetic patients had at least one other 
behavioral disturbance [ 58 ]. Irritability and depression were detected using NPI in 
two-thirds of apathetic patients; agitation or aggressive behavior is observed in half 
of them. This association may be explained by the fact that apathy is also considered 
as a potential manifestation of depression. Depressed patients can also show a loss 
of motivation, lack of goals and perspectives, and may even have anhedonia. 
However, nearly 40 % of apathetic patients with CADASIL are also found without 
depression, in agreement with distinct mechanisms underlying depression and 
apathy. 
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 Apathy is also detected more frequently in presence of cognitive impairment and 
dementia in CADASIL. Men, older patients, and those with abnormal gait are also 
more likely to be apathetic than the others. The burden of subcortical MRI lesions 
seems involved in the occurrence of this symptom as reported for cognitive 
impairment. 

 Apathy has been reported in neurodegenerative diseases affecting the gray 
matter of basal ganglia [ 35 ]. In CADASIL, lacunar lesions most commonly occur 
in basal ganglia, thalamus, brain stem, and frontal and parietal white-matter 
regions [ 22 ]. Thus, damage of striato-cortical circuits linking such gray-matter 
areas to frontal cortical regions can result from white-matter tract damage or to 
ischemic infarctions in this disorder [ 36 ]. In CADASIL, although apathy was 
found associated with a large burden of subcortical ischemic lesions, it can be 
also detected in the presence of only few subcortical lesions and at an early stage 
of the disease in few cases. Therefore, the location of subcortical lesions may 
actually play a key role in the occurrence of this symptom. Jouvent et al. recently 
observed that apathy is related to the depth of the posterior cingulate cortical sul-
cus as well as with the depth and width of cortical sulci in mediofrontal and orbi-
tofrontal areas in CADASIL [ 59 ]. These morphological changes presumably 
result from secondary degenerative processes occurring after the accumulation of 
subcortical lesions. 

 A large variety of other psychiatric manifestations can occur in CADASIL 
patients. Agoraphobia, addiction to alcohol, and psychotic pictures have been 
reported in affected individuals [ 42 ,  43 ,  60 ]. In the analysis performed by Reyes 
et al. in 132 CADASIL patients, the most frequent neuropsychiatric manifestations 
included irritability reported in 43 % of patients, anxiety in 37 %, and disinhibition 
and/or euphoria in about 10 %. Sleep diffi culties are also frequently reported in 
CADASIL patients (40 %). In contrast, delusions and hallucinations appear excep-
tional [ 61 ]. The observation of schizophrenia in association with CADASIL is only 
anecdotal [ 62 ].  

    Cognitive Impairment 

 Symptomatic patients can remain several years without any neuropsychological 
decline [ 63 ]. However, cognitive impairment and dementia represent the second 
commonest clinical manifestation in CADASIL after acute ischemic symptoms. 

 The onset of cognitive defi cit is usually mild and insidious and its exact time is 
often diffi cult to ascertain [ 41 ]. The cognitive changes may appear a long time 
before TIAs or stroke [ 64 ]. Cross-sectional studies [ 65 – 68 ] have shown that cogni-
tive functions may be impaired early, most frequently attention and executive func-
tions. In 42 patients, attention and executive functions were found to be affected in 
nearly 90 % of patients of age between 35 and 50 [ 68 ]. These disturbances are often 
associated with alterations in attention and memory suggestive of dysfunction 
within the subcortical-frontal network [ 46 ,  68 ,  69 ]. In contrast, others functions 
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such as verbal episodic memory and visuospatial abilities are usually preserved and 
may remain spared till late stages of the disease. 

 Some tests are particularly sensitive to the detection of early cognitive changes. 
They include the digit span backwards and forwards, the Trail-Making Test B, the 
Stroop test, and the Wisconsin Card Sorting Test. The errors of CADASIL patients 
often affect time measures in timed tasks (Stroop, Trail-Making Test, symbol digit, 
digit cancellation) though errors in monitoring can be also detected [ 67 ]. Patients 
may also show poor strategy and planning when completing tasks such as the 
Wisconsin Card Sorting Test and the Rey-Osterrieth memory test. Memory defi cit 
may be associated with executive dysfunction, but its profi le is usually distinct from 
dementia primarily involving the mesiotemporal cortex such as Alzheimer’s dis-
ease. The Free and Cued Selective Reminding Test allowing differentiating differ-
ent phases of memory processes can be used to show the preservation of the 
encoding process even though the retrieval is impaired. It is composed of (1) an 
encoding phase where 16 words belonging to 16 different semantic categories have 
to be retrieved, (2) three phases of free recall and cued recall (the last being delayed), 
and (3) a recognition test. In CADASIL, this test distinguishes a typical “subcorti-
cal” pattern characterized by low scores in immediate and delayed free recall, 
improving with cues and associated with relatively intact recognition. Intrusions 
may occur in the free recall task. This profi le, still observed in two-thirds of 
demented patients, supports a usual preservation of the encoding process and ana-
tomically of the mesiotemporal cortex in CADASIL [ 68 ]. Among 140 patients, 
Epelbaum et al. observed that one-third of CADASIL patients presented with vari-
ous degrees of memory impairment, most of them with a typical “subcortical” pro-
fi le. However, one-fi fth of patients with memory impairment in their series presented 
with a typical amnestic syndrome of hippocampal type [ 70 ]. While alterations in 
spontaneous recall were found to be related to the severity of subcortical ischemic 
lesions, the profi le of memory impairment, particularly the sensitivity to cueing, 
was found related to hippocampal atrophy that may occur in CADASIL [ 70 ]. 

 With aging, the cognitive decline becomes more homogenous with signifi cant 
changes in all cognitive domains. This extension cannot be ascribed to only the sole 
deterioration of executive performances but appears actually related to additional 
alterations in instrumental activities, language, and visuospatial abilities and sug-
gests a diffuse cortical dysfunction well beyond the subcortical-frontal circuits [ 68 ]. 
The development of cognitive impairment appears sometimes associated with the 
occurrence of stroke. Nevertheless, a cognitive defi cit and even dementia may also 
occur in patients without any clinical history of stroke. The cognitive profi le of 
CADASIL patients was analyzed before and after the occurrence of strokes in two 
cross-sectional studies and showed some discrepant results. Amberla et al. [ 66 ] 
reported that executive functions were more widely affected with a signifi cant men-
tal slowing in CADASIL patients having a positive history of stroke. Conversely, 
Buffon et al. observed that visuospatial abilities were mostly impaired in patients 
with a positive history of stroke [ 68 ]. The cognitive defi cit most often progresses in 
the total absence of ischemic events, mimicking in some cases a degenerative 
dementia [ 71 ,  72 ]. The temporal progression of cognitive symptoms varies among 
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subjects from rapid and marked deterioration to stable or even slightly improving 
performances [ 73 ]. 

 Dementia is reported in one-third of symptomatic patients at the late phase of the 
disorder. The frequency of dementia increases considerably with age. Thus, about 
60 % of patients older than 60 years are demented and more than 80 % of deceased 
subjects were reported to be demented before death. When dementia is present, the 
neuropsychological defi cit is usually extensive [ 68 ]. Dementia is often associated 
with apathy. Conversely, severe aphasia, apraxia, and agnosia are rare [ 46 ,  68 ]. In 
addition, demented individuals have a relative preservation of recognition and 
semantic memory [ 68 ]. Noteworthily, as previously stated, two-thirds of them pres-
ent improvement of memory with cues which suggests that the encoding process is 
preserved in most cases even at the late stage of the disease in contrast with the pat-
tern of memory impairment in Alzheimer’s disease . Dementia is observed in the 
absence of any other clinical manifestations in 10 % of cases [ 68 ]. The frequency 
and severity of cognitive decline are variable in different members of a given family. 
The variable location and severity of cerebral tissue damage may play a key role in 
this variability [ 74 ,  75 ]. 

 Dementia is always associated with pyramidal signs. Gait diffi culties are present 
in 90 %, urinary incontinence in 80–90 %, and pseudobulbar palsy in half of 
demented individuals. At the end stage of the disorder, CADASIL patients become 
bedridden. In a large retrospective study of 411 patients, Opherk et al. found that the 
median age at onset for inability to walk without assistance was 59 years in men and 
62 in women, and for bedriddenness, 62 years in men and 66.5 years in women. The 
gender effect on disability has been confi rmed recently in a large population of 
patients [ 76 ]. Together with aging and the evolution of the disease, after the sixth 
decade, two-thirds of patients older are demented [ 42 ] and more than 80 % of 
deceased subjects were reported to be demented before death [ 43 ].  

    Correlations with Cerebral Tissue Lesions 

 MRI is always abnormal in CADASIL patients with neurological symptoms other 
than migraine attacks [ 41 ]. MRI signal abnormalities can also be detected during a 
presymptomatic period of variable duration. They are observed as early as 20 years 
of age. After age 35, all subjects having the affected gene have an abnormal MRI 
[ 41 ]. The frequency of asymptomatic subjects with abnormal MRI decreases pro-
gressively with aging and becomes less than 5 % after 60 years [ 69 ]. 

 MRI shows on T2-weighted images widespread areas of increased signal in the 
white matter (Fig.  10.2 ) associated with focal hyperintensities in basal ganglia, thal-
amus, and brain stem [ 69 ,  77 ]. The extent of white-matter signal abnormalities is 
highly variable. It increases dramatically with age. In subjects of age under 40 
years, T2 hypersignals are usually punctate or nodular with a symmetrical distribu-
tion and predominate in periventricular areas and within the centrum semiovale. 
Later in life, white-matter lesions are diffuse and can involve the whole of white 
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matter including the U fi bers under the cortex [ 69 ,  77 – 79 ]. Scores of severity based 
on semiquantitative rating scales signifi cantly increase with age not only in the 
white matter but also in basal ganglia and brain stem. Frontal and occipital periven-
tricular lesions are constant when MRI is abnormal. The frequency of signal abnor-
malities in the external capsule (two-thirds of the cases) and in the anterior part of 

a
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  Fig. 10.2    Magnetic resonance fl air images showing widespread T2 hyperintensities in the white 
matter in a CADASIL patient (from cerebellar level ( a ) to the level of centrum semiovale ( d )). 
Note the involvement of the white matter of both temporal lobes in their anterior part with multiple 
punctiform juxtacortical hypointensities related to dilated perivascular spaces. Note also the 
involvement of the anterior frontal white matter at the highest level often detected in CADASIL       
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the temporal lobes (60 %) is noteworthy and particularly useful for differential 
 diagnosis with other small-vessel diseases [ 80 – 82 ]. T2 hyperintensities can be 
detected in the corpus callosum [ 79 ,  83 ]. Brain stem lesions predominate in the 
pons in areas irrigated by perforating arteries and can involve the mesencephalon 
[ 78 ]. In contrast, the medulla is usually spared.

   On T1-weighted images, punctiform or larger focal hypointensities are frequent 
in the same areas and detected in about two-thirds of individuals with T2 hyperin-
tensities [ 69 ]. They are observed both in the white matter and basal ganglia but also 
in the brain stem and correspond mostly to lacunar infarctions. Numerous hypoin-
tensities on T1-weighted images may also correspond to Virchow-Robin spaces 
which are more frequent and extensive in CADASIL than in healthy subjects. MRI 
signal abnormalities within the temporal white matter in CADASIL and particularly 
within the subcortical white matter are considered as a characteristic feature of the 
disease. They are also caused by a distension of the perivascular space of perforat-
ing arteries at the level of the junction of gray and white matter and by spongiosis in 
the surrounding parenchyma [ 84 ]. 

 In contrast with the extent of white-matter hyperintensities weakly associated 
with the clinical severity [ 67 ], the degree of white-matter microstructural damage 
measured with diffusion tensor imaging appears strongly related to the clinical 
 status in CADASIL [ 78 ]. This is in agreement with the correlations observed 
between the clinical status and the load of T1 lesions within the white matter which 
suggests that the degree of tissue destruction or neuronal loss is crucial for the 
appearance of disability in CADASIL [ 74 ,  78 ,  85 ]. 

 The exact mechanisms of cognitive dysfunction in CADASIL remain unknown. 
The main hypothesis is that accumulation of subcortical lesions may damage 
 particularly the striato-cortical circuits linking basal ganglia to frontal cortical areas 
with possible secondary cortical degeneration [ 74 ]. This hypothesis is supported by 
evidence of strong correlations between cortical atrophy and cognitive decline in 
the disease in both imaging and neuropathological studies. As described previously, 
severe cortical metabolic depression has indeed been observed by PET study in 
association with basal ganglia and thalamic infarcts [ 86 ]. The postmortem brain 
examination of a CADASIL case previously showed evidence of a diffuse loss of 
cortical neurons associated with cholinergic denervation [ 87 ]. Viswanathan et al. 
reported the presence of widespread neuronal apoptosis in the cerebral cortex of 4 
CADASIL patients. Semiquantitative analysis suggested that the degree of cortical 
neuronal apoptosis was related to the extent of white-matter lesions and to the inten-
sity of axonal damage in subcortical areas [ 88 ] and was associated with the severity 
of cognitive impairment. Therefore, subcortical axonal damage may induce cortical 
apoptosis through deafferentation and/or retrograde neuronal degeneration in 
CADASIL [ 89 ]. 

 Disruption of cortical connections may affect striato-cortical circuits relaying in 
the thalamus and basal ganglia as well as cortical networks. This is supported by 
DTI fi ndings showing a strong correlation between mean diffusivity measured in 
the thalamus and executive dysfunction [ 90 ] and between executive performances 
and mean diffusivity in the anteroposterior fasciculus of the cingulum bundle which 
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connects the dorsolateral prefrontal lobe with more posterior cortical regions 
 including the hippocampal formation [ 91 ]. There is now accumulating evidence 
showing that the location of subcortical lesions and the corresponding remote 
 consequences at the cortex level are of key importance in the pathophysiology of 
cognitive symptoms in CADASIL. Duering recently illustrated the impact of 
lesions in the anterior thalamic radiation on processing speed in CADASIL patients 
using a voxel-based lesion-symptom mapping approach [ 92 ]. Morphological 
 cortical changes were also found to progress parallel to clinical worsening with the 
accumulation of subcortical lesions in line with this hypothesis [ 93 ].   

    Other Neurological Symptoms 

 The earliest clinical manifestations in CADASIL are attacks of migraine with aura 
occurring between age 20 and 40 years [ 34 ,  42 ,  44 ]. They are reported by 20–30 % 
of patients. In contrast with migraine without aura whose frequency is identical to 
that estimated in the general population, migraine with aura is reported in 20–40 % 
of CADASIL patients, a frequency 4–5-fold higher than in the general population. 
Among pedigrees, this frequency appears extremely variable. The mean age at onset 
is between 28 and 30 years [ 44 ,  94 ] with a large range from 6 to 48 years. In the 
largest series of Vahedi et al., the frequency of attacks appears extremely variable 
among affected individuals, from 2 per week to one to every 3–4 years [ 94 ]. 
Triggering factors of migraine with aura are similar to those of migraine in the gen-
eral population (stress, fl ashing lights, fatigue, physical exercise, head trauma, 
strong smells…) [ 94 ] The most frequent symptoms are visual, sensory, or aphasic. 
Motor symptoms are reported in one-fi fth of CADASIL patients who have attacks 
of migraine with aura. In contrast with the aura symptoms reported in the general 
population, more than half of patients have a history of atypical aura such as basilar, 
hemiplegic, or prolonged aura. A few patients even suffer from severe attacks with 
unusual symptoms such as confusion, fever, meningitis, or coma, exceptionally 
reported in migraine with aura [ 95 – 97 ]. 

 Ischemic manifestations are the most frequent clinical manifestations: 60–85 % 
of patients have had transient ischemic attacks (TIAs) or completed strokes 
[ 42 ,  43 ,  98 ,  99 ]. They occur at a mean age of 45–50 years (extreme limits from 20 
to 70 years) [ 17 ,  34 ,  42 ,  43 ]. Age of onset does not differ between men and women. 
In a follow-up study, Peters et al. estimated the incidence rate of stroke at 10.4 per 
100 person-years [ 73 ]. Two-thirds of them are classical lacunar syndromes: pure 
motor stroke, ataxic hemiparesis, pure sensory stroke, sensorimotor    stroke [ 43 ]. 
Other focal neurologic defi cits of abrupt onset are less frequent: dysarthria either 
isolated or associated with motor or sensory defi cit, monoparesis, paresthesia of one 
limb, isolated ataxia, nonfl uent aphasia, hemianopia [ 43 ]. 

 Five to 10 % of CADASIL patients experienced seizures, either focal or general-
ized [ 17 ,  42 ,  100 ]. They are usually reported in patients with a positive history of 
stroke.    Epilepsy is usually well controlled by 

10 Neuropsychiatric Symptoms of CADASIL



230

 Other neurological manifestations have occasionally been reported in CADASIL. 
Parkinsonism was diagnosed in few patients whose clinical presentation can mimic, 
in rare cases, progressive supranuclear palsy [ 101 ]. Deafness of acute or rapid onset 
has been reported in few subjects, but its exact frequency remains unknown [ 41 ]. 
Rufa et al. reported an acute unilateral visual loss secondary to a non-arteritic isch-
emic optic neuropathy in a single 60-year-old case who was demented, but this 
occurred 33 years earlier at age 27 [ 102 ]. 

 The lack of cranial nerve palsy, spinal cord disease, and of symptoms of muscu-
lar origin is noteworthy in CADASIL [ 41 ]. The exact cause of the radiculopathy 
reported in one case by Ragno et al. remains undetermined [ 103 ]. Recently, several 
cases belonging to Italian and Chinese families with clinical and electrophysiologi-
cal signs of peripheral sensorimotor neuropathy were described [ 104 ,  105 ].  

    Conclusion 

 Neuropsychiatric manifestations are common in CADASIL, a genetic small-vessel 
disease leading to “subcortical ischemic vascular dementia.” Mood disturbances 
and various manifestations such as anxiety, sleep diffi culties, irritability, as well as 
disinhibition or euphoria are reported in CADASIL patients. These manifestations 
may occur during the course of the disorder, rarely before 40 years and most 
 frequently after the occurrence of ischemic events during the fi fth or sixth decade. 
Apathy is one of the most frequent clinical features of the disorder. Episodes of 
mood disturbances are rarely isolated and often associated with executive 
 dysfunction. When they are inaugural, different features of psychiatric manifesta-
tions such as their atypical clinical presentation, late age at onset or unusual response 
to treatment such as their resistance to antidepressive drug, the association with 
neurological signs (pyramidal symptoms, cognitive alterations), the detection of 
white-matter MRI abnormalities, as well as a positive familial history of stroke and 
dementia are helpful to raise the diagnosis of CADASIL. 

 Cognitive alterations are common in CADASIL but they are more or less severe. 
They can be detected at the early stage of the disorder, as soon as the third decade. 
They remain often insidious for several years mainly involving executive functions 
and attention. Alterations in processing speed tasks are also frequent at the early 
stage. A decline in cognitive performances is usually observed after the fi fth decade 
and is most often progressive. Some acute worsening of cognitive performances can 
be observed after the occurrence of ischemic events. Cognitive decline leads 
 progressively to dementia associated with pseudobulbar palsy, gait disturbances, 
and motor impairment. 

 Finally, CADASIL should be considered as a unique model to investigate the 
relationships between subcortical ischemic lesions and the cognitive and psychiatric 
status in small-vessel diseases. Further studies are needed to better understand the 
exact impact of cerebral tissue lesions and the role of their distribution or of their 
severity on the occurrence of neuropsychiatric symptoms in this disorder.     
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    Abstract     Vascular cognitive impairment (VCI) is a term that describes all the 
forms of cognitive decline deriving from, or associated with, vascular diseases. 
The brain changes of vascular origin that may cause defi cits in cognitive functions 
are various in terms of underlying pathology and territorial distribution. For this 
reason, the cognitive profi le in VCI is not homogeneous and strongly depends on 
the pathological subtype. In addition to cognitive defi cits, brain vascular diseases 
may cause also several psychiatric disturbances that may or may not coexist with 
the cognitive disturbances. 

 In the fi rst part of this chapter, we discuss the concept of VCI, while in the sec-
ond part, the cognitive and psychiatric manifestations of VCI are illustrated. This 
overview emphasizes the need of additional research to better understand the exact 
impact of cerebral vascular lesions, and the role of their distribution and severity, on 
the occurrence of cognitive and psychiatric symptoms in VCI. This approach might 
require tools more specifi cally developed for cerebrovascular diseases.  

  Keywords     Vascular cognitive impairment   •   Cognitive profi le   •   Behavioral and psy-
chological symptoms   •   Cerebrovascular diseases   •   Cognitive and psychiatric 
assessment  

        Introduction 

 The term vascular cognitive impairment (VCI) refers to all forms of cognitive 
impairment, from mild to severe, associated with and presumably caused by cere-
brovascular diseases [ 1 ]. Describing neuropsychiatric aspects in VCI is not an easy 
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task because a wide range of brain changes that may affect the clinical picture in 
different ways constitute the neuropathological basis of VCI. This is the main rea-
son why the neuropsychiatric profi le in VCI is not homogeneous and strongly 
depends on the pathophysiological subtype. In addition, neurodegenerative pro-
cesses, expressed as brain atrophy and atrophy of the medial temporal lobe on neu-
roimaging, due to coexisting Alzheimer disease (AD) pathology, may infl uence and 
contribute to the fi nal clinical picture. Neuropsychiatric manifestations in VCI 
include various degrees of cognitive impairment affecting various domains and sev-
eral psychiatric disturbances. The fi rst part of this chapter will deal with the concept 
of VCI, with some historical notes and the evolution of the concept; this will help in 
understanding the clinical aspects of the syndrome. The second part of the chapter 
will cover the neuropsychiatric aspects of VCI, distinguished in cognitive and psy-
chiatric manifestations.  

    The Concept of Vascular Cognitive Impairment 

    Historical View and Defi nitions 

 The relationship between cerebrovascular diseases and cognitive decline is very 
complex, and this complexity has led over the years to radical views and strong 
debates [ 2 ,  3 ]. It is nowadays accepted that the earliest term vascular dementia 
(VaD) encompasses a heterogeneous group of diseases rather than representing a 
unique pathological process, with different causes and a wide spectrum of cogni-
tive impairment, with only part of the patients being defi nable as overtly demented 
[ 4 ]. The broader concept of VCI was thus introduced 20 years ago in order to 
include all the possible aspects of the relationship between cerebrovascular dis-
eases and cognition [ 1 ,  5 ]. In 1991, the National Institute of Neurological 
Disorders and Stroke (NINDS) and the Association Internationale pour la 
Recherche et l’Enseignement en Neurosciences (AIREN) promoted an interna-
tional workshop to encourage research in the fi eld of VaD. The purposes of the 
workshop were to reach a consensus on the defi nition of VaD and to set suitable 
diagnostic criteria that were then published in 1993 [ 6 ]. Hachinski and Bowler 
reacted to the publication of these criteria and strongly criticized the concept of 
VaD [ 5 ]. These authors proposed a radical modifi cation of the concept and intro-
duced the new term “vascular cognitive impairment” to describe the large spec-
trum of the cognitive consequences of vascular diseases, thus including also the 
early stages when dementia is not yet present. With the introduction of the VCI 
term, Hachinski and Bowler underlined the need for diagnosing cognitive disor-
ders caused by vascular diseases as early as possible and, defi nitely, before the 
occurrence of dementia. They also stressed the fact that vascular diseases may 
cause cognitive impairment with different pathophysiological mechanisms result-
ing in different clinical profi les, thus stressing the limits of unifying sets of 
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criteria. One fi nal relevant point emphasized the need of drawing more attention 
towards patients with a high vascular risk factor profi le in order to prevent demen-
tia [ 5 ]. Hachinski and Bowler introduced the concept of “brain-at-risk,” a stage 
where patients with cerebrovascular diseases and vascular risk factors have no 
cognitive decline but are at increased risk thereof. This latter condition would 
therefore be the best time for preventive strategies to be applied. 

 In spite of this initial noteworthy conceptual proposal, operational criteria for 
VCI have never been developed and the term has been used over the years with 
different meanings. In a broader interpretation, VCI include cognitive impairment 
without dementia as well as VaD. The concept of VCI covers subjects with cogni-
tive impairment related to stroke; multiple cortical infarcts, multiple subcortical 
infarcts, or both; silent infarcts; strategic infarcts; small-vessel disease with white 
matter lesions; and lacunes. Under the term VCI, some authors also include AD 
patients who have evidence of vascular lesions. In a consensus paper published in 
2003, the following expressions of VCI were listed: poststroke dementia, VaD with 
all its subtypes, mixed and vascular mild cognitive impairment (MCI), and AD plus 
VaD (so-called mixed dementia) [ 1 ]. In the seminal experience of the Canadian 
Health and Aging Study instead, VCI encompasses three subtypes: (1) VaD, (2) 
mixed AD with a vascular component, and (3) vascular cognitive impairment no 
dementia [ 7 ]. 

 VCI thus remains a quite generic term whose main merit is to recognize that 
vascular diseases may cause cognitive impairment and do so in different ways. 
However, it currently does not appear to have immediate practical applications. 
Despite this, most epidemiological studies are consistent in fi nding that VaD and 
VCI are highly prevalent diseases, being VaD the second most common cause of 
dementia after AD.  

    Pathophysiology 

 The common causal element in VCI is the cerebrovascular lesion which results 
from vascular pathology, being the primary lesion either hemorrhagic or, more 
commonly, ischemic. Schematically, the ischemic forms of VaD are broadly 
divided into large-vessel and small-vessel diseases. Patients in whom obvious 
cognitive decline is associated with the neuroimaging or pathological demonstra-
tion of multiple large (territorial) cerebral infarcts represent examples of so-called 
multi-infarct dementia in the strictest sense. In this VaD subtype, poststroke 
dementia is the most common form of acute-onset dementia. Another form of 
acute-onset poststroke dementia includes strategic infarct VaD, caused by a single 
strategically located cortico-subcortical lesion affecting a large-vessel arterial ter-
ritory (usually the right posterior cerebral artery, the anterior cerebral artery, or 
the left gyrus angularis). 

 The term cerebral small-vessel disease refers to a group of pathological pro-
cesses with various etiologies that affect the small arteries, arterioles, venules, and 
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capillaries of the brain [ 8 ]. Age-related and hypertension-related small-vessel 
 diseases and cerebral amyloid angiopathy are the most common forms in this group. 
The consequences of small-vessel disease on the brain parenchyma are mainly 
lesions located in the subcortical structures such as lacunar infarcts, white matter 
lesions, large hemorrhages, and microbleeds. From a clinical point of view, small-
vessel diseases are usually related to a progressive course, rather than to an acute 
onset, thus with a clinical course more similar to that of AD. In case of a single 
lacunar infarct in strategic zones (such as capsular genu, thalamus, or head of the 
caudate nucleus), the onset of dementia may be acute also if related to small-vessel 
disease. Finally, VCI may be related to other causes, such as mixed cortical and 
subcortical damage, single or multiple hemorrhage, vascular malformations, hypo-
perfusion, and genetic disorders. 

 From what reported above, it is well understandable that, given the many differ-
ent subtypes of VCI, the clinical picture might also be very different.   

    Neuropsychiatric Aspects of Vascular Cognitive Impairment 

 Neuropsychiatric manifestations of VCI include various degrees of cognitive 
impairment and psychiatric disturbances. The defi nition, characterization, and the 
individuation of the possible treatment strategies of the disturbances associated with 
stroke and cerebrovascular diseases are important from a clinical point of view, not 
only for researchers and doctors but especially for patients and their families. In this 
relation, one fi rst refl ection concerns the need of a structured approach to the prob-
lem. Services dedicated to patients with neuropsychiatric consequences of cerebro-
vascular diseases might represent an important step for a better understanding of the 
phenomenon and for the implementation of the best screening, diagnostic, and treat-
ment options for these patients [ 9 ]. 

    Cognitive Profi le 

 Available evidence suggests that in general, in the case of a vascular origin of the 
cognitive decline, there is a greater impairment in executive functions than in mem-
ory performances that are typically affected in AD patients. Executive functions, 
mostly depending on integrity of frontal lobe functions, include shifting, i.e., the 
ability to shift between tasks and mental sets; updating, i.e., the ability to update and 
monitor information; and inhibition, i.e., the ability to inhibit dominant responses 
[ 10 ]. In patients with VaD, the executive functions that tend to be disproportionately 
impaired include planning and sequencing, speed of mental processing, perfor-
mance on unstructured tasks, and attention [ 11 ]. In addition, compared to patients 
with AD, those with VaD exhibit greater defi cits on measures of verbal fl uency and 
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more perseverations. Memory impairment is usually evident when vascular lesions 
coexist with Alzheimer pathology, but may also be present as a direct consequence 
of cerebrovascular disease [ 12 – 14 ]. 

 Despite what reported above, cognitive profi le in VaD is variable depending on 
the pathogenesis of the cognitive defi cit, and also on the single patient’s charac-
teristics, mainly on coexisting lesions. Many VaD cases occur in relation to stroke, 
but even the stroke-related forms of VaD are heterogeneous from the clinical and 
pathogenic points of view. Infarcts may occur both in cortical and subcortical 
regions, although multi-infarct dementia is generally considered primarily a result 
of a cortical damage [ 11 ]. In this sense, the cognitive profi le is characterized by a 
variable pattern of cognitive defi cits, refl ecting the size, location, and number of 
brain lesions [ 4 ]. These patients can present with aphasia, hemineglect, visual 
fi eld defi cits, diffi culty in calculation, ideomotor apraxia, frontal lobe syndromes, 
and combination thereof. These are all disturbances that will signifi cantly affect 
their functional capacities and make them cognitively disabled in a broad sense. 
Single-strategic infarct dementia defi nes a clinical picture characterized by the 
abrupt onset of cognitive impairment and behavioral changes in relation to the 
occurrence of a single infarct in specifi c regions of the brain such as the thalamus, 
the caudate nucleus, the angular gyrus, and the genu of the internal capsule [ 15 ]. 
The clinical picture is that of a frontal lobe syndrome with inattention, apathy, and 
psychomotor retardation and has been interpreted as a thalamocortical disconnec-
tion syndrome [ 16 ]. 

 Small-vessel disease is today thought to be among the main causes of VCI. The 
question of whether structural damage related to small-vessel diseases has a causal 
role in cognitive defi cits has been the object of debate during the past years. The 
effect of lacunar infarcts on cognitive function is nowadays accepted. Lacunar 
infarcts are in fact associated with cognitive decline and dementia during follow-up, 
with number and location of infarcts thought to be the main determining factors [ 8 ]. 
For example, in one study, the presence of lacunes in the thalamus was associated 
with low scores on the Mini-Mental State Examination and poor compound scores 
for speed and motor control and executive functions; there was also a signifi cant 
negative association between the presence of lacunes in the putamen or pallidum 
and memory performance [ 17 ]. Silent infarcts, i.e., those not related to clinically 
obvious stroke and found incidentally on neuroimaging, CT, or MRI, are, by far, 
more frequent than those associated with stroke [ 8 ]. Also silent lacunar infarcts are 
associated with cognitive decline [ 18 ]. 

 White matter lesions were once thought to be a neuroimaging fi nding of unclear 
and even doubtful clinical signifi cance, but convincing evidence exists supporting 
the association between these lesions and cognitive impairment [ 19 ]. The evidence 
derives from both cross-sectional and longitudinal studies, and nowadays there 
should be little doubt about the role of white matter lesions in cognition.    White mat-
ter lesions are not associated with global cognitive decline unless other lesions are 
also present, but with specifi c cognitive defi cits such as psychomotor retardation; 
defi cits of attention, planning, and set shifting; and dysexecutive syndrome [ 20 ,  21 ]. 
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Severity of white matter lesions and their progression are also recognized as 
 important predictors of cognitive decline and dementia [ 22 ,  23 ]. The conclusion that 
lacunar infarcts and white matter lesions are an important substrate for cognitive 
impairment, based on neuroimaging studies, has also been confi rmed by a large 
pathological study evaluating 456 brains in which the presence of small-vessel dis-
ease was associated with a more than two-time increased risk of dementia at the age 
of 75 years [ 24 ]. 

 Microbleeds, another neuroimaging expression of small-vessel disease, are cur-
rently receiving attention as they might be an additional factor in determining cog-
nitive decline and dementia [ 25 ]. Cerebral microbleeds are increasingly detected in 
normal elderly populations, in all types of cerebrovascular disease, and are highly 
prevalent in both VCI and AD. Some studies in VCI, AD and normal individuals 
have shown a relationship between microbleeds and cognition, although their 
impact on cognitive function and the underlying mechanisms need to be further 
investigated [ 26 ]. 

 The full clinical picture associated with cerebral small-vessel disease not only is 
limited to cognitive impairment but also includes gait, mood, behavioral, and uri-
nary disturbances. The natural course is progressive, starting with mild and loosely 
associated disturbances and ending up with a fi nal stage, which might be character-
ized by cognitive impairment severe enough to impair functional status, and thus 
fulfi lling the criteria for dementia [ 8 ]. Disability has recently been demonstrated as 
one of the clinical correlates of white matter changes [ 27 ]. Moreover, gait might 
become very impaired with many patients almost unable to walk; mood might be 
depressed, with apathy; and urinary incontinence might be present [ 8 ]. It is however 
important to note that available evidence shows that the clinical and functional sta-
tus in subjects with the same grade of brain lesion burden, especially when dealing 
with white matter changes, may be variable, suggesting the presence of “hidden” 
factors in determining the fi nal clinical picture [ 28 ]. For example, it is known that 
some patients with similar visible small-vessel disease burden on conventional MRI 
have different clinical outcomes, hinting at the presence of additional, uncovered 
aspects that may contribute to symptoms and disturbances. The morphological 
alterations identifi ed on conventional neuroimaging might not be suffi cient to 
explain the clinical-functional phenotype which is frequently variable for typology 
and severity also in presence of overlapping neuroimaging fi ndings. Researchers are 
now dedicating their efforts in disentangling this aspect. Preliminary studies using 
advanced neuroimaging techniques such as magnetization transfer, diffusion, and 
spectroscopy have suggested the possibility to acquire more in-depth information 
about the microstructural tissue damage and underlying metabolic alterations and 
the association with the cognitive performances evaluating both white matter lesions 
revealed by conventional neuroimaging and normal-appearing white matter [ 29 ]. 
Such data need to be confi rmed by other studies taking into consideration the infl u-
ence of other frequently coexisting lesions such as lacunar infarcts and cortical atro-
phy. In fact, part of the variance in cognitive function and other clinical disturbances 
can be explained if multiple lesion types, rather than just white matter changes, are 
taken into account.  
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    Psychiatric Disturbances 

 Psychiatric disturbances, also referred to as behavioral and psychological  symptoms 
of dementia, are common in cognitive impairment and are nowadays recognized as 
important aspects that may infl uence the quality of life of both patients and their 
caregivers. These disturbances are associated with referral to specialist services and 
increased rate of institutionalization, thus contributing to the fi nancial costs of 
dementia [ 30 ]. 

 Psychiatric disturbances have received less attention than cognitive symptoms of 
dementia over the past years, as they were not always seen as manifestations of a 
brain disease requiring treatment, nor was there suffi cient awareness of treatment 
opportunities. The growing number of elderly people suffering from dementia 
worldwide and the awareness that this kind of disturbances are very frequent among 
demented patients, during the course of the disease, have then brought the research 
and medical community to address this issue as an essential step in the management 
of dementia. It is with these thoughts that in 1996, a consensus conference on the 
knowledge and implications for research and treatment of behavioral and psycho-
logical signs and symptoms of dementia was held [ 31 ]. 

 Behavioral and psychological signs and symptoms are defined as “signs and symp-
toms of disturbed perception, thought content, mood, or behaviour that frequently 
occur in patients with dementia” [ 31 ].    A way of classifying these disturbances is to 
distinguish the following: (1) symptoms usually and mainly assessed on the basis 
of interviews with patients and relatives, including anxiety, depressive mood, sleep 
disturbances, hallucinations, and delusions, and (2) symptoms usually identified on 
the basis of observation of patient behavior, including aggression, screaming, rest-
lessness, agitation, wandering, culturally inappropriate behaviors, sexual disinhibi-
tion, hoarding, cursing, and shadowing. Table  11.1  reports the range of the main 
behaviors that can be encountered in dementia. Signs and symptoms may cluster 
into syndromes [ 32 ]. Some authors suggest the presence of three clearly delineated 
subsyndromes/clusters: “mood/apathy” (including depression, apathy, sleep distur-
bances, and changes in appetite), “hyperactivity” (agitation, euphoria, irritability, 
disinhibition, and aberrant motor behavior), and “psychosis” (hallucinations and 

  Table 11.1    Behavioral and 
psychological signs and 
symptoms of dementia  

 Behavioral  Psychological 

 Agitation  Personality change 
 Aggression  Irritability 
 Aberrant motor behavior  Apathy 
 Wandering  Depression 
 Cursing  Anxiety 
 Screaming  Hallucinations 
 Hoarding  Delusions 
 Sexual disinhibition  Dysphoria 
 Shadowing 
 Disinhibition 
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delusions). Other authors have preferred to describe four subsyndromes:  “hyperactive 
 behaviors,” “psychosis,” “affective behaviors,” and “apathy” [ 32 ].

   Several studies have evaluated the prevalence of the neuropsychiatric symptoms 
of dementia. Depending on the method used, it has been estimated that they affect 
50–90 % of persons with dementia in the course of the disease [ 33 ]. The prevalence 
is higher when patients in nursing home or clinical settings are considered. The 
few available population-based studies have confirmed the high prevalence of these 
disturbances in community-dwelling patients with dementia. The first population-
based study was conducted in England in the 1980s and focused only on Alzheimer-
type dementia [ 34 – 37 ], finding mood disorders as the most frequent (around 60 % 
of patients). A US study (Cache County, Utah) estimated that 61 % of participants 
with dementia exhibited one or more of the symptoms, with apathy, depression, 
and agitation as the most common ones [ 38 ]. Finally, data from the Cardiovascular 
Health Study Cognition study [ 33 ] have confirmed that neuropsychiatric symp-
toms occur in the majority of persons with dementia over the course of the disease. 
Among participants with dementia, 62 % suffered from a clinically significant neu-
ropsychiatric symptom. There seems to be an association between the overall fre-
quency of psychiatric disturbances and dementia severity, so that the more advanced 
stages of the disease are characterized by more psychiatric disturbances [ 38 – 40 ], 
although the findings has not been confirmed in all studies [ 41 – 43 ]. 

 There is controversy about the possible relationship between neuropsychiatric 
disturbances and dementia subtypes. For example, some studies suggest that depres-
sion is specifi cally more common in VaD than in AD, while others disagree. Much 
of the literature available on neuropsychiatric disturbances relates to patients 
affected by AD, while for VaD, the available literature is rather small. In the 
Cardiovascular Health Study Cognition study [ 33 ], when comparing patients with 
AD to other types of dementia (mainly VaD), no differences were found in the fre-
quency of neuropsychiatric symptoms except for aberrant motor behavior, which 
was more frequent in AD patients. In the US Cache County study [ 38 ], only modest 
differences were observed in the prevalence of psychological or behavioral distur-
bances in different types of dementia or at different stages of illness: participants 
with AD were more likely to have delusions and less likely to have depression. 

 Other studies have analyzed the comparison between VaD and other dementia 
subtypes (mostly AD) in respect to neuropsychiatric disturbances. The main meth-
odological aspects and results of these studies are reported in Table  11.2 . From this 
overview, it is clear that no defi nitive conclusion can be derived from available data, 
as some studies point out that VaD and AD have an equal clinical picture, some 
indicate that psychiatric disturbances are more frequent in VaD than AD, and some 
the opposite. A few considerations can be made. Studies addressing this issue vary 
according to cohort of subjects assessed and to type of instruments used. One of the 
scales most commonly used to assess behavioral and psychological symptoms in 
dementia is the Neuropsychiatric Inventory (NPI) [ 50 ]. This scale measures the 
severity and frequency of 12 noncognitive symptoms of dementia: agitation/aggres-
sion, irritability, disinhibition, delusions, hallucinations, depression, anxiety, eupho-
ria, apathy, aberrant motor behavior, sleep disturbances, and changes in appetite and 
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eating behaviors. Another consideration relates to the relative small number of 
patients assessed, especially when VaD groups are considered. Overall VaD groups 
have never reached 100 patients.

   The main pitfall of these studies remains the fact that nearly all of them have con-
sidered VaD as a whole, thus not distinguishing the different pathogenetic subtypes. 
If the literature exploring neuropsychiatric disturbances in VaD is limited, even 
scarcer is thus that dealing with the different subtypes of VaD. Available data are 
based on few studies and suggest that neuropsychiatric disturbances have a different 
profile according to the subtype of vascular cognitive impairment. In this regard, 
data from the VantagE study have offered the opportunity to compare neuropsychi-
atric symptoms between small- and large-vessel VaD patients [ 51 ]. The VantagE 
study was a multicenter, phase III, prospective, randomized, double-blind, placebo-
controlled clinical trial of the effects of rivastigmine in patients with mild to moder-
ate VaD. At least one of the behavioral and psychological symptoms considered was 
reported in 92 % of the 484 enrolled patients. Apathy was the most prevalent (65 %), 
followed by depressive symptoms (45 %), irritability (42 %), and agitation/aggres-
sion (40 %). Apathy, aberrant motor behavior, and hallucinations were more fre-
quently reported by patients with small-vessel VaD when compared to patients with 
large-vessel VaD, while agitation, aggression, and euphoria were more common in 
large-vessel VaD. Another study, the Lund Longitudinal Dementia Study, aimed at 
investigating clinical features in 175 neuropathologically defined VaD subgroups, 
including pure small-vessel dementia, pure large-vessel dementia, and combined 
small-vessel dementia with AD pathology [ 52 ]. Neuropsychiatric disturbances were 
assessed retrospectively using the medical records. They were more frequent in the 
combined small-vessel dementia with AD pathology. Hallucinations and delusions 
turned out to be more prevalent in the large-vessel group compared to the small-
vessel one. None of the differences reached the level of statistical significance. 

 Aggressive behavior has been described as a possible and, if present, important 
clinical feature after hemispheric infarction in territories of the anterior, middle, or 
posterior cerebral arteries [ 53 ,  54 ]. 

 The few available data summarized above relate to dementia. Only few studies 
have addressed neuropsychiatric disturbances in the prodromal stages of VaD (vas-
cular MCI). In the Cardiovascular Health Study, this issue was addressed for the first 
time [ 33 ]. Neuropsychiatric symptoms were present in 43 % of MCI patients, and 
depression, apathy, and irritability resulted to be the most common. In the study by 
Chiu et al. [ 48 ] (Table  11.2 ), among the 157 patients globally affected by vascular 
cognitive impairment, 41 did not fulfil criteria of dementia and were thus considered 
as affected by MCI. These patients were compared to those affected by VaD or AD 
with vascular component. As expected, frequency and severity of disturbances were 
lower in the MCI group compared to the demented patients, but the overall frequency 
of neuropsychiatric symptoms did not differ among the three groups (nearly 90 %). 
In the MCI group, sleep disturbances, depression, and irritability were the most fre-
quent. In the Consortium to Investigate Vascular Impairment of Cognition (CIVIC) 
study, behavioral outcomes were compared among patients with vascular cognitive 
impairment (thus including MCI) to patients cognitively normal or affected by AD. 
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VCI, and each of its subtypes, including VaD, showed readily detectable clinical 
 evidence of disease progression, in terms of cognitive, functional, and behavioral 
performances. Progression was least in people with vascular MCI and greatest in 
those with VaD; people with mixed VaD/AD tended to have outcomes similar to 
those with AD. Depressive symptoms were both more common in VCI, and more 
likely to progress, than in AD, without significant differences in VCI subtype.   

    Conclusive Remarks 

 Neuropsychiatric manifestations are common in VCI. The many types of vascular 
brain changes responsible of the cognitive impairment and of the behavioral and 
psychological disturbances have been reported in the fi rst part of this chapter. 
Neuropsychiatric disturbances have been divided in cognitive impairment and psy-
chiatric symptoms. Although vascular lesions are related to executive dysfunction, 
the cognitive profi le in VCI is very variable depending on the characteristics of the 
subsiding brain lesions, such as number, size, and location. Moreover, the coexis-
tence of other brain pathological processes, mainly of the AD type, represents a 
major contributor of the fi nal clinical picture. 

 In addition to cognitive impairment, behavioral and psychological symptoms are 
also very common in VCI and are associated with worse prognosis, higher costs of 
care, earlier institutionalization, and increased caregiver burden. Some data point to 
the fact that these disturbances might be different according to dementia subtype 
although, up to now, no clear conclusion can be derived concerning this statement. 
While it is less problematic to understand the importance of the different neuroim-
aging or pathological substrates in the determination of cognitive decline, little is 
known about the structural correlates underpinning behavioral and psychological 
symptoms. A possible explanation could be that psychiatric disturbances depend on 
other determinants (genetic? environment?). For example, in a cohort of AD 
patients, no clear relation between behavioral and psychological profi le and medial 
temporal lobe atrophy or white matter changes burden could be demonstrated [ 55 ]. 

 Further studies are needed to better understand the exact impact of cerebral tis-
sue lesions, and the role of their distribution and their severity, on the occurrence of 
cognitive and psychiatric symptoms in VCI. This might require tools more specifi -
cally developed for the fi eld of cerebrovascular diseases.     
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    Abstract     Recent evidence suggests that psychiatric and/or psychological  factors 
could be independent risk factors for stroke. Some of these factors may act as stroke 
triggers producing short-term physiological changes that may directly lead to stroke 
onset. Most data is related to four distinct domains: (1)  depression and/or anxi-
ety and related syndromes, (2) personality and character traits, (3)  psychological 
stress, and (4) psychotropic medication. Some factors (e.g.,  depression) are closely 
related to stroke risk, and there is some evidence that  psychological stress could 
be an important risk factor. However, many studies have methodological limita-
tions (small sample size, lack of adjustment for stroke risk factors, or residual 
confounding) and lack of standardized defi nition and/or measurement. Data about 
stroke triggers is scarce but epidemiological studies suggest a triggering effect of 
acute or subacute life stress exposure. The potential pathophysiological ways by 
which psychiatric and/or psychological factors may promote stroke include a higher 
frequency of unhealthy behaviors and direct  biological effects on the cardiovascu-
lar system, notably through activation of the sympathetic nervous system. More 
research is still needed to improve measurement and to better investigate the impact 
of psychiatric and/or psychological  factors. The clarifi cation of pathophysiological 
mechanisms could help to consider preventive strategies.  

  Keywords     Stroke   •   Risk factor   •   Trigger   •   Depression   •   Psychological stress   •   Life 
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        Introduction 

 Over the past few decades, important progress has been made in our understanding 
of pathophysiological pathways responsible for stroke. The role of traditional risk 
factors (e.g., hypertension, diabetes, dyslipidemia) is now well established [ 1 ], and it 
has recently been shown that ten risk factors account for 90 % of the attributable risk 
of ischemic stroke [ 2 ]. In 1971, from a series of 32 stroke patients, Adler et al. [ 3 ] 
reported that “stroke typically occurred during a period of sustained or intermittent 
and often severe emotional disturbance which had been going on for weeks or months 
and which sometimes had become intensifi ed shortly before the stroke occurred.” 
More recently, results of several epidemiological studies have suggested that psychi-
atric and/or psychological factors could be independent risk factors for stroke [ 4 ]. 

 Compared to traditional risk factors, psychiatric and/or psychological factors 
have been far less investigated for many reasons, including a lack of awareness of 
the potential link, the lack of obvious preventive strategy, potentially smaller effects, 
and most importantly a lack of consensus on defi nition and/or measurement of the 
vast majority of these factors. For example, psychological stress is diffi cult to defi ne 
objectively as it encompasses several complex notions ranging from external stress-
ors, such as job stress, life events, and fi nancial problems, to potential reactions to 
stress such as depression, vital exhaustion, anxiety, and psychological distress [ 5 ]. 
Moreover, psychiatric and/or psychological factors are often considered as individ-
ual entities, although it is widely recognized that they tend to cluster. Thus, unless a 
range of potential psychiatric and psychological risk factors is examined concur-
rently, it is diffi cult to identify the independent contribution of each of them. 

 Likewise, it has been suggested that transient exposure to some factors or activi-
ties, better known as triggers, could also play a role in precipitating stroke [ 6 ,  7 ]. 
Although, several case-crossover studies have already demonstrated triggering 
effects of several psychiatric and/or psychological factors (e.g., life events, emo-
tional distress, anger, negative emotions) on myocardial infarction onset [ 8 ,  9 ], the 
role of these transient factors as potential stroke triggers is less well established [ 7 ]. 

 A better knowledge of psychological and/or psychiatric risk factors for cerebrovas-
cular disease may have therapeutic implications for stroke prevention, because some 
of these factors (e.g., depression) are treatable and may improve our knowledge in the 
pathophysiology of stroke. This chapter reviews the relationships between psychiatric 
and/or psychological risk factors or triggers and stroke, focusing on mood disorders, 
personality and character traits, psychological stress, and psychotropic medication.  

    Psychiatric and Psychological Risk Factors 

    Mood Disorders and Related Syndromes 

    Depression 

 Depression is a broad and highly prevalent psychiatric disorder in the general popu-
lation. The World Health Organization ranks depression as the fourth leading cause 
of disability worldwide [ 10 ]. In the United States, a survey showed that about 5 % of 
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adults experienced major depressive disorders in the prior 12 months and about 13 % 
a major depressive disorders during their lifetime [ 11 ]. Depression is twice as com-
mon in women as in men [ 12 ]. The consequences of depression are severe in terms 
of reduced well-being and quality of life [ 13 ]. Moreover, depression is associated 
with substantial impairment (e.g., social, work domains) [ 12 ,  14 ], comorbidity (e.g., 
anxiety, substance use) [ 12 ], poor health [ 15 ], and mortality mainly by suicide [ 16 ]. 

 Based on the  Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition  ( DSM-IV ) criteria [ 17 ], the diagnosis for major depressive episode requires 
a period of at least 2 weeks during which there is depressed mood and/or loss of 
interest or pleasure in nearly all activities and at least four additional symptoms 
(e.g., changes in appetite or weight, decreased energy) (Table  12.1 ). The symptoms 
must persist for most of the day, nearly every day, for at least 2 consecutive weeks 
and be accompanied by clinically signifi cant distress or impairment in social, occu-
pational, or other important areas of functioning [ 17 ]. The severity of the disorder is 
determined by both the number and severity of symptoms, as well as the degree of 
functional impairment [ 17 ].

   A strong body of evidence demonstrates the coexistence of depression in many 
chronic medical illnesses [ 18 ]. Onset of a disabling medical illness is, understand-
ably, a risk factor for a depressive episode in vulnerable persons. However, depres-
sion might also be a causal factor in different illnesses, such as ischemic heart 
disease and stroke [ 19 ,  20 ]. Several meta-analyses have shown that depression is 
associated with an increased risk of coronary heart disease [ 19 ,  21 ,  22 ]. Two further 
recent prospective studies have suggested that depressive symptoms are associated 
with an increased short-term risk of coronary heart disease and long-term risk of 
stroke [ 23 ,  24 ]. However, most of the studies that have assessed the association 
between depression and stroke have methodological limitations including small 
sample size, restriction to specifi c subgroups, lack of adjustment for stroke risk 

   Table 12.1    Diagnostic criteria for major depressive episode [ 10 ]   

 A. Five or more of the following symptoms during the same 2-week period with a change from 
previous functioning; at least one of the symptoms is either (1) depressed mood or (2) loss 
of interest or pleasure 

  1. Depressed mood 
  2. Markedly diminished interest or pleasure in all or almost all activities 
  3. Signifi cant weight loss or decrease or increase in appetite 
  4. Insomnia or hypersomnia 
  5. Psychomotor agitation or retardation 
  6. Loss of energy or fatigue 
  7. Feeling of worthlessness or excessive or inappropriate guilt 
  8. Diminished ability to think or concentrate or indecisiveness 
  9.  Recurrent thoughts of death, recurrent suicidal ideation without a specifi c plan, or a suicide 

attempt or a specifi c plan for committing suicide 
 B. The symptoms do not meet criteria for a mixed episode (i.e., major depressive episode and 

manic episode) 
 C. The symptoms cause clinically signifi cant distress or impairment in social, occupational, or 

other important areas of functioning 
 D. The symptoms are not due to the direct physiological effects of a substance (e.g., drug of 

abuse, medication) or a general medical condition 
 E. The symptoms are not better accounted for by bereavement 
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factors or residual confounding, and lack of standardized defi nition and/or measure-
ment of depression (Table  12.2 ) [ 24 ,  41 ,  43 – 45 ,  47 ,  50 ]. There is indeed a great 
heterogeneity across studies regarding assessment of depression (scales vs. inter-
views, different cutoff points for the same scale, the use of cutoff points vs. continu-
ous scores) (Table  12.2 ). Furthermore, the evidence linking depression to stroke is 
mainly confi ned to fi rst-ever stroke as post-stroke depression could not be easily 
differentiated clinically from endogenous depression [ 52 ,  53 ], Finally, in order to 
limit the risk of reverse causality (i.e., depression being the consequence rather than 
the cause of stroke), studies have generally been prospective, but in the absence of 
brain imaging at baseline, it cannot be excluded that undiagnosed strokes (e.g., 
silent stroke) may have caused depression (vascular depression hypothesis) [ 54 ]. 
Despite these potential limitations, two meta-analyses of prospective studies have 
recently shown that depressive symptoms at baseline are associated with a subse-
quent risk of stroke [ 25 ,  54 ]. Pan et al. [ 25 ] showed that depression increased the 
risk of any stroke (HR = 1.45; 95 % CI, 1.29–1.63) and fatal stroke (HR = 1.55; 
1.25–1.93) (meta-analysis including 317,540 individuals and 8,478 incident stroke 
events).

   Some evidence indicates that depression has both behavioral and direct patho-
physiological effects. Thus, depression can induce neuroendocrine dysregulations 
(e.g., sympathetic nervous system activation, dysregulation of the hypothalamic–
pituitary–adrenocortical axis) [ 55 ], hematologic (platelet aggregation dysfunction) 
[ 55 ] and immunological/infl ammation (C-reactive protein, interleukin-1, and inter-
leukin-6) effects [ 56 ,  57 ]. Depression has also been associated with hypertension 
and diabetes through increased adrenergic activity [ 58 – 60 ], related to poor health 
lifestyle, such as smoking [ 61 ], low physical activity [ 62 ], obesity [ 63 ], and reduced 
medication compliance, which themselves increase the risk of stroke. Depression is 
also associated with an elevated risk of cardiac arrhythmia [ 64 ]. Finally, antidepres-
sant medications may also increase the risk of stroke (see  section “Psychotropic 
Medication”) [ 65 ].  

    Depression-Related Syndromes 

 Psychological distress is a nonspecifi c term that encompasses sadness, frustration, 
anxiety, and a number of other negative mood states [ 66 ]. It also refers to symptoms 
of psychiatric disorders and normal emotional responses to adversity [ 66 ]. Only two 
studies, with confl icting results, have specifi cally investigated the role of psycho-
logical distress as a risk factor for stroke (Table  12.2 ) [ 35 ,  47 ]. Psychological dis-
tress was measured either with the General Health Questionnaire [ 67 ], or the Mental 
Heath Inventory [ 68 ], both comprising one or more items representing anxiety and 
depression but without distinguishing the specifi c nature of the distress [ 67 ]. Surtees 
et al. [ 47 ] found an association between psychological distress and stroke, whereas 
there was no association between major depressive disorder and stroke suggesting 
that psychological distress is a distinct entity from depression. This fi nding is also 
supported by a recent prospective study (6,576 healthy participants) showing an 

12 Psychological and Psychiatric Triggers and Risk Factors for Stroke



264

association between psychological distress and a combined cardiovascular outcome 
including stroke [ 69 ]. 

 Apart from psychological distress, there is also evidence that other depressive- 
related syndromes such as emotional well-being, or vital exhaustion, might be inde-
pendent risk factors for stroke. Although these factors have been considered as 
distinct entities from depression in several prospective studies, there is undoubtedly 
an overlap with depression. Emotional well-being has been investigated using the 
Center for Epidemiologic Study-Depression Scale [ 70 ]. Although this scale usually 
assessed the presence of depression, Ostir et al. [ 34 ] used it to explore negative and 
positive affects. Positive affect is not simply the lack of depressive symptoms as 
persons in a positive mood are more likely to engage in social relationships, to be 
optimistic about their future, to cope successfully with stressful situations, and to 
feel in control of their live [ 34 ]. Vital exhaustion is characterized by unusual fatigue, 
loss of energy, increased irritability, and feelings of demoralization [ 71 ]. This factor 
has been examined with the Maastricht Interview Vital Exhaustion Scale. Studies 
that assessed the association between emotional well-being or vital exhaustion and 
stroke are summarized in Table  12.3 .

       Anxiety and Related Disorders 

 Generalized anxiety is a chronic and impairing disorder defi ned in the DSM-IV as 
the association between excessive anxiety and worry, with diffi culties in controlling 
the worry, and at least three other symptoms (e.g., being easily fatigued, muscle 
tension) (Table  12.4 ) [ 17 ]. Although there is a high degree of overlap between anxi-
ety and depression symptoms, anxiety can be distinguished from depressive disor-
ders [ 76 ]. A few large-scale community studies have reported signifi cant association 
between anxiety disorders and cardiac events [ 77 – 79 ], whereas no study specifi -
cally assessed the association between anxiety disorders and stroke. However, three 
prospective studies examined the association between anxiety and/or depression 
and a combined cardiovascular outcome including stroke [ 75 ,  80 ,  81 ]. Two studies 
found a signifi cant association between anxiety and/or depression and incident car-
diovascular events [ 80 ,  81 ]. Rothenbacher et al. [ 80 ] have compared anxiety and 
depression alone versus jointly in predicting cardiovascular disease outcomes and 
showed an association with anxiety alone. It is however interesting to note that all 
patients included in these studies had a recent history of cardiac events (e.g., coro-
nary artery revascularization, angina pectoris, or congestive heart failure), suggest-
ing that anxiety disorders could be the consequence rather than the cause (i.e., 
reverse causal hypothesis) [ 82 ].

   A few studies have also investigated the association between panic disorders and 
stroke [ 83 – 85 ]. The diagnosis of panic disorder is based on recurrent unexpected 
panic attacks, which consist of sudden onset of intense fear or discomfort associated 
with at least four or more cognitive and somatic symptoms [ 17 ]. Weissman et al. 
[ 85 ] found that the risk of stroke was more than doubled among 60 individuals with 
panic disorder compared with 3,778 healthy individuals. Smoller et al. [ 84 ] showed 
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that women who had experienced panic attacks in the 6-month period before inter-
view had a threefold higher risk of heart attack or stroke during a 5-year follow-up 
period than those who did not experience such attacks. Finally, Chen et al. [ 83 ] 
found that one in six patients with panic disorder experienced a stroke during a 
3-year follow-up period corresponding to a twofold higher risk of stroke compared 
to people without panic disorder. 

 Individuals with anxiety disorders have impaired heart rate variability or 
increased sympathetic stimulation which could facilitate arrhythmias [ 86 ]. Anxiety 
could also induce behavioral effects since subjects with anxiety are prone to 
unhealthy lifestyle behaviors [ 87 ].  

    Other Psychiatric Disorders 

 Among other psychiatric disorders, schizophrenia has been associated with high 
medical morbidity or mortality rates [ 88 ]. Several prospective studies have shown 
an association between schizophrenia and mortality from cardiovascular diseases 
[ 89 ,  90 ], but little is known about the risk of stroke. In a retrospective study, 
Curkendall et al. [ 91 ] reported that people with schizophrenia were at a higher risk 
for stroke, but the most convincing evidence arises from two recent prospective 
studies [ 92 ,  93 ]. Lin et al. [ 92 ] showed that young schizophrenia patients have a 
twofold higher risk of stroke within 5 years of their hospitalization for acute exac-
erbation of schizophrenia as compared with a control group of patients hospitalized 
for an appendectomy (HR = 2.02, 1.53–2.54). Tsai et al. [ 93 ] have found that the 
likelihood of developing stroke was greater among patients with schizophrenia as 
compared with controls over a 5-year follow-up period (HR = 1.13,  1.06–1.22). 
These results are also supported by a large community retrospective cohort study 

   Table 12.4    Diagnostic criteria for generalized anxiety disorder   

 A. Excessive anxiety and worry (apprehensive expectation), occurring more days than not and 
for at least 6 months, about a number of events or activities (such as work or school 
performance) 

 B. The person fi nds it diffi cult to control the worry 
 C. The anxiety and worry are associated with three (or more) of the following six symptoms: 
  1. Restlessness of feeling keyed up or on edge 
  2. Being easily fatigued 
  3. Diffi culty concentrating or mind going blank 
  4. Irritability 
  5. Muscle tension 
  6. Sleep disturbance (diffi culty falling or staying asleep, or restless unsatisfying sleep) 
 D. The focus of the anxiety is not confi ned to features of an Axis I disorder 
 E. The anxiety, worry, or physical symptoms cause clinically signifi cant distress or impairment 

in social, occupational, or other important areas of functioning 
 F. The disturbance is not due to the direct physiological effects of a substance (e.g., drug 

abuse, medication) or general medical condition (e.g., hyperthyroidism) and does not occur 
exclusively during a mood disorder, a psychotic disorder, or a pervasive developmental 
disorder 

  Adapted from the  Diagnostic and Statistical Manual of Mental Disorders , 4th edition [ 17 ]  
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showing that people with severe mental illnesses (e.g., schizophrenia, psychoses) 
have an increased risk of death from stroke and coronary heart disease [ 94 ]. 
However, it is interesting to note that in most of these studies, traditional vascular 
risk factors were insuffi ciently considered as potential confounders. 

 Patients with schizophrenia have a high burden of risk factors, notably because 
of unhealthy lifestyle choices, lack of physical activity, poor compliance to drugs, 
inequity for the access to specialized medical care, and metabolic syndrome induced 
by antipsychotic drugs [ 88 ,  93 ,  95 – 97 ].   

    Personality and Character Traits 

 The fi rst description of the type A behavior [ 98 ] has raised further interest in the 
relationship between personality patterns or individuals character traits and cardio-
vascular diseases. 

    Anger 

 Anger is conceptualized in the literature in terms of the degree to which people have 
this emotion and the means by which they express it [ 99 ]. The predisposition for 
frequent, intense, long-lasting anger is a relatively enduring and stable personality 
attribute known as  trait anger . On the other hand, anger expression refers to how 
anger is managed, that is, whether it is expressed outwardly, held in, or controlled 
[ 99 ]. Spielberger et al. [ 99 ] consider that the opposite of expressing anger ( anger 
out ) was not its suppression ( anger in ) but its control ( anger control ).  Anger in  is 
defi ned as a tendency to experience angry affect and stay aroused, whereas  anger 
control  should be seen as a tendency to engage in calming activities that lower 
arousal and emotions [ 100 ]. 

 High levels of anger have been associated with cardiac diseases [ 101 ], whereas 
less is known about the relationship between anger and the risk of stroke. In most 
studies, anger was investigated with the Spielberger Anger Scale, a questionnaire 
that measures a trait rather than a state (i.e., the frequency at which a person out-
wardly expresses anger towards other persons or objects when provoked in daily 
life) [ 99 ].  Trait anger  has been modestly associated with an increased risk of stroke, 
especially with younger participants (<60 years) having nearly three times greater 
risk for ischemic stroke than those who reported having low  trait anger  (Table  12.5 ) 
[ 103 ]. Everson et al. [ 102 ] have found an association between high levels of  anger 
out  and incident stroke (Table  12.5 ). Moreover, in a subgroup of patients with preva-
lent coronary heart disease, those who were most prone to  anger out  had almost six 
times greater risk for stroke as compared to those who were less prone (Table  12.5 ). 
This fi nding was not replicated by Eng et al. [ 104 ] who found that moderate levels 
of  anger out  were protective against stroke (Table  12.5 ). Furthermore  anger in  [ 102 ] 
and  anger control  [ 40 ,  102 ] have not been associated with stroke (Table  12.5 ). To 
clarify the effects of anger on the risk of stroke, future studies should simultane-
ously assess different aspects of anger, including frequency, intensity, duration, 
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coping styles, and the potential for effect modifi cation by socioeconomic status 
should also be considered [ 104 ].

   Anger is associated with excessive sympathetic arousal and neuroendocrine acti-
vation, especially under conditions of stress, and in individuals who  experienced 
frequent episodes of anger [ 115 – 117 ]. In addition, these changes could also induce 
endothelial damages because of increased blood pressure and fl ow velocity in 
response to an exaggerated discharge of catecholamines [ 118 – 120 ]. Furthermore, 
catecholamines can increase platelet adhesion and aggregation [ 121 ], vascular lipid 
uptake [ 122 ], and activation of macrophages [ 123 ]. Persons who have high levels of 
anger may also be more likely to engage in unhealthy behaviors [ 103 ]. Finally, 
Anger may also trigger stroke [ 124 ], and this triggering hypothesis may be an 
important conceptual framework (see section “Psychiatric and Psychological 
Triggers”). Persons who have high levels of anger may also be more likely to engage 
in adverse health behaviors [ 103 ].  

    Type A Behavior/Hostility 

 Type A behavior is characterized by aggressiveness (or hostility), ambition, competi-
tiveness, time urgency, impatience, need for control, tenseness, behavioral alertness, and 
intense commitment to vocational goals [ 125 ]. This pattern has been associated with an 
increased risk of stroke in several studies [ 106 ,  110 ]; however, the association is not 
unequivocal and has cast doubt on the potential robustness of this pattern (Table  12.5 ) 
[ 105 ,  107 ,  109 ]. Suspecting that not all components of the type A behavior are patho-
genic, this pattern has been deconstructed and it is currently admitted that, rather than 
whole type A behavior characteristics, only some particular dimensions (e.g., hostility, 
time urgency) may increase the risk of cardiovascular diseases [ 126 ]. Hostility, a broad 
psychological construct that encompasses various traits, such as cynicism, anger, and 
aggression, has been examined as a risk factor for cardiovascular events, including 
stroke. Only two prospective studies found confl icting results (Table  12.5 ) [ 126 ,  127 ]. 
Regarding other type A behavior dimensions, tenseness and need for control have been 
signifi cantly associated with an elevated risk of stroke, whereas there was only a border-
line signifi cant increase with time urgency (Table  12.5 ) [ 40 ,  106 ,  108 ]. 

 Type A behavior is related to hyperlipidemia [ 128 ], high daytime catecholamines 
excretion [ 129 ] and activation of the autonomic nervous system and the hypotha-
lamic–pituitary axis and subsequent cardiovascular reactivity to stress [ 130 ], 
increased intima–media thickness [ 131 ], hypertension, vascular rigidity, and altera-
tion of vascular smooth muscle morphology [ 126 ,  132 ]. Type A behavior might also 
have adverse effects through adverse health behaviors [ 133 ].  

    Personality Disorders and Temperament 

 Individuals with personality disorders (e.g., paranoid, borderline, schizoid) are known to 
be vulnerable to other psychiatric disorders such as depression and anxiety [ 134 ], but 
little is known about the risk of physical illnesses, especially stroke. A cross-sectional 
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study has reported an association between any avoidant,  obsessive–compulsive, or 
 borderline personality disorders and stroke (Table  12.5 ) [ 113 ]. McCarron et al. [ 114 ] 
investigated the relationship between some personality disorders (e.g., obsessive, para-
noid, schizoid) in students and mortality (Table  12.5 ). Although the authors found that 
students with at least one personality disorders were almost twice as likely to die from 
stroke than healthy individuals, the association between each of these personality disor-
ders and stroke mortality did not reach statistical signifi cance (Table  12.5 ) [ 114 ]. By 
contrast, Stürmer et al. [ 40 ] did not fi nd any association between some personality traits 
(e.g., psychoticism, internal locus of control over disease) and stroke (Table  12.5 ). Two 
prospective studies examined the infl uence  of neuroticism or extraversion  on all-cause 
mortality and stroke mortality but neither  neuroticism  nor  extraversion  was related to the 
risk of stroke death (Table  12.5 ) [ 111 ,  112 ]. Finally, Nabi et al. [ 24 ] have found an asso-
ciation between  pessimism , defi ned as a general tendency to exhibit negative expectan-
cies about the future and health outcome, and the risk of stroke (Table  12.5 ).   

    Chronic Psychological Stress 

 In population surveys on knowledge of stroke risk factors, stress is one of the most 
frequently mentioned factors, often before smoking and hypertension [ 135 ]. Many 
stroke patients report that they have recently endured much “stress.” Whatever 
their own personal defi nition of this term, it is often connected to stressful life 
events. Psychological stress is often defi ned as an internal state of a person who 
perceives threats to his or her physical and psychological well-being [ 136 ]. 
However, in the absence of academic consensus on how stress should be defi ned 
and measured and of “gold standard” test [ 137 ], clinical studies have examined the 
relationship between psychological stress and stroke using various defi nitions and 
methods. 

   Psychological Stress 

 While awaiting the development of an accurate instrument, self-reported psycho-
logical stress has often been assessed in clinical studies by a single question 
defi ning “stress” as feeling tense, irritable or fi lled with anxiety, or as having 
sleeping diffi culties as a result of conditions at work or at home [ 5 ,  138 – 140 ]. 
Using such an approach, there is evidence that psychological stress contributes to 
vascular diseases [ 4 ,  141 ]. In the INTERHEART study, the subjective perception 
of psychological stress, measured by a single question in the past year, was a 
strong and independent predictor of myocardial infarction [ 5 ]. Several prospec-
tive studies have also shown that self-perceived psychological stress was an inde-
pendent risk factor for stroke [ 2 ,  138 ,  139 ,  141 ,  142 ] and stroke mortality 
(Table  12.6 ) [ 143 ]. However, these results were not replicated in two prospective 
studies (Table  12.6 ) [ 140 ,  144 ], and the use of a single question to assess 
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self-reported psychological stress has several limitations. First, this question-
combining measure of exposure, ability to cope with, and report psychological 
stress does not give insight into the subcomponents of psychological stress, and 
the association between self-perceived psychological stress and stroke may be 
confounded by psychological distress and emotional reactions (i.e., depression, 
anxiety, or sleep diffi culties) [ 139 ]. Second, the validity of self-reported psycho-
logical stress is also questionable as “stress” could refer to both physical and 
psychological stress and there is no information of how the study participants 
understood the “stress” question, even though it is believed that the majority 
would interpret it as referring to psychological and not physical stress [ 140 ]. 
Third, the effect of psychological stress on stroke could be altered by coping 
strategies used by subjects. Thus, psychological stress in individuals who do not 
feel in control could be more harmful than stress that is self-infl icted or of which 
the person feels in control [ 140 ]. Finally, since there were no follow-up investiga-
tions of psychological stress after baseline in most studies, we do not know any-
thing about the subjects’ “stress status” after baseline and repeated measurements 
of psychological stress over time are necessary to give more reliable estimates of 
the effects of chronic psychological stress [ 142 ].

      Work Stress 

 The job strain model of psychosocial work characteristics postulates that high psy-
chological demands in combination with low decision latitude will result in the 
highest strain on the individuals [ 156 ]. Several studies have shown that high strain 
jobs are associated with an increased risk of coronary heart disease [ 157 ,  158 ]. 
Evidence on work stress as a risk factor for stroke is limited, and results are confl ict-
ing (Table  12.6 ) [ 145 – 147 ,  149 ,  150 ,  158 ]. However, these confl icting results could 
partly be explained by differences in work stress measures (e.g., iso strain, job 
strain, job control), study populations, and study durations.  

   Chronic Life Stress 

 In most studies, life stress has been defi ned as the numerical accumulation of major 
life events [ 159 ]. This method offers a clear advantage compared to other stress 
measures, in that measurement of life events that are easily identifi able and mini-
mize the chance of subjective variation in responses [ 160 ]. In the INTERHEART 
study, exposure to major stressful life events in the past year was signifi cantly 
more frequent in cases than in controls [ 5 ]. Regarding stroke risk, there is no 
defi nite conclusion from epidemiological studies because of confl icting results. 
Some studies found an association between chronic life events exposure and 
stroke [ 110 ,  161 –  168 ], whereas others did not detect any association (Table  12.7 ) 
[ 144 ,  176 – 179 ].

12 Psychological and Psychiatric Triggers and Risk Factors for Stroke
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      Stress Adaptive Behavior 

 The effect of stress on the risk of stroke could be moderated by the coping possibili-
ties and strategies used by subjects [ 155 ]. Thus, another way to assess the effects of 
psychological stress is to analyze patients’ stress adaptive behavior. It can be specu-
lated that individuals who chronically fail to fi nd successful strategies in stressful 
situations are vulnerable to stress and thereby at higher risk of stroke. A large pro-
spective study has found that fast adaptation to social stress was associated with a 
reduced risk of stroke (Table  12.6 ) [ 155 ]. Likewise, another prospective study has 
showed that poor adaptation to stress, measured by a color–word test, was associ-
ated with a threefold increase in the risk of stroke (Table  12.6 ) [ 153 ]. Finally, 
Everson et al. [ 154 ] have provided convincing evidence that stress-induced blood 
pressure reactivity, refl ecting excessive sympathetic reactivity to stress, contributes 
to increased long-term risk of stroke (Table  12.6 ) [ 180 ,  181 ].  

   Other Type of Stress 

 Two single prospective studies have assessed the association between specifi c stressors 
and the risk of stroke (Table  12.6 ). Tanne    et al. [ 151 ] have showed an association 
between perceived family problems, and some indicators of family support and coping 
style, and an increased risk of fatal stroke. Based on the hypothesis that exposure to 
noise from traffi c activates the sympathetic and endocrine systems [ 182 ], Sørensen et al. 
[ 152 ] have found that road traffi c noise also was an independent predictor of stroke. 

 Activation of the hypothalamic–pituitary–adrenal axis and the autonomic nervous 
system through catecholamines release [ 183 ] could increase blood pressure and pulse 
rates [ 184 ], platelet aggregation and infl ammation [ 185 ], reduce insulin sensitivity 
[ 186 ,  187 ], and induce disturbances in hemostasis [ 188 ] and endothelial dysfunction 
[ 189 ]. Stressed subjects are also more likely than nonstressed subjects to have an 
adverse risk factor profi le [ 140 ]. Moreover, chronic stress may induce exaggerated 
elevation in blood pressure in response to acute stress (cardiovascular reactivity 
hypothesis), and this reactivity is known to contribute to carotid atherosclerosis and 
coronary artery disease [ 180 ,  181 ]. Finally, it has also been suggested that stress may 
induce coronary vasoconstriction in areas of atherosclerotic plaques after mental stress 
[ 190 ], favor progression of atherosclerotic changes [ 191 ], and intima–media thicken-
ing [ 192 ]. In animal models, it has been shown that sympathetic stimulation in reaction 
to stress could cause cerebral vasoconstriction and reduce cerebral blood fl ow [ 193 ].   

    Psychotropic Medication 

 Some psychiatric disorders, such as schizophrenia or depression, have been associ-
ated with an increased risk of stroke in several prospective and case-control studies 
[ 25 ,  80 ,  93 ]. However, the chronic use of psychotropic medications in these 
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conditions could also have deleterious effects and increase the risk of cardiovascular 
diseases. 

   Antipsychotic Drugs 

 A meta-analysis of placebo-controlled trials has shown a signifi cant increase in the 
risk of cerebrovascular events and a small but signifi cant increase in overall mortal-
ity [ 194 ], associated with the use of atypical antipsychotic drugs in demented 
patients [ 195 ]. These fi ndings are also supported by a recent systematic review 
including observational studies [ 97 ]. This systematic review has also shown that 
conventional antipsychotics seem to be associated with a higher risk compared to 
atypical antipsychotics [ 196 ], and the risk of stroke is not confi ned to patients with 
dementia [ 97 ]. Regarding the effects of antipsychotics in psychiatric populations, 
few studies are available. Jerrell and McIntyre [ 197 ] found no association between 
antipsychotic use and cerebrovascular disorders in a retrospective cohort study. This 
negative result was also supported by those of two retrospective studies conducted 
in children and adolecents [ 198 ], and in elderly psychiatric inpatients [ 199 ]. Only 
one study has suggested an increased risk of fatal stroke in patients with severe 
mental illnesses receiving antipsychotics [ 94 ]. 

 Potential pathophysiological mechanisms include immunohematologic changes 
(e.g., increased coagulation factors, homocysteine, abnormal phospholipid metabo-
lism), cardiovascular effects (e.g., enhancement of atrial fi brillation, orthostatic 
hypotension), infl ammatory disturbances (e.g., increase in interleukin-6, pro- 
infl ammatory cytokines), and underlying illnesses known to increase by themselves 
the risk of stroke (e.g., dementia, mental illness) [ 97 ].  

   Antidepressant Drugs 

 Selective serotonin reuptake inhibitors (SSRIs) are usually considered as the fi rst 
line therapy for depression, notably in elderly patients [ 200 ]. There is a growing 
number of case reports attributing cerebral bleeding events to SSRI use, although 
pathophysiological mechanisms are still unclear. Among studies (mostly case- 
control studies) that examined the association between SSRI use and the risk of 
hemorrhagic stroke [ 65 ,  201 – 207 ], only two have found a signifi cant association 
[ 65 ,  206 ]. However, the main unanswered question is whether the association 
between antidepressant use and cerebrovascular morbidity and mortality is truly 
related to drug exposure or to underlying differences in other vascular risk factors, 
including depression, among the exposed groups [ 65 ,  202 ,  204 ,  206 ]. The main 
potential pathophysiological hypothesis is that SSRIs block serotonin reuptake in 
platelets resulting in a depletion of platelet serotonin after several weeks of treat-
ment, thus increasing the risk of bleeding [ 208 ,  209 ]. 

 SSRIs use has also been associated with ischemic stroke [ 65 ,  201 ,  202 ,  206 ,  207 ]. 
SSRIs and serotonin/norepinephrine reuptake inhibitors appear to have effects on 
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cardiac conduction and negative inotropic effects [ 210 ], may increase C-reactive 
protein and serum cholesterol levels [ 211 ,  212 ], have vasoconstrictive effects on 
cerebral arteries (Call–Fleming syndrome), and have proserotonergic effects that 
increase platelet activation [ 213 ]. 

 A few studies found that tricyclic antidepressants was associated with an 
increased risk of cerebrovascular events [ 65 ], fatal stroke [ 206 ], and vascular events 
including stroke [ 214 ]. Potential mechanisms linking tricyclic antidepressant use 
and stroke include orthostatic hypotension, reduced heart rate variability, and QT 
interval prolongation [ 215 ].    

    Psychiatric and Psychological Triggers 

 Apart from traditional risk factors, it has been hypothesized and demonstrated that 
acute vascular events (e.g., myocardial infarction or stroke) could be triggered by 
exposure to transient factors such as heavy physical exertion, negative and positive 
emotions, and anger [ 7 ,  124 ,  216 ]. These acute factors, called triggers, correspond 
to activities that produce short-term physiological changes that may directly lead to 
the onset of acute vascular diseases [ 217 ]. The defi nition of a trigger is however 
rather vague. In particular no agreement exists on how long before the onset of an 
acute vascular event an activity can be considered as a trigger rather than a more 
traditional risk factor [ 7 ]. Some triggers may exert a single, sharp, and short tran-
sient effect on the pathophysiological process, whereas others may exert more var-
ied and pervasive effects, probably amplifying risk at multiple points and over a 
longer period [ 218 ]. Thus, the period of time associated with an increased risk, 
called hazard period, starts more or less quickly after trigger initiation, and its dura-
tion may vary according to the type of trigger [ 217 ]. The hazard period associated 
with an increased risk of acute event is defi ned as the average time that is relevant 
for the acute effect of the event. Thus, the hazard period onset and offset times may 
be sharply defi ned, as in heavy physical exertion, or less well defi ned, as with infec-
tion or life events [ 217 ]. Typically, trigger studies assessed activities in the period 
ranging from a few minutes to 24 h before the onset of stroke or, in some cases 
(e.g., infections), a few days or weeks before stroke onset [ 7 ]. The case-crossover 
design, in which participants are their own control, is currently the most powerful 
approach to study triggers avoiding some bias inherent to case-control studies [ 219 ], 
in particular selection bias and confounding effects [ 220 ]. However, even if this 
method is best suited to study triggers, identifi cation of the exact timing of factor 
exposure remains crucial (because of possible recall bias), and accurate data from 
interviews are needed to establish the exact time of onset of the event [ 221 ]. 

 Several case-crossover studies have already demonstrated triggering effects of 
various psychiatric and/or psychological factors (e.g., life events, emotional distress, 
anger, negative emotions) on myocardial infarction onset; [ 8 ,  9 ] however, the role of 
these transient factors as potential stroke triggers is still not well  established [ 7 ]. 
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    Acute and Subacute Life Stress 

 As opposed to chronic life stress and in accordance with trigger defi nition, we will 
only consider in this section studies that assessed life stressors that occurred 
within the month preceding stroke onset, although there is no consensus on the 
maximal hazard period duration to defi ne a trigger. Recent exposure to some pop-
ulation life stressors (e.g., earthquake or football match) has been signifi cantly 
associated with nonfatal or fatal stroke [ 169 ,  174 ], whereas one study assessing 
the short-term effects of 2001, September 11th terrorist attack found no signifi -
cant increased in ischemic stroke risk (Table  12.7 ) [ 172 ]. Literature on stressful 
life events and stroke is inconclusive as some studies have shown a positive asso-
ciation [ 159 ,  170 ,  171 ], whereas others have found no association (Table  12.7 ) 
[ 173 ]. In a recent case- crossover study, Guiraud et al. [ 159 ] have found an asso-
ciation between recent exposure to stressful life events (measured by the Interview 
for Recent Life Events [ 222 ]) and ischemic stroke onset. Stroke patients more 
often reported stressful life event exposures within hazard periods prior to stroke 
onset (fi rst week or month) than during respective control periods leading to a 
two- to threefold increase in the risk of ischemic stroke within the week or month 
following exposure (Fig.  12.1 ) [ 159 ]. The most prevalent stressful life event cat-
egories corresponded to “hard” negative events (e.g., bereavement, health prob-
lems); however, the risk of stroke was not higher when only considering major life 
events.

       Other Triggers 

 Other psychiatric and/or psychological stroke triggers have only been investi-
gated in very few studies. Using a case-crossover approach, Koton et al. [ 124 ] 
investigated the association between a recent exposure to seven physical and psy-
chological potential triggers and ischemic stroke. The short-term 2-h period rela-
tive risk estimates were signifi cantly elevated for exposure to negative emotions 
(OR = 14.0; 4.4–89.7), anger (OR = 14.0; 2.8–253.6), and sudden posture changes 
as response to a startling event (OR = 24.0; 5.1–428.9), while the odds ratio for 
exposure to positive emotions was increased but did not reach statistical signifi -
cance [ 124 ]. Likewise, Yoo et al. [ 223 ] found a signifi cant association between 
exposure to psychological distress within 3 days prior to stroke onset compared to 
ten control periods, and this excess of risk was signifi cantly greater for hemor-
rhagic than ischemic strokes. 

 In contrast to chronic stress, acute stress is easier to model and can be studied 
under laboratory conditions in both humans and animals. Psychological stress stim-
uli (e.g., complex mental task) have been reported as the best approximations to 
real-life stressors [ 183 ] and could induce through hypothalamic–pituitary–adrenal 
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axis and sympathetic nervous system activations (1) increase in blood pressure, 
pulse rate [ 154 ,  224 ], serum lipid level, haemostatic factors, blood viscosity 
[ 225 ,  226 ], platelet-secreted proteins, epinephrine, and norepinephrine [ 227 ]; 
(2) transient and prolonged endothelial dysfunction [ 189 ,  228 ]; and (3) cardiac wall 
motion abnormalities, fall in ejection fraction, left ventricular dysfunction, epicar-
dial coronary vasoconstriction in patients with coronary heart disease, and arrhythmias 
[ 224 ,  229 – 231 ].  
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  Fig. 12.1    Association between recent life event exposure and stroke risk (case-crossover study) 
( a ) Proportion of exposed patients within 6 months before stroke onset and ( b ) proportion of 
exposed patients within 4 weeks before stroke onset. †Comparison of the proportion of exposed 
patients across all periods (hazard and control). ‡Comparison of the proportion of exposed patients 
across periods control only (Adapted from Guiraud et al. [ 159 ])       
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    Psychotropic Medications 

 In line with previous reports showing an association between chronic use of psy-
chotropic medications and stroke, several studies have also investigated the trig-
gering effects of these medications. Several studies have suggested that elevation 
in stroke risk related to psychiatric drugs is time dependent, increasing soon after 
drug initiation and then declining to baseline levels after a few months [ 97 ]. Three 
studies, all using different methodological approaches (i.e., nested case-control 
study, self- controlled case series, case–case–time-control design), have found a 
signifi cant association between initiation of antipsychotic drugs (within the pre-
ceding week or month) and an increased risk of stroke [ 232 – 234 ]. Likewise, using 
a case-crossover design, Wu et al. [ 235 ] have shown that a recent antidepressant 
initiation (within the preceding 2 weeks) was associated with an elevated risk of 
stroke onset.   

    Conclusion 

 There is epidemiological and biological evidence suggesting that psychiatric 
and/or psychological factors, notably depression, may contribute to the patho-
genesis of stroke. However, the causality of the relationships remains unproven 
because of methodological limitations of existing studies, and diffi culties to 
have objective defi nition and measurement of psychological and psychiatric fac-
tors and to perform experimental studies. It remains also unknown whether ther-
apeutic interventions (drugs or behavioral approaches) could reduce the risk of 
stroke.     
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    Abstract     The “vascular depression” hypothesis postulates that cerebral ischaemic 
damage to frontal-subcortical circuits predisposes to and/or perpetuates depression in 
older people, but this concept has been criticized because community studies have failed 
to demonstrate a robust relationship between depression and vascular disease and 
because of the apparent inability to defi ne the clinical entity of “vascular depression.” 
However, evidence clearly demonstrates that depression has a bidirectional relationship 
with vascular disease (Thomas et al., J Affect Disord 79(1–3):81–95, 2004) and that 
there is an increase in late-life depression in MRI WMH, which are ischaemic lesions. 
The explanation for the differences in these fi ndings probably refl ects the insensitivity of 
(peripherally measured) conventional VRFs for actual ischaemic disease in the brain 
and the differences in samples, with the MRI and pathology studies assessing major 
depression in secondary care patients while the community studies sample milder cases 
of depression and one’s which may have a different aetiology. More recent evidence 
supports a defi nition of “vascular depression” focusing on a subgroup defi ned by the 
burden of WMH and indicates such a subgroup is both robust and clinically important 
in that it appears to predict poor response to treatment, persistence of depressive symp-
toms and of neurocognitive impairments, and worse longer-term outcomes.  

  Keywords     Depression   •   Late life   •   Vascular   •   Cerebrovascular disease   •   MRI   
•   White matter hyperintensities  

     The current development of ICD-11 and DSM-V has encouraged clinicians to think 
again about our diagnostic systems and to realize their limitations. Although the 
reliability of some of the major diagnoses appears good validity remains a major 
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concern and is likely to remain so while, necessarily, the vast majority of psychiatric 
diagnoses are symptom based. Research developments, especially in neuroimaging, 
raise the possibility that we may in some areas be able to move towards diagnoses 
based on a combination of clinically assessed symptoms and specifi c investigations, 
as has long been the case in the rest of medicine. One such potential diagnosis is 
vascular depression. 

    What Do We Mean by “Vascular Depression”? 

 The concept of vascular depression, proposed in the late 1990s, is now entering its 
diffi cult teenage years, causing diffi culty to proponents and opponents alike. The 
concept has provoked a large fl ow of research data, and as is usually the case with 
new ideas, fi ndings have appeared confl icting. However, the extent of disagreement 
is not as great as it may fi rst appear to be since differences refl ect different concepts 
of “vascular depression,” e.g., all depression in people over a certain age is “vascu-
lar” versus only a tightly defi ned subgroup of depression has a vascular basis, as well 
as the usual differences in sampling, case ascertainment, and methods of analysis. 
Some have argued against the validity of the construct itself (e.g., [ 1 ]). This skeptical 
position has largely been based on community studies of late-life depression which 
have not identifi ed an increase in clinically determined vascular risk factors (VRFs) 
[ 2 – 5 ]. This apparent absence of signifi cant vascular disease casts doubt on the impor-
tance of specifi c VRFs in the genesis of late-life depression. It is important to note, 
however, that the same cohorts followed prospectively have reported an association 
of depression with some VRFs [ 6 ,  7 ], suggesting a subtle contribution to depression 
in such community subjects may be due to vascular disease. A criticism of such stud-
ies is that the ratings of vascular disease are necessarily indirect (i.e., they not direct 
assessments of vascular disease in the brain) and crude, being based on one-off ques-
tionnaire assessments. Thus a real increase in vascular disease in depression may 
have been missed, and the identifi cation of such prospectively also suggests this 
might have been the case. However, it is important to note that studies of more 
severely ill depressed subjects from secondary care settings have also reported no 
differences in clinically assessed vascular risk factors or of increased vascular dis-
ease in older people with depression, and these subjects have had more detailed clini-
cian assessments face to face of vascular disease [ 8 ,  9 ]. Therefore considering all 
older people with depression together as a group, the evidence only suggests that 
vascular disease may be a contributing factor to depression and not one which can be 
used to assist in diagnosis or to delineate a “vascular depression” subgroup. 

 While community- and hospital-based studies of vascular risk factors have not 
produced robust evidence to support a broadly defi ned “vascular depression,” in 
which vascular risk factors make a discernible contribution across everyone with 
depression, there is nonetheless very strong evidence that cerebrovascular disease is 
increased in people with depression. It has long been recognized that depression has 
a bidirectional relationship with vascular disease [ 10 ]. Prospective studies of 
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vascular diseases have reported that previous major depression or depressive symp-
toms predict a two- to threefold increase in coronary heart disease (e.g., [ 11 ,  12 ]) and 
stroke disease (e.g., [ 13 ,  14 ]). And in older people with depression, there is a clear, 
large, and clinically important increase in brain white matter hyperintensities (WMH) 
on magnetic resonance imaging (MRI) [ 15 ]. This meta-analysis reported that this 
increase in WMH is present in WMH adjacent to the ventricular system (so-called 
periventricular lesions, PVH) and in WMH embedded within the white matter away 
from the ventricles (so-called deep white matter lesions, DWMH) and was more 
prominent in people whose fi rst episode of depression was in later-life, late-onset 
depression (LOD). Interestingly, the increase in WMH seems to occur independently 
of any association with VRFs [ 15 ]. This has been directly demonstrated in a large 
study matching depressed and control groups for VRFs [ 16 ], thereby indicating that 
clinically determined VRFs are not a sensitive measure of the presence of cerebro-
vascular disease. A post-mortem study examining the pathology of WMH in people 
with depression reported that all DWMH in depression were due to cerebrovascular 
disease as the lesions all exhibited evidence of ischaemic tissue damage [ 17 ,  18 ]. 
While DWMH were frequently ischaemic in age-matched control subjects, not all 
were and there was a signifi cant increase in ischaemic lesions in depression. In con-
trast PVH were largely not ischaemic and appeared to be due to leakage of cerebro-
spinal fl uid throughout disrupted ependyma in both depressed and control subjects 
[ 19 ]. Importantly PVH which penetrated deeper into the white matter were due to 
cerebrovascular disease, and a distinction between such lesions and narrower lesions 
abutting the ventricles is not always made; the latter are unlikely to be ischaemic 
while the former are likely to be. Thus not only are WMH increased in older people 
with depression, but such lesions, at least DWMH and large PVH, are clearly isch-
aemic, and the likelihood of such lesions being clearly due to cerebrovascular disease 
is greater in people with depression. This increased burden of WMH in late-life 
depression provides direct evidence for “vascular depression,” and the presence of 
these ischaemic WMH did not correlate with the presence of VRFs, again indicating 
VRFs are not a good way of assessing the impact of vascular disease on the brain. 
One reason for this discrepancy between WMH/cerebrovascular disease burden and 
clinical measures of VRFs is that drops in blood pressure and orthostatic hypotension 
(OH) are factors contributing to the development of WMH, but these are not assessed 
in these depression studies as VRFs since the VRF assessments are based on the 
standard assessments for stroke disease [ 20 ] which do not include OH. And drops in 
blood pressure and OH have been shown to be increased in older people with depres-
sion [ 8 ,  9 ] and to be associated with WMH [ 21 ]. 

 Furthermore the effect sizes for the increase in WMH in the meta-analysis [ 15 ] 
were moderate to large, ranging from 0.39 to 0.9. Such effect sizes suggest these 
WMH are likely to be clinically important and other evidence supports this. Prospective 
studies now demonstrate that the baseline burden of WMH predicts the development 
of depressive symptoms at 1 and 3 years [ 22 – 24 ], worsening of depressive symptoms 
at 4 years [ 25 ], and new depressive episodes at 3 years [ 23 ] and 4 years [ 26 ]. 
Neurocognitive impairments in depression are now known to have a specifi c pattern 
consisting of defi cits in information processing, memory, and executive function, 
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and such defi cits persist even beyond clinical symptom recovery for at least 4 years 
[ 27 ]. The burden of WMH in depression has long been known to be associated with 
such neurocognitive impairments (e.g., [ 28 ]), and using MRI the specifi c location of 
WMH has been related to these neurocognitive impairments [ 16 ]. A prospective study 
reported that baseline WMH alone (not dysfunction in the hypothalamic pituitary 
adrenal axis or cerebral atrophy or clinical measures of depression) predicted persis-
tent global cognitive impairment and executive and memory impairments at 18 
months [ 29 ]. WMH are also associated with increased treatment resistance [ 30 ], lower 
remission rates at 2 years [ 31 ], higher relapse rates [ 32 ], and poorer global outcomes 
[ 33 ]. The increase in ischaemic WMH in late-life depression provides direct evidence 
for a role of cerebral ischaemia, and this is further strengthened by reports from diffu-
sion tensor imaging studies of increased diffusivity in late-life depression [ 34 ], which 
is a further indicator of the presence of white matter tract disruption due to cerebral 
ischaemia. This increased diffusivity occurs in areas without WMH, suggesting a 
more widespread impact of cerebrovascular disease than that identifi ed by MRI 
WMH, and this is further supported by neuropathology reports of increased cell adhe-
sion molecule expression in the dorsolateral prefrontal cortex (DLPFC), showing vas-
cular changes in frontal grey as well as white matter [ 35 ]. Consistent with the negative 
impact of WMH on treatment outcomes, increased diffusivity in the white matter has 
also been reported to be associated with reduced remission rates to antidepressants 
[ 36 ,  37 ]. It was the evidence from prospective studies of an increase in stroke and 
coronary heart disease in people initially free of these diseases many years after 
depression, the possible increase in vascular risk factors in people with depression, 
and the increase in WMH in depression that provided the initial evidence that led to 
and provided subsequent support for the “vascular depression” hypothesis [ 38 ]. This 
postulated that cerebral ischaemic damage to frontal-subcortical circuits predisposes 
to and/or perpetuates depression in older people. While in the years since this pro-
posal the evidence of an increase in clinical vascular risk factors has been contentious 
(as reviewed above) and is likely if present to be weak in its effect, the evidence from 
direct studies of the brain (MRI WMH and neuropathology studies) has become much 
stronger, and it is clear that cerebrovascular disease is increased in older people with 
depression. Thus it appears there is a relationship between depression in older people 
and vascular disease, especially cerebrovascular disease, but one which is best identi-
fi ed in secondary care samples with late-life major depression, a much more homoge-
neous group with severe depression, and using direct measures of cerebral ischaemia 
(i.e., post-mortem evidence of cerebral ischaemia and in vivo evidence of an increase 
in cerebral WMH). 

 The explanation for these discrepant fi ndings between community studies and 
imaging and pathology studies in largely secondary care settings probably refl ects 
the insensitivity of (peripherally measured) conventional VRFs for actual ischaemic 
disease in the brain and the differences in samples, with the MRI and pathology 
studies assessing major depression in secondary care patients while the community 
studies sample milder cases of depression and one’s which may have a different 
aetiology. It is therefore best to conceive the “vascular depression” model as one 
which postulates that cerebrovascular disease is an important aetiological factor in 
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late-life depression but likely to be an important one in only a proportion of such 
people, or to put it negatively, evidence does not support viewing vascular disease 
as a unifying mechanism for all people with late-life depression or even for late-life 
major depression. Estimates of the proportion of people with late-life major depres-
sion where vascular disease is important indicate this is likely to be the case in about 
50 % [ 39 ], and this delineation was based on utilizing evidence of signifi cant WMH 
on MRI rather than VRFs. Two intervention studies using the calcium channel 
blocker nimodipine have also provided encouraging results [ 40 ,  41 ], suggesting the 
“vascular depression” model may provide a way of developing new treatment 
approaches in late-life depression and such approaches are likely to target people 
with WMH who are those who generally have poorer responses and outcomes with 
current treatments. 

 Is it possible to delineate a subgroup of “vascular depression”? As historically in 
medicine diagnoses are best developed by clinicians assessing people within health 
services. Recent research has built on this growing evidence that a “vascular depres-
sion” subgroup might be delineated within those with late-life major depression by 
examining using MRI for evidence of signifi cant WMH. Sneed and colleagues [ 39 ] 
reported that using a Fazekas rating cutoff score of 2 on DWMH distinguished a vas-
cular depression from a nonvascular group with 100 % sensitivity across two large 
clinician-assessed studies. Diagnosing “vascular depression” as major depression in 
those over 60 who have signifi cant DWMH has further support from the earlier work 
summarized above on WMH which demonstrates such a construct also has good pre-
dictive validity: late-life major depression with signifi cant DWMH predicts persistence 
of clinical symptoms, poorer treatment response, poorer longer- term outcomes, and 
persistence of neurocognitive impairment. Thus utilizing WMH burden in defi ning a 
vascular depression subgroup could potentially defi ne a subgroup prone to chronic 
depression, increased treatment resistance, and higher relapse rates and having more 
severe neurocognitive impairments. For clinicians, whether and how “vascular depres-
sion” can be defi ned may currently seem to remain an academic issue, but it is impor-
tant to recognize robust evidence for the negative impact of WMH on depression, and 
this should encourage a more vigorous treatment approach when such lesions are iden-
tifi ed. For researchers, it is important in future studies to utilize MRI in the diagnostic 
process to establish if using a Fazekas rating of the burden of WMH can indeed distin-
guish a “vascular depression” subgroup and to assess differences prospectively and in 
outcomes of such a subgroup compared with other nonvascular late-life depression.     
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    Abstract     Bipolar disorder has been strongly associated with cardiovascular dis-
ease although the relationship between the two conditions is complex with regard to 
directionality and mechanisms. The defi ning syndromes of bipolar disorder, mania 
and hypomania, can occur following stroke, including in individuals who are seem-
ingly otherwise not at risk based on age, family history, and past psychiatric history. 
This has led many experts to conclude that bipolar disorder may occur secondary to 
stroke. Individuals with idiopathic forms of bipolar disorder further face a consider-
ably increased risk for cerebrovascular mortality and stroke. This elevation in risk is 
large and estimated to be approximately twice that expected from general popula-
tion estimates for both cerebrovascular mortality and events. There exist a variety of 
mechanisms that may link bipolar disorder with cerebrovascular disease, and some 
risk factors may predispose vulnerable individuals to both conditions. These mecha-
nisms include–though are not limited to–infl ammation, oxidative stress/mitochon-
drial dysfunction, abnormalities in the hypothalamic-pituitary-adrenal axis, and 
sleep disorders. Clinicians should be mindful of the potential for stroke to induce 
mania and recognize that individuals with bipolar disorder are at special risk for 
vascular disease, a risk that early and assertive clinical intervention may potentially 
mitigate.  
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        Introduction 

 Mania, the defi ning syndrome of bipolar disorder, is a well-described phenomenon 
after stroke [ 1 ], but the relationship between cerebrovascular disease and bipolar 
disorder extends beyond new-onset mania secondary to cerebrovascular infarction. 
There is also an established link between cerebrovascular disease and “idiopathic” 
bipolar disorder (BD), the nature of which remains to be elucidated. Diverse lines of 
evidence have affi rmed this link, and a variety of mechanisms have been proposed. 
Much of the literature focuses on vascular disease in general, rather than cerebro-
vascular disease specifi cally, but cerebrovascular disease is a manifestation of vas-
cular disease, and disease in other vascular beds strongly predicts cerebrovascular 
disease. 

 Samples of persons with BD have consistently demonstrated considerable excess 
mortality, in part due to excess vascular and cerebrovascular disease [ 2 ]. In recent 
large-scale, population-based epidemiologic studies, the standardized mortality 
ratio for cardiovascular deaths in BD has ranged from 1.6 to 3.0 and approximately 
2 overall [ 3 ]. Thus, individuals with BD die from cardiovascular disease approxi-
mately twice as often as expected based on age and gender. Fewer studies have 
reported specifi cally on cerebrovascular disease, for which overlapping risk factors 
exist. Osby et al. assessed mortality in all patients with a hospital diagnosis of bipo-
lar disorder between 1973 and 1995 in Sweden ( N  = 15,386) and found similar ele-
vations in cerebrovascular mortality [ 4 ]. In their analysis, a hospital diagnosis of 
bipolar disorder nearly doubled the risk of cerebrovascular mortality, with standard-
ized mortality ratios of 1.9 for men and 2.0 for women. The standardized mortality 
ratios for cerebrovascular disease were further notably higher for those with bipolar 
disorder relative to those with unipolar major depressive disorder (MDD). 
Figure  14.1  displays the standardized mortality ratios for cerebrovascular disease 
and their 95 % confi dence intervals by gender and diagnosis. A similar increased 
risk for stroke was seen with national data from Taiwan in which 69 of 2,289 indi-
viduals hospitalized for BD experienced a stroke by 6-year follow-up. Those with 
bipolar disorder were twice as likely as controls who had been hospitalized for 
appendectomy to experience a stroke, even after controlling for hypertension, dia-
betes mellitus, hyperlipidemia, and alcohol and drug dependence, though smoking 
data was not available [ 5 ]. A sample of 2,007 individuals with bipolar disorder in 
Denmark, however, failed to confi rm this fi nding, though had less power with only 
26 strokes observed during follow-up [ 6 ].

   Consistent with this increased risk of vascular events and mortality, individuals 
with BD have a higher prevalence of traditional risk factors for vascular disease than 
the general population. More persons with BD smoke than individuals in the 
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general population or with other psychiatric illnesses [ 7 ]. BD patients also eat less 
healthy diets and exercise less [ 8 ]. Medications used for the treatment of BD, espe-
cially second-generation antipsychotics, can cause metabolic syndrome, a major 
risk factor for vascular disease; patients treated for BD with second-generation anti-
psychotics show higher rates of metabolic syndrome than those treated with lithium 
or antiepileptic mood stabilizers [ 9 ]. On top of these risk factors, people with BD 
receive less care for medical problems than people without major psychiatric ill-
nesses, so diseases like hypertension and diabetes mellitus may have more opportu-
nity to progress to vascular disease due to lack of appropriate treatment [ 10 ]. 

 Although lifestyle factors and medications may contribute to higher rates of 
vascular disease in BD, they do not fully account for the relationship, corroborat-
ing the idea of an underlying pathophysiologic connection beyond these biobe-
havioral mediators. Individuals with schizophrenia show similar patterns of 
unhealthy lifestyle factors and psychotropic medication use, yet their vascular 
disease burden, while higher than the general population, fell below that of people 
with BD in one study [ 11 ], but not another in which those with bipolar disorder 
were less symptomatic and higher functioning [ 12 ]. The link between excessive 
vascular disease burden and BD existed long before the development of psycho-
tropic medications; studies dating back to the 1920s document increased rates of 
cardiovascular disease in patients with BD, both compared to the general popula-
tion and to patients with schizophrenia [ 3 ]. Despite the risk of metabolic syn-
drome associated with some psychotropic medications, patients with treated BD 
actually experience  lower  rates of vascular disease than individuals whose BD 
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  Fig. 14.1    Standardized mortality ratios for mortality due to cerebrovascular disease in bipolar 
disorder and unipolar depression. Individuals with bipolar disorder are twice as likely to die of 
cerebrovascular disease as expected from general population estimates and even more likely to die 
than individuals with unipolar major depression. This data comes from a large cohort of 15,386 
individuals with bipolar disorder and 39,182 individuals with major depression from a Swedish 
inpatient registry. A total of 873 deaths secondary to cerebrovascular disease were observed 
(Figure is adapted from tabular data presented in Osby et al. [ 4 ])       
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goes untreated [ 13 ]; in particular, individuals treated with lithium for BD do not 
show higher mortality from vascular causes than the general population though 
this may refl ect a healthy users bias [ 14 ,  15 ]. Among older adults with BD, the 
severity of cerebrovascular risk factors is not associated with duration of BD; in 
this population, individuals with later-onset BD actually have more cerebrovascu-
lar risk factors than those whose fi rst manic episode occurred earlier in life [ 16 ], 
possibly due to greater representation of cases with BD secondary to cerebrovas-
cular disease. 

 While BD and vascular disease share a clear association, its direction remains 
unknown. Three possible and potentially overlapping relationships include: vascu-
lar disease causes BD, BD causes vascular disease, or a third factor causes both. 
Figure  14.2  depicts these three potential relationships. The following sections 
review the evidence to support each of these potential causal pathways.    

1. Vascular disease causes bipolar disorder

2. Bipolar disorder leads to vascular disease

3. Shared predisposing factor

Bipolar
disorder

Vascular
disease

Bipolar
disorder

Vascular
disease

Vascular
disease

Bipolar
disorder

X?

  Fig. 14.2    Possible 
relationships between 
vascular disease and bipolar 
disorder. The following 
diagram illustrates the 
potential relationship 
between bipolar disorder and 
vascular disease. These 
potential relationships are not 
mutually exclusive, and the 
evidence supporting these 
relationships is highlighted in 
the chapter       
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    Does Cerebrovascular Disease Cause BD? 

 It is well-known that stroke can cause mania. The occurrence is uncommon enough, 
however, that precise prevalence estimates are lacking, though poststroke mania has 
been associated with right orbital frontal, basitemporal, basal ganglia, and thalamic 
lesions [ 17 ]. The clinical features do not appear to distinguish mania secondary to 
stroke from idiopathic mania [ 18 ]. New-onset mania and hypomania have been 
observed in the broader setting of cerebrovascular and systemic vascular disease. 
Steffens and Krishnan even postulated the existence of a distinct subtype of bipolar 
disorder which they termed vascular mania [ 19 ]. Table  14.1  outlines their proposed 
criteria to distinguish such vascular mania [ 19 ,  20 ]. While the clinical nosology has 
yet to establish a vascular subtype of BD, the evidence is substantial enough to war-
rant investigation into the role of cerebrovascular disease as a cause of bipolar dis-
order. In fact, signifi cant data favors the hypothesis that vascular disease plays a 
broader role in bipolar disorder in general, not just the vascular mania subtype pos-
ited by Steffens and Krishnan.

 Case 1 
 A 71-year-old retired male was admitted to psychiatry after being brought in 
by his wife for diffi cult to manage behaviors. She complains he has been talk-
ing too much, being excessively friendly with strangers in shopping centers, 
and has been sleeping only a few hours per night. He reported hearing the 
voice of Jesus telling him that he would be the only person to never die. He 
has become increasingly preoccupied with the belief that several biblical pas-
sages refer specifi cally to him. His wife noted that his increased energy, 
decreased need for sleep, and increased talking fi rst developed approximately 
6 months earlier. Over the last several weeks, he has encountered social dif-
fi culties related to his inability to refrain from talking about his religious 
beliefs or other ideas and has even been escorted out of a shopping center by 
security. His past psychiatric history was signifi cant for the development of a 
late-onset (in his mid- to late 60’s) anxiety disorder for which he briefl y 
received treatment with a serotonin reuptake inhibitor approximately 3 years 
ago, which resulted in only mild functional impairment. He has a remote his-
tory of heavy drinking but no recent alcohol or drug use. His family psychiat-
ric history was signifi cant only for alcoholism in second-degree relatives. He 
had a history of coronary artery disease with myocardial infarction. He takes 
medications for hypertension and hyperlipidemia, although blood pressure 
and low-density lipoprotein cholesterol are above the target range for some-
one with a history of heart disease. His body mass index is 31 kg/m 2 . Magnetic 
resonance imaging (MRI) for evaluation of new-onset mania revealed two old 
cerebellar infarcts in the left inferior and right central cerebellum. 
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   Brain MRI studies in BD have robustly demonstrated an increased prevalence of 
white matter hyperintensities (WMH), which consist of periventricular or deep 
white matter areas of hyperintense T2 signal [ 21 ]. An example of these WMH and 
semiquantitative ratings thereof in mood disorders is illustrated in Fig.  14.3  from 
Takahashi et al. [ 22 ]. WMH occur signifi cantly more frequently in BD than in the 
general population, with a prevalence of 2.5 times that of healthy controls; a recent 
meta-analysis found numerically more WMH in BD than in MDD or schizophrenia, 
but this fi nding did not reach statistical signifi cance [ 21 ]. The signifi cant majority of 
studies exploring WMH have found a strong association with BD; the few negative 
studies tended to have methodologic differences (such as thicker MRI slices, smaller 
sample size, and more simplifi ed rating systems) that could impact their ability to 
detect the association [ 23 ,  24 ].

   Some authors have proposed that the WMH in BD may not be ischemic, but 
rather due to some other pathology, such as impaired myelination/loss of glial cells, 
developmental abnormalities, infl ammation, demyelination, or edema [ 23 ,  25 ]. The 
bulk of the evidence points to an ischemic etiology for the WMH in BD. Certainly, 
in the general elderly population, the vast majority of WMH represent ischemic 
cerebrovascular disease [ 26 ]; however, WMH in BD occur even in young individu-
als without signifi cant risk factors for vascular disease, to whom evidence from 
elderly patients with vasculopathy does not necessarily generalize. Similar T2 
WMH have been described in MDD; in a postmortem study of elderly patients with 
MDD, the WMH were found to be 100 % ischemic in nature [ 27 ]. WMH in BD are 
associated with abnormal brain glucose metabolism, which may indicate a patho-
physiology similar to that of the ischemic WMH seen in diabetes mellitus [ 28 ]. 

   Table 14.1    Stephens and Krishnan criteria for vascular mania   

 Specify vascular subtype (can be applied to the current or most recent manic episode in bipolar 
disorder) if A and either B1 or B2 or B3: 

 A.  Mania occurring in the context of clinical and/or neuroimaging evidence of cerebrovascular 
disease or neuropsychological impairment 

 B1.  Clinical manifestations may include history of stroke or transient ischemic attacks or focal 
neurologic signs or symptoms (e.g., exaggeration of deep tendon refl exes, extensor plantar 
response, pseudobulbar palsy, gait disturbance, weakness of an extremity) 

 B2.  Neuroimaging fi ndings may include white or gray matter hyperintensities (Fazekas et al. 
criteria >2 or lesion >5 mm in diameter and irregular in shape) [ 20 ], confl uent white matter 
lesions, or cortical or subcortical infarcts 

 B3.  Cognitive impairment manifested by disturbance of executive function (e.g., planning, 
organizing, sequencing, abstracting), memory, or speed of processing of information 

 The diagnosis is supported by the following features: 
 1.   Mania onset after 50 years of age or change in the course of mood disorder after the onset of 

vascular disease in patients with onset before 50 years of age 
 2.  Lack of family history or mood disorders 
 3.  Marked disability in instrumental or self-maintenance activities of daily living 

  Adapted from Steffens and Krishnan [ 19 ] 
 The above criteria have been proposed to delineate vascular mania from other or idiopathic forms 
of mania  
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Some data suggests the possibility of an overlap between the pathophysiology of the 
stroke syndrome of cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) and the WMH in BD: on MRI, the 
WMH in BD resemble the WMH seen in CADASIL, and in vitro and animal studies 
indicate that valproic acid may ameliorate abnormalities in the NOTCH signaling 
pathway implicated as causative in CADASIL [ 23 ,  29 ]; however, the NOTCH3 
gene itself has not been associated with BD [ 30 ]. The neuropsychiatric manifesta-
tions of CADASIL are detailed in Chap.   11    . 

 WMH may potentially play a causative role in the development of BD, rather than 
representing an incidental fi nding or a downstream event caused by BD. The devel-
opment of WMH may precede the onset of mood symptoms, as WMH have been 
found in childhood-onset BD [ 31 ,  32 ], though one small sample with new- onset psy-
chosis and bipolar disorder did not fi nd greater WMH [ 33 ]. WMH occur primarily in 
brain regions believed to be etiologically involved in the pathophysiology of BD; a 
coincidental fi nding or one induced by some disease-related factor might be expected 
to randomly distribute throughout the brain, rather than clustering in these locations. 
WMH in BD may occur more frequently in the frontal lobes and/or the frontoparietal 
junction than in other brain regions, and individuals with BD may also have higher 
rates of similar T2 hyperintensities in the basal ganglia gray matter; these lesions 
could disrupt frontal-striatal pathways involved in BD [ 21 ,  31 ,  34 ]. Brain regions 
implicated in BD include the prefrontal cortex, anterior cingulate cortex, medial tem-
poral lobes, basal ganglia, thalamus, and the connections between these regions 
[ 35 –  37 ]. In addition to the WMH, other changes associated with increased risk for 
vascular disease (discussed below) may preferentially occur in these regions. 

  Fig. 14.3    Possible relationships between vascular disease and bipolar disorder. The following 
image illustrates Fazekas ratings for the WMH commonly reported in bipolar disorder. Grade 1 
deep white matter hyperintensity ratings can be seen in  C  and  D . Grade 2 ratings are represented 
in  B  and  E . Grade 3 is illustrated in  A  and  F  (Reprinted from Takahashi et al. [ 22 , p. 445], Copyright 
(2007), with permission from Elsevier)       
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 The presence of WMH may indicate a more severe course of illness in BD. 
Patients with higher amounts of WMH in deep white matter have more frequent 
hospitalizations for BD and more intractable illness in spite of adequate treatment; 
individuals with BD who have attempted suicide display more periventricular 
WMH than those without a history of suicide attempts [ 28 ,  38 ,  39 ]. Among indi-
viduals with BD, those who have vascular risk factors such as diabetes mellitus, 
obesity, and/or metabolic syndrome may experience a more severe course of illness, 
as manifested by more suicide attempts, faster relapses, more hospitalizations, and 
more mood episodes [ 40 – 43 ]. 

 In addition to the WMH, other fi ndings also bolster the possibility that vascular 
disease could lead to the development of BD. Lithium, long established as the 
gold standard for BD treatment of BD, may protect against brain damage during 
cerebral ischemia. In animal models of stroke, lithium treatment—whether prior 
to ischemia or after ischemia—may decrease infarct size, cell death, and neuro-
logic defi cits [ 44 – 47 ]. Valproate may similarly attenuate ischemia-related brain 
injury, as demonstrated in some animal studies [ 48 – 50 ]. Ameliorating cerebral 
ischemia could represent one of many potential mechanisms by which these medi-
cations improve outcomes in BD, in accordance with the vascular etiology 
hypothesis. 

 The potential causative role of vascular disease in BD may vary with age of 
onset, with some studies fi nding the strongest association between vascular disease 
and BD in late-onset BD—typically defi ned as onset after age 50, which represents 
about 10 % of patients with BD [ 51 ]. Among older adults with BD, those with late- 
onset illness have signifi cantly more cerebrovascular disease risk factors and WMH 
than those with early-onset illness, and more often lack other typical risk factors 
such as family history of BD [ 52 ,  53 ]. 

 Case 2 
 A 59-year-old male presents for ongoing management of bipolar disorder. His 
fi rst depressive episode occurred at age 35 and his fi rst manic episode at age 
38. He has a master’s degree in business administration and worked in a high-
level administrative job prior to the onset of his severe mood disorder. He 
subsequently has had a chronic course of illness characterized predominantly 
by depressive syndromes, which are characterized by signifi cant decreases in 
activity, anhedonia, low mood, impaired concentration, social withdrawal, 
hypersomnia, and frequent suicidal thoughts with no history of suicide 
attempts. Manias have been infrequent and characterized by signifi cant 
increases in goal-directed activities, decreased need for sleep, increased 
energy, increased spending, elevated mood, perceiving colors as more vibrant, 
and frequent calls to family and friends through all hours of the night. He has 
a family history of bipolar disorder in his mother and maternal aunt. He drinks 

J.A. Byars and J.G. Fiedorowicz



315

alcohol only occasionally and has no history of using any illicit drugs. He 
obtains close follow-up from his family physician for the management of 
hypertension and hyperlipidemia. He has a body mass index of 33 kg/m 2 . 
Head imaging obtained as part of a pre-electroconvulsive therapy workup 
reveals diffuse white matter disease suggestive of small-vessel ischemic 
 disease and including several white matter hyperintensities as illustrated in 
Fig.  14.4 .  

a b

  Fig. 14.4    White matter hyperintensities in bipolar disorder (case 2). The above MRI slices 
in the ( a ) horizontal and ( b ) sagittal planes illustrate white matter hyperintensities and 
changes suggestive of small-vessel ischemic disease in a patient following several decades 
with a chronic course of bipolar disorder       

      Does BD Cause Vascular Disease? 

 As highlighted the previously cited large population-based studies, BD has been 
strongly associated with impressive elevations in risk for vascular, including cere-
brovascular, disease. This may be potentially explained by the high prevalence of 
traditional risk factors for vascular disease observed in BD. 

 Vascular risk factors such as diabetes mellitus, obesity, metabolic syndrome, 
hypertriglyceridemia, and hypertension are more prevalent in BD than in the gen-
eral population [ 9 ,  12 ,  42 ,  54 – 59 ]. However, individuals with bipolar disorder still 
have elevated rates of vascular disease even after controlling for these risk factors, 
suggesting the risk is not mediated entirely by conventional risk factors [ 57 ]. 
Interestingly, serum from patients with BD can directly induce apoptosis of human 
endothelial cells in vitro, representing one pathway by which BD or some factor 
associated with it could directly engender vascular damage [ 60 ]. Cardiovascular 
disease may present over a decade earlier in individuals with BD than in those 
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without major mood disorders, even after controlling for obesity, smoking, and sub-
stance use, again indicating that the factors associated with vascular disease in BD 
may differ from those implicated in the general population [ 61 ]. 

 A specifi c relationship may exist between vascular disease and BD, rather than 
mood disorders in general, as cerebrovascular and cardiovascular mortality are 
higher in BD than in MDD [ 4 ,  62 ]. Mania and hypomania, the defi ning features of 
bipolar disorder, have been associated with vascular disease in dose-dependent 
fashion. In a large, prospective cohort of individuals with BD, manic/hypomanic, 
but not depressive, symptom burden was associated with a higher risk of death from 
cardiovascular disease [ 62 ]. Another community-based study found that a history of 
manic or hypomanic episodes showed a stronger association with higher risk for 
subsequent development of cardiovascular disease than did unipolar major depres-
sive episodes compared to healthy controls, although the difference between the 
mood episode groups did not reach statistical signifi cance [ 63 ]. Another study has 
demonstrated that endothelial function is inversely related to manic/hypomanic, but 
not depressive, symptom burden [ 64 ]. 

 The time course by which vascular risk factors develop in bipolar disorder has 
not been well elucidated and could provide some insight into the most relevant 
bipolar disorder-related mediators. In a case-control study, greater obesity was seen 
in individuals with BD relative to controls, though no differences in premorbid 
weight were estimated [ 65 ]. One study showed that patients with BD had higher 
rates of new-onset hypertension developing subsequent to BD diagnosis, while indi-
viduals with schizophrenia did not show increased risk for developing new-onset 
hypertension [ 58 ]. Recent data has demonstrated that younger adults with BD do 
not differ from general population reference values on measures of arterial stiffness, 
a marker for susceptibility for vascular disease; however, older adults with BD 
showed markedly increased arterial stiffness relative to age-based norms, indicating 
that vascular risk may develop over the long-term course of illness [ 66 ]. 

 BD and obesity, which is associated with increased risk for incident ischemic 
stroke, may share overlapping risk factors [ 67 ]. Patients with atypical major depres-
sion—characterized by hyperphagia and/or weight gain, hypersomnia, and leaden 
paralysis—have higher body mass index (BMI) than those with typical major 
depression [ 68 ,  69 ]; atypical depressive episodes are more common in BD than in 
unipolar MDD, so this aspect of bipolar pathology could potentially directly infl u-
ence the risk of cerebrovascular disease [ 67 ,  70 ]. Individuals with BD manifest an 
obesity rate up to 4.5 times the general population [ 55 ]. Obesity may be associated 
with a more severe course of BD, as obese BD patients have more frequent mood 
episodes, more severe mood symptoms, and are more likely to have attempted sui-
cide than nonobese BD patients [ 40 ,  43 ,  70 ]. Morbidly obese individuals seeking 
bariatric surgery may be more likely to have a family history of BD and other psy-
chiatric illnesses than healthy controls [ 71 ]; while currently it is not known whether 
obesity and psychopathology share a true genetic basis with these conditions, this 
may constitute another route by which shared factors contribute to both BD and 
vascular risk. Obesity may also be mediated by poor health behaviors that occur in 
the setting of illness [ 72 ].  
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    Does a Third Risk Factor Cause both 
Vascular Disease and BD? 

 Vascular disease and BD may be at least partly caused by excessive activation of 
infl ammatory factors, overactivity of HPA axis, and oxidative stress. Other shared 
mechanisms may also include sleep disturbances, hypercoagulability, endothelial 
damage, and adverse early-life experiences. Trait-dependent—as opposed to 
 state- dependent—risk factors may be more likely to play an etiologic role in BD 
rather than emerging as a consequence of it. 

    Infl ammation 

 BD, cerebrovascular disease, and cardiovascular disease all demonstrate excessive 
proinfl ammatory activity [ 73 ,  74 ], and it is possible that a propensity for infl amma-
tion may predispose to both BD and cerebrovascular disease. Some aspects of pro-
infl ammatory activity may be specifi c to BD, but other aspects may evince a more 
general vulnerability to psychiatric illness, occurring in MDD and schizophrenia as 
well [ 73 ]. 

 Immunologic and cytokine activity is excessively weighted towards infl amma-
tion in BD, a fi nding which may encompass both trait and state aspects [ 73 ]. 
During mania, the proinfl ammatory cytokine IL-6 and the acute-phase protein 
high- sensitivity C-reactive protein (hsCRP) increase, while the anti-infl ammatory 
cytokine IL-4 decreases; the proinfl ammatory cytokines tumor necrosis factor-
alpha (TNF-α) and IL-8 increase in both mania and bipolar depression [ 75 – 77 ]. 
Some of these state abnormalities, such as increased IL-6 and TNF-α, may improve 
with treatment of the mood disturbance, raising the possibility of whether these 
proinfl ammatory disturbances cause mood episodes—although the mood distur-
bance could potentially cause the proinfl ammatory state as well [ 77 ]. Patients with 
BD have elevated circulating activated T cells and soluble IL-2 receptors across 
depression, mania, and euthymia, suggesting possible trait markers [ 78 ]. A shift 
towards increased Th1 versus Th2 activity, consistent with a pro-infl ammatory 
state, is also seen in euthymia, again indicating these abnormalities may be persis-
tent and stable fi ndings in BD [ 79 ]. However, other studies have found somewhat 
different—though still pro-infl ammatory—patterns of cytokines and infl ammatory 
markers across euthymia, mania, and bipolar depression, which may refl ect a com-
plex relationship between infl ammation and mood state [ 80 ]. Patterns of pro- 
infl ammatory activity may vary with duration of illness: one study found that 
although TNF-α is elevated above levels in healthy controls in the early stage of 
BD, it increases even further with longer duration of illness; whereas IL-6 and 
IL-10 are elevated in early stage BD, this elevation decreases in late-stage BD, to 
the point where IL-10 no longer differs from healthy controls [ 81 ]. Elevated high- 
sensitivity C-reactive protein (hsCRP) may occur during mania and is also 
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associated with increased risk for ischemic stroke and cardiovascular disease even 
after controlling for other vascular risk factors, although its causative role for any 
condition is not yet established [ 75 ,  82 ]. 

 There are plausible—albeit unproven—mechanisms by which abnormally 
increased infl ammatory activity could damage the brain in ways which lead to 
mood disturbance. Postmortem studies of patients with bipolar disorder show 
increased protein and mRNA for the proinfl ammatory cytokine IL-1β and its recep-
tor in the frontal cortex, and increases in the cerebral infl ammatory marker intracel-
lular adhesion molecule-1 (ICAM-1) in the ACC, both brain regions believed to be 
etiologically involved in BD [ 83 ,  84 ]. The fi nding of increased ICAM-1 may be 
particularly signifi cant, as ICAM-1 increases with ischemia as well as infl amma-
tion, and this increase may be relatively specifi c to BD, as it occurs to a lesser 
degree in MDD and not at all in schizophrenia [ 83 ]. Mood-stabilizing treatments 
may lessen infl ammatory activity, possibly representing one mechanism by which 
they improve mood symptoms. In euthymic patients with BD, lithium reduces 
 populations of cells which secrete infl ammatory cytokines [ 85 ]. In cell culture, val-
proate decreases production of the infl ammatory cytokines TNF-α and IL-6 in 
response to an immune stimulus; however, carbamazepine, another antiepileptic 
mood stabilizer, does not [ 86 ]. 

 Excessive levels of proinfl ammatory omega-6 fatty acids relative to anti- 
infl ammatory omega-3 fatty acids may contribute to excessive infl ammation, and 
correlate with both vascular disease and mood disorders. Epidemiologic studies link 
higher consumption of omega-3 fatty acids with lower risk of cardiovascular disease 
and possibly stroke, and omega-3 fatty acid supplements appear to lower the risk of 
cardiovascular events; mechanisms besides anti-infl ammatory effects, such as 
improvement of triglyceride levels, blood pressure, and endothelial function, may 
also contribute to these benefi ts [ 87 ,  88 ]. Serum studies of individuals with BD 
show decreased omega-3 fatty acids and an increased omega-6 to omega-3 ratio, as 
compared to healthy controls; this abnormality appears in MDD as well but to a 
lesser degree than in BD [ 89 ]. First-degree relatives of patients with BD show 
decreased high-density lipoprotein cholesterol and increased omega-6 fatty acids, 
suggesting these derangements could represent an underlying causative risk factor 
rather than just a downstream consequence of BD [ 90 ]. Countries with higher rates 
of seafood consumption—a marker of omega-3 fatty acid dietary intake—have 
lower rates of bipolar disorder, as well as MDD but not schizophrenia, consistent 
with the hypothesis that omega-3 fatty acid defi ciency may predispose to mood 
disorders [ 91 ]. One study found an increased ratio of arachidonic acid (a proinfl am-
matory omega-6 fatty acid) to docosahexaenoic acid (an anti-infl ammatory omega-3 
fatty acid) in postmortem orbitofrontal cortex in patients with BD as compared to 
controls [ 92 ]. As damage to orbitofrontal cortex is known to cause impulsivity and 
other manifestations which resemble BD symptoms, the fatty acid abnormalities 
seen here could potentially lead to BD [ 92 ]. 

 Several preliminary human studies indicate that omega-3 fatty acids may repre-
sent a helpful adjunctive treatment for bipolar depression, although not all studies 
have confi rmed this. Omega-3 fatty acid supplementation does not appear to 
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improve mania, raising the question of whether the effects of fatty acid derangement 
vary with phase of illness [ 93 ]. If omega-3 fatty acids truly ameliorate the course of 
bipolar depression, improvement of vascular function and subsequent mitigation of 
cerebrovascular disease may represent one possible mechanism. Animal studies 
indicate that lithium treatment may increase anti-infl ammatory brain omega-3 fatty 
acids and mitigate the increase in proinfl ammatory brain arachidonic acid in 
response to an infl ammatory stressor, which also accords with the hypothesis that 
reducing infl ammation represents one mechanism by which lithium treats BD [ 94 ].  

    Oxidative Stress and Mitochondrial Dysfunction 

 Mitochondrial dysfunction and excessive oxidative stress are linked to cerebrovas-
cular and systemic vascular disease and to BD, as well as other psychiatric illnesses 
[ 95 – 97 ]. While still unproven, plausible pathophysiologic mechanisms exist by 
which oxidative stress and mitochondrial dysfunction could cause BD. Oxidative 
stress and mitochondrial dysfunction may adversely affect brain regions believed to 
be involved in BD, such as prefrontal and anterior cingulate cortex as well as the 
hippocampus [ 98 – 101 ]. Glutathione, which protects against oxidative stress, is 
decreased in postmortem prefrontal cortex of individuals with BD, as well as MDD 
and schizophrenia [ 102 ]. Postmortem hippocampus, prefrontal cortex, and anterior 
cingulate from patients with BD show decreased expression of antioxidant genes 
and enzymes, mitochondrial genes and proteins, and increased markers of oxidative 
damage, in agreement with a role for impaired antioxidant function in BD; lithium 
treatment may partially ameliorate these changes [ 98 – 101 ,  103 ]. These postmortem 
prefrontal cortex fi ndings may be relatively specifi c to BD, as they are less strongly 
associated with MDD and schizophrenia [ 98 ,  101 ]. 

 Magnetic resonance spectroscopy (MRS) in BD shows increased gray matter 
lactate and diffusely decreased pH throughout the whole brain, fi ndings consistent 
with mitochondrial dysfunction [ 104 ,  105 ]. MRS studies have also shown decreased 
N-acetyl aspartate and decreased creatine + phosphocreatine, markers associated 
with mitochondrial energy production, in brain regions associated with BD, such as 
prefrontal cortex and hippocampus [ 106 – 115 ]. These fi ndings cannot be accounted 
for by brain volume differences in these areas and may be present even in children, 
patients not currently taking psychotropic medications, and in fi rst-episode mania 
and during euthymia, suggesting they may represent a stable trait marker; on the 
other hand, longer duration of illness may be associated with greater decreases in 
N-acetyl aspartate, suggesting a possible cumulative effect on the brain 
[ 107 –  110 ,  112 ,  113 ,  115 ]. Cerebrospinal fl uid from patients with BD shows ele-
vated lactate, consistent with increased central nervous system anaerobic metabo-
lism due to decreased mitochondrial activity; patients with schizophrenia also show 
similar cerebrospinal fl uid abnormalities [ 116 ]. 

 The role of oxidative stress in BD may vary with the phase of illness. In serum 
from patients with BD, thiobarbituric acid-reactive substances, markers of lipid 
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peroxidation from oxidative stress, are elevated across mania, depression, and 
euthymia, consistent with chronic ongoing oxidative stress; however, other markers 
of oxidative stress such as superoxide dismutase (SOD) increase in mood episodes—
particularly mania—but not during euthymia, suggesting additional oxidative stress 
in mood episodes superimposed on a background of chronic oxidative stress 
[ 117 ,  118 ]; however, not all studies have confi rmed these results [ 119 ,  120 ]. One 
potential interpretation of this variability is that increased oxidative stress causes 
mood episodes, and mood episodes remit when oxidative stress is lessened; how-
ever, so far no studies have been able to discern the question of temporality, much 
less causality. Individuals with schizophrenia may exhibit elevations in oxidative 
stress markers as well, signifying this mechanism may not be specifi c to BD [ 118 ]. 

 Clinical evidence also supports the idea that oxidative stress and mitochondrial 
dysfunction could cause bipolar-like symptoms. Classic mitochondrial diseases 
such as Kearns-Sayre syndrome, chronic progressive external ophthalmoplegia, and 
drug-induced ptosis can present with bipolar-like syndromes [ 96 ,  97 ,  121 ,  122 ]; 
however, patients with mitochondrial diseases can also have presentations which 
resemble MDD or psychosis, suggesting that mitochondrial dysfunction, like other 
risk factors for psychiatric disease, may cause more generalized vulnerability to 
psychiatric symptoms [ 121 ]. 

 Mood stabilizers may reduce oxidative stress and mitochondrial dysfunction. 
Cell culture studies have shown that lithium and valproate may reduce neuronal 
damage from oxidative stress [ 123 ,  124 ]. Among patients with acute mania, unmed-
icated individuals show elevation in serum markers of oxidative stress, while those 
treated with lithium do not differ from healthy controls, even prior to the onset of 
clinical improvement in mood symptoms [ 125 ]. These fi ndings raise the question of 
whether reducing the effects of oxidative stress is one mechanism by which medica-
tions help BD. Preliminary studies of the antioxidant N-acetylcysteine demonstrate 
improvement of depressive symptoms in BD as well as symptoms in schizophrenia 
[ 126 ,  127 ], a result consistent with the idea that oxidative stress plays a role in the 
mood disturbance of BD, although glutaminergic mechanisms for potential thera-
peutic effects are more often purported.  

    Hypothalamic-Pituitary-Adrenal Axis Abnormalities 

 In the general population, hypercortisolemia may worsen multiple risk factors for 
vascular disease, including hypertension, hyperglycemia, insulin resistance, dyslip-
idemia, and visceral obesity [ 128 ]. BD is associated with hypercortisolemia and 
excessive activity of the hypothalamic-pituitary-adrenal (HPA) axis; this hyperac-
tivity may be a feature of mood disorders in general rather than just BD, as it is 
found in MDD as well [ 129 ]. Individuals with BD show an abnormal hypercorti-
solemic response to the dexamethasone suppression test and the dexamethasone/
corticotropin-releasing hormone (DEX/CRH) test; these abnormal responses may 
tilt even more towards hypercortisolemia in bipolar depression than in unipolar 
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major depressive episodes and may increase further with greater severity of depres-
sive episodes [ 129 ]. Fewer studies have examined HPA axis activity in mania and 
mixed states, but overactivity has been documented during these mood states as 
well [ 130 ]. 

 Excessive HPA axis activity could potentially lead to the development of mood 
disturbance. The hippocampus and prefrontal cortex express high levels of gluco-
corticoid receptors, rendering them vulnerable to the effects of HPA dysfunction 
[ 131 ]. In healthy individuals, a single dose of hydrocortisone reduced activity in the 
prefrontal cortex and hippocampus on a memory task as assessed by fMRI [ 132 ]. In 
another study of healthy individuals, higher baseline salivary cortisol correlated with 
thinner prefrontal cortex [ 131 ]. These fi ndings strengthen the idea that hypercorti-
solemia could damage brain regions which function abnormally in BD. HPA abnor-
malities may represent a trait, not just state, marker for BD, as the excessive cortisol 
response to the DEX/CRH challenge not only occurs during bipolar depression but 
also can persist in euthymia [ 133 ]. The healthy children of parents with BD exhibit 
elevated salivary cortisol compared to children with a negative family history in one 
study [ 134 ]. However, a different study found no elevation in salivary cortisol in 
patients with remitted BD on lithium nor in offspring of parents with BD who had a 
personal history of MDD, so the role of HPA abnormalities as a trait marker for BD 
is likely quite complex [ 135 ]. Animal models which experimentally modulate glu-
cocorticoid receptor expression yield behaviors considered analogous to mania or 
depression [ 136 ]. Some preliminary data indicates that the glucocorticoid receptor 
antagonist mifepristone may improve depressive and cognitive symptoms in BD, in 
line with the hypothesis of hypercortisolemia as an etiologic factor for BD [ 137 ].  

    Other Risk Factors Common to BD and Vascular Disease 

 Disturbances of the sleep cycle, in addition to featuring prominently in BD, are also 
associated with conventional vascular risk factors, such as weight gain, hyperten-
sion, diabetes mellitus, and metabolic syndrome [ 138 ,  139 ]. Sleep disturbance may 
precede the fi rst-ever mood episode in BD and also often precedes the development 
of subsequent mood episodes as well [ 138 ,  140 ,  141 ]. Sleep disturbance could 
potentially contribute to the subsequent development of both BD and vascular dis-
ease and could help explain the overlap between the two conditions. 

 Both BD and vascular disease display decreases in brain-derived neurotrophic 
growth factor (BDNF), a neuotrophin involved in long-term potentiation, neuronal 
survival and recovery from injury, and angiogenesis [ 142 ,  143 ]. Among individuals 
with coronary artery disease, lower plasma BDNF levels independently predict 
a 25 % increase in risk for subsequent major cardiac events, such as myocardial 
infarction and sudden cardiac death, as well as a higher prevalence of dyslipidemia 
and diabetes mellitus [ 142 ]. In animal models of stroke, interventions to increase 
BDNF decrease ischemia-induced cell death and improve neurologic function, 
while interventions which block BDNF impair functional recovery [ 144 – 146 ]. 
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In human studies of patients with BD, serum BDNF decreases in mania and depres-
sion but normalizes during euthymia, potentially representing a state marker for BD 
[ 143 ]. However, additional data indicates that even during euthymia, BDNF may be 
normal in early BD but decreases with increasing length of illness, which could 
refl ect ongoing brain injury from BD [ 81 ,  143 ]. Low BDNF could perhaps lead to 
both BD and cerebrovascular disease by increasing vascular risk factors while at the 
same time impairing the brain’s ability to recover from insults.   

    Conclusions and Future Directions 

 Individuals with BD show a marked excess of cerebrovascular and systemic vascu-
lar disease. While the link between BD and vascular disease is clear, more research 
is needed to establish the direction or directions of the relationship. In the mean-
time, clinicians treating patients with BD need to appreciate the heightened risk for 
vascular disease in this population and intervene appropriately. As many patients 
with BD lack reliable access to primary care, psychiatrists and other mental health 
providers may need to take the lead to ensure patients with BD receive appropriate 
screening for vascular risk factors, such as hypertension, hyperlipidemia, and diabe-
tes mellitus, and provide or refer for treatment as necessary. The high rates of smok-
ing in patients with bipolar disorder, in combination with their increased baseline 
risk for vascular disorder, make smoking cessation an especially important treat-
ment target in BD. When possible, it may be worthwhile to consider prescribing 
medications with a lower risk for metabolic syndrome, such as lithium or lamotrig-
ine, over medications with higher risk, such as divalproex and the second- generation 
antipsychotics. In samples with dementia or related conditions, antipsychotics have 
been linked with greater risk of cerebrovascular events and greater overall mortality 
[ 147 ]. Omega-3 fatty acid supplementation in patients with BD may constitute a 
helpful treatment augmentation strategy; while the evidence of benefi t for bipolar 
depression is preliminary, its effects on vascular risk factors are better established, 
and it tends to be a well-tolerated and safe intervention [ 87 ,  93 ]. 

 Healthcare providers discuss nutrition and exercise less frequently with patients 
with BD than with other patient groups, signaling another important target for 
reducing this health disparity [ 8 ]. Clinicians should not hesitate to recommend or 
refer patients for assistance with nutrition and exercise, as randomized controlled 
trials have shown that lifestyle interventions to improve vascular risk factors may 
produce positive health benefi ts even in patients with serious psychiatric illnesses 
such as BD [ 148 ,  149 ]. Conversely, primary care providers and others treating 
patients with premature vascular disease in the absence of conventional risk factors 
should perhaps consider screening for mood disorders as a possible contributing 
factor. Neurologists who treat patients with BD who experience acute ischemic 
stroke should recognize that ongoing mood disturbance may increase risk and make 
sure to address the unique needs of this population—e.g., ensuring adequate follow-
 up care for BD and general health maintenance—in addition to standard secondary 
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stroke prevention measures. In both case illustrations, there exist opportunities to 
mitigate risk through assertive management of risk factors for vascular disease such 
as hypertension, hyperlipidemia, and obesity. 

 The relationship between vascular disease and BD offers intriguing possibilities 
for deeper understanding of both conditions and the development of novel interven-
tions. As outlined in this chapter, a variety of potentially promising directions for 
future study exist.     
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