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Post-stroke depression (PSD) affects approximately one-third of all stroke patients. It 
hinders rehabilitation and is associated with worse functional outcome and increased 
mortality. Since the identification of PSD is a significant clinical problem, clinicians and 
researchers have tried to identify predictors that indicate patients at risk of developing 
PSD. This also includes the research question whether there is an association between 
PSD and stroke lesion characteristics, e.g., lesion size and lesion location. Early studies 
addressing this question are largely limited by technical constraints and, thus, focused 
on simple lesion characteristics such as lesion side or proximity of the lesion to the frontal 
pole of the brain. More recent studies have addressed the impact of involvement of 
specific neuronal circuits in the stroke lesion. State-of-the-art methods of lesion symp-
tom mapping to study PSD have only been applied to small patient samples. Overall, 
results are controversial and no clear pattern of stroke lesions associated with PSD has 
emerged, though there are findings suggesting that more frontal stroke lesions are asso-
ciated with higher incidence of PSD. Available studies are hampered by methodological 
limitations, including drawbacks of lesion analysis methods, small sample size, and the 
issue of patient selection. These limitations together with differences in approaches to 
assess PSD and in methods of image analysis limit the comparability of results from dif-
ferent studies. To summarize, as of today no definite association between lesion location 
and PSD can be ascertained and the understanding of PSD rests incomplete. Further 
insights are expected from the use of modern lesion inference analysis methods in larger 
patient samples taking into account standardized assessment of possible confounding 
parameters, such as stroke treatment and reperfusion status.

Keywords: ischemic stroke, post-stroke depression, lesion location, lesion symptom mapping, vascular 
depression, rehabilitation

iNTRODUCTiON

Post-stroke depression (PSD) is a frequently observed condition in the weeks and months following 
an acute stroke. Reported rates of PSD range between 11% (1) and 52% (2). Most commonly, PSD 
is defined as a depression that was not existent before the stroke and occurred in chronological 
context to a stroke. PSD is known to affect almost one in three stroke patients (3, 4). It is usually 
observed in a rather early time period following stroke but also as a disease that can last up to 
10 years after stroke with a high risk of chronic depression (4). In a sample of patients with PSD, 
1 year after stroke 40% still suffered from symptoms of depression (5).
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TAbLe 1 | Predictors of post-stroke depression.

Topics Predictors Frequency and reported  
strength of predictor

Demographics Higher age Only mentioned in few studies,  
weak predictor (10, 11)

Female sex Mentioned in several studies  
(6, 10, 12, 13)

Stroke 
characteristics 

Severity Mentioned in several studies  
(4, 6, 11, 14)

Stroke outcome Physical disability Mentioned in many studies, strong 
predictor (2, 4–6, 10, 12, 14–16)

Intellectual 
impairment

Mentioned in many studies, strong 
predictor (2, 4, 6, 10, 14, 15)

Dysphasia Only mentioned in few studies,  
weak predictor (5, 14)

Apraxia Only mentioned in few studies,  
weak predictor (14)

Vascular risk factors E.g., hypertension Mentioned in several studies  
(6, 15, 17)

History/pre-existing 
diseases

Psychiatric disease 
before pre-stroke

Mentioned in many studies,  
strong predictor (4, 6, 12, 18)

Former stroke Only mentioned in few studies,  
weak predictor (12)

Cerebral atrophy Only mentioned in few studies,  
weak predictor (5)

Pathological crying Only mentioned in few studies,  
weak predictor (12)

Life events/social 
situation

Isolation/quality of 
social support

Mentioned in several studies  
(5, 6, 10, 14)

Residence in an 
institution

Only mentioned in few studies,  
weak predictor (10)

Level of education Mentioned in several studies  
(13, 17, 19)

Stressful life event 
pre-stroke

Only mentioned in few studies,  
weak predictor (12, 13)
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Post-stroke depression interferes with rehabilitation from 
stroke, negatively affects quality of life, and may be responsible 
for poor outcome of stroke. Unfavorable outcomes induced by 
PSD involve persisting disability after stroke, mood disorders, 
and even increased mortality (6). A correlation between depres-
sion and mortality was observed, both for stroke patients younger 
than 65 years (7) and for older patients (8).

The question of predictors of PSD is of great scientific and 
clinical interest. Early identification of patients at risk of devel-
oping PSD might enable targeted preventive actions or early 
initiation of effective antidepressant treatment. This has led to 
scientific interest in the possible association of stroke lesion char-
acteristics, mostly lesion location, and the occurrence of PSD.  
In this review, we provide an overview of the current research  
on this topic. We not only focus on the association of stroke 
lesion characteristics and PSD but also touch clinical parameters 
and methodological aspects.

MeTHODS

This is a narrative review. As a basis for a selective literature review, 
we performed an extensive literature research. We searched 
PubMed using the search terms “lesion location AND post-stroke 
depression” OR “lesion location AND depression AND stroke.” 
This resulted in 159 publications of which 12 were selected 
according to criteria outlined below. We also searched references 
from a recent systematic review on PSD (9) and screened further 
reviews on PSD for additional publications addressing the impact 
of lesion location. In order to identify more recent publications not 
yet included in the review by Wei et al. (9), we performed another 
PubMed search using the search terms “depression AND stroke 
AND mapping AND lesion ” and the filter “from 01.01.2014 until 
today [12.06.2017]” which resulted in five further publications, of 
which we included four in our review.

We included studies in our review that met the following 
criteria: (1) published in English, (2) reporting results on the 
association between lesion location and PSD, (3) providing 
information on the criteria for diagnosing depression or the 
rating scale employed and the methods to determine lesion 
location, (4) determination of stroke lesions on CT or MRI, and 
(5) providing data of a minimum of 50 stroke patients. We also 
included selected publications that did not meet these criteria if 
they contain a relevant new methodological approach or report 
findings of special interest. Publications reporting duplicate 
results or case reports were excluded.

CLiNiCAL PReDiCTORS OF PSD

A number of clinical parameters were reported to be associated 
with PSD: higher age (10, 11) but also younger age (25), stroke 
severity, and physical disability resulting from stroke (2, 4–6, 10, 
12, 14–16) (see Table 1 for a summary of most important clinical 
predictors of PSD). Cognitive impairment resulting from stroke 
(2, 4, 6, 10, 14, 15) as well as specific disabling stroke symptoms 
such as aphasia (5, 14) or apraxia (15) also correlated with PSD. 
Further predictors of PSD comprise a history of psychiatric 
disease, especially previous depression (4, 6, 12, 18), but also 

social isolation (5, 6, 10, 14), level of education (13, 17, 19), 
institutionalization after stroke (10), or stressful life events before 
stroke (12, 13).

HOw TO DiAGNOSe PSD?

Gold standard for the diagnosis of depression represents the 
DSM-IV and DSM-V criteria. Available studies used quite hete-
rogeneous approaches to screen for PSD as well as to quantify 
depressive symptoms of PSD. The following established diag-
nostic tests were used most frequently for the detection of PSD  
in the studies recited in this review: the Hamilton rating scale 
for depression (HAMD) contains 21 items that are judged by 
an examiner and is regarded as an indication of depression 
(26). The Beck Depression Inventory (BDI) comprises 21 self-
rating questions and assesses depression severity (27). The Zung 
self-rating depression scale consists of 20 items (28). Finally, 
the Montgomery–Åsberg Depression Rating Scale (MADRS) 
consists of 10 questions and is filled out by an examiner (29). 
Each of these scales provides a cutoff that defines depression 
but also enables continuous evaluation of symptoms assessed 
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by the scale, and both approaches have been used in studies of 
PSD. BDI and HAMD showed adequate testing results in stroke 
patients compared to the DSM-IV (30), as well as the MADRS 
(31). The Zung self-rating depression scale was compared to 
other screening methods in geriatric stroke patients and assessed 
with a high positive predictive value (32). The Patient Health 
Questionnaire-9 (PHQ-9) is another frequently used scale  
for screening for depressive symptoms proven to be reliable in 
stroke patients (33).

PSD AND THe vASCULAR DePReSSiON 
HYPOTHeSiS

The hypothesis of “vascular depression” refers to the concept of 
vulnerability to depressive symptoms resulting from structural 
brain damage caused by cerebrovascular disease mainly in 
elderly people (34). The proposal of vascular depression as a 
distinct subtype of depression resulted from clinical observa-
tions of late-onset depression being accompanied by co-morbid 
impairment of executive functions and findings of white matter 
hyperintensities (WMH) on T2-weighted MRI as compared to 
early-onset depressive disorder.

In addition to brain WMH assumed to reflect small vessel 
disease, multiple infarcts of the brain were described as cause 
of VD (35). There are two hypotheses as to the relation between 
brain lesions and depression in vascular depression. One is 
that VD is due to the overall load of small vessel disease with 
many silent brain infarctions and that with a certain “threshold” 
amount, VD is triggered. The other hypothesis is that vascular 
damage from lesions in specific strategic locations leads to VD 
(36). As the second hypothesis resembles the lesion location 
hypothesis of PSD, the connection of these two phenomena will 
be discussed here. Some researchers even argue that PSD is a 
kind of VD because both diseases involve depressive symptoms 
that are both symptom and cause of CVD (37).

However, when comparing PSD and VD, similarities as well 
as differences arise. On the one hand, both syndromes are due 
to ischemic brain damage, both can lead to cognitive impair-
ment, increase mortality, and occur more frequently in elderly 
patients. On the other hand, VD rather affects small vessels 
and “silent brain infarctions” can be seen; whereas in PSD, 
the patient, by definition of stroke, is symptomatic and often 
larger brain vessels are affected. The risk of PSD events seems 
to correlate with stroke severity. Furthermore, when looking at 
the type of depressive disorder, PSD appears more to act like an 
endogenous depression than VD (38).

Two studies that were included in this review, investigated 
not only the relationship between lesion location and PSD but 
also the existence of WMH in stroke patients (39, 40). They 
evaluated deep WMH (DWMH) and periventricular WMH 
(PWMH) and observed no significant relationship between 
WMH and the presence of depressive symptoms. By contrast, 
another recent study reported a significant correlation between 
markers of small vessel disease, i.e., WMH and asymptomatic 
lacunar infarcts, and PSD (41). Brain network damage affecting 
fronto-limbic circuits might represent the common mechanism 

between small vessel disease and white matter damage linked  
to VD, on the one hand, and PSD after singular stroke lesions, 
but as of today this has not been further studied.

DiFFeReNT SYMPTOMS AND CLiNiCAL 
SUbTYPeS OF PSD

There are several symptoms of depression that can become 
manifest after stroke, and different studies have put the focus 
on different symptoms of PSD, which may partly explain the 
resulting varying conclusions as to the relation of stroke lesions 
and PSD. Anhedonia, defined as the inability to enjoy normally 
enjoyable activities was reported to be correlated with stroke 
lesion volume in the parahippocampal gyrus, and the authors 
suggested that stroke lesions in this region lead to disruption in 
the hypothalamic–pituitary–adrenal axis control cycle (42).

Apathy as symptom of depression defined as “an absence or a 
decrease in motivations, interests, and emotions, which cannot 
be ascribed to a lack of consciousness, cognitive impairment, 
or emotional distress” was also addressed (43). An association 
between apathy and right hemispheric stroke in the basal ganglia 
was observed (44). According to a review on the issue apathy is 
more frequent after stroke than depression and that apathetic 
patients are more affected in terms of cognitive impairment 
and depressive symptoms (45). The differentiation between 
affective-depressive and apathetic subtypes of PSD goes into the 
same direction. A study using this differentiation reports that 
severity of affective depression was associated with left frontal 
lobe damage while that of apathetic depression was linked to 
bilateral basal ganglia damage (46). A recent study investigated 
the association of stroke location and apathy using diffusion 
tensor imaging (DTI) (47), which is described below.

ASSOCiATiON OF STROKe LeSiON  
wiTH PSD

The idea of an association of stroke lesions in specific brain 
areas to PSD traces back to the beginning of the twentieth cen-
tury and the observation of focal damage to the brain leading 
to psychiatric symptoms (48). In 1977, a link of mood disorders 
after stroke to right hemispheric stroke was suggested for the 
first time based on the observation of 20 stroke patients (49). 
In the years to follow, the search for a stroke location linked 
to depression became more precise, following the development 
of methods of stroke imaging and lesion analysis. Initially,  
a rather rough anatomic allocation of stroke lesions was used 
to analyze lesion behavior mapping with PSD, i.e., left versus 
right hemispheric stroke, involvement of the frontal lobe, or 
location of stroke lesions following an anterior–posterior 
gradient. Recently, increased understanding of brain networks 
involved in the pathophysiology of depression (50) motivated 
more refined anatomic interpretation of stroke lesion location 
linked to PSD. Furthermore, severity of PSD was reported to 
be associated with lesion location (51, 52) but not with lesion 
size (52).

Most available studies of PSD have used rather basic methods 
in order to assess the association of stroke lesion with PSD.  

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive


TAbLe 3 | Studies using visual judgment for the analysis of lesion location and 
PSD.

Reference Sample 
size

Depressed  
(%)

imaging 
technique/
analysis 
method

Result (lesion 
localization 
associated  
with PSD)

Robinson and 
Jorge (57)

103 30 (29) CT/visual Left frontal
Proximal frontal pole

House et al. (1) 73 8 (11) CT/visual No association
Aström et al. (5) 80 (25) CT/visual Left frontal
Morris et al. (55) 193 74 (38) CT/visual No association
MacHale  
et al. (54)

55 11 (20) CT/visual Right hemisphere

Berg et al. (11) 100 27 (27) CT, MRI/visual Left hemisphere
Brain stem

Vataja et al. (62) 70 26 (37) MRI/visual Frontal–subcortical 
circuit

Nys et al. (2) 126 65 (52) CT, MRI/visual No association
Tang et al. (13) 189 31 (16) CT/visual Subcortical

ACA territory
Hama et al. (46) 243 126 (52) CT/visual Left frontal
Snaphaan  
et al. (16)

420 54 (13) CT, MRI/visual No association

Nishiyama  
et al. (17)

134 45 (34) CT, MRI/visual Left lenticulocapsular

Castellanos- 
Pinedo et al. (18)

98 21 (24) CT, MRI/visual Right hemisphere

Zhang et al. (40) 163 39 (24) MRI/visual Frontal/temporal lobe
Internal capsule

Shi et al. (59) 1067 303 (28) CT, MRI/visual Frontal lobe
Metoki et al. (56) 421 71 (17) MRI/visual Right frontal and 

temporal
Guiraud  
et al. (12)

251 61 (24) CT, MRI/visual No significant 
association

PSD, post-stroke depression.

TAbLe 2 | Reviews on post-stroke depression (PSD) and lesion location and 
main results.

Year Reference Numbers of studies 
included in review/

meta-analysis

Results—association 
of stroke lesions with 
PSD?

2000 Carson et al. (20) 48 No
2003 Narushima et al. (21) 27 Yes, proximity  

frontal pole
2004 Yu et al. (22) 52 (Yes) right
2006 Spalletta et al. (23) 109 Yes, limbic areas
2014 Kutlubaev et al. (24) 23 No
2015 Wei et al. (9) 43 Yes, right
2016 Robinson and 

Jorge (6)
No information  
on number of  

included studies

Yes, left frontal/ 
basal ganglia
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Only recently, modern approaches of localizing stroke lesions 
with reference to standard brain atlases and of voxel-based 
analysis have been applied in studies of PSD. An overview of 
reviews that examined the correlation of PSD and lesion loca-
tion and their results is given by Table 2.

Lesion volume is a predictor of stroke outcome in general, 
and given the association of stroke severity with PSD, a possible 
association of stroke lesion volume with PSD is well imaginable. 
There are, however, contradictory findings. While some stud-
ies report a correlation between lesion volume and severity 
of depression (1, 2, 10, 39, 40, 53, 54), no correlation between 
lesion volume and PSD was observed in other studies (5, 55). 
To the effect of the interaction between lesion location and 
lesion volume on PSD, contradictory findings were reported. 
For instance, an impact of lesion volume on PSD was stated 
for lesion located in the left anterior hemisphere (53), the right 
hemisphere (54), and in the left limbic–cortical–striatal–pal-
lidal–thalamic circuit (39).

LeSiON LOCATiON—viSUAL ANALYSiS

Laterality
Laterality was one of the first characteristics of stroke lesions 
reported to be linked to symptoms of PSD with symptoms of 
depression observed more frequently in right hemispheric (22, 49,  
54, 56). There are, however, studies with contradictory finding, 
i.e., an association of left hemispheric lesions with higher pre-
valence and severity of PSD (5, 11, 57).

Lesion Location across an Anterior–
Posterior Gradient
Proximity of the stroke lesion to the frontal pole was examined 
as an early approach to relate PSD to stroke lesion location, 
and more frontal location of stroke lesions was associated with 
higher rates of PSD (53, 58), a finding just recently reproduced 
in a large sample of stroke patients (59).

involvement of Frontal–Subcortical 
Circuits
A first study of PSD describing lesion location more detailed 
by discriminating between cortical, subcortical, brain stem, 

cerebellar, and hemorrhagic stroke was published in 1983 (60). 
Further studies supported a correlation between cortical and 
subcortical stroke lesions in the left anterior lobe and increased 
frequency and severity of depression (13, 61). Later studies 
addressed the involvement of specific brain areas as parts of 
neuronal circuits in the context of PSD and observed a correla-
tion between PSD and lesions in frontal–subcortical circuits, 
including pallidum and nucleus caudate (62). In a similar man-
ner, stroke lesions in the amygdala, medial prefrontal cortex, 
striatum, pallidum, and thalamus associated with PSD were 
interpreted as lesions affecting frontal cortico-limbic circuits 
(17, 39, 40).

Almost all of the listed studies used visual analysis of CT 
or MRI images. Only one group of researchers performed the 
analyses more systematically via normalization and registration 
of the stroke lesions to the Brodmann’s Cytoarchitectonic Atlas 
and Statistical Parametric Mapping (39). An overview of studies 
using a classical visual approach to determine lesion location and 
the association with PSD is given in Table 3.

In contrast to the large number of studies mentioned before, 
there is also a considerable number of studies questioning a 
relationship between PSD and stroke lesion location using dif-
ferent approaches to lesion analysis (1, 21, 55). This notion was 
supported by early reviews on the issue of lesion location and 
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TAbLe 4 | Studies using modern methods of lesion inference analysis.

Reference Sample size Depressed (%) imaging technique/ 
analysis method

Result (lesion localization associated  
with post-stroke depression)

Terroni et al. (39) 68 21 (31) MRI/statistical mapping Left cortical
Limbic–cortical–striatal–pallidal–thalamic circuit

Gozzi et al. (64) 55 15 (27) MRI/VLSM No association
Hama et al. (68) 48 14 (29) MRI/statistical mapping Basal ganglia
Kim et al. (52) 24 8 (33) MRI/VLSM Left posterior cerebellar hemisphere
Grajny et al. (19) 39 Continuous score MRI/multivariate lesion symptom mapping Left DLPFC

VLSM, voxel-based lesion symptom mapping; DLPFC, dorsolateral prefrontal cortex.
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PSD which concluded that no reliable association of stroke lesion 
location and PSD could be established based on the available 
results (20, 63). Possible reasons for this may be heterogeneity 
and limitations in methods used to assess depression and lesion 
location as well as small number of patients included in most 
studies. A further discussion of methodological limitations of the 
available studies can be found below.

vOXeL-bASeD LeSiON SYMPTOM 
MAPPiNG (vLSM) OF PSD

Only in 2014, to our knowledge, the first study applied voxel-
based symptom lesion mapping (VLSM) in PSD research (64), 
while the method was introduced into stroke research already at 
the beginning of the twenty-first century. Developed by Rorden 
and Brett (65), VLSM involves lesion segmentation on high-
resolution brain imaging, includes registration of individual 
brain images to standard space and, finally, statistical testing 
to identify voxels that if affected by the lesion are significantly 
associated with clinical characteristics. There are, however, some 
statistical constraints that need to be considered when VLSM 
is performed. An adequate sample size with a sufficient overlap 
between lesions is required to enable reliable statistics, as the usu-
ally applied Brunner–Munzel test requires voxels to be affected 
in at least 10 subjects to be carried out appropriately (66).

In a pilot VLSM study of PSD, 27% of 55 patients met criteria 
for depression 1 month after stroke, but no voxels or clusters were 
significantly associated with PSD (64). The authors acknowledge 
methodological limitations that might explain the lack of an asso-
ciation between lesion localization and depression in their study, 
including only minimal overlap in lesion distribution between 
the groups and the early time point of clinical assessment. A 
second recently published VSLM study specifically investigated 
the relationship between isolated cerebellar stroke and PSD in a 
small sample of 24 patients, of whom eight were diagnosed with 
PSD within the first 3 months of stroke (52). Stroke lesions in 
the posterior lobe of the left cerebellar hemisphere and the left 
cerebellar peduncle were significantly correlated with severity of 
depression. According to the interpretation of the authors, these 
findings add to the understanding of the role of the cerebellum 
in emotional processing.

Another inherent limitation of VLSM is the mass univari-
ate approach that makes the method vulnerable to consistent 
errors, i.e., consistent lesion patterns of brain areas that lesioned 

together resulting from anatomy of vascular supply to the brain 
while being functionally segregated (67). With regard to this 
limitation, a third VLSM study of PSD is interesting, as they 
applied multivariate analysis using on support vector regression-
based lesion symptom mapping (LSM), an approach that may 
overcome the limitations of univariate analysis. In this study, the 
authors investigated the relationship between lesion location and 
PSD in both aphasic and non-aphasic stroke patients (n = 39) 
using the Stroke Aphasic Depression Questionnaire (SADQ) 
(19). Stroke lesions in the left dorsolateral prefrontal cortex were 
significantly associated with the severity of depressive symptoms. 
Table 4 provides a summary of studies using modern methods of 
lesion inference analysis.

Thus, as of today, only three small studies with sample size 
ranging between 24 and 55 used VLSM to study the association 
of depressive symptoms following stroke with lesion location. 
Moreover, one of these studies selectively looked at isolated 
cerebellar strokes. Altogether, these studies were largely under-
powered and are far from being conclusive. They can mainly be 
considered as pilot studies that may stimulate further research.

Lesion symptom mapping may also be applied to examine the 
relation of stroke lesions to metabolites of neurotransmitters in 
order to examine possible pathophysiological mechanisms of PSD. 
In a pilot study following this approach, the authors performed 
statistical parametric mapping of several neurotransmitters and 
their metabolites quantified in blood or urine samples and iden-
tified specific patterns for the different neurotransmitters (68). 
While brainstem lesions were related to reduced noradrenaline 
and dopamine levels in urine samples, cortical and striatal lesions 
were associated with increased levels of noradrenaline and dopa-
mine. By contrast, serotonine and its metabolites showed a more 
or less opposite pattern, so the authors suggest that these data 
reflect the anatomical and functional subdivision of the mono-
amine network into two specific components, i.e., catecholamine 
(noradrenaline and dopamine) and serotonine.

bRAiN NeTwORKS AND PSD: A ROLe 
FOR DTi?

The potential role of stroke lesions affecting brain regions within 
specific fronto-striatal brain networks in PSD was raised by 
earlier studies based on visual characterization of stroke lesions 
as described above. Looking at the possible role of specific circuits 
and networks in PSD brings another technique of modern brain 
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imaging into play that has emerged as powerful technique for the 
in vivo study of brain networks, i.e., DTI. Based on quantitative 
study of water diffusion properties of brain tissue, DTI enables 
the analysis of organizational properties of white matter fiber 
tracts (69). One of the most frequently used indices to describe 
tissue diffusion properties is fractional anisotropy (FA), which 
may act as an indicator of the degree of organization as well as of 
the integrity of brain white matter.

There is an increasing number of DTI studies in patients with 
depressive disorder that report findings of toward structural 
alterations of fronto-striato-thalamic pathways and anterior 
interhemispheric connections, i.e., pathways interconnecting 
brain regions and networks involved in tasks such as decision-
making, emotional regulation, and reward-processing (70). These 
findings point toward a possible specific role structural networks 
connecting frontal and subcortical brain regions in depression 
that might provide a link between structural brain lesions and 
PSD. However, while DTI has been extensively used in psychi-
atric research to study structural brain changes associated with 
depression, we found only a single study that used DTI in the 
study of symptoms of depression following stroke. In this study 
of apathy post-stroke, 54 patients were studied, and decreased 
FA reflecting damage to the genu and splenium of the corpus 
callosum, left anterior corona radiata, and to white matter of  
the frontal gyrus was associated with apathy (47).

MeTHODOLOGiCAL LiMiTATiONS  
OF AvAiLAbLe STUDieS ON PSD

As already touched upon in the previous paragraphs, virtually 
all available studies on the association of stroke lesions and 
PSD are flawed from a number of methodological limitations. 
Most studies even up to very recent years rely on raw and rather 
outdated methods of lesion analysis, i.e., visual inspection and 
allocation to anatomical areas by expert judgment. Available 
modern techniques of lesion analysis, including lesion seg-
mentation, methods of brain registration to standard space, 
voxel-based statistics such as VLSM, are only used in a very 
small number of recent pilot studies.

Small sample size represents another crucial limitation of 
the available studies making any conclusion on lesion symptom 
associations susceptible to chance if not rendering reliable 
statistical analysis completely impossible, especially against the 
background of heterogeneous stroke lesions with only limited 
overlap between lesions among patients in smaller samples.

Furthermore, exclusion of large groups of patients, e.g., apha-
sic patients, from numerous studies may lead to severe selection 
bias. Various methods of measuring depression represent another 
issue. There is no single established score or scale that has emerged 
to measure PSD, but rather a number of different instruments and 
scales with different focus (71). The same holds true for the time 
point of evaluation which varies largely between studies, ranging 
from the early subacute stage several weeks after stroke to the late 
chronic stage years after stroke. Moreover, most of the referenced 
studies did not clearly rule out or provide information on pre-
stroke depression in patients included. Different approaches of 
analysis further hinder comparability of study results, e.g., group 

comparisons between patients with and without PSD based on 
cutoffs in depression scores, on the one hand, versus parametric 
analysis of values on depression scores, on the other hand.

CONCLUSiON

To summarize, no clear pattern emerges as to the association of 
stroke lesions and PSD, which largely results from methodologi-
cal limitations of these studies. If any conclusions can be drawn at 
all, it appears that lesions in more frontal brain areas and lesions 
involving the basal ganglia are more prone to lead to PSD. Maybe 
patients with left hemispheric stroke are also more susceptible for 
PSD. Given the large number of studies, no firm conclusion can 
be drawn, which largely results from the methodological limita-
tions of available studies. Examples of lesion behavior analysis in 
other research areas, e.g., neglect or aphasia, suggest that a deeper 
understanding of the potential impact of focal stroke lesions 
on the occurrence of depressive symptoms post-stroke may be 
expected from studies using modern methods of lesion inference 
analysis in larger samples. As of today only very few underpow-
ered pilot studies using these techniques to study PSD have been 
published. Further research should also take into account analysis 
of damage to specific brain networks by stroke lesions. Research 
combining comprehensive clinical characterization, laboratory 
studies of neurotransmitter metabolites and brain lesions may 
shed light on possible pathomechanisms of PSD that might 
help understand why lesions to specific brain areas are likely to 
cause PSD whereas others are not. Given the available scientific 
evidence, it cannot be answered whether VD and PSD represent 
a spectrum of depression resulting from vascular brain damage or 
should be understood as different entities. Investigation of white 
matter damage together with focal stroke lesions may foster the 
understanding of possible common mechanisms of vascular 
depression and PSD. Future research strategies should include 
leukoaraiosis as important covariate in the evaluation of PSD 
and study the frequency and severity of PSD in patients with and 
without relevant pre-existing white matter lesions. The analysis 
of imaging and clinical data from available large databases and 
trial populations based on pre-specified analysis plans will likely 
provide further insights into the association of stroke lesions and 
PSD.
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