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Brief report

Neuroimaging of serotonin transporters in post-stroke
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Abstract

Pathological crying(PC) is a neuropsychiatric disorder characterized by an excessive tendency towards crying
after brain damage. To elucidate the role of serotonin neurotransmission for PC, a pilot study was performed using
single photon emission computed tomography withw Ixb-CIT to estimate central(midbrainypons and thalamusy123

hypothalamus) serotonin transporter(SERT) densities in 15 stroke patients who did or did not have PC. SERT
binding ratios in midbrainypons were significantly lower in the PC subgroup.
� 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Single photon emission computed tomography;w Ixb-CIT; Serotonin; Brainstem; Stroke123

1. Introduction

Pathological crying(PC), which is characterized
by involuntary and uncontrollable outbursts of
crying, is a frequent finding in neurological
patients (Allman et al., 1990). Recent studies
showed that selective serotonin reuptake inhibitors
(SSRIs) are effective in treating PC with minimal
side effects(Muller et al., 1999). Since low doses¨
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of SSRIs are very effective, disturbed serotonin
neurotransmission has been suggested to be the
underlying pathophysiology of PC.
While some stroke patients show PC, others

with similar lesion locations do not develop it.
Thus, in the present study, we aimed to clarify
whether differences in serotonin neurotransmission
explain the difference between PC patients with
unilateral cerebral lesions and non-PC patients with
similar lesions. As a marker of central serotonin
neurotransmission, we focused on serotonin trans-
porters (SERTs), since cerebral SERTs have
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recently been shown to be reduced in several
psychiatric disorders with disturbances of impul-
siveness and emotion(Tiihonen et al., 1997; Heinz
et al., 1998; Malison et al., 1998; Willeit et al.,
2000). To estimate regional cerebral SERT density,
we used a single-photon emission computed
tomography (SPECT) radioligand, w Ix2b-car-123

bomethoxy-3b-(4-iodophenyl)tropane (w Ixb-123

CIT), which has high affinity to SERTs(Neumeyer
et al., 1991).

2. Methods

2.1. Subjects and clinical ratings

The present study was approved by the ethics
committee of the University of Leipzig. All
patients gave written informed consent to partici-
pate in this study after the procedure had been
fully explained. Six stroke patients with PC and
nine stroke patients without PC were recruited
from the Stroke Unit of the Department of Neu-
rology, University of Leipzig. All patients had
single and unilateral cerebral ischemic infarctions.
Patients with moderate to severe language compre-
hension or cognitive deficits, with a history of
psychiatric diseases, or with current psychotropic
drug use were excluded. The existence of PC was
evaluated using a questionnaire developed by
Moore et al. (1997). Patients were regarded as
suffering from PC when the following three con-
ditions were fulfilled: (a) crying episodes were
provoked more easily than in the pre-stroke period;
(b) crying episodes were(at least sometimes)
provoked suddenly for little or no reason;(c)
crying episodes were(at least sometimes) uncon-
trollable. The global severity of PC was determined
using a 6-point scale(Allman et al., 1992).

2.2. Neuroimaging and data analysis

w Ixb-CIT SPECT was performed within one123

week of the clinical assessment in all patients. A
SPECT scan was acquired 24 h after injection of
185–200 MBqw Ixb-CIT using a brain-dedicated123

camera(CERASPECT 3000, Digital Scintigraph-
ics Inc., Waltham, MA) with three rotating colli-
mators (Holman et al., 1990). Within 30 min

(3608 rotation, 120 projections), 1–2 million
counts were collected in a 128=128=64 matrix.
Images were reconstructed using standardized fil-
tered back-projection with a 2D-Hanning Filter
(cutoff 0.5). Images were corrected for attenuation
by Chang’s first order method(attenuation coef-
ficient ms0.15 cm ). The spatial resolution iny1

the final images was approximately 8 mm in all
spatial dimensions as previously described(Bettin
et al., 1997).
Regions of interest(ROI) analysis was per-

formed on a UNIX workstation using a commercial
software package(HERMESyMultiModality, Nucle-
ar Diagnostics, Hagersten, Sweden) by an experi-¨
enced examiner without knowledge of the
diagnoses of the subjects. The voxels of interest
(VOIs) were defined on a representative 3-D
magnetic resonance imaging(MRI) scan obtained
from a healthy subject. The VOIs included a
column-shaped VOI for midbrainypons(3.3 cm),3

a column-shaped VOI for thalamusyhypothalamus
(6.9 cm), and irregular VOIs for left or right3

cerebellar hemispheres(2.0 cm). Each SPECT3

image was manually coregistered to this reference
MRI by shifting, rotating and resizing SPECT
images three-dimensionally, using internal(striatal
activity and brainstem activity) and external(e.g.
cerebral longitudinal fistula, lateral sulcus and
cerebellum) landmarks. Then, the pre-defined
VOIs were transferred to the coregistered SPECT
images, and the average count densities(countsy
pixel) were calculated for each VOI. In the present
study, cerebellar activity ipsilateral to the stroke
side was used as a reference region, to avoid the
possible effect of decreased non-specific binding
due to decreased perfusion caused by crossed
cerebellar diaschisis. Ratios between the count
density in target regions(midbrainypons, thala-
musyhypothalamus) and cerebellum(ipsilateral to
the stroke side) were calculated. This ratio minus
1 represents the specificynon-displaceable binding
ratio and was assumed to be directly related to
SERT availability at the time of the binding
equilibrium.
In addition, w Ixb-CIT SPECT findings from123

10 subjects who were age-matched to both patient
groups were selected from our control data pool
(mean age: 61.5"10.9 years, 6 women). The
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Table 1
Demographic, lesion and clinical characteristics of the study population

PC group Non-PC group

No. of patients 6 9
Age, mean(S.D.) 60.2 (11.0) 60.4 (10.9)
Sex(M:F) 2:4 4:5
Days after stroke onset, mean(S.D.) 6.22 (2.39) 8.67 (5.89)
(SPECT examination)

Lesion side(R:L) 4:2 8:1

Lesion location
Lateral frontal 4 6
Medial frontal 0 0
Parietal 3 5
Temporal 2 4
Occipital 0 0
Striatum 3 4
Thalamus 0 0

Hemiparesis 5 9
Sensory deficit 4 6
Mild aphasia 2 1
Visuospatial deficit 2 4

MMSE (maxs30), mean(S.D.) 24.2 (3.1) 25.7 (2.4)
HDRS (maxs67), mean(S.D.) 4.3 (2.9) 6.2 (6.9)
Pathological laughing 0 0

subjects had been screened by neurologists and
shown to be without evidence of neurological or
major psychiatric diseases. The SPECT data were
analyzed with the same ROI method described
above.
Statistical differences in SPECT measurements

were assessed by two-tailed Mann–WhitneyU
tests. Spearman rank correlations were used for
the correlations between SPECT measurements
and global severity of PC.

3. Results

Table 1 summarizes the demographic, pathoan-
atomical and clinical features of the study popu-
lation. The PC group and the non-PC group did
not differ significantly in age, gender, duration
between stroke event and SPECT examination,
laterality of the lesion, or lesion location within
the damaged hemisphere. There was no difference
in the involvement of hemiparesis, sensory deficits,
language disorders, or visuospatial deficits. No
significant difference was found in scores on the

Hamilton Depression Rating Scale(HDRS) or
Mini-Mental Status Examination between the two
groups. Only one patient(in the non-PC group)
was diagnosed as suffering from post-stroke
depression(HDRSs23).
Midbrainyponsw Ixb-CIT binding ratios of the123

PC group were significantly lower than those of
the non-PC group(1.26"0.51 vs. 1.93"0.59,Ps
0.025, Fig. 1). One patient with PC showed an
extremely low midbrainypons binding ratio. After
removal of this outlier, a strong trend remained
(Ps0.053).
No significant difference was found in the thal-

amusyhypothalamus binding ratios(2.91"1.29 vs.
3.61"0.90,Ps0.29). In both investigated regions,
the binding ratios of the non-stroke control group
were not significantly different from those of the
PC group (1.79"0.63 vs. 1.26"0.51 for mid-
brainypons, 3.55"0.48 vs. 2.91"1.29 for thala-
musyhypothalamus).
For the whole stroke group(ns15), the corre-

lation of the global severity of PC with midbrainy
pons binding ratios was significant(rsy0.60,
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Fig. 1. Midbrainypons w Ixb-CIT binding ratio in stroke patients with PC, stroke patients without PC, and non-stroke control123

subjects.

Ps0.019), while that with thalamusyhypothala-
mus binding ratios was not significant(rsy0.39,
Ps0.16).

4. Discussion

We examined midbrainypons and thalamusy
hypothalamus SERT density in stroke patients both
with and without PC, and found that midbrainy
pons SERT density was lower in patients with PC
than in patients without PC. The major limitation
of this study is its relatively small sample size; the
findings therefore have to be considered as
preliminary.
Deficits in serotonin neurotransmission have

been linked to impulsive and disinhibitory behav-
ior in animal studies(Robbins, 1997) and human
studies (Evans et al., 2000). From the current
results, considering the uncontrollable nature of
crying in PC, it was suggested that post-stroke PC

is a variant of impulsiveydisinhibitory behavioral
symptoms modulated by the mesocortical serotonin
system.
It is not clear why SERT density is reduced in

post-stroke PC patients. Brainstem SERTs may be
down-regulated in PC patients as a secondary
reaction to the stroke, for example, as an adaptive
reaction to minimize the global perturbation of
neurotransmission caused by the cerebral lesion.
However, considering that there was no major
difference in lesion location between the PC and
non-PC groups, this hypothesis would not explain
why brainstem SERTs are reduced only in the PC
group. Another explanation might be that the
amount of SERT expression was already at low
levels in the PC group before the stroke events.
No patient in the present study had a history of
depression or apparent emotional lability before
the onset of stroke. Thus, the low SERT density
in the brainstem, discovered in the PC group in
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the present study, would be considered a latent
vulnerability, which determines the higher suscep-
tibility to PC after stroke. In good accordance with
this interpretation is the distribution of the mid-
brainypons SERT density measurements of non-
stroke controls, which largely overlapped those of
the combined group of PC and non-PC patients
(Fig. 1). In other words, a normal population is
variable in raphe SERT density and lower individ-
ual levels of raphe SERT expression might affect
the susceptibility to PC if a stroke happened to
occur.
In summary, this neuroimaging study suggests

altered serotonin neurotransmission in patients
with post-stroke PC. Further studies are necessary
to elucidate the pathophysiology of PC and other
disorders of emotional control.
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