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Patterns of sensory abnormality in
cortical stroke

Evidence for a dichotomized sensory system
Jong S. Kim, MD

Abstract—Objective: To characterize sensory symptoms in patients with stroke occurring in the cerebral cortex. Methods:
We studied clinical and imaging findings of 24 patients who had prominent sensory symptoms without definitive motor
dysfunction. Results: According to the sensory manifestations, patients were divided into dominant impairment of primi-
tive sensation (DIPS) group, dominant impairment of cortical sensation (DICS) group, and paresthesia-only group. DIPS
was related to lesions involving the parietal operculum and the insular cortex, whereas DICS was related to the lesions
affecting the postcentral gyrus. Patients with paresthesia only had smaller lesions located in the postcentral gyrus. DIPS
group patients were more often women (p � 0.013), more often had dysarthria (n � 0.043), and more often developed
central poststroke pain or paresthesia (n � 0.005) than the DICS group patients. Restricted sensory changes are common,
predominantly involving the perioral or finger areas. Conclusions: Sensory patterns in these patients are generally
consistent with the dichotomized (SI and SII) sensory system in the cerebral cortex. Involvement of insular and opercular
areas is related to primitive sensory impairment and development of central poststroke pain, whereas postcentral gyrus
involvement is related to cortical sensory loss without poststroke pain. The pattern of restricted sensory changes is
generally consistent with the Penfield sensory topography.
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Pure or predominant sensory symptoms are pro-
duced by strokes occurring anywhere in the sensory
tract.1 They most often occur in patients with tha-
lamic,2,3 pontine,4 or lenticulocapsular5 strokes. Cor-
tical strokes producing pure or predominant sensory
symptoms are rare, and clinical–radiologic correla-
tion has not been properly conducted.2,6,7 Moreover,
there is debate regarding the occurrence of central
poststroke pain or paresthesia (CPSP), a distressing
sequela of sensory strokes,8 in patients with cortical
stroke.6,9 In this study, we sought to characterize the
sensory syndrome in patients with stroke occurring
in the cerebral cortex.

Methods. Between April 1997 and December 2005, I personally
examined 24 consecutive patients who were admitted to the Asan
Medical Center presenting with sensory disturbances secondary to
strokes occurring in the cerebral cortex. Excluded were patients
with 1) definitive (�IV/V) limb weakness, 2) a previous stroke
that could have affected the current neurologic symptoms, 3) con-
comitant infarcts in the other location such as the thalamus or the

pons, 4) unreliable sensory examination due to any reasons such
as severe aphasia, dementia, or confusion, and 5) lesions primarily
located at the subcortical area. However, other symptoms such as
dysarthria, facial palsy, aphasia, or visual field defects were al-
lowed as long as these symptoms did not result in inaccurate
sensory testings.

Superficial pain (pinprick), cold (using cold tuning fork), and
vibration (128-Hz tuning fork) sensations were assessed and
graded as mild (�70% of the normal side), moderate (30 to 70%),
and severe (�30%). Position sense was assessed by identification
of up and down passive movements of fingers or toes and forward
and backward movements of the earlobe. Deficits in position sen-
sation was graded as “mild” when patients correctly identified the
movements, but with a feeling of “unclear” sensation; “moderate”
when there was an occasional error; and “severe” when most of
the movements could not be identified. Stereognosis (identification
of coins, ball-pen, or key), graphesthesia (recognition of letters
written on the palm), and two-point discrimination were per-
formed and compared with the intact side.

Dominant impairment of primitive sensation (DIPS) was de-
fined when 1) there was impaired pain or temperature sensory
perception with intact perception of position sense, 2) degree of
pain and temperature sensory deficit was definitely severe than
that of position sense, or 3) position and other cortical sensory
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deficits improved out of proportion to pain and temperature
senses during follow-up even if both senses were similarly affected
initially. Dominant impairment of cortical sensation (DICS) was
defined when the opposite was the case.

During follow-up visits, the presence of distressing pain or
paresthesia was assessed. The severity of the sensory symptoms
was assessed using visual numeric scale (1 � slight, 10 � most
severe). CPSP was defined when either the visual numeric scales
was �5 or the patients required pain-relieving medication such as
amitryptiline, carbamazepine, or gabapentine. The CPSP was re-
corded as burning (including sensations of heat, warmth, flush-
ing), cold (including sensations of cool, icy, freezing), numb
(including sensations of tingling and tight), and painful (including
sensations of shooting, lancinating, squeezing, stabbing).10

All patients except for one (Patient 12) underwent conven-
tional T2- and T1-weighted MRI as well as fluid-attenuated inver-
sion recovery images within 10 days after the onset of symptoms.
Diffusion-weighted MRI (single-shot echo planar spin echo se-
quence, b � 1,000 s/mm2, repetition/echo time 5,000/139 millisec-
onds) was additionally performed in 14 patients. Patient 12 who
had intracerebral hemorrhage underwent CT only. Imaging anal-
ysis was done by a neuroradiologist who was blinded to the clini-
cal data. Angiograms were performed in 23 patients: MR
angiogram in 22 and conventional angiogram in 1 patient. EKGs

were performed in all patients and echocardiograms in selected
patients.

The pathogenic mechanism of cerebral infarction was catego-
rized as follows: 1) Cardiogenic embolism: there was an emboli-
genic heart disease such as atrial fibrillation, valvular disease,
dilated cardiomyopathy, and acute myocardial infarction. Patent
foramen ovale with a right-to-left shunt was considered an embo-
ligenic cause when the patient was age �50 and did not have any
vascular risk factors or angiographic evidence of atherosclerosis.
2) Large vessel atherothrombotic disease: There was angiographic
evidence of stenosis or occlusion of the arteries that was attribut-
able for the stroke without the presence of emboligenic heart
diseases. 3) Unknown: infarction that fits with both cardiogenic
embolism and large vessel diseases or did not fit with any of the
above criteria.

For statistics, Mann–Whitney test was used for comparison of
age and Fisher exact test for other variables. A two-tailed p value
of �0.05 was considered significant. SPSS for Windows (version
12.0) was used.

Results. Demography, risk factors, and general neuro-
logic features of patients. There were 15 men and 9
women with ages ranging from 39 to 83 (mean 58.6 years)

Table 1 Characteristics of patients

No./sex/age, y Objective sensory abnormality Topography Other neurologic deficits

Dominantly impaired primitive sensation

1/F/46 TPVPo (m) ¡ TP (m) FATL Dysarthria

2/F/39 TPVPo (mo) ¡ TP (m) ¡ inc. T FATL ¡ F, A ¡ F Dysarthria

3/M/52 TP (s), Po (mo) ¡ TP (m) FATL Facial palsy, dysarthria, dysphagia

4/F/67 TP (s), VPo (mo) A � L Aphasia

5/F/65 P (m) A Dysarthria, facial palsy

6/F/48 TP (mo), VPo (m) A � L Dysarthria

Dominantly impaired positional and other cortical sensation

7/M/56 Po (s), TP (m) FA

8/M/55 Po (s), dec. Cor ATL Gerstmann syndrome

9/M/62 Po (mo), TPV (m) FATL Dysarthria

10/M/71 Po,V (S), dec. Cor FATL Gerstmann syndrome

11/M/71 Po,V (s), TP (mo) ¡Po(s),PV (m) FATL Visual field defect, hemineglect

12/M/60 Po (s), TP (m) FATL Visual field defect, hemineglect

13/M/62 Po (s), TP (m) Periroral � A (ulnar side)

14/M/65 Po (mo), dec. Cor, TP (m) FATL Cortical hearing deficit

15/M/57 TPVPo (s) ¡ Po(mo) FATL Visual field defect, heminegect

16/M/51 Po (m) Rt hand

17/F/44 Po (mo), TP (m) Lower lip � 1st, 2nd fingers Dysarthria

18/F/51 Po (s), dec. Cor, TP (mo) 1–4th fingers

Paresthesia only

19/M/58 None Perioral � thumb Dysarthria, facial palsy

20/M/47 None Rt hand ¡ thumb Dysarthria

21/F/59 None A (ulnar side)

22/M/83 None A

23/M/67 None Thumb Dysarthria

Combined

24/M/45 TPVPo (mo) FATL Visual field defect, hemineglect

T � temperature; P � pinprick; V � vibration; Po � position; Cor � other cortical senses; M � mild; mo � moderate; s � severe; inc �
increased; dec � decreased; F � face; A � arm; T � trunk; L � leg; A � L � arm more severe than leg; CPSP � central poststroke
pain; B� burning; C � cold; Nb � numbness; P � painful; ICH � intracerebral hemorrhage.
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(table 1). Vascular risk factors included hypertension in
13, diabetes mellitus in 2, current cigarette smoking in 4,
hypercholesterolemia (fasting serum cholesterol level
�200 mg/dL) in 5, and emboligenic heart diseases in 12,
which included atrial fibrillation in 7 (1 had concomitant
mitral valve disease), dilated cardiomyopathy in 1, and
patent foramen ovale with right-to-left shunt in 4 patients.
Three patients had a past history of stroke and two had a
history of coronary heart disease.

The neurologic deficits were summarized in table 1.
Sensory disturbances were the most important manifesta-
tions. Other symptoms or signs included dysarthria in 11,
transient or mild visual field defect in 6, hemineglect (as-
sessed by line-bisection and letter cancellation tests) in 4,
mild aphasia in 1, and Gerstmann syndrome (right-to-left
disorientation, finger agnosia, acalculia) in 2 patients.

Twenty-two patients had infarcts and two had intrace-
rebral hemorrhages. The lesions were on the right in 9 and
on the left in 15 patients. The patients were followed up
from 1 to 75 (mean 28.8) months. Two patients developed
generalized seizures at 1 (Patient 8) and 2 (Patient 7)
years after the onset. One (Patient 13) developed anterior
cerebral artery territory infarction 6 years later. None
died.

Pathogenic mechanism and treatment. Presumed
pathogenic mechanisms included cardiogenic embolism in
11, artery-to-artery embolism in 7 (6 due to carotid athero-
sclerosis, 1 due to probable dissection), and hypertensive
hemorrhage in 2 (table 1). The mechanism remained un-
known in four patients. Anticoagulation (warfarin) was
used in 13 patients, whereas 6 received antiplatelets. Ca-

rotid endarterectomy was performed in two patients (Pa-
tients 7 and 9).

Patterns of sensory manifestations. According to the
sensory abnormalities, the patients were categorized into
three groups.

DIPS group (Patients 1 to 6). The impaired sensation
was solely (Patient 5) or predominantly (Patients 1 to 4, 6)
the primitive sensations (pinprick and cold). Positional
sensory impairment was less severe and shorter-lasting
than primitive senses and eventually resolved in all the
patients. The topographies of sensory disturbances were
whole hemibody including the face in three, arm and leg in
two, and arm only in one patient. Accompanying neuro-
logic deficits included dysarthria in five (83%) and facial
palsy in two (33%).

On follow-up, four patients (67%) developed CPSP usu-
ally several weeks or months later and required pain-
relieving medication such as amitryptiline. Two of them
had allodynia. On the longer follow-up, the CPSP gradu-
ally diminished in its intensity, although there remained
persistent sensory discomfort. As shown in figure 1, the
lesions were generally located in the lower part of the
parietal or frontal area. Parietal opercular area and
the insular cortex were always involved. The lower part of
the frontal cortex was also involved in Patients 1 to 3 and 5.

DICS group (Patients 7 to 18). The impaired sensation
was solely (Patients 8, 10, and 16) or predominantly the
position and other cortical sensations. Sensory topography
included whole hemibody including the face in six patients
and arm and leg in one (Patient 8). In others, the sensory
symptoms were limited to the face and hand (Patient 7),

Figure 1. Lesions producing predominant primitive sensory impairment. Numbers indicate patients’ numbers.
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perioral area � ulnar-sided arm (Patient 13), fingers (Pa-
tient 16), lower lip and first two fingers (Patient 17), and
the forearm and the first four fingers (Patient 18). Accom-
panying neurologic deficits included visual field defect in
five, hemineglect in three, dysarthria in three, Gerstmann
syndrome in two, and cortical hearing impairment in one
patient.

During follow-up, none developed CPSP, although seven
had mild residual numb or tight sensation in the affected
body parts. However, none required medication for CPSP.

Transient choreoathetotic movements (Patients 10 and 14)
or dystonic postures (Patients 11 and 15) were observed.
The responsible lesions were generally located in the upper
part of the parietal lobe (figure 2). The posterior central
gyrus was always involved, while the posterior insula was
also involved in two patients (Patients 14 and 15).

Paresthesia without objective sensory impairment
(Patients 19 to 23). Patients presented with paresthesia
without objective sensory deficits. In all of them, the sen-
sory symptoms were restricted to certain body parts: upper

Figure 2. Lesions producing predominant positional and cortical sensory impairment. Numbers indicate patients’ num-
bers. Patients 8 and 12 had intracerebral hemorrhage, whereas the others had infarcts.
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and lower lips � half of the tongue � thumb (Patient 19),
ulnar-sided arm (Patient 21), forearm (Patient 22), and
thumb only (Patient 23). In Patient 20, sensory symptoms
initially involved the right hand and then localized to the
tip of the thumb in 1 day. In this patient, mild choreoath-
etosis was observed for 1 day. Accompanying neurologic
deficits included mild dysarthria in three patients. The
lesions were small and usually located at the postcentral
gyrus (figure 3). On follow-up, sensory symptoms disap-
peared in all the patients except for Patient 19, who had
mild residual sensory symptoms in the thumb.

Both sensations involved to a similar degree (Patient 24).
Patient 24 had impaired cortical and primitive sensory
perception to a similar degree. The patient developed
CPSP and required medication.

Comparison between DIPS and DICS groups. As
shown in table 2, DIPS group patients were more often
women, more often had associated dysarthria, and more
often had residual CPSP than DICS group patients. Age
and the side of the lesion were not different between the
two groups. Because the lesion location in the paresthesia
group patients was similar to that of DICS group, we then
combined these patients and the DICS group and com-
pared the DIPS vs DICS � paresthesia group. The results
were identical except that the difference in dysarthria lost
its significance. Because of the small number of the DIPS

group, we did not perform multiple logistic regression
analysis.

Discussion. We identified three main patterns of
sensory disturbances due to cortical stroke: DIPS,
DICS, and paresthesia only. The lesions responsible
for the DICS were located at the upper part of the
parietal lobe including mainly the postcentral gyrus,
whereas DIPS was related to lesions involving the
lower part of the cortex including the parietal oper-
cular area and the insular cortex. Patients with par-
esthesia only showed small lesions at the area
similar to the DICS group. Therefore, these cases
may be considered a milder form of DICS.

Our results are consistent with previous re-
ports,6,11,12 in that positional and other cortical sen-
sory impairment occurred in patients with parietal
cortical stroke involving the postcentral gyrus corre-
sponding to the primary sensory (SI) area.13 The ob-
servation that lesions at the parietal operculum or
the insular cortex were related to DIPS was also
consistent with previous report that removal of tu-
mor occurring in the parietal operculum abolished
episodic pain.14 A study using PET showed that nox-
ious heat stimuli of the forearm evoked significant

Figure 3. Lesions producing paresthe-
sia only. Numbers indicate patients’
numbers. Small lesions are indicated
by arrows.

Table 2 Comparison between patients with different sensory characteristics

DIPS, n � 6 DICS, n � 12 p Value* DICS � paresthesia, n � 18 p Value†

Age, y, mean � SD 52 � 11.0 58.8 � 8.1 0.279 59.9 � 9.7 0.15

Female, no. (%) 5 (83.3) 2 (16.7) 0.013 3 (17.6) 0.009

Dysarthria, no. (%) 4 (66.7) 3 (25) 0.043 6 (35.3) 0.069

Central poststroke pain, no. (%) 4 (66.7) 0 0.005 0 0.002

Involuntary movement, no. (%) 0 4 (33.3) 0.245 5 (29.4) 0.272

Cardiogenic infarction, no. (%) 4 (66.7) 5 (41.7) 0.62 7 (41.2) 0.371

Arterial origin infarction, no. (%) 1 (16.7) 4 (33.3) 0.615 6 (35.3) 0.621

* Comparison between DIPS and DICS.
† Comparison between DIPS and DIPS � paresthesia.

DIPS � dominant impairment of primitive sensation; DICS � dominant impairment of cortical sensation.
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increase in regional cerebral blood flow in the pari-
etal opercular area.15 Thus, the insular or opercular
regions that roughly correspond to the secondary
sensory (SII) area13 seem to mediate or modulate
pain or thermal sensation.16

Nevertheless, the lesion–sensory symptoms corre-
lation was not perfect; there was impaired positional
sensation in most DIPS group patients and impaired
primitive sensation in most DICS group patients,
although these were milder and shorter-lasting than
the main sensory disturbances. Perhaps, the mild
concomitant impairment in other sensory modalities
may be attributed to the damage of the corticocorti-
cal connection between the SI and SII areas.

Although a previous study did not observe CPSP
due to parietal cortical strokes,6 we found that CPSP
did occur in DIPS group patients. On the other hand,
DICS group patients had mild residual numb sensa-
tion only. Our results agree with the previous notion
that the pathogenesis of the CPSP is related to spi-
nothalamic sensory impairment8 and confirms that
CPSP can be produced by lesions involving the oper-
culum or insular cortex.9 A previous study showed
that unpleasantness perception in skin and muscle
stimulation was associated with bilateral insular ac-
tivation.17 Another study showed that a parietal
opercular lesion was related to decreased ability to
identify noxious stimuli as painful, whereas motiva-
tional and affective responses to noxious stimuli
were associated with insular lesions.18 Therefore, dis-
connection between the thalamus and the SII area
and subsequent reorganization process seem to be
responsible for the CPSP in patients with DIPS.
Whatever the mechanism, the nature of CPSP does
not appear to be different from CPSP from subcorti-
cal lesions.

The reason why women occurred more frequently
in the DIPS than in DICS group remains unclear.
This could in part be related to the fact that cardio-
genic embolism was relatively prevalent in the DIPS
as compared with the DICS group. Cardiogenic em-
bolism as an etiology of cerebral infarction is more
common in women than in men in our stroke registry
(unpublished data). Whatever the explanation, be-
cause there has been no evidence of gender differ-
ence in the incidence of CPSP,8 the gender difference
between the two groups does not appear to influence
our result that CPSP results primarily from opercu-
lar and insular lesions.

Dysarthria was more often found in the DIPS
than DICS group, probably because the lesions sit-
uated in the lower part of the frontoparietal area
involved the lower part of the motor cortex corre-
sponding to the tongue or face area (Patients 1 to
3). On the other hand, hemineglect, visual field
defect, and Gerstmann syndrome were present
usually in the DICS group, owing probably to the
concurrent involvement of the angular gyrus or the
upper temporal lobe. Chorea or dystonic postures
were also found mainly in the DICS group, which
are related to positional sensory loss.19 Embolism

was the main stroke mechanism in both groups; it
seems that DIPS may be related to an occlusion of
the anterior parietal artery, whereas DISC is re-
lated to the posterior parietal artery occlusion with
occasional involvement of the angular branch.

The sensory change was frequently restricted to
certain body parts. According to previous studies,
sensory representation of the human hand is somato-
topically arranged in the postcentral gyrus (SI
area),20,21 the area representing the thumb being
larger than that of other fingers.21 The lesion respon-
sible for the sensory changes in the first to fourth
fingers (Patient 18) was located adjacent to the lat-
eral border of the central knob, whereas lesions re-
sponsible for perioral–thumb (Patient 19) and
perioral–first and second fingers (Patient 17) were
located slightly lower than that of Patient 18. These
findings agree with previous reports that sensory
fibers subserving the thumb are located at the lat-
eral shoulder of the central knob of the motor cor-
tex,22 and those related to lips are located below the
thumb area.20 In Patient 20, sensory changes ini-
tially noted on the hand were soon restricted to the
thumb, whereas paresthesia on the tip of the thumb
was the only clinical manifestation in Patient 23. We
also found sensory changes restricted in the lateral
(ulnar) areas of the lower arm (Patients 13 and 21).
However, the small lesions detected by diffusion-
weighted imaging did not allow us to analyze the
relationship between the lesion and the gyral mark-
ing. Nevertheless, our result seems generally consis-
tent with the Penfield somatotopic localization of
sensory fibers in the SI area.

The preferential involvement of the perioral area
and the fingers in our series and in the previous
literature23-25 may also be due to the vulnerability of
these areas compared to other body parts.25 Thus,
the various topography of restricted sensory distur-
bances may be determined by a combined influence
of somatotopic lesion location and different vulnera-
bility of individual body parts.26
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NeuroImages
Acute reversible cerebellar lesions
associated with metronidazole therapy
Joshua L. Bonkowsky, MD, PhD; Cole Sondrup, BS; and
Susan L. Benedict, MD, Salt Lake City, UT

A 27-year-old man with acute lymphoblastic leukemia developed
ataxia, dysarthria, and confusion 2 weeks after initiating metroni-
dazole therapy for Clostridium difficile colitis.

Brain MRI revealed cytotoxic edema, without contrast en-
hancement, in the cerebellar dentate nuclei (figure, A and B),
dorsal pons, and medulla. Metronidazole was discontinued, and
his symptoms resolved over the following 3 weeks. Repeat brain
MRI 6 weeks later showed resolution of the imaging changes
(figure, C and D).

Metronidazole, a widely used antibiotic, has only recently been
described to have CNS toxicity including encephalopathy, sei-
zures, and ataxia.1 MR spectroscopy results suggest that mito-
chondrial dysfunction may underlie the cytotoxic edema.2

Copyright © 2007 by AAN Enterprises, Inc.
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Figure. Axial fluid-attenuated inversion recovery (FLAIR)
and diffusion-weighted (DWI) MR images. (A, B) FLAIR
and DWI MRI obtained on day 20 of metronidazole ther-
apy, showing increased signal and diffusion restriction in
the cerebellar dentate nuclei. (C, D) Resolution of the
FLAIR and DWI changes, 6 weeks after cessation of metro-
nidazole therapy.
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