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Abstract
Background: Hand knob stroke is a rare clinical disorder frequently misdiagnosed as peripheral neuropathy. The purpose of this study is to recognize this particular type of stroke by analyzing clinical features, etiology, and prognosis.
Methods: We enrolled 19 patients with acute hand knob stroke in the Department of Neurology of the Beijing Geriatric Hospital from January 2018 to January 2022, and the clinical and imaging data of the patients during hospitalization and follow-up were collected and summarized.
Results: Acute hand knob stroke accounted for 0.9% of all acute stroke, and ischemic stroke (17 cases, 89.5%) was
more than hemorrhagic stroke (2 cases, 10.5%). All patients presented sudden contralateral hand paresis, 12 (63.2%) of
them had only isolated hand paralysis, and the location of the lesion corresponded to different finger weakness. The
cause of hand knob hemorrhage was hypertension, while the causes of hand knob infarction were mainly small-vessel occlusion (SVO) (35.3%) and large-artery atherosclerosis (LAA) (35.3%), and the rare causes include carotid artery
dissection and carotid body tumor. After a median follow-up 13.5 months, the prognosis of 94.7% patients was good,
and one patient (5.3%) had recurrent stroke.
Conclusions: Hand knob stroke is a rare stroke with a good prognosis and a low stroke recurrence rate. Ischemic
stroke is the predominant type and the main clinical manifestation is hand paresis. The cause of hand knob hemorrhage is hypertensive, while SVO and LAA are the main causes of hand knob infarction, but there are some rare
etiologies.
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Background
The hand knob area is considered to be the cortical site
of hand motor function, located in the precentral gyrus.
It was described as an omega or epsilon-like shape in the
axial plane and a hook-like shape in the sagittal plane
by functional magnetic resonance imaging (MRI) study
in 1997, and served as a reliable anatomical landmark
for identifying the precentral gyrus [1]. Isolated hand
palsy is mainly caused by peripheral neuropathy and
rarely occurs in stroke [2]. Hand knob stroke can mimic
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radial and/or ulnar nerve injury, and in a few cases muscle weakness innervated by median nerve may occur.
Moreover, the pyramidal signs and other related symptoms and signs of cortical involvement are often lacking.
Thus, patients with hand knob stroke can easily be misdiagnosed as “peripheral neuropathy” and get the delayed
or improper management [3, 4]. Until present, data on
hand knob stroke are still mostly limited to case reports
or small series worldwide [5–7], while only a few cases
have been reported in China, which may be related to the
lack of clinical awareness of the disease. Therefore，this
study analyzed the clinical characteristics, stroke etiology and prognosis of 19 patients with hand knob stroke
in China, in order to improve clinicians’ knowledge of the
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uncommon stroke at the specific site and guide the clinical practice.

relationship between lesion location and finger weakness
was analyzed.

Methods

Follow‑up and prognostic criteria

Patients

All patients underwent routine follow-up for at least
3 months after discharge. The clinical outcome was determined by the Modified Rankin Scale (MRS) and clinical
endpoint including recurrent stroke or all-cause death in
the follow-up. Finally, the MRS ≤ 2 was defined as a good
prognosis, whereas the MRS>2 or occurrence of an endpoint event was defined as a poor prognosis.

This patients with acute stroke in the hand knob area
from the Department of Neurology of the Beijing Geriatric Hospital between January 2018 and January 2022
were enrolled. The inclusion criteria were: (1) acute
stroke diagnosed according to World Health Organization criteria [8], and new isolated lesion in the hand knob
area or multiple lesions affected the area confirmed by
brain computed tomography (CT) and cranial MRI, (2)
the detailed clinical and radiological evaluations after
admission and follow-up for at least 3 months. The exclusion criteria were: (1) new lesions in the hand knob area
due to other causes, (2) old lesions or surgical history
in the hand knob area, (3) severe neurological deficits
due to previous stroke or other diseases. This study was
approved by the ethics committee of the Beijing Geriatric
Hospital. All patients provided written informed consent
before their inclusion in the study.
Clinical data collection

Clinical data were collected including age, gender, cerebrovascular risk factors (hypertension, diabetes, hyperlipidemia, hyperhomocysteinemia, history of stroke,
heart disease, smoking, alcoholism), laboratory tests
(blood cell count, coagulation function, blood biochemistry and immune function), clinical manifestations, treatment strategies, and a comprehensive cardiac screening
if necessary (12-lead and 24-hour Holter electrocardiogram, transthoratic or transesophageal echocardiography and right ventricular contrast echocardiography).
Finally, the etiology of hand knob stroke was determined
based on the clinical data and results of ancillary examinations, and for acute ischemic stroke, the etiological
classification was according to TOAST criteria including
large-artery atheroscerosis (LAA), cardioembolism (CE),
small-vessel occlusion (SVO), stroke of other determined
etiology (SOE), and stroke of undetermined etiology
(SUE) [9].
Imaging analysis

After admission, all patients underwent the brain CT
and cranial MRI, who were evaluated by magnetic resonance angiography (MRA), CT angiography (CTA) and
carotid color ultrasound to complete intra-extracranial
vascular assessment. Some patients were examined by
high-resolution MRI (HR-MRI) and digital subtraction
angiography (DSA) to determine the definitive etiology.
For hand knob stroke, the size, location and distribution of new lesion were recorded, and the corresponding

Statistical analysis

All statistical analysis was performed with SPSS version 23 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as means ± standard deviation.
Categorical variables were presented as frequencies and
percentages.

Results
Demographics and baseline features

The detailed information of 19 patients with acute hand
knob stroke are summarized in Table 1. There were 15
male (78.9%) and 4 female (21.1%) patients, with a mean
age of 62.2 (31–83) years. These patients accounted
for 0.9% of all 2224 acute stroke patients treated in our
department during the same period. Seventeen patients
(89.5%) were diagnosed with ischemic stroke, and 2
patients (10.5%) were hemorrhagic stroke. The cerebrovascular risk factors included hypertension (13 cases,
68.4%), hyperlipidemia (11 cases, 57.9%), hyperhomocysteine (11 cases, 57.9%), smoking (10 cases, 52.6%),
alcoholism (7 cases, 36.8%), diabetes (6 cases, 31.6%),
cardiovascular disease (3 cases, 15.8%: one acute myocardial infarction, one unstable angina, one left ventricular
mural thrombi). All patients presented with the abrupt
onset of contralateral hand paresis, including 12 cases
(63.2%) of isolated hand paralysis, 4 cases (21.1%) with
mild hand numbness and 3 cases (15.8%) with transient
dysarthria, who had no other accompanying symptoms
(headache, nausea, vomiting, etc.). The distribution of
finger weakness was that radial weakness involving the
thumb and index was in 3 cases (15.8%), ulnar weakness
involving the third to fifth digits in 6 cases (31.6%), and
uniform finger involvement in 10 cases (52.6%).
Etiological analysis

The cause of hemorrhagic stroke in 2 cases was hypertension. TOAST etiological classification of 17 patients
with ischemic stroke was SVO in 6 cases (35.3%), LAA
in 6 cases (35.3%), SOE in 2 cases (11.8%); SUE in 2 cases
(11.8%) and CE due to left ventricular aneurysm with
mural thrombi in 1 case (5.9%). In the LAA subtype, the
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Table 1 Patient’s information
Age (years, means ± SD)

Gender (male/female)

62.2 ± 13.2
15/4

Vascular risk factors

culprit vascular lesions were five ipsilateral extracranial
internal carotid artery (ICA) stenosis and one ipsilateral
middle cerebral artery (MCA) stenosis. Two rare causes
included ICA dissection in a young male and ipsilateral
ICA occlusion due to compression of carotid body tumor
in an elderly male.

Hypertension

13 (68.4%)

Hyperlipidemia

11 (57.9%)

Hyperhomocysteinemia

11 (57.9%)

Smoking

10 (52.6%)

Imaging features in hand knob stroke

Alcoholism

7 (36.8%)

Diabetes mellitus

6 (31.6%)

Cardiac disease

3 (15.8%)

The lesions of two hand knob hemorrhagic stroke were
round-like with the diameter less than 15 mm and only
involved the hand knob area on CT (Fig. 1). In 17 cases
with ischemic stroke, the DWI sequence of brain MRI
showed new lesions with the diameter of 0.5-3 mm,
located in the hand knob area (8 cases) or dispersed in
the cortical territory of the MCA (9 cases) (Fig. 2). The
location of the lesion in the hand knob area and the corresponding distribution of finger weakness was as follows: 6 cases (31.6%) with medial lesion showed ulnar
finger weakness; 3 cases (15.8%) with lateral lesion
showed radial finger weakness; 3 cases (15.8%) with middle lesion and 7 cases (36.8%) with large lesion involved
the total area showed uniform finger weakness.

Clinical manifestations
Isolated hand paresis

12 (63.2%)

Hand paresis with mild hand numbness

4 (21.1%)

Hand paresis with transient dysarthria

3 (15.8%)

Stroke type
Hemorrhagic stroke

2 (10.5%)

Ischemic stroke

17 (89.5%)

TOAST classification of cerebral infarction
SAO

n = 17

6 (35.3%)

LAA

6 (35.3%)

SOE

2 (11.8%)

SUE

2 (11.8%)

CE

1 (5.9%)

Follow-up
Good prognosis (mRS ≤2)
Stroke recurrence

18 (94.7%)
1 (5.3%)

SAO Small-vessel occlusion, LAA Large-artery atherosclerosis, SOE Stroke of other
determined etiology, SUE Stroke of undetermined etiology, CE Cardioembolism,
MRS Modified Rankin Scale

Treatment and follow‑up

The patients with LAA, SVO and SUE etiological subtypes received the long-term medical treatment of antiplatelet and control of risk factors, and two patients with
the LAA etiological subtype also underwent carotid
stenting. The patient with carotid body tumor was treated
with conventional secondary prevention of cerebrovascular disease, and the vascular surgeon recommended
regular follow-up of tumor size changes; The patient with
carotid artery dissection was treated oral anticoagulant
for 1 year without recurrence and then discontinued. The

Fig. 1 a 79-year-old man with a previous history of severe hypertension presented with acute isolated total hand weakness; b Cranial CT showed
cerebral hemorrhage in the left knob area
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Fig. 2 a DWI showed the isolated infarct located in the right knob area (yellow arrow); b DWI in another patient showed the multiple infarcts
scattered in the left knob area and left frontal cortex (red arrows)

patient with CE was given long-term oral anticoagulant
therapy. Two patients with cerebral hemorrhage were
treated conservatively.
The median follow-up period was 13.5 months
(3–29 months) in this study. Eighteen patients (94.7%)
had a favorable outcome during the follow-up, whereas
one patient (5.3%) with severe ICA stenosis who refused
endovascular treatment at first hospitalization developed
recurrent stroke 7 months after discharge, and there was
no any further stroke recurrence after carotid stenting.

Discussion
To the best of our knowledge, in this study we presented
the largest cohort of patients with hand knob stroke in
mainland China and summarized the clinical features,
etiology, and prognosis.
Hand knob stroke is often considered an uncommon
type of stroke with an incidence rate less than 1% [6, 10].
In the present study, hand knob stroke accounted for
0.9% of all acute strokes, which was consistent with previous reports. The low diagnostic rate may be due to lack
of recognition of hand knob stroke by some physicians,
who misdiagnosed hand knob stroke as peripheral neuropathy because of the similar symptoms, but it may also
be attributed to the decrease in the visit rate as a result
of a mild clinical symptom and a good recovery of limb
function [6, 7]. In addition, the detection rate may also
be impacted if the isolated lesion in the hand knob area
is minor and the MRI is not performed promptly. Wang
Y et al [11] reported that hyperhomocysteinemia was
the most common risk factor for hand knob infarction,
while Orosz P et al [7] considered that hypertension was
the most common. Our results showed that hypertension
was the most frequent risk factor in patients with hand

knob stroke, followed by hyperlipidemia and hyperhomocysteinaemia. The difference may be attributed to
the different sample size, ethnicity and environment. In
this cohort, there were more male subjects than female,
and compared with the previous reported literature, the
cohort had a larger age span (ranged from 31 to 83 years).
In this study, 12 of 19 patients presented isolated hand
paresis without pyramidal signs or other cortex-related
signs of anterior circulation. Although hand knob stroke
can be easily misdiagnosed as the peripheral neuropathy,
a careful physical examination revealed that the distribution of weak fingers did not follow the pattern of peripheral nerve distribution [12, 13]. This study found that the
medial lesion showed ulnar fingers weakness, the lateral
lesion showed radial fingers weakness, the middle or the
large lesion involving the whole hand knob area showed
homogeneous finger weakness. The possible reason was
that different parts of hand knob area may have the corresponding somatotopic representation of fingers [14,
15].
Almost all of the causes of hand knob stroke reported
at home and abroad were ischemia. In this study, we
reported for the first time two cases related to cerebral
hemorrhage, which extended the current knowledge on
the aetiology of hand knob stroke. These two lesions of
intracerebral hemorrhage were confined to the hand
knob area, which were classified as lacunar stroke due to
the small size. Arboix A et al [16] analyzed 17 patients
with hemorrhagic lacunar stroke and the results implied
that hypertension was the primary cause and the patients
had the favorable outcome, which was consistent with
our results. Studies on the etiology and pathogenesis of
hand knob infarction had been inconsistent in the literatures. A total of 15 cases were included in the study by
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Alstadhaug KB et al [17], 77% of whom had radiological
findings of ischemic white matter lesions, so the authors
believed that cerebral small vessel disease was the main
etiology in the hand knob infarction. Castaldo J et al [5]
selected 35 cases for analysis and found that CE (46%)
was the main etiological type, followed by LAA (34%),
while other studies considered that the main mechanism
for hand knob infarction was arterio-arterial embolism
based on LAA [7, 10]. In the present study, SVO (35.3%)
and LAA (35.3%) were the main causes of hand knob
infarction. Of note, all 6 patients with LAA had multiple
lesions close to the cortex, and 5 of whom exhibited ipsilateral ICA stenosis, indicating a possible arterio-arterial
embolic mechanism for LAA patients, which was consistent with the previous reports [10]. In one patient with
CE, the embolus came from the left ventricle, reminding
that it is necessary to perform a thorough cardiac examination. In previous studies, rare causes of hand knob
infarction included moyamoya disease [11], giant cell
arteritis [18], cancer-associated thromboembolism [19].
In this cohort, carotid dissection and carotid body tumor
were reported for the first time as the rare causes of hand
knob stroke.
There were few studies on the prognosis of hand knob
stroke, and two previous studies with long-term followup of hand knob stroke (median 25 and 30 months)
had shown good long-term clinical outcomes [5, 20].
In this study, the majority of patients (94.7%) had also
a good prognosis during a median follow-up period of
13.5 months. Some investigators considered that the
favorable prognosis may be related to abundant collateral
blood supply in the hand knob area and functional compensation in other areas [21, 22]. In the cases with poor
prognosis, Peters N et al [10] reported that 2 patients
(6%) with hand knob stroke developed acute myocardial
infarction and 1 (3%) had recurrent cerebral infarction
during follow-up, while Alstadhaug KB et al [17] reported
that 2 patients (15%) died of cardiac arrest and sudden
unexplained death during follow-up. Notably, one patient
(5.3%) with severe stenosis of bilateral ICA had recurrent
stroke due to refusal of the interventional therapy at first
hospitalization in this study. All in all, although the overall prognosis of hand knob stroke is good, non-pharmacological approaches are likely necessary to reduce the
stroke recurrence of these patients with LAA etiology.
The hand knob stroke may have potentially severe vascular lesions or complicated stroke mechanisms, so such
patients should not be overlooked due to mild symptoms.
Thus, the further long-term follow-up studies are warranted to elucidate the natural course and factors affecting prognosis of the hand knob stroke.
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Conclusions
Hand knob stroke is an uncommon type of stroke with
a good prognosis and a low recurrence rate. Ischemic
stroke is the predominant type of hand knob stroke, and
the main clinical manifestation is contralateral hand
paresis, and the topography of the lesion corresponds to
finger weakness. The cause of hand knob hemorrhage is
hypertensive, SVO and LAA are the main causes of hand
knob infarction, but there are some rare etiologies. The
limitations of this study are that the number of cases is
still small, some patients have the short follow-up time,
and different treatments for different etiologies may also
affect the prognosis. Therefore, further prospective studies with a large sample size are expected to confirm these
results.
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