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Abstract

In chronic subdural hematoma (CSDH) patients, motor functions usually recover quickly after burr-hole 
surgery; however, in a rare case, the hemiparesis showed poor improvement after surgery. In that case, 
investigation of cerebral infarctions is important. Among the 284 CSDH patients with motor weakness, 
magnetic resonance image (MRI) and MR angiography (MRA) were acquired in 82 patients before sur-
gery when the hemiparesis progressed rapidly. Small lacunar infarction was identified on the hematoma 
side in five cases; all were older than 80 years with hypertension, and diabetes mellitus had been diag-
nosed in two. In all the five patients (100%), MRA demonstrated a downward or upward shift of the M1 
portion of the middle cerebral artery on the hematoma side, where the perforating arteries originate. 
Conversely, only 4 CSDH patients (5.2%) without lacunar infarction demonstrated M1 downward shift. 
The risk factors of lacunar infarction were high in the five detected cases; however, distortion, twisting, 
or elongation of the lenticulostriate arteries might be a cause of the lacunar infarctions, rather than the 
formation of lipohyalinosis or microatheroma in the arteries. Therefore, anti-platelet treatment might 
not be necessary for CSDH-inducing lacunar infarction. The lacunar infarctions caused by CSDH were 
small, the patients’ hemiparesis was mild, a prognosis of all the patients was good, and they recovered 
well from the motor weakness after physical rehabilitation. MR examinations before surgery are recom-
mended for CSDH patients especially when a patient complains of sudden onset or rapid deterioration 
of motor weakness.
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Introduction

Lacunar infarction is the most common type of 
cerebral stroke occurring in the subcortical regions 
of the brain.1) The usual mechanism of lacunar 
infarction is considered to be the occlusion of small 
deep penetrating arteries by the formation of lipo-
hyalinosis or microatheroma,2,3) and hypertension, 
diabetes mellitus (DM), and aging are the known 
risk factors.4-7) Another causes of lacunar infarction 
are intracerebral hemorrhage, multiple sclerosis, an 
unruptured basilar aneurysm, CSDH, brain abscess, 
glioblastoma, or Chiari-malformation type I.8,9) 

Anzalone et al. reported that, among 97 patients 
with lacunar infarction, one patient had CSDH,8) 
and Lazzarino et al. mentioned that lacunar infarc-
tion was caused by CSDH in one patient among 
137 consecutive lacunar infarction patients.9) But 
neither of them clarify the mechanism of lacunar 
infarction caused by CSDH. In this study, the authors 
demonstrate five cases with lacunar infarction caused 
by CSDH, and consider mechanism for lacunar 
infarction based on MRI and MRA findings.

Materials and Methods

Ethic approval
Teikyo University Ethics Committee approved this 

study (Teirin 13-251), and Teikyo University Conflicts 
of Interest Management Committee concluded there 
were no conflicts of interest in this study (TU-COI 
13-1606).
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Patients
From April 2009 to March 2018, burr-hole surgery 

was performed in 358 CSDH patients, and motor 
weakness was identified in 284 patients (79.3%) 
before surgery. The diagnosis of CSDH was achieved 
by computed tomography (CT) scan. When the 
hemiparesis occurred suddenly or progressed 
rapidly within 3 days (72 hours), MRI and MRA 
were performed to identify ischemic lesions before 
surgery.

Evaluation
The patients’ age, previous history of lacunar 

infarction, hypertension, diabetes mellitus, thickness 
of subdural hematoma, existence of fresh cerebral 
infarctions on diffusion-weighted image (DWI), and 
shift of M1 portion of MCA in the hematoma side 
were analyzed. And relation of lacunar infarction 
to M1 shift was evaluated. The article defining M1 
shift is not found. As shown in Fig. 1A, when 
distance between petrosal portion of internal carotic 
artery (ICA) and M1M2 segment of MCA was equal 
in the left and the right sides, no M1 shift was 
identified. When the distance was shorter in hama-
toma side, M1 downward shift was defined, which 
is correlated with hammock MCA mentioned by 
Hirono S et al.10) When the distance was longer in 
hamatoma side, upward shift was defined, which 
is associated with lift of M1M2 porition by Hirono S 
et al.10)

Statistical analysis
Excel 2010 software (Microsoft, Redmond, WA, 

USA) was used for statistical analysis. Student t-test 
was applied for comparisons of mean values between 
two groups and values of P <0.05 were considered 
to indicate statistical significance. For χ2 test, 
Chi-squared test with or without Yate’s continuity 
correction and Cochran-Mantel-Haenstzel test were 
used.

Results

Age and lacunar infarction
The average age of the 284 CSDH patients was 

73.4 ± 12.8 years, and MRI was performed in 82 
patients (average age 75.7 ± 13.6 years). Lacunar 
infarction was identified in 5 (average age 83.4 ± 
2.6 years), and cortical infarction was recognized 
in 2 patients, an 87-year-old man and a 72-year-
old-woman. These two cortical infarction cases were 
not included in lacunar infarction group. The average 
age of CSDH patients with lacunar infarction was 
significantly higher than those without lacunar 
infarction (P <0.05).

Fig. 1 In this figure, the length of white dotted arrows 
are same in the left and the right sides. A. No M1 shift: 
The distance between petrous portion of intercarotid 
artery (ICA) and M1M1 portion (white dotted arrows) 
is same. B. M1 downward shift: White dotted arrows 
are with same length. The distance between petrous 
portion of ICA and M1M1 portion is shorter in the 
hematoma side. C. M1 upward shift: The distance is 
longer in the hematoma side. White dotted arrows are 
with same length. ICA: internal carotid artery 
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Hematoma thickness
The mean of hematoma thickness was 20.8 ± 5.5 mm  

in the five CSDH patients with lacunar infarction, 
and 19.2 ± 5.0 mm in CSDH patients without 
lacunar infarction. There was no significant differ-
ence in hematoma thickness between the two groups 
(P >0.05).

Five CSDH patients with lacunar infarction
Details of the five CSDH patients with lacunar 

infarction were described in Table 1, and MRI and 
MRA were shown in Fig. 2. All the five patients 
have been taking anti-hypertensive medication, two 
had diabetes mellitus, and one had history of lacunar 
infarction. Among 82 CSDH patients, MRA showed 
M1 shift in 9 CSDH patients. As shown in Table 2, 
all the five patients with lacunar infarction demon-
strated M1 shift (100%); downward shift was iden-
tified in three and upward in two. On the other 
hand, M1 downword shift was recognized in only 
4 cases among 77 CSDH patients without lacular 
infarction (5.2%). As shown in Table 3, Chi-squared 
test with or without Yate’s continuity correction and 
Cochran-Mantel-Haenstzel test demonstrated signifi-
cantly higher incidence of lacunar infarction in the 
patients with M1 shift than in those without M1 
shift (P <0.0001).

Anti-platelet medicine was restarted from third-day 
after the burr-hole surgery only in Case 1, because 
the patient had been taking the medicine for an old 
lacunar infarction before admission; however, 

anti-platelet treatment was not applied in the other 
four cases. The five CSDH patients required physical 
rehabilitation, and all of them recoverd smoothly 
and were discharged to their home within one month.

Discussion

It is possible that CSDH becomes a cause of lacunar 
infarction but the mechanism has not been clarified 
yet.8,9) In our study, all five CSDH patients with 
lacunar infarction were older than 80 years and had 
hypertension, and two of them had DM (Table 1). 
The risk of lacunar infarction was therefore high 
in all the cases.4-7) The authors consider that distor-
tion, twisting, or elongation of the lentriculostriate 
arteries (LSA) must have been an additional factor 
of the lacunar infarction in these CSDH patients. 
A shift in the M1 to M1M2 portion of the MCA on 
the hematoma side was identified on MRA in all 
five cases with lacunar infarction, while such a 
shift was recognized in only four patients among 
77 patients without lacunar infarction. And without 
M1 shift, lacunar infarction does not occur (P <0.0001) 
(Tables 2 and 3). Hirono et al.10) reported that LSAs 
are stretched when MCA pushed downward (hammock 
MCA) and ischemia can be caused in LSA territory. 
However, the authors consider that only M1 shift 
is not always the cause of lacunar infarction, and 
as recognized in acute SDH patients with brain 
herniation, the incidence of lacunar infarction is 
not high although the incidence of infarction in 

Table 1 Details of five CSDH patients with lacunar infarction

Case Age Sex Complications Side of Hx Side of lacunar 
infarction

MMT
M1 shift Duration of 

admissionupper lower

1 87 M HT, DM, Old CI left left 4+/5 4-/5 upward 30 days

2 84 M HT, DM right right 5-/5 4+/5 downward 14 days

3 80 M HT right right 5-/5 4+/5 upward 20 days

4 84 M HT right right 4-/5 4-/5 downward 29 days

5 82 F HT right right 5-/5 4+/5 downward 10 days

CSDH: chronic subdural hematoma

Table 2 Lacunar infarction and M1 shift

Lacunar infarction
Total

+ -

M1 shift + 5 4 9

- 0 73 73

Total 5 77 82

Table 3 Statistical analyses

Type of Test χ2 Degrees of freedom P value

Chi-squared test 43.189 1 0.000

Yate’s continuity 
correction

34.031 1 0.000

Cochran-Mantel-
Haenstzel test

42.662 1 0.000
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posterior cerebral artery (PCA) is high. 11-13) On the 
other hand, the infarction of the PCA area is rarely 
identified in CSDH patients, even though the hema-
toma is extremely thick with a remarkable midline-
shift.14,15)

Therefore, the authors concluded that CSDH can 
cause lacunar infarction by distortion, twisting, or 
elongation of the LSA in the elderly with hyper-
tension and DM, those who are potentially in a 
high risk of the formation of lipohyalinosis or 

Fig. 2 A. CT demonstrates left CSDH, and a high-signal spot is identified in the left corona radiata on DWI (white 
arrow), which becomes clearer (white arrowhead) on follow-up MRI. MRA, which was performed next day after 
surgery, shows a medial shift of the M3 and M4 portions, and mild elevation of the M1 portion of the left MCA 
(dotted white arrows). B. CT shows right CSDH and DWI of MRI demonstrates a spotty ischemic lesion in the right 
corona radiata (white arrow). A downward shift of the M1 and M2 portions of the right MCA is recognized on 
MRA (dotted white arrows). C. Right CSDH is identified on CT, and a spotty high signal lesion is recognized in the 
right putamen on DWI (white arrow). MRA shows a remarkable downward shift of the M1 and M2 portions of the 
right MCA (dotted white arrow). D. Bilateral CSDH is demonstrated on CT, and a clear high-signal lesion is iden-
tifiable in the right posterior limb of the internal capsule on DWI (white arrow). MRA shows downward compres-
sion from the M2 to M4 portions of the right MCA, causing elongation of the M1 portion (dotted white arrows). E. 
Thick CSDH and a spotty high-signal lesion (white arrow) are identified in the right corona radiata on MRI. On 
MRA, the M2 to M4 portions of the right MCA are compressed downwards and the M1 portion is elongated (dotted 
white arrows). CT: computed tomography, CSDH: chronic subdural hematoma, DWI: diffusion-weighted image, MCA: 
middle carotid artery, MRA: magnetic resonance angiography, MRI: magnetic resonance imaging 
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microatheroma in the arteries. Inopportunely, the 
postoperative MRI and MRA were not performed 
in the five cases with lacunar infarction when CSDH 
completely disappeared, and it is impossible to 
prove that an arteriosclerosis-related change progressed 
in the patients. The authors intend to investigate 
this point in a future study.

The incidence of lacunar infarction in CSDH 
patients with rapidly worsened motor weakness was 
6.1% (5/82) in our series; however, the true inci-
dence was unclear because MR examination was 
not applied to all CSDH patients. In our study, MRI 
was performed in only the CSDH patients with 
motor weakness and asymptomatic lacunar infarc-
tions might be overlooked. MRI and MRA examina-
tions before surgery are recommended for CSDH 
patients, especially when the patient complains of 
sudden onset or rapid deterioration of motor weak-
ness. In our cases, the lacunar infarctions were 
small and did not cause severe sequelae; however, 
the patients and their family might claim that the 
surgery could cause the infarction if a small lacunar 
infarction is identified after surgery. Anti-platelet 
therapy might not always be necessary for CSDH 
induced lacunar infarction, because the mechanism 
of the infarction is different from that of lipohya-
linosis or microatheroma formation, and the use of 
anti-platelet medicine after surgery is associated 
with a high recurrence rate of CSDH.14) Without 
rehabilitation, the motor weakness might be prolonged 
after surgery; therefore, early detection of infarction 
and early initiation of rehabilitation should be 
achieved for CSDH patients with lacunar infarction.
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