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INTRODUCTION

Chronic subdural hematoma (CSDH) is a com-
mon neurological, radiological and neurosur-
gical entity that is the topic of many researches 
[1-4]. On computed tomography, this encapsu-
lated extra-axial hemorrhagic collection may 
appear in the form of unilateral (Figure 1) or 
bilateral (Figure 2). It is usually connected with 
elderly, which have comorbidities and risk fac-
tors for developing CSDH more than younger 
patients. Symptoms and signs of these lesions 
are changeable – from mild to severe – and de-
pend on the type and location of the hematoma 
within the brain [5]. Accepted view is that clin-
ical symptoms do not appear until they reach 
the critical level. One of the most frequent neu-
rological dysfunctions in patients with CSDH 
is hemiparesis [6]. Why motor deficit appears 
in some patients and what the major cause for 
developing hemiparesis is remain open and not 
entirely understood questions. The causative 
mechanism was investigated in the study of 
Ikeda et al. [7], but other authors have studied 
the influence of diameter of hematoma and 
midsagittal line (MSL) shifts on clinical out-
come and its connection with restauration of 
consciousness [8, 9] in order to obtain precise 
data for optimal treatment, although there are 
no evidence based on the CSDH cut-off size 
of thickness [5] or midsagittal line shift that 
indicate necessity of surgery.

OBJECTIVE

Since neurological status of patients with ra-
diologically proven CSDHs is particularly im-
portant for the decision of surgery treatment, 
the authors attempted to identify a connection 
between midsagittal line shift and the devel-
opment of hemiparesis. This fact gave rise to 
the idea to determine the threshold (cut-off) 
value of midsagittal line shift for hemiparesis 
occurrence.

METHODS

We analyzed 83 patients with 53 unilateral and 
30 bilateral subdural hematomas with one or 
several clinical signs and symptoms on hos-
pital admission such as headache, vomiting, 
seizure, hemiparesis, speech disturbances, 
mental deterioration or coma. Clinical symp-
toms and signs of all patients with CSDH were 
documented, with the greatest attention on 
patients with hemiparesis. Patients with con-
comitant head traumatic lesions, brain tumors, 
infections or histological confirmed subdural 
empyemas were excluded from this study. Data 
were collected over a period of three years, be-
tween 2010 and 2013, in the Centre for Radiol-
ogy, Clinical Centre of Vojvodina. The Ethical 
Committee of Clinical Centre of Vojvodina ap-
proved the study. All patients were diagnosed 
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using non-contrast CT scan (Somatom Emotion 16 and 
Cardiac Sensation 64, Siemens, Germany). The CT brain 
protocol included axial slices parallel to the infraorbitome-
atal line, from the foramen magnum to the apex of skull, 
with slice thickness 5 mm [10]. Patients were divided into 
two groups: one group with unilateral CSDHs and the 
other with bilateral CSDHs. For this study important CT 
findings were the diameter of the hematoma and the shift 
of midsagittal line (MSL) caused by compression of CSDH 

and connection with hemiparesis occurrence in patients. A 
diameter of hematoma (D) was measured as the maximal 
thickness of the hematoma perpendicular to the line con-
necting the two most distant points of subdural collection 
(Figure 3, dash-dotted line) on axial CT scan according 
to Gebel et al. [11, 12]. The diameter of bilateral CSDH 
was measured as the sum of both sides. MSL shift was 
measured as a deviation of septum pellucidum from me-
dian position (line that connects crista galli and occipital 
protuberance (Figure 3, dashed line) on axial CT slices 
[13]. Statistical analysis used in this study were Fisher’s 
exact test (p-value<0.05 was considered statistically sig-
nificant difference) and receiver operating characteristic 
(ROC) [14, 15, 16]. R statistical package (R Development 
Core Team, 2012) was applied in this study [17]. Threshold 
values of MSL shift for both types of CSDH were obtained 
as maximal (equal) sensitivity and specificity (at the inter-
section of the curves) [18, 19, 20].

RESULTS

Age of the patients in the study was between 39 and 90 
years (mean 69.7 years). There were 55 male and 28 female 
patients (ratio M:F=1.9:1). In line with two groups, there 
were 53 patients with unilateral CSDH and 30 patients 
with bilateral. Hemiparesis was diagnosed in 58 patients 
(44 patients with unilateral and 14 patients with bilateral 

Figure 1. Brain CT scan: unilateral chronic subdural hematoma on 
the right side with compression on lateral ventricle and midsagittal 
line shift to the left

Figure 2. Brain CT scan: bilateral chronic subdural hematoma

Figure 3. Measure of diameter (D) and midsagittal line shift (MSL); 
unilateral chronic subdural hematoma on the left side with MSL shift 
to the right

Table 1. Distribution of patients with unilateral and bilateral chronic 
subdural hematoma and shift of midsagittal line (MSL)

MSL Yes No

Unilateral 48 patients 5 patients

Bilateral 20 patients 10 patients

p-value (Fisher’s exact test) 0.009
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CSDH), where hemiparesis was contralateral to the side of 
the thicker hematoma layer in bilateral CSDHs.

Motor deficit was diagnosed in a period of about 13 
days for unilateral, equal to the bilateral CSDHs. None of 
the patients in the study had an ischemic stroke in the area 
supplied by the large arteries in the brain or hemorrhagic 
brain infarction.

There was a statistically significant difference in num-
ber of patients between the groups with and without mid-
sagittal shift (MSL=0) in unilateral and bilateral CSDH ac-
cording to Fisher’s exact test (p=0.009<0.05). Patients with 
unilateral hematomas had MSL shifts more often (Table 1).

Using ROC analysis, MSL shift showed high value of 
prediction for hemiparesis occurrence: Area under the 
ROC-AUROC=0.75, p=0.0001<0.05 for unilateral and 
bilateral hematoma (Graph 1). For unilateral hematoma 
AUROC=0.65, p=0.07>0.05, but for bilateral hematoma 
AUROC=0.77, p=0.01<0.05. If we look at unilateral CS-
DHs, the value of threshold of MSL shift was 10 mm. In 
the group of bilateral CSDHs, the threshold values of MSL 

Graph 7.  Sensitivity and specificity in subdivided female group of 
patients with bilateral chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; sensitivity – circle; specificity – triangle

Graph 1. ROC curve for midsagittal line shift as a good predictive fac-
tor for hemiparesis occurrence (AUROC=0.75; p=0.0001)

Graph 2. The threshold value of midsagittal line shift in unilateral 
chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; circle – sensitivity; triangle – specificity

Graph 3. The threshold value of midsagittal line shift in bilateral 
chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; circle – sensitivity; triangle – specificity

Graph 4. Sensitivity and specificity in subdivided male group of pa-
tients with unilateral chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; sensitivity – circle; specificity – triangle

Graph 5. Sensitivity and specificity in subdivided female group of 
patients with unilateral chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; sensitivity – circle; specificity – triangle

Graph 6. Sensitivity and specificity in subdivided male group of pa-
tients with bilateral chronic subdural hematoma
x-axis – diameter of midsagittal line shift (MSL); y-axis – value of sensitivity and 
specificity; sensitivity – circle; specificity – triangle
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shift for hemiparesis manifestation was 4.5 mm (Graphs 2 
and 3). In subsample of males and females within unilater-
al and bilateral group of patients with CSDH (Graphs 4–7), 
MSL shift showed good predictive value for males in both 
cases. AUROC for unilateral CSDH for males was 0.71 
(p=0.05), and for bilateral CSDH was 0.8 (p=0.008<0.05). 
In the female group for both types of CSDHs p-value was 
high and without statistical significance (unilateral p=0.43 
and bilateral p=0.14).

DISCUSSION

Van Havenbergh et al. [8] in their study showed that MSL 
shift and hematoma volume did not have predictive values 
for clinical outcome of patients using Glasgow outcome 
score (GOS). Juković [21] in her thesis showed that there 
was no relation between the diameter of the hematoma 
and the MSL shift, i.e. increasing of the midsagittal shift 
did not follow the increase in diameter of CSDH and vice 
versa. The possible reason for this is the fact that brain 
cortical atrophy promotes enlargement of extracerebral 
fluid space. Consequently, it produces more capacity for 
accumulation of the substantial hemorrhagic collection 
without critical brain compression and midline shift [22]. 
Additionally, Juković et al. [10] showed that hemipare-
sis was more frequent in unilateral than bilateral CSDHs, 
which correlated with results of Huang et al. [13]. It is 
an interesting fact that an average value of MSL shift in 
unilateral CSDHs was twice bigger than that in bilateral, 
while hemiparesis in bilateral CSDHs appeared after half 
the value of MSL shift. The reason for this could be due 
to the possibility that bilateral brain compression with 
small MSL shift leads to a stronger compression of py-
ramidal tract than in unilateral CSDHs, which in turn 
leads to motor deficit. In Graph 2, the intersection of sen-
sitivity and specificity with indicated threshold value of 
MSL shift where hemiparesis was expected can be seen. 
Bilateral CSDHs were stronger related to MSL shift in 
comparison to unilateral CSDHs. For unilateral CSDHs 
p-value of AUROC test was 0.07, which was not signifi-

cant (p>0.05). Underestimation of diagnostic accuracy 
in unilateral hematomas could be data-driven, caused by 
sample size. Bachmann et al. [23] and Leeflang et al. [24] 
showed that sample size below 200 could be a diagnostic 
problem. Subgroup of males had higher values of AUROC 
(AUROC=0.71 for uni- and 0.8 for bilateral CSDH with 
p<0.05) in comparison to women. Relatively small number 
of females (28 patients) may be the reason for absence 
of relation between MSL shift and hemiparesis. However, 
there was significant correlation between MSL shift and 
hemiparesis occurrence in analyzed patients with CSDH. 
It meant that hemiparesis was developed when the val-
ues of MSL shifts exceeded the threshold value (4.5 mm 
for bilateral and probably 10 mm for unilateral CSDH). 
Yokoyama et al. [25] assumed that compressive effect of 
CSDH has influence on corticospinal tract whose dysfunc-
tion leads to motor deficit and hemiparesis, but Ikeda et al. 
[7] stated that possible connection with neurological dys-
function in patients had circulatory disturbance in the area 
of underlying brain cortex being pressed by hematoma 
and neural distortion in the compressed hemisphere. Kwak 
et al. [26] maintained that recovery of deficit depended 
on localization and the degree of compression by hema-
toma on corticospinal tract. It can be concluded that the 
compression on the corticospinal tract in specific location 
could have importance for hemiparesis occurrence. In ad-
dition, physiological processes and brain metabolism, es-
pecially changes in fractional anisotropy in the brain grey 
matter (caudate nucleus and putamen) on the ipsilateral 
side of CSDH cannot be overlooked [27].

CONCLUSION

Our study pointed on the phenomenon that MSL shift can 
predict hemiparesis occurrence. Hemiparesis in patients 
with bilateral CSDH was more related to MSL shift com-
pared with unilateral. When the value of MSL shift exceeds 
the threshold level, hemiparesis occurs. The threshold lev-
el of MSL for bilateral CSDH was 4.5 mm and probably 
10 mm for unilateral.

1. Ramachandran R, Hegde T. Chronic subdural hematomas – causes 
of morbidity and mortality. Surg Neurol. 2007; 67:367-72.

2. Amirjamshidi A, Eftekhar B, Abouzari M, Rashidi, A. The relationship 
between Glasgow coma/outcome scores and abnormal CT scan 
findings in chronic subdural hematoma. Clinical Neurol Neurosurg. 
2007; 109:152-7.

3. Liliang PC, Tsai YD, Liang CL, Lee TC, Chen HJ. Chronic subdural 
haematoma in young and extremely aged adults: a comparative 
study of two age groups. Injury. 2002; 33:345-8. 

4. Miranda LB, Braxton E, Hobbs J, Quigley MR. Chronic subdural 
hematoma in the elderly: not a benign disease. J Neurosurg. 2011; 
114:72-6.

5. Soleman J, Taussky P, Fandino J, Muroi C. Evidence-based treatment 
of chronic subdural hematoma. In: Sadaka F, editor. Traumatic 
Brain Injury. Rijeka: InTech; 2014. DOI: 10.5772/57336. Available 
from: http://www.intechopen.com/books/traumatic-brain-injury/
evidence-based-treatment-of-chronic-subdural-hematoma.

6. Adhiyaman V, Asghar M, Ganeshram KN, Bhowmick BK. Chronic 
subdural haematoma in the elderly. Postgrad Med J. 2002; 78:71-5.

7. Ikeda K, Ito H, Yamashita J. Relation of regional cerebral blood flow 
to hemiparesis in chronic subdural hematoma. Surg Neurol. 1990; 
33(2):87-95.

8. Van Havenbergh T, Van Calenbergh F, Goffin J, Plets C. Outcome of 
chronic subdural haematoma: analysis of prognostic factors. Br J 
Neurosurg. 1996; 10:35-9.

9. Sucu HK, Gelal F, Gökmen M, Özer FD, Tektaş Ş. Can midline brain 
shift be used as a prognostic factor to predict postoperative 
restoration of consciousness in patients with chronic subdural 
hematoma? Surg Neurol. 2006; 66(2):178-82.

10. Juković M, Petrović K, Till V. The question is whether hemiparesis 
is more common in unilateral than bilateral chronic subdural 
hematoma. Med Pregl. 2014; 67(9-10):277-81.

11. Gebel JM, Sila CA , Sloan MA, Granger CB, Weisenberger JP, Green 
CL, et al. Comparison of the ABC/2 estimation technique to 
computer-assisted volumetric analysis of intraparenchymal and 
subdural hematomas complicating the GUSTO-1 trial. Stroke. 1998; 
29(9):1799-801.

REFERENCES 



390

doi: 10.2298/SARH1508386J

12. Juković M, Donat D, Petreš A, Govorčin M, Hadnadjev D. Is there a 
threshold value of chronic subdural hematoma width after which 
hemiparesis occurs? Poster No. C-0252. EPOSTM European Congress 
of Radiology (ECR). 2015. Available from: http://dx.doi.org/10.1594/
ecr2015/C-0252

13. Huang YH, Yang KY, Lee TC, Liao CC. Bilateral chronic subdural 
hematoma: What is the clinical significance? Int J Surg. 2013; 
11:544-8.

14. Zweig MH, Campbell G. Receiver-operating characteristic (ROC) 
plots: a fundamental evaluation tool in clinical medicine. Clin 
Chem. 1993; 39:561-77.

15. Metz CE. Basic principles of ROC analysis. Semin Nucl Med. 1978; 
8:283-98.

16. Zou KH, O’Malley AJ, Mauri L. Receiver-operating characteristic 
analysis for evaluating diagnostic tests and predictive models. 
Circulation. 2007: 115:654-7.

17. Development Core Team, R., 2012. R: A Language and Environment 
for Statistical Computing. R Foundation for Statistical Computing, 
Vienna, Austria. Available from: http://www.R-project.org/.

18. Bairagi R, Suchindran CM. An estimator of the cutoff point 
maximizing sum of sensitivity and specificity. Sankhyā: The Indian 
Journal of Statistics, Series B. 1989; 51(2):263-9.

19. Neovius MG, Linné YM, Barkeling BS, Rossner SO. Sensitivity and 
specificity of classification systems for fatness in adolescents. Am J 
Clin Nutr. 2004; 80(3):597-603.

20. Freeman EA, Moisen G. Presence absence: an R package for 
presence absence analysis. J Stat Softw. 2008; 23(11):1-31.

21. Juković M. Prognostic importance of clinical and computed 
tomography parameters in patients with chronic subdural 
hematoma [dissertation]. Novi Sad: University of Novi Sad Medical 
Faculty; 2014.

22. Gelabert-González M, Iglesias-Pais M, García-Allut A, Martínez-
Rumbo R. Chronic subdural haematoma: surgical treatment and 
outcome in 1000 cases. Clinical Neurol Neurosurg. 2005; 107:223-9.

23. Bachmann LM, Puhan MA, Riet G, Bossuyt PM. Sample sizes of 
studies on diagnostic accuracy: literature survey. BMJ. 2006; 
332:1127-9.

24. Leeflang MM, Moons KG, Reitsma JB, Zwinderman AH. Bias in 
sensitivity and specificity caused by data-driven selection of 
optimal cutoff values: mechanisms, magnitude, and solutions. Clin 
Chem. 2008; 54:729-37.

25. Yokoyama K, Matsuki M, Shimano H, Sumioka S, Ikenaga T, 
Hanabusa K, et al. Diffusion tensor imaging in chronic subdural 
hematoma: correlation between clinical signs and fractional 
anisotropy in the pyramidal tract. AJNR. 2008; 29:1159-63. 

26. Kwak SY, Son SM, Choi BY, Chang CH, Byun WM, Kim SH, et 
al. Prognostic factors for motor outcome in patients with 
compressed corticospinal tract by intracerebral hematoma. 
NeuroRehabilitation. 2011; 29(1):85-90.

27. Osuka S, Matsushita A, Ishikawa E, Saotome K , Yamamoto 
T, Marushima A, et al. Elevated diffusion anisotropy in gray 
matter and the degree of brain compression. J Neurosurg. 2012; 
117(2):363-71.

КРАТАК САДРЖАЈ
Увод Хро нич ни суб ду рал ни хе ма том (ХСДХ) се од ли ку је раз-
ли чи том кли нич ком сли ком уз број не не у ро ло шке симп то-
ме и зна ке. Хе ми па ре за је је дан од во де ћих зна ко ва ко ји 
мо же ука зи ва ти на по сто ја ње ХСДХ код бо ле сни ка.
Циљ ра да Циљ ис тра жи ва ња је био да се утвр ди праг вред-
но сти по ме ра ја ме ди о са ги тал не ли ни је (МСЛ) после којег 
постоји могућност да дође до хемипарезе.
Ме то де ра да Сту ди ја је об у хва ти ла 83 бо ле сни ка: 53 с јед-
но стра ним и 30 с обо стра ним ХСДХ у пе ри о ду од три го ди-
не. Ис пи ти ва ни па ра ме три ком пју те ри зо ва не то мо гра фи је 
(CT) код бо ле сни ка са ХСДХ би ли су преч ник хе ма то ма и 
по ме рај МСЛ, ме ре ни на не кон траст ном CT, ра ди утвр ђи ва-
ња по ве за но сти с на стан ком хе ми па ре зе. Вред но сти пра га 
по ме ра ја МСЛ за оба ти па ХСДХ ме ре ни су као мак си мал не 
(јед на ке) вред но сти сен зи тив но сти и спе ци фич но сти (до-
би је не на пре се ку ли ни ја).
Ре зул та ти МСЛ је до бар пре дик тор за по ја ву хе ми па ре зе (у 
укуп ном узор ку AUROC=0,75; p=0,0001). Јед но стра ни и обо-

стра ни ХСДХ су има ли раз ли чи те гра нич не вред но сти по ме-
ра ја МСЛ при ко ји ма се код бо ле сни ка по ја ви ла хе ми па ре за. 
Ре зул та ти су по ка за ли да код јед но стра них ХСДХ гра нич на 
вред ност по ме ра ја МСЛ мо же би ти на 10 mm (AUROC=0,65; 
p=0,07), а код обо стра них на 4,5 mm (AUROC=0,77; p=0,01).
За кљу чак Хе ми па ре за је ва жан кли нич ки знак код осо ба 
са ХСДХ. Ова чи ње ни ца мо же зна чај но до при не ти кли нич-
ким ле ка ри ма да увек раз ми шља ју о мо гућ но сти по сто ја ња 
ХСДХ ка да има ју бо ле сни ка с хе ми па ре зом. На ша сту ди ја 
је ука за ла на фе но мен да по ме рај МСЛ има пре дик тив ну 
вредност у од но су на по ја ву хе ми па ре зе. Хе ми па ре за код 
осо ба с обо стра ним ХСДХ је би ла у ја чој ве зи са по ме ра јем 
МСЛ у по ре ђе њу с јед но стра ним ХСДХ. Ка да вред но сти по-
ме ра ја МСЛ пре ма ше праг, до ла зи до по ја ве хе ми па ре зе с 
из ве сном ве ро ват но ћом.

Кључ не ре чи: суб ду рал ни хе ма том; по ме рај ме ди о са ги тал-
не ли ни је; гра нич на вред ност; хе ми па ре за

Граничне вредности помераја медиосагиталне линије за хемипарезу код 
хроничног субдуралног хематома
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