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CLINICAL STUDY

Bilateral evacuation of bilateral non-acute subdural hematomas 
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ABSTRACT
INTRODUCTION: Bilateral fi nding of non-acute subdural hematomas (NASH) is less common compared to 
unilateral occurrence. The aim of this study was to evaluate results of surgical treatment of bilaterally treated 
bilateral NASH.
METHODS: Retrospective analysis of patients, who underwent bilateral surgical evacuation of NASH 
(2014–2020). This study was conducted to determine the association between the incidence of postoperative 
complications and outcome, hematoma recurrence and selected risk factors (including volumetric 
parameters). Correlations between variables were assessed by using Spearmanˊs correlation. Chi-squared 
test, Studentˊs t-test (unpaired and paired) and one-way ANOVA were used for univariate analysis.
RESULTS: Our study included 29 patients with bilateral NASH who underwent bilateral surgical hematoma 
evacuation. The laminar hematoma type was associated with higher hematoma recurrence rate (p=0.032) 
and worse clinical outcome (p=0.043). Larger PHV was signifi cantly associated with larger PV after surgery 
and worse neurological outcome. Larger PHV, PHCV and PV were signifi cantly associated with higher 
incidence of NASH recurrence (p=0.0008, p=0.0007 and p=0.00006). 
CONCLUSION: The laminar hematoma type and larger PHV were signifi cant risk factors for the recurrence 
of bilateral NASH and worse neurological outcome. Larger PHCV and PV were signifi cantly associated with 
hematoma recurrence (Tab. 7, Fig. 3, Ref. 24). Text in PDF www.elis.sk
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Introduction

Non-acute subdural hematomas (NASH) are one of the most 
common diseases in the practice of a neurosurgeon. This disease 
is commonly referred to as chronic subdural hematoma, which is 
not appropriate. This term expresses only a certain stage of NASH 
development with respect to the hematoma age. Bilateral NASH 
occur less frequently than unilateral lesions, but they are often as-
sociated with worse neurological outcomes and mental status (1, 
2). Patients with bilateral NASH have a lower rate of head injury 
history compared to patients with unilateral hematomas (3). Pa-

tients after unilateral evacuation of bilateral NASH have a higher 
reoperation rate compared to bilateral evacuation of bilateral hema-
tomas (4). Bilateral lesions are associated with lower incidence of 
hemiparesis, but with higher occurrence of consciousness disorders 
(1, 2, 5). The aim of this study is to evaluate the results of surgical 
treatment of bilaterally evacuated bilateral NASH.

Methods

The aim of our study was a retrospective evaluation of patients 
with bilateral NASH who underwent surgical treatment – evacu-
ation of NASH on both sides at the Clinic of Neurosurgery (Uni-
versity Hospital Martin) from January 2014 to December 2020. 
Patients with bilateral NASH who underwent one-side evacuation 
of hematoma were excluded from this study. NASH were surgi-
cally treated by evacuation via burr holes or through craniotomy 
with membranectomy. In all cases, irrigation of the subdural space 
was performed, and drainage was applied – subdural drainage after 
trepanation and subgaleal drainage after craniotomy. We evalu-
ated the morphological type of NASH on preoperative CT scans 
(Fig. 1). We also divided hematomas according to their age. The 
incidence of recurrence, clinical outcome and complications were 
monitored after surgery.

Volumetric parameters were measured on preoperative and 
early postoperative CT examination as follows: preoperative he-
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matoma volume (PHV), post-evacuation hematoma cavity volume 
(PHCV) and pneumocephalus volume (PV) (Fig. 2). PHCV was 
defi ned as a space containing residual NASH, fl uid air irrigation 
and acute blood admixture. Measurements were performed using 
TomoCon Viewer, version 24.0.4507 (TatraMed Software s.r.o.). 
Another evaluated parameter was the extent of hematoma evacu-
ation (EHE). This was calculated as a percentage difference be-
tween PHV and PHCV. EHE also expresses the extent of brain 
hemisphere re-expansion. 

Subsequently, the infl uence of factors such as patient age, 
gender, hematoma side, hematoma age, morphological types of 
NASH, surgical technique (burr holes vs. craniotomy), number of 
burr holes (1 vs 2 burr holes), timing of surgery (emergent vs de-
layed), hematoma homogeneity (homogeneous vs. heterogeneous) 
and the use of antiplatelet agents were evaluated relative to the 
incidence of NASH recurrence and GOS. Similarly, the infl uence 
of volumetric parameters (PHV, PHCV, PV and EHE) on the in-
cidence of recurrence of NASH and their correlation with GOS 
were evaluated. The correlation between PHCV and PV was also 

assessed. Differences of all volumetric pa-
rameters according to internal architecture 
of NASH and hematoma laterality were 
evaluated. Side prevalence with respect to 
morphological type of NASH and hema-
toma age was also assessed.

Correlations between variables were 
assessed by using Spearmanˊs correla-
tion. The strength of correlation was in-
terpreted with respect to R (rho) value as 
follows: R = 0.00–0.19 (very weak), R = 
0.20–0.39 (weak), R = 0.40–0.59 (moder-
ate), R = 0.60–0.79 (strong) or R = 0.80–
1.00 (very strong). Chi-squared test and 
Studentˊs t-test (unpaired and paired) and 
one-way ANOVA were used for the uni-
variate analysis.

Results

Our study cohort consisted of 29 patients with bilateral NASH 
(Tab. 1). Clinical outcome (GOS) after surgery is shown in Table 
3. The incidence of the subdural hematoma recurrence requiring 
reoperation was 8.2 % (17.2 % of patients). The recurrence of 
subdural hematoma was the most common postoperative com-
plication. Postoperative complications included surgically sig-
nifi cant acute extracerebral hematomas (epidural and subdural), 
epidural abscess, subdural empyema, secondary epilepsy and hy-

B

Fig. 1. Morphological types of NASH [19]. A – bilateral homogeneous isodense, B – trabecular (right) and separated (left), C – homogeneous 
hypodense (right) and laminar (left).

A C

A B

Fig. 2. Method of measuring volumetric parameters (A– before evacuation, B– after evacua-
tion, green – PHV and PHCV on right side, yellow – PHV and PHCV on left side, red – PV 
after surgery).

Number of patients: 29 Number of NASH: 58
Male:         21/72.4 % Female:        8/27.6 %
Emergency surgery: 16/27.6 % Delayed surgery:  42/72.4 %
Antiplatelet drugs:  9/31.0 % Anticoagulants:    0/0 %
Burr holes:       50/86.2 % Craniotomy:     8/13.6 %
1 burr hole:      43/86.0 % 2 burr holes:     7/14.0 %

Tab. 1. Basic cohort parameters.
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drocephalus (Tab. 2). Hydrocephalus was treated in two patients 
by implantation of a ventriculo-peritoneal shunt (Tab. 2). Acute 
extracerebral hematoma, epidural abscess and subdural empyema 
were evacuated through craniotomy. Due to hematoma age, the 
most common type of NASH was chronic (58.6 %). Hematoma 
age had no signifi cant impact on the recurrence rate of NASH 
and GOS. Subacute, subchronic and chronic NASH did not have 
a side prevalence (Tab. 4). The homogeneous hypodense type of 
NASH was found to be the most common morphology (39.7 %). 
The homogeneous hyperdense type of NASH did not appear in our 
study cohort. The laminar type of hematoma had a signifi cantly 
higher incidence of recurrence compared to other morphologi-
cal types of NASH (p = 0.032, Chi² = 4.5892). Patients with the 
laminar type of NASH had a signifi cantly worse clinical outcome 
compared to patients with other morphological types (Tab. 5). No 
side prevalence of individual morphological types of NASH was 
confi rmed. Factors such as surgical technique, timing of surgery, 

the use of antiplatelet drugs, hematoma homogeneity, gender and 
patient age had no signifi cant impact on hematoma recurrence 
and GOS (Tab. 6). Also, the hematoma side (left vs. right) did not 
have a signifi cant infl uence on the recurrence of NASH. Patient 
age correlated weakly negative with GOS, but the result was not 
statistically signifi cant (R = –0.33096, p = 0.07949). 

No signifi cant differences in volumetric parameters with re-
spect to laterality and morphological type of NASH were found 
in the cohort group (Tab. 7). PHV correlated weakly positive with 
PV after surgery, but the result was statistically signifi cant (R = 
0.32518, p = 0.01275). PHV, PHCV and PV had a signifi cant im-
pact on the recurrence rate of NASH, but EHE did not. Larger 
PHV (p = 0.0008), PHCV (p = 0.0007) and PV (p = 0.00006) were 
associated with a higher recurrence rate of NASH (Tab. 7, Fig. 
3). PHV signifi cantly (weakly negative) correlated with GOS (R 
= –0.29758 p = 0.023). Correlations of PHCV, EHE and PV with 
GOS were very weak and not signifi cant.

Discussion

The overall incidence of bilateral NASH is reported to be in 
range from 10.9 % to 25.5 % (1, 3, 5, 6). Patients after unilateral 
evacuation of bilateral NASH were not included in our cohort. 
Thus, the hematomas on both sides had to be surgically signifi cant. 
Andersen-Ranberg et al found out that bilateral surgical interven-
tion in bilateral NASH is associated with a signifi cantly lower risk 
of retreatment compared with unilateral intervention and should be 
the method of choice (7). Contralateral hematoma volume after uni-
lateral evacuation of bilateral NASH is an independent risk factor 
for its progression, especially if its volume increases one day after 
surgery. Thus, an increase in hematoma volume on a non-operated 
side is a risk factor for additional surgery. The critical value of the 
volume of the contralateral hematoma is 38 ml and more (8, 9).

Subdural hematoma recurrence was the 
most common complication after surgery 
in our group of patients. In this study, the 
laminar morphological type of hematoma 
and larger PHV, PHCV and PV were associ-
ated with higher hematoma recurrence rate. 
The laminar type of NASH and PHV had a 
signifi cant impact on the clinical outcome. 
Shen et al developed a prognostic grafting 
system for recurrence of bilateral NASH af-

Complications after surgery Incidence
Recurrence of NASH 5/8.6 % of NASH, 17.2 % of patients
Death 3/10.3 % of patients
Acute extracerebral hematoma 3/10.3 % of patients
Epidural abscess/subdural empyema 2/6.9 % of patients
Epilepsy 1/1.7 % of patients
Hydrocephalus 2/6.9 % of patients

Tab. 2. Incidence of postoperative complications.

GOS 5 6/20.7 %
GOS 4 16/55.2 %
GOS 3 4/13.8 %
GOS 2 0/0.0 %
GOS 1 3/10.3 %

Tab. 3. Glasgow outcome scale in the cohort group.

NASH Incidence Side prevalence Impact on GOS Impact on recurrence

Subacute 14/24.2 % 4 vs 10 p=0.149
Chi²=2.0859

4 vs 3.7 p=0.356
95 % CI (3.3065, 4.0572)

1 vs 4 p=0.835
Chi²=0.043448

Subchronic 10/17.2 % 6 vs 4 p=0.559
Chi²=0.34147

4.1 vs 3.7 p=0.290
95 % CI (–0.36165, 1.1866)

1 vs 4 p=0.876
Chi²=0.024307

Chronic 34/58.6 % 19 vs 15 p=0.586
Chi²= 0.29724

3.6 vs 4.0 p=0.104
95 % CI (–0.10282, 1.0685)

3 vs 2 p=0.952
Chi²=0.0036132

Tab. 4. Distribution NASH according to hematoma age.

Morphological type Incidence Side prevalence Impact on GOS Impact on recurrence

Separated 11/19.0 % 6 vs 5 p=0.782
Chi²=0.076432

3.6 vs 3.8 p=0.689
95 % CI (–0.60153, 0.90327)

p=0.28379 Chi²=1.1489

Trabecular 6/10.3 % 4 vs 2 p=0.437
Chi²=0.60476

4.3 vs 3.7 p=0.184
95 % CI (–0.31361, 1.5957)

p=0.450 Chi²=0.57169

Laminar 5/8.6 % 2 vs 3 p=0.668
Chi²=0.18417

2.8 vs 3.8 p=0.043
95 % CI (0.034778, 2.0633)   signifi cant p=0.032 Chi²=4.5892 signifi cant

Homogeneous isodense 13/22.4 % 5 vs 8 p=0.452
Chi²=0.56656

4.1 vs 3.7 p=0.245
95 % CI (–0.28952, 1.11)

p=0.376 Chi²=0.78478

Homogeneous hypodense 23/39.7 % 12 vs 11 p=0.860
Chi²=0.031137

3.7 vs 3.8 p=0.730
95 % CI (–0.49884, 0.70754)

p=0.385 Chi²=0.75408

Tab. 5. Impact of morphological types of NASH on hematoma recurrence and GOS.
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ter initial bilateral evacuation based on the following parameters: 
use of anticoagulants, severe brain atrophy and postoperative PV 
(10). In our study, the volume of pneumocephalus after surgery 
as a risk factor for hematoma recurrence positively correlated 
with preoperative hematoma volume (R = 0.32518, p = 0.01275). 
Thus, a signifi cant development of postoperative pneumocephalus 
is expected after evacuation of a large volume hematoma. In the 
study by Huang et al, PHV also positively correlated with 1-day 
postoperative PV (p < 0.01). In this study, PV did not have a sig-

Monitored factors Impact on NASH recurrence Impact on GOS
Burr holes vs craniotomy 5 vs 0 p=0.374 Chi²=0.78997 none 3.7 vs 4.1 p=0.320 95 % CI (–0.42403, 1.274) none
Number of burr holes (1 vs 2) 4 vs 1 p=0.717 Chi²=0.13165 none 3.8 vs 3.1 p=0.182 95 % CI (–0.31288, 1.6086) none
Timing of surgery (emergency vs delayed) 1 vs 4 p=0.718 Chi²=0.13446 none 3.8 vs 3.8 p=0.971 95 % CI (–0.64899, 0.6728) none
Antiplatelet drugs 1 vs 4 p=0.606 Chi²=0.26609 none 4 vs 3.7 p=0.448 95 % CI (–0.58164, 1.2816) none
Homogeneity of NASH
(homogeneous vs heterogeneous) 3 vs 2 p=0.927 Chi²=0.00836 none 3.8 vs 3.6 p=0.518 95 % CI (–0.40952, 0.80346) none

Hematoma side (left vs right) 2 vs 3 p=0.668 Chi²=0.18417 none not applicable
Gender (male vs female) 3 vs 2 p=0.574 Chi²=0.31655 none 3.6 vs 4.3 p=0.149 95 % CI (–0.25877, 1.6159) none
Age of patients 66.8 vs 70.9 p=0.515 95 % CI (–0.8603, 16.753) none R = –0.33096, p = 0.07949 weakly negative correlation

Tab. 6. Impact of selected risk factors on NASH recurrence and GOS.

nifi cant effect on the hematoma recurrence rate (11). However, 
many studies have confi rmed a signifi cant association between 
pneumocephalus and NASH recurrence (12–14). Postoperative 
pneumocephalus not only prolongs the hospital stay and healing 
time, but also leads to neurological deterioration (14). The ratio 
of PV to PCHV was identifi ed as an independent risk factor for 
predicting hematoma recurrence (12). Intraoperative aspiration 
of post-evacuation hematoma cavity enhances brain re-expansion 
and reduces hematoma recurrence (15). As in the study by Huang 
et al, there was no correlation in our cohort between PV and neu-
rological outcome of patients (11). Uda et al confi rmed the effect 
of PHV on the recurrence rate of NASH, which is in line with our 
study (16). Molina et al reported that PHV > 80 ml is signifi cantly 
more frequent in the hematoma recurrence group of patients after 
evacuation (17). In compliance with our study, Chon et al found a 
link between the laminar hematoma type and incidence of hema-
toma recurrence. However, in their study, the morphological type 
of separated hematoma was also associated with an increased risk 
(18). In the cohort of Miah et al, the laminar and separated archi-
tecture types were associated with higher hematoma recurrence 
rate (21). The newly separated morphological type according to 
Nakaguchi et al is most often associated with a high incidence of 
recurrence of NASH (7, 9, 13, 18–21). In our study, the laminar 
type of hematoma had an effect not only on recurrence but also 
on the neurological outcome. It should be noted that in our study 
group of bilateral hematomas, no homogeneous hyperdense mor-
phological type of hematoma occurred.

Volumetric parameters Side differrence (left vs right) Impact of recurrence Correlation with GOS Difference between 
morphological types

Preoperative hematoma 
volume

93.7 vs 80.7 ml p=0.440
95 % CI (–21.1, 47.01)

169,6 vs 79,5 ml p=0.0008 
95 % CI (–13.611, 352.81)

signifi cant

R = –0.29758 p=0.023
weakly negative

signifi cant

p=0.330
F=1.181

Post-evacuation hematoma 
cavity volume

46.6 vs 46.3 ml p=0.973
95 % CI (–16.232, 16.783)

89,2 vs 42,4 ml p=0,0007
95 % CI (20.625, 72.945)

signifi cant

R= –0.11488 p=0.391
very weakly negative

p=0.558
F=0.7565

Extent of hematoma 
evacuation

–42.8 vs –38.3 % p=0.639
95 % CI (–14.9, 23.9)

–38.2 vs –40.8 % p=0.895
95 % CI (–36.097, 41.238) R=0.074072 p=0.581

very weakly positive
p=0.9419 F=0.1914

Pneumocephalus volume 11.5 vs 8.9 ml p=0.398
95 % CI (–3.5842, 8.7566)

29.3 vs 8.4 ml p=0,00006
95 CI (11.199, 30.687)

signifi cant

R= –0.053757 p=0.689
very weakly negative

p=0.064
F=2.372

Tab. 7. Infl uence of volumetric parameters on NASH recurrence and GOS.

Fig. 3. Impact of pneumocephalus volume on recurrence rate of NASH, 
p = 0.00006 (A – recurrence group: 29.3 ml, B – non-recurrence group: 
8.4 ml).
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Other various factors are referred to as conditions carrying 
the risk of hematoma recurrence and worse neurological outcome, 
namely arterial hypertension, absence of postoperative drainage, 
early removal of drainage tube, hematoma evacuation via burr 
holes, antithrombotic agents, midline shift, admixture of acute 
blood in post-evacuation hematoma cavity, phatic disorder, preope-
rative seizures, disorder of consciousness, thrombocytopenia, dia-
betes mellitus, brain atrophy, non-hyperintensity on T1-weighted 
magnetic resonance, general anesthesia and heterogeneous den-
sity of hematoma (6, 7, 10, 12, 16–18, 20–23). Further studies 
focusing on the results of surgical treatment of bilateral NASH 
are needed. The limit of our study is the low number of patients 
with bilateral NASH included in the cohort. However, bilateral 
NASH have a lower incidence as compared to unilateral fi ndings. 
Finally, it should be borne in mind that hematoma bilaterality is 
often associated with a higher risk of hematoma recurrence and 
worse neurological outcome (1, 2, 4, 5, 7, 21–24).
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