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Abstract: Background and objective: Chronic subdural hematoma (cSDH) is one of the most common
neurosurgical entities affecting mostly elderly patients. In this study, we aimed to provide detailed
characteristics of surgically treated patients with ¢SDH and evaluate outcomes between the two
conventional treatment methods. Materials and methods: Patients with cSDH surgically treated with
burr hole craniostomy (BHC) and craniotomy (CO) in tertiary centers in Croatia and Serbia during
2017-2019 were included in the study. Characteristics and outcomes of these patients were
prospectively collected. Results: In total, 155 patients (mean age 72.3+13.4) were included in the
study. BHC group consisted of 124 (80 %) and CO group of 31 (20 %) patients. 32 (20.6 %) patients
presented with bilateral ¢SDH, head trauma was documented in 92 (59.4 %), and anticoagulant
therapy in 37 (23.9 %) individuals. The most common symptom was hemiparesis (n=85, 54.8 %). The
two groups did not differ by age. CO group had higher Glasgow Coma Scale (GCS) score at the
admission, with a significant decrease at discharge compared to admission (12.6+4.8 vs 14.4+1.7,
p<0.05). CO was associated with prolonged hospitalization compared to BHC (12.2+7.1 vs 9.6+7.9
days of stay, p<0.001). Differences in complication, reoperation, and mortality rates were not
statistically significant. Conclusions: BHC produced better outcomes in terms of GCS score at
discharge and was associated with shorter length of stay when compared to CO.

Keywords: Burr hole craniostomy; Craniotomy; Chronic subdural Hematoma; Multicenter study;
Burr hole craniostomy; Craniotomy ;Chronic subdural Hematoma ;Multicenter study

Introduction

A subdural hematoma is a term used for an accumulation of blood in the subdural space, i.e.,
between the dura mater and the arachnoid membrane. Acute subdural hematoma (aSDH) is a life-
threatening condition which develops rapidly, most often after a major traumatic event, and presents
with significant neurological deterioration [1]. On the other hand, chronic subdural hematoma
(cSDH) develops over a longer timeframe (weeks), therefore the symptoms are usually present after
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a prolonged period [2]. Patients suffering from ¢SDH present with a variety of signs and symptoms,
some individuals are even asymptomatic [2]. Clinical presentation is variable and includes headache,
nausea, vomiting, instability, vertigo, aphasia, disorientation, hemiparesis or focal neurological
deficit, and many others [3]. It is not uncommon for patients to initially present with reduced
Glasgow Coma Scale (GCS) scores and altered consciousness, even to the degree of coma [4]. After a
comprehensive neurological examination, diagnosis is confirmed with non-contrast computed
tomography (CT) of the brain as a gold standard, although in some cases magnetic resonance imaging
(MRI) might be utilized [5]. c<SDH generally presents on the brain convexities and can be unilateral
or bilateral. It is estimated that bilateral cSDH accounts for 9-22 % of all cSDH [4,6-8].

c¢SDH is among the most common neurosurgical entities affecting 1.72-20.6 patients per 100 000
individuals [9]. It is projected that the incidence will rise in the near future due to the ageing
population, as well as more frequent use of antithrombotic medications [4]. Several studies have
reported increased incidence in male patients, with at least two thirds of the patients with cSDH being
men [2,4,10]. The reported mean age of patients with cSDH varies considerably depending on the
geographical region, ranging from 60 to 81 years of age [6,11]. Overall, cSDH is known for primarily
affecting the elderly. In the majority of cases, patients can recall a minor head trauma that happened
days to weeks prior to the diagnosis. The rise in traumatic events in recent years is also concerning
[12] and could exacerbate this issue. However, there is still a notable proportion of patients who did
not experience any trauma to the head [13,14]. Although major progress has been made in
understanding ¢SDH formation, its pathophysiology is still not fully elucidated. It is commonly
believed that initial bleeding occurs due to tears of bridging veins [15]. This can happen after a head
injury, brain atrophy, intracranial hypotension or some other event [2,15]. Subsequently, subdural
hemorrhage can trigger an inflammatory response which further supports the progression and
enlargement of the subdural collection [16].

The mainstay of treatment of cSDH is surgical evacuation of the hematoma or close observation
with pharmacotherapy. Nonetheless, the controversies of the surgical approach still persist [2].
Neurosurgical options include twist drill craniostomy (TDC), burr hole craniostomy (BHC),
craniotomy (CO), endoscopic evacuation of the cSDH, and others [17,18]. Overall, BHC as a surgical
approach is preferred in many departments [19] but there is no consensus in neurosurgical
community which approach should be advised. Despite the fact that the aforementioned surgical
techniques are rather simple, patients who are surgically treated for cSDH can develop many
complications [20]. These can range from postoperative pneumocephalus, seizures, acute subdural
and epidural hematoma, wound infections, up to lethal outcome [21,22]. Mortality of surgically
treated patients for cSDH varies considerably — ranges from 0 to 32 % have been reported in the
literature [23,24]. In addition, outcomes of these individuals are associated with their initial clinical
status, comorbidities, as well as coagulation status [21,25,26]. Consequently, less invasive approaches
such as middle meningeal artery (MAA) embolization are being explored with promising results [27].
Furthermore, pharmacological treatment for cSDH is also being studied — among pharmacological
options, dexamethasone and atorvastatin have so far produced the best results for reducing
recurrence and hematoma volume, respectively [28]. More studies are much needed in this regard.

The primary aim of this multicenter study was to compare the overall outcomes during the
hospitalization and the length of hospitalization of patients diagnosed with ¢cSDH and surgically
treated with either BHC or CO. As a secondary aim we examined quantities and qualities of
postoperative complications between the two groups. Furthermore, we analyzed the general
characteristics of these patients, their comorbidities, anticoagulant therapy administration, and initial
presenting symptoms, as well as cSDH etiology and laterality of the hematoma.

Materials and Methods

Study Population

This multicenter prospective study was conducted at the Department of Neurosurgery,
University Hospital Center Osijek, Croatia and Department of Neurosurgery, Clinical Center of
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Vojvodina, Novi Sad, Serbia. Patients included in the study were diagnosed with ¢SDH requiring
neurosurgical intervention during the period starting with January 1st of 2017 until December 31st
2019 for both departments. During the study period, none of the neurosurgeons altered their surgical
technique at either department. In total, there were 167 surgically treated patients, however due to
missing data, 155 subjects were included in the final study population. All patient data was
anonymized; therefore, no specific patient consent was obtained. The study was conducted in
accordance with the Declaration of Helsinki and approved by the Ethics Committee of University
Hospital Center Osijek (R1-4012/2023, date of approval: 315t of May 2023).

Surgical Technique

Patients were surgically treated with either BHC or CO, depending on the neurosurgical
preference and clinical experience. Surgeries were mostly performed in general anesthesia, except for
some BHC approaches. Intraoperative subdural drain was routinely placed.

The BHC approach consisted of one or two burr holes which were planned with respect to CT
scan findings. After the dural opening and incision of outer membrane, subdural hematoma was
evacuated and generously irrigated through the burr-hole. A subdural drain was then inserted which
utilized natural pressure gradient and was left in place depending on the drainage volume during
the postoperative period.

The CO approach was planned depending on the area of maximal hematoma thickness, based
on CT scan findings. CO flap was then raised, and the dura was opened in routine fashion. After the
dural opening, the outer membrane was excised as much as the craniotomy permitted. The inner
membrane was then opened and coagulated. Subdural space was generously irrigated, and subdural
drain was inserted, which utilized natural pressure gradient and was left in place depending on the
drainage volume during the postoperative period.

Selected Variables and Statistical Analysis

Relevant data for this study were obtained with clinical examinations, comprehensive patient
interviews, and accompanying electric medical records at both departments. Selected variables for
this study were age, sex, comorbidities, usage of anticoagulation therapy, presenting symptoms,
cSDH etiology (traumatic or spontaneous), laterality of the hematoma (left-sided, right-sided, or
bilateral), GCS at the admission and demission, days of stay (DoS), reoperation rate, complications,
and mortality. Reoperation rate, complications, and mortality were recorded only during the
hospitalization period, and were not followed afterwards. Duration of subdural drainage was not
uniform for all patients. Therefore, it was excluded as a variable of interest.

Continuous variables were summarized as means and standard deviation and analyzed using
the Mann-Whitney U-test. Categorical variables were summarized as frequencies and proportions
and compared with 2 test or Fischer’s exact test when applicable. GCS score differences between the
admission and discharge were evaluated with paired t-test. All p values were two-sided, and the
threshold for statistical significance was set to p<0.05.

Results

Age and Sex Characteristics

During the study period, there were a total of 155 patients diagnosed with cSDH who were
surgically treated at either neurosurgical department. Of these, 124 (80 %) patients were treated with
BHC and 31 (20 %) were treated with CO. The majority of patients were male (n=122, 78.7 %) and the
sex distribution between the two groups did not significantly differ. The mean age of patients in the
BHC group was 72.2 years (range 22-92 years), whereas the average age of patients in the CO group
was 72.8 years (range 46-91 years). This age difference was not statistically significant. Interestingly,
more than half of all female patients were older than 80 years of age. Age distribution of all patients
by sex is presented in Figure 1.
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Figure 1. Age distribution of surgically treated patients diagnosed with chronic subdural hematoma
grouped by sex.

Clinical Presentation and Comorbidities

As previously stated, clinical signs and symptoms of patients with cSDH can vary significantly.
Among the patients included in the BHC group the most common symptom was hemiparesis (n=68,
54.8 %), which was followed by dysphasia (n=20, 16.1 %) and altered consciousness (n=20, 16.1 %). In
addition, there were 11 patients (8.9 %) in the BHC group who did not present with any relevant
symptom. Regarding the CO group, hemiparesis was also the leading symptom (n=17, 54.8 %). It was
followed by headache (n=7, 22.6 %), dysphasia (n=2, 6.5 %), and altered consciousness (n=2, 6.5 %).
There was only 1 patient (3.2 %) in the CO group who was asymptomatic. The comprehensive list of
clinical signs and symptoms observed at the admission is presented in Figure 2.
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Figure 2. Clinical signs and symptoms observed in surgically treated patients diagnosed with chronic
subdural hematoma grouped by the surgical approach.
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The most common comorbidity of our patients was cardiovascular disease (n=100, 64.5 %),
followed by diabetes (n=25, 16.1 %). Furthermore, there were 11 patients (7.1 %) who suffered from
chronic alcoholism. 37 patients (23.9 %) had no known comorbidities. The complete list of
documented comorbidities is listed in Table 1.

Table 1. Comorbidities of surgically treated patients diagnosed with chronic subdural hematoma.

Comorbidity Number of patients
Cardiovascular 100 (64.5 %)
Diabetes 25 (16.1 %)
Alcoholism 11 (7.1 %)
Malignancy 6 (3.9 %)
Anaemia 4 (2.6 %)
COPD 4 (2.6 %)
Neurodegeneration 4 (2.6 %)
Prostate hyperplasia 4 (2.6 %)
Hypothyroidism 3(1.9 %)
Miscellaneous 4 (2.6 %)
None 37 (23.9 %)

cSDH characteristics.

In our study population, traumatic head injury was confirmed in 92 patients (59.4 %). On the
other hand, there were 63 patients (40.6 %) who were presented with a spontaneous cSDH onset.
Based on the radiographic evaluation there were 62 left-sided (40.0 %), 61 were right-sided (39.4 %),
and 32 were bilateral c<SDH (20.6 %). Laterality of cSDH in our cohort is illustrated in Figure 4.

Left-zided Bilateral Fight-zided

Figure 4. Laterality of chronic subdural hematoma in the study cohort.
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Comparison of the Treatment Groups

As previously stated, there were 124 patients included in the BHC group and 31 in the CO group
and the two groups did not significantly differ by age. Furthermore, there were 76 (61.3 %) cSDH of
traumatic etiology in the BHC group, and 16 (51.6 %) in the CO group. This difference was not
statistically significant. When analyzing the laterality of the hematoma, we did not detect any
significance. In total, 37 (23.9 %) patients routinely administered some form of anticoagulation
therapy, the ratio of these patients was not significantly different between the groups.

The mean GCS score at the admission for the BHC group was 13.5 + 2.4, whereas for the CO
group average GCS score was 14.4 + 1.7. This difference between the two groups was statistically
significant (U=1452, p=0.022). GCS score was also determined at the discharge — average GCS score
was 13.7 + 3.4 for BHC group and 12.6 + 4.8 for CO group. There was a statistically significant decrease
in GCS score at the discharge when compared to the GCS score at the admission for the CO group
t(30)=2.3, p=0.031. On the other hand, this difference for the BHC group was not statistically
significant.

Surgically treated patients in the CO group experienced significantly longer hospitalization
compared to BHC group, 12.2 + 7.1 days of stay vs 9.6 + 7.9 days of stay (U=1166, p<0.001). During
the hospitalization period, the number of complications, reoperation rate, and the mortalities did not
significantly differ between the groups. Detailed characteristics of the two treatment groups are
presented in Table 2. Documented complications observed during the hospital stay are presented in
Table 3.

Table 2. Detailed characteristics of BHC and CO groups.

Variables BHC group CO group
Number of patients 124 (80 %) 31 (20 %)

Age 722 +14.1 72.8+10.5

Etiology Trauma 76 (61.3 %) 16 (51.6 %)

Spontaneous 48 (38.7 %) 15 (48.4 %)

Left 47 (37.9 %) 15 (48.4 %)

Side Right 48 (38.7 %) 13 (41.9 %)
Bilateral 29 (23.4 %) 3 (9.7 %)

GCS score Admission 135+24* 144 +1.7*
Discharge 13.7+£3.4 12.6 £4.8

Days of stay 9.6+7.9* 122+7.1*
Reoperation 10 (8 %) 4 (12.9 %)

Complications 25 (20.2 %) 10 (32.3 %)
Mortalities 10 (8 %) 6 (19.4 %)
Anticoagulant therapy 30 (24.2 %) 7 (22.6 %)

BHC: burr hole craniostomy; CO: craniotomy; GCS: Glasgow Coma Scale. * p < 0.05, Mann-Whitney U test; ** p

<0.001, Mann-Whitney U test.

Table 3. Documented complications during the hospitalization of surgically treated patients

diagnosed with chronic subdural hematoma.

Complications BHC group CO group
None 99 (79.8 %) 21 (67.7 %)
Death 10 (8.1 %) 6 (19.4 %)

Pneumonia 9 (7.3 %) 0 (0 %)
Sepsis 3 (2.4 %) 0 (0 %)
Empyema 2 (1.6 %) 0 (0 %)
Enterocolitis 2 (1.6 %) 0 (0 %)
Thromboemboly 2 (1.6 %) 1 (3.2 %)
Uroinfection 2 (1.6 %) 0 (0 %)
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Aphasia 1 (0.8 %) 0 (0 %)
Convulsions 1 (0.8 %) 4 (12.9 %)
aSDH 1 (0.8 %) 1 (3.2 %)

BHC: burr hole craniostomy; CO: craniotomy; aSDH: acute subdural hematoma.
Discussion

Elderly and Male Predominance

In this study, we first examined the general characteristics of surgically treated patients
diagnosed with cSDH at tertiary institutions in Croatia and Serbia. According to our results, the age
group that is mostly affected by this disease are the elderly, as the mean age of our patients was 72.3
years which is in the range of previously published studies [6,11]. Furthermore, in our cohort we
noted a male predominance, there was a total of 122 (78.7 %) male patients. This is also in line with
the available literature [7,19,29]. The reasoning behind the male bias is still debated [30] but it could
also be associated with male predominance for traumatic events [12,31]. As per Figure 1, female
patients affected by ¢cSDH are generally older than male counterparts, although the exact reasoning
is still not described which is discussed by Hotta et al. [32].

As is the general case with the elderly [33], patients in our cohort presented with a variety of
comorbidities which are presented in Table 1. The most common comorbidity in this study was
cardiovascular disease, followed by diabetes and chronic alcoholism which was similar to other
published research [34]. Notably, there appears to be an association between pre-existing
comorbidities and general outcomes, including the recurrence of ¢<SDH [35]. Furthermore, chronic
alcoholism has been considered as a risk factor for developing ¢cSDH [20]. This can be both due to the
head injuries related to alcohol intake [2], as well as the so-called craniocerebral disproportion, i.e.,
brain atrophy due to chronic alcoholism [36]. Less than a quarter of patients routinely took some form
of anticoagulation therapy (Table 2). Antithrombotic drugs usage has also been linked to increased
risk of ¢SDH [37]. Interestingly, compared to other published data [38,39], we had a relatively smaller
proportion of patients who were routinely taking anticoagulants.

Regarding the initial clinical signs and symptoms, the most common was hemiparesis which
was observed in more than half of all patients (Figure 2). Indeed, limb weakness is considered as one
of the most prominent symptoms of the cSDH [40]. This is mostly mediated by the tension exerted
by the hematoma on the motor cortex which is alleviated by surgical evacuation of the hematoma in
a timely manner [40]. Another common but non-specific symptom, i.e., headache which was observed
in roughly 10 % of our patients, is generally a good prognostic factor [3]. On the other hand, lower
GCS scores at the admission are associated with poor outcomes [41]. In our cohort, there were only 8
(5.2 %) patients with initial GCS score less than 9, and 17 (11 %) patients with GCS score between 9
and 12.

Craniotomy is Associated with Worse Outcomes and Prolonged Hospitalization

In our study, a majority of patients underwent BHC and only a fifth of patients underwent CO.
As the treatment options were not randomized, it shows a general surgical preference in our
departments towards BHC over CO. Even though the initial GCS score and GCS score at the
discharge did not differ much between the groups, the intra-group analysis revealed a significant
clinical deterioration of patients in the CO group in terms of decreased GCS score (Table 2). Similar
findings were published by Ozevren et al. [42] — patients who underwent BHC had better Glasgow
outcome scale (GOS) score when compared to CO. Admittedly, the effect we observed of the CO
treatment is relatively small, and a larger cohort of patients would be needed to better address this
question. Even though the proportion of mortalities after CO in our study was notable
(approximately every fifth patient died), this was not statistically significant (although it did
approach significance level, p~0.06). The mortality in our study was comparable to rates reported by
Tamura et al. [20]. Interestingly, other studies did not find any significant differences regarding
general outcomes between the two treatments, including mortalities [29,43,44]. In addition, a
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systematic review and meta-analysis conducted by Huang et al. [45] concluded that was not any
significant difference in good outcomes and mortalities between these two treatment modalities. It
should be noted that in this study we only followed patients during the hospital stay, and long-term
outcomes were not accounted for. It would be of great interest to follow these patients over a
prolonged period of time to get better insights into general outcomes. Another limitation of our study
were other non-standardized variables, such as duration of subdural drainage, postoperative
administration of dexamethasone and others which were decided by an individual neurosurgeon.
Furthermore, the treatment-outcome discrepancies described in the literature could likely be due to
some form of inherent neurosurgical bias: general preference of one surgical approach over the other,
decision making based on preoperative imaging findings, health-status of a given patient etc. In order
to gain more robust results, a non-randomized controlled trial would be of great value for this
particular topic.

Additionally, patients in the CO group were on average hospitalized for a longer period of time
than those who underwent BHC (Table 2). This is in line with the findings of Sastry et al. [46] and
Mehta et al. [47]. It seems that the prolonged hospitalization is mostly associated with preoperative
frailty of these patients [48]. It should be noted that we did not observe a difference in postoperative
complications between the two groups (Table 3), therefore the complications per se were not the sole
reason for an increase in days of stay for the CO group. Overall, the proportion of postoperative
complications in our study was similar to previously published data [49]. Interestingly, CO as an
initial treatment option for cSDH generally produces more postoperative complications but is a
recommended option for recurrent cSDH [50]. Despite the fact that we did not include duration of
surgery as a variable of interest, it is well accepted that the CO is more time consuming than BHC
[47]. Longer operation time with general anesthesia in frail patients disrupts the homeostasis of an
individual and can contribute to prolonged hospitalization [51]. The economic impact of the increase
in hospitalization days also should not be overstated [49].

During the hospitalization period, we did not observe a significantly different rate of reoperation
between the two groups (Table 2). However, a major limitation of our approach is confinement on a
short postoperative period, hence we cannot draw conclusions regarding the recurrence rate of cSDH
because it usually occurs after a longer follow-up period [52]. Nonetheless, a systematic review and
meta-analysis conducted by Almenawer et al. [50] concluded that there was no difference in the
recurrence rate between these treatment options.

Conclusions

Our study presents general characteristics and outcomes of surgically treated 155 patients
diagnosed with cSDH at two tertiary institutions in Croatia and Serbia. Approximately one fifth of
all patients presented with bilateral cSDH and the history of head trauma was documented in 59.4 %
of all patients. Anticoagulant therapy was present in 37 (23.9 %) individuals. Majority of patients
were elderly and of male sex. BHC was the treatment of choice in 124 (80 %) patients and 31 (20 %)
patients underwent CO. The two groups did not significantly differ regarding age, but the patients
in the CO group were presented with significantly higher GCS score at the admission to the hospital
when compared to the BHC group. Notably, BHC produced better outcomes in terms of GCS score
at the point of discharge from the hospital and was associated with reduced length of stay.
Differences in complication, reoperation, and mortality rates were not statistically significant. Based
on our study results, BHC produced better outcomes but further well-designed and well-controlled
studies are warranted.
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