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Introduction

Chronic subdural hematoma (CSDH) evacuation is one of 
the most frequent neurosurgical procedures owing to its 
increasing prevalence, particularly among the elderly popu-
lation [29]. Its occurrence is often associated with predispos-
ing factors such as anticoagulant therapy, or coagulopathies 
[4, 5]. The pathophysiology of CSDH is characterized by 
the gradual accumulation of blood between the dura mater 
and the arachnoid membrane. This insidious process, driven 
by bleeding from bridging veins or minor head injuries, can 
result in increased intracranial pressure, neurologic deficits, 
and potentially life-threatening complications [8, 9]. There-
fore, timely intervention is essential for CSDH management.

When asymptomatic, initial management of CSDH can 
involve conservative approaches, such as observation or 
medical management with corticosteroids or anticoagulant 
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Abstract
Chronic subdural hematomas (CSDH) are increasingly prevalent, especially among the elderly. Surgical intervention is 
essential in most cases. However, the choice of surgical technique, either craniotomy or burr-hole opening, remains a 
subject of debate. Additionally, the risk factors for poor long-term outcomes following surgical treatment remain poorly 
described. This article presents a 10-year retrospective cohort study conducted at a single center that aimed to compare 
the outcomes of two common surgical techniques for CSDH evacuation: burr hole opening and minicraniotomy. The 
study also identified risk factors associated with poor long-term outcome, which was defined as an mRS score ≥ 3 at 6 
months. This study included 582 adult patients who were surgically treated for unilateral CSDH. Burr-hole opening was 
performed in 43% of the patients, while minicraniotomy was performed in 57%. Recurrence was observed in 10% of the 
cases and postoperative complications in 13%. The rates of recurrence, postoperative complications, death and poor long-
term outcome did not differ significantly between the two surgical approaches. Multivariate analysis identified postopera-
tive general complications, recurrence, and preoperative mRS score ≥ 3 as independent risk factors for poor outcomes at 
6 months. Recurrence contribute to a poorer prognosis in CSDH. Nevertheless, use burr hole or minicraniotomy for the 
management of CSDH showed a similar recurrence rate and no significant differences in post-operative outcomes. This 
underlines the need for a thorough assessment of patients with CSHD and the importance of avoiding their occurrence, 
by promoting early mobilization of patients. Future research is necessary to mitigate the risk of recurrence, regardless of 
the surgical technique employed.
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reversal agents [15]. However, surgical intervention is nec-
essary in many cases, particularly when hematoma causes 
a significant mass effect or neurological deterioration [13, 
27]. Neurosurgeons are faced with the choice of surgical 
techniques, craniotomy [1], or burr hole opening [19], to 
evacuate the hematoma. The selection of the optimal sur-
gical technique for CSDH management remains a subject 
of ongoing debate in the neurosurgical community. Most 
systematic reviews and meta-analyses report heterogeneous 
data from centers with different perioperative practices, 
underlining the scarcity of robust evidence in the literature 
[2, 13, 18]. In addition, the risk factors for poor long-term 
outcome after surgical treatment are poorly described in the 
literature.

This article focuses on a 10-year retrospective cohort 
study conducted at a single center aimed at comparing the 
outcomes of two commonly employed surgical techniques 
for CSDH evacuation: burr hole opening and minicraniot-
omy. Through an analysis of patient records and follow-up 
data, we aimed to shed light on the postoperative complica-
tions associated with each approach, evaluate the recurrence 
rates following surgery in a large homogeneous series of 
patients with comparable perioperative practices, and iden-
tify the risk factors for long-term poor outcome.

Methods

Study design and setting

This was a single-center, retrospective cohort study. We 
screened patients surgically treated for unilateral CSDH at 
our tertiary neurosurgical center between January 2012 and 
December 2022.

Participants

All adult patients with CSDH who underwent surgery with 
a burr hole or minicraniotomy were included in this study. 
The exclusion criteria were as follows:1) bilateral CSDH 
hematoma, 2) previous surgery for CSDH within the last 6 
months, and 3) insufficient data (no preoperative CT scan or 
operative report available).

Variables and data sources

The following clinical and radiological data were retrospec-
tively collected by two investigators (SH et MS). Clinical 
data included age, sex, medical history and treatment (anti-
coagulant or antiplatelet therapy), modified Rankin Scale 
(mRS), and clinical symptoms at diagnosis. Radiologi-
cal data included the maximal thickness of the hematoma 

(mm) and maximum midline shift (mm), defined as the 
distance from the point of the septum pellucidum between 
the anterior horns of the lateral ventricles to a perpendicu-
lar line connecting the anterior and posterior insertions of 
the falx cerebri. Surgical data included the choice of the 
surgical approach (burr hole or minicraniotomy). Follow-
up data included the occurrence of general postoperative 
complications (i.e. the occurrence of a surgical or medical 
complication within one month following surgery, includ-
ing: surgical site infection, general infection, neurological 
deficit, recurrence or thromboembolic event), hematoma 
recurrence (defined by radiological recurrence with clinical 
symptoms requiring surgery), mRS at 6 months, and institu-
tionalization. This study was conducted in compliance with 
the STROBE guidelines. Poor outcome was defined as an 
mRS score of ≥ 3 (i.e., disability requiring some help).

Surgical approaches

The choice of surgical approach depended exclusively on 
the surgeon: some surgeons performed minicraniotomy 
exclusively, while others performed only a burr hole. The 
skin incision was linear in all cases, and approximately 6 cm 
for the minicraniotomy versus 3 cm for burr-hole. The diam-
eter of the minicraniotomy was 3 to 4  cm, versus 1,5  cm 
for the burr-hole. They were performed over the maximum 
thickness of the hematoma. All patients benefit from simi-
lar subdural drain placement (a one small 3 mm-diameter 
non-suction drain was placed in the subdural space), except 
in rare cases where drain insertion is impossible (i.e. when 
the cerebral cortex is too close to the skull bone, to avoid 
cerebral contusion).

Preoperative management

Anticoagulant or antiplatelet therapy was stopped 5 days 
preoperatively, according to the guidelines of the French 
National Health Agency, except in life-threatening situa-
tions. In this case treatment was antagonized according to 
the substance: Antivitamins K were antagonized with vita-
min K and PPSB, heparin with protamine sulfate and the 
new oral anticoagulants with PPSB alone. Antiplatelet ther-
apy was not antagonized.

Postoperative management

In our center, all patients have similar postoperative man-
agement: Reverticalization was performed early, within 6 h 
of surgery: The patient is first raised at the bedside and takes 
a few steps with the help of a nurse and/or physiotherapist. 
The first day after the operation, the patient is up and walk-
ing with or without assistance, depending on his degree of 
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autonomy. The drain was removed 2 days after surgery for 
all patient. Post-operative CT scan were not routinely per-
formed, as the clinical relevance of this examination was 
low [23]. Discharge practices did not differ according to sur-
gical approach. Preventive anticoagulation was introduced 
2 days after surgery for all patients. Curative anticoagu-
lation was reintroduced depending on the disease: 3 days 
for mechanical heart valves and pulmonary embolism < 6 
months, 5 days for cardiac arrhythmia and 10 days in other 
cases. Antiplatelet therapy was reintroduced 5 days after 
surgery in the case of cardiac stents < 1 year, 10 days in the 
case of stents > 1 year or non-stented ischemic heart disease, 
and 30 days in other cases (stroke and primary prevention). 
In our center, corticosteroids were not used in postoperative 
management.

Statistical analysis

Univariate analyses were carried out using Fisher’s exact 
or chi-square tests to compare categorical variables, and 
the Mann–Whitney rank sum test or unpaired t-test for con-
tinuous variables, as appropriate. Variables associated with 
mRS ≥ 3 at 6 months in the univariate analysis were entered 
into the multivariate logistic regression model. The candi-
date variates were included in a Least Absolute Shrinkage 
and Selection Operation (LASSO) penalized regression 
model. The penalty coefficient (lambda = 0.758) was chosen 
so as to provide an estimation error lower than one standard 
deviation of the minimum error obtained by 10-fold cross-
validation, while being as parsimonious as possible. No 
variable had a coefficient different from 0 with this lambda 

coefficient. Statistical significance was set at P < 0.05. All 
statistical analyses were performed using R software, ver-
sion 4.1 (R Foundation for Statistical Computing, Vienna, 
Austria).

Standard protocol approvals, registrations, and 
patient consents

This study received the required authorization (CLERS 
3339) from the institutional review board of our hospi-
tal. According to French legislation, the requirement for 
informed consent was waived for this observational retro-
spective study.

Results

Study population

During the inclusion period, 630 patients underwent surgery 
for evacuation of CSDH. Thirty-eight patients had bilateral 
CSDH, and 20 had undergone previous surgery for CSDH 
within the last 6 months. Preoperative CT-scan and/or 
operative reports were unavailable for 10 patients. In total, 
582 patients were included in this study. A flowchart of the 
inclusion and exclusion of patients is shown in Fig. 1. The 
mean age at diagnosis was 74.6 ± 13.1 years (range 18–96). 
Men accounted for 74% of all the patients (n = 430).

Clinical and radiological findings

The clinico-radiological findings and group comparability 
are shown in Table 1. The median preoperative mRS score 
was 4 (IQ 3–4) and the median preoperative Glasgow score 
was 15 (IQ 14–15, range 6–15). The most frequent symp-
tom was a motor deficit (n = 236, 41%), followed by head-
ache (n = 117, 20%), neuropsychological disorder (n = 77, 
13%), other (including sensitive disorder, disturbance and 
visual disorder, n = 76, 13%), aphasia (n = 52, 9%) and 
epileptic seizures (n = 24, 4%). Antiplatelet or anticoagu-
lant therapy was administered to 27% (n = 155) and 22% 
(n = 130) of patients, respectively. Radiological findings on 
CT scans were hypodense in 38% of cases (n = 219), fol-
lowed by mixed (25%, n = 143), isodense (24%, n = 152), 
and septated (11%, n = 65). The mean maximal thickness 
of the hematoma was 20.5 ± 7.9 mm (range 4.2–40) and the 
mean maximal midline shift was 9.6 ± 5.6 mm (range 0–37). 
Clinical and radiological findings did not significantly dif-
fer between the two groups, except for the maximal mid-
line shift that was more important in patients with burr hole 
opening (10.2 mm) than in patients who underwent minicra-
niotomy (9.2 mm, p = 0.02). Sixty-two patients underwent 

Fig. 1  Patient inclusion flowchart
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Postoperative outcomes

The postoperative outcomes and comparisons between the 
techniques are detailed in Table 2. Recurrence occurred in 
10% (n = 57) of cases. General complications occurred in 
13% (n = 74) of cases, including stroke (1%, n = 8), deep 
vein thrombosis and/or pulmonary embolism (1%, n = 8), 
and myocardial ischemia (0.5%, n = 3). Surgical site infec-
tion occurred in 2% (n = 11) of the cases. Clinical data 1 
month after surgery were available for 549 patients; of 
these,7% (n = 34) had neurological deficits, 6% (n = 32) 
were institutionalized, and 4% (n = 21) died. The mRS score 
at 6 months was < 3 in 78% (n = 397) of 506 patients. The 
rate of recurrence did not differ between the two surgical 
approaches, nor did the rates of general postoperative com-
plications, surgical site infection, death, institutionalization, 
mRS score at 6 months, or persistence of neurological defi-
cit at 1 month.

emergency surgery, including 16 treated with anticoagulant 
therapy and 21 with antiplatelet therapy. These patients 
were admitted to the intensive care unit within the first 24 h.

Intraoperative findings

Burr-hole opening was performed in 43% (n = 253) of the 
patients and minicraniotomy in 57% (n = 329). All patients, 
except 6% (n = 35), underwent subdural drain placement.

Table 1  Clinicoradiological findings and group comparability
Parameters Whole 

serie
(n=582)

Burr-hole 
opening
(n=253)

Craniotomy
(n=329)

p-value

Sex
  Male 430 (74%) 190 (75%) 240 (73%) 0.56
  Female 152 (26%) 63 (25%) 89 (27%)
Age, years 
(mean±SD)

74.6±13.1 74.5±13.7 74.6±12.8 0.97

mRS score 
(median, IQ)

4 (3-4) 4 (3-4) 4 (3-5) 0.33

Glasgow score 
(median, IQ)

15 (14-15) 15 (14-15) 15 (14-15) 0.14

First symptom at 
diagnosis
  Aphasia 52 (9%) 32 (10%) 20 (8%)
  Epileptic seizure 24 (4%) 18 (6%) 6 (2%)
  Headache 117 (20%) 62 (19%) 55 (22%) 0.37
  Neuropsycho-
logical disorder

77 (13%) 43 (13%) 34 (13%)

  Motor deficit 236 (41%) 135 (41%) 101 (40%)
  Other 76 (13%) 39 (12%) 37 (15%)
Antiplatelet 
therapy
  No 427 (73%) 194 (77%) 233 (71%) 0.11
  Yes 155 (27%) 59 (23%) 96 (29%)
Anticoagulant 
therapy
  No 452 (78%) 189 (75%) 263 (80%) 0.13
  Yes 130 (22%) 64 (25%) 66 (20%)
Radiological aspect 
on CT-scan
  Hypodense 219 (38%) 86 (34%) 133 (40%)
  Isodense 152 (24%) 63 (25%) 89 (27%) 0.23
  Mixed 143 (25%) 70 (28%) 73 (22%)
  Septated 65 (11%) 31 (12%) 34 (10%)
Maximal thickness 
of the hematoma, 
mm (mean±SD)

20.5±7.9 20.6±7.7 20.3±8.1 0.65

Maximal mid-
line shift, mm 
(mean±SD)

9.6±5.6 10.2±6.1 9.2±5.2 0.02

CT: computed tomography; mRS: modified rankin scale; IQ: Inter-
quartile; SD: standard deviation

Table 2  Postoperative outcomes and comparison between techniques
Parameters Whole 

serie
(n=582)

Burr-hole 
opening
(n=253)

Crani-
otomy
(n=329)

p-value

Recurrence
  No 525 (90%) 224 (89%) 301 (91%) 0.23
  Yes 57 (10%) 29 (11%) 28 (9%)
General postoperative 
complication
  No 508 (87%) 225 (89%) 283 (86%) 0.3
  Yes 74 (13%) 28 (11%) 46 (14%)
  Stroke 8 (1%) 4 (2%) 4 (1%)
  Deep vein throm-
bosis/pulmonary 
embolism

8 (1%) 3 (1%) 5 (2%)

  Myocardial 
ischemia

3 (0.5%) 2 (1%) 1 (0.5%)

Surgical site infection
  No 571 (90%) 248 (98%) 323 (98%) 1
  Yes 11 (2%) 5 (2%) 6 (2%)
Neurological deficit 
at 1 month (n=549)
  No 515 (93%) 228 (95%) 281 (92%) 0.2
  Yes 34 (7%) 11 (5%) 23 (8%)
Institutionalization 
(n=549)
  No 549 (94%) 240 (95%) 309 (94%) 0.73
  Yes 32 (6%) 13 (5%) 19 (6%)
Death at 1 month 
(n=549)
  No 553 (96%) 240 (96%) 313 (96%) 0.96
  Yes 21 (4%) 9 (4%) 12 (4%)
mRS score at 6 
months (n=506)
  < 3 397 (78%) 145 (76%) 252 (80%) 0.28
  ≥ 3 109 (22%) 46 (24%) 63 (20%)
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Risk factors of poor outcome

The risk factors for poor outcome (i.e., mRS score ≥ 3) are 
detailed in Table 3. In univariate analysis, age (p = 0.016), 
preoperative mRS score ≥ 3 (p < 0.01), maximal hematoma 
thickness (p = 0.03), recurrence (p < 0.001), and postopera-
tive general complications (p < 0.001) were associated with 
poor outcome. Sex, first symptom at diagnostic, antico-
agulant therapy, antiplatelet therapy, preoperative Glasgow 
score, radiological aspect on CT-scan, maximal midline 
shift, and surgical site infection were not significant risk fac-
tors for poor outcome. In the multivariate analysis, (age (OR, 
1.02 [95%CI:1.00-1.05], p = 0.033), postoperative general 
complications (OR, 15.0 [95%CI:8.20–28.3], p < 0.001), 
recurrence (OR, 2.59 [95%CI:1.26–5.20], p < 0.01), and 
preoperative mRS score ≥ 3 (OR, 3.62 [95%CI:1.28–13.3], 
p < 0.01) were independent risk factors for poor outcome at 
6 months. A forest plot of this multivariate analysis is shown 
in Fig. 2.

Discussion

Key results

In this retrospective monocentric study, which included 
582 cases, we assessed the differences between surgical 
approaches for the treatment of CSDH and the risk factors 
associated with poor long-term outcomes following this sur-
gery. Our findings indicate that.

Table 3  Univariate analysis of factors associated with poor outcome 
(i.e. mRS score at 6 months ≥ 3, n = 506)
Parameters mRS at 6 

months <3
(n=397)

mRS at 6 
months ≥ 3
(n=109)

p-value

Sex
  Male 296 (75%) 79 (72%) 0.66
  Female 101 (25%) 30 (28%)
Age, years (mean±SD) 74±13.1 77.4±12.8 0.016
Preoperative mRS score ≥3 336 (85%) 105 (96%) <0.01
Glasgow score (median, IQ) 15 (14-15) 15 (13-15) 0.63
First symptom at diagnosis
  Aphasia 33 (8%) 11 (10%)
  Epileptic seizure 19 (5%) 2 (2%)
  Headache 82 (21%) 26 (24%) 0.74
  Neuropsychological disorder 55 (14%) 13 (12%)
  Motor deficit 152 (38%) 43 (39%)
  Other 56 (14%) 14 (13%)
Antiplatelet therapy 109 (27%) 32 (29%) 0.69
Anticoagulant therapy 81 (20%) 27 (25%) 0.32
Radiological aspect on CT-scan
  Hypodense 162 (41%) 38 (35%)
  Isodense 112 (28%) 23 (21%) 0.088
  Mixed 79 (20%) 35 (32%)
  Septated 43 (11%) 13 (12%)
Maximal thickness of the 
hematoma (mean±SD)

19.7±7.9 21.8±8.6 0.03

Maximal midline shift 
(mean±SD)

9.7±5.8 9.2±5.7 0.41

Recurrence 29 (7%) 26 (24%) <0.001
Postoperative general 
complication

21 (5%) 50 (46%) <0.001

Surgical site infection 6 (2%) 5 (5%) 0.07

Fig. 2  Forest plot of factors associated with poor outcome (i.e. mRS score at 6 months ≥ 3)
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without affecting recurrence [16, 21]. Twist drill is also an 
alternative whose complication rates seem to be similar 
to those of the burr hole and is less invasive [2, 13], but 
it appears to have a higher recurrence rate [7]. This tech-
nique should therefore be used with caution, since as we 
have shown, recurrence is an independent risk factor for 
poor clinical outcome. The role of endoscopy remains to be 
clarified, but recent studies tend to show that it can reduce 
recurrence but increase operating times and costs. However, 
its use does not appear to have any effect on long-term clini-
cal outcome [3, 28].

Antiplatelet and anticoagulant therapy

French guidelines recommend stopping antiplatelet or anti-
coagulant therapy five days before surgery, except in cases 
of life-threatening situations. We showed that thrombotic 
and embolic events are rare (< 1%). This shows that the 
benefit/risk balance favors stopping these treatments before 
surgery. We have also shown that the use of anticoagulants 
and/or antiplatelet therapy is not a risk factor for recurrence, 
in line with the results of other studies [10, 22, 26]. Resump-
tion of these treatments is therefore possible, depending on 
the thrombotic and/or embolic risk of the initial pathology.

Risk factors of poor outcome

Our study highlights a crucial factor that has not been exten-
sively explored in the context of SDH management: the role 
of recurrence and postoperative complications as a predictor 
of long-term functional outcomes. Regardless of whether 
patients underwent burr hole trepanation or minicrani-
otomy, the presence of recurrent hematomas significantly 
increased the risk of having an mRS score greater than 3 at a 
later stage. This finding underscores the importance of con-
sidering the impact of recurrence in clinical decision mak-
ing and the necessity for future research into strategies that 
minimize recurrence risk, irrespective of the chosen surgical 
method. These new data are absent from most series and 
literature reviews [15, 20]. Our study revealed that, beyond 
the risk of recurrence, the occurrence of postoperative com-
plications constitutes a significant factor contributing to a 
poor prognosis (OR 15, p < 0.001). Corticosteroid treatment 
may contribute to postoperative complications, and its role 
in preventing recurrence remains a subject of debate in the 
literature. Two recent meta-analysis indicated that adjuvant 
corticosteroid therapy appeared effective in reducing the risk 
of recurrence but significantly elevated the risk of adverse 
events [11, 24]. These findings were further supported by 
the results of the DEX-CSDH clinical trial [12]. Our study 
does not allow us to draw any conclusions on this subject, as 
they are not used in our hospital, precisely to avoid adverse 

(1) Burr-hole opening and minicraniotomy had similar 
rates of postoperative complications, including general 
postoperative complications, surgical site infections, death 
within 1 month, and institutionalization; (2) burr hole open-
ing and craniectomy showed similar rates of recurrence; and 
(3) age, postoperative general complications, recurrence, 
and preoperative mRS score ≥ 3 were identified as indepen-
dent risk factors for poor long-term outcomes.

Comparison between surgical approaches

In this retrospective analysis, we aimed to compare the 
postoperative outcomes of patients undergoing either sur-
gical approach and to investigate the impact of recurrence 
on long-term functional outcomes. Our findings indicate 
that in terms of immediate postoperative outcomes, there 
were no statistically significant differences between the two 
surgical techniques. This result is not consistent with previ-
ous research in the field; Ducruet et al. showed in a meta-
analysis that the complication rate was higher for patients 
who received a trepan hole than for those who underwent 
craniotomy, even though the mortality rate was higher in the 
craniotomy group [6]. In contrast, Weigel et al. showed that 
morbidity was higher after craniotomy, with a similar recur-
rence rate between the two techniques [27] and Almenawer 
et al. showed that craniotomy led to more complications but 
less recurrence [2]. In addition, a decision analysis model by 
Lega et al. using Monte Carlo simulation of meta-analysis 
data revealed that BHC was ultimately superior to craniot-
omy [17]. These results must be treated with caution, as the 
size of the craniotomy is not specified in these publications, 
yet the size of the craniotomy can influence the rate of post-
operative complications. This is the strength of our study, 
in which the craniotomy size was similar for all patients 
(3–4 cm). One possible option, little discussed in the litera-
ture, is to make a trepan hole and convert it into a minicra-
niotomy in case of a solid clot. Our results underscore the 
notion that from a short-term perspective, either technique 
can be employed with a similar expectation of success in 
terms of complications and recurrence. The strength of our 
study lies in the homogeneous nature of our postoperative 
follow-up: all patients were up and about the evening of 
the operation, which is not always the case, particularly for 
minicraniotomy patients who are often referred for postop-
erative intensive care [1]. In the meta-analyses cited above, 
intraoperative practices varied, especially between mini-
craniotomy and burr hole, and may explain the differences 
observed. This underlines the importance, in our opinion, 
of early reverticalization of patients who are often frail and 
elderly. This may also explain our mortality rate, which is 
lower than that in other studies [15]. Indeed, reverticaliza-
tion has been shown to reduce postoperative complications, 
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