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ABSTRACT

Background: We routinely measured the exact chronic subdural hematoma (CSDH) volume during single burr
hole surgery. To date, several risk factors have been reported for CSDH recurrence, including sex, hematoma
volume and degree of midline shift calculated from computed tomography, use of anticoagulants or antiplatelet
medications, and alcohol consumption habits. The aim of this study was to clarify whether hematoma volume, in
conjunction with other factors, can predict recurrence.

Methods: We retrospectively reviewed the clinical data of 194 consecutive patients with CSDH who underwent
single burr hole surgery. The risk factors for recurrence were analyzed based on patients’” sex, age, bilaterality,
existence of apparent trauma history, exact intraoperative hematoma volume, and various clinical factors,
including preoperative anticoagulant/antiplatelet intake.

Results: Recurrence occurred in 22 patients (11.3%). Multivariate logistic regression analysis revealed that
intraoperative hematoma volume was an independent risk factor for CSDH recurrence (odds ratio [OR], 1.01; 95%
confidence interval [CI], 1.01-1.02, P < 0.001), in addition to sex (male) (OR 9.25; 95% CI, 1.00-84.8; P = 0.049)
and diabetes mellitus (DM) (OR: 3.97, 95% CI, 1.34-11.7, P = 0.013). Based on receiver operating characteristics
analysis, the cutoff value of the hematoma volume predicting CSDH recurrence was 150 ml (sensitivity and
specificity of 72.7% and 72.1%, respectively; area under the curve: 0.7664, 95% CI: 0.654-0.879, P < 0.001).
Of these, a hematoma volume >150 mL was the strongest independent risk factor for recurrence according to
multiple regression (OR: 8.98, 95% CI: 2.73-29.6, P < 0.001) and Cox regression analysis (hazard ratio: 3.05, 95%
CI: 1.18-7.87, log-rank P = 0.0046, P = 0.021). Follow-up periods after surgery were significantly longer for cases
with recurrence than for non-recurrence cases (24.8 + 11.5 vs. 15.9 + 9.7 days), and the recurrence prediction
cutoff value was 17 days, with a sensitivity and specificity of 83.1% and 68.2%, respectively (AUC: 0.7707, 95%
CI: 0.6695-0.8720, P < 0.001).

Conclusion: Intraoperative hematoma volume could be a predictive value for CSDH recurrence.

Keywords: Chronic subdural hematoma, Hematoma volume, Recurrence, Risk factors

INTRODUCTION

Chronic subdural hematoma (CSDH) is one of the most frequent diseases encountered by
neurosurgeons.>1131618-2022232533] Recently, with the growing proportion of elderly people in
the population, CSDH is projected to become the most common neurosurgical disease by the
year 2030.5%3! Furthermore, long-term outcomes of elderly patients with CSDH are poorer and
worse than expected.®! Therefore, less-invasive surgery using a single burr hole or twist drill
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under local anesthesia with drainage tube insertion has
been recommended.!1318:2023-253233] Recently, no irrigation
of the hematoma cavity has been reported as an effective
strategy, which has resulted in reduction of surgery time
without an increase in recurrence.®** However, no report
has mentioned the exact evacuated hematoma volume,
and most reports predict CSDH recurrence by calculating
hematoma volume, shape, density, degree of midline shift,
or post-surgical residual air and/or hematoma space using
computed tomography (CT) and/or magnetic resonance
imaging (MRI).[2*1012262830) Eyrthermore, CSDH recurrence
is also influenced by anticoagulants/antiplatelet medications
(AC/AT), headache, diabetes mellitus (DM), aphasia, the
no-drainage method, male sex, malignancy, bilateral disease
hyper density on CT, and hematoma thickness.**7'>* On the
other hand, atorvastatin, steroids, the angiotensin converting
enzyme (ACE) inhibitor, tranexamic acid, and Chinese herb
Gorei-san have been found to reduce recurrence.!>172130

The aims of this study were to identify preoperative
predictive factors for recurrence, and we hypothesized that
intraoperative hematoma volume was also associated with
CSDH recurrence and could be included as a risk factor. If
possible, we also studied the exact postsurgical drainage
times and volumes of patients, to clarify the appropriate
drainage duration.

This study was conducted in accordance with the principles
outlined in the Declaration of Helsinki and was approved by
the Shunan Memorial Hospital Institutional Review Board.
The review board approved that the need for informed
consent was waived, given the retrospective nature of the
study.

MATERIALS AND METHODS
Surgical techniques

All patients underwent single burr-hole surgery, and closed
system drainage was performed under local anesthesia. The
hematoma was evacuated as follows. Just after cutting the
outer membrane of the hematoma, the stand-by aspirator
vacuumed the hematoma as much as possible. When
voluntary hematoma flow was confirmed to have stopped,
the aspirated hematoma volume was measured using a
commercial surgical bucket. A drainage tube was then
inserted posteroinferiorly into the hematoma cavity. At the
extent of insertion, manual aspiration was performed gently
using an injection tube. Aspirated hematoma volume was
calculated as the total volume of the hematoma. In cases of
bilateral disease, the hematoma volume was calculated by
combining both sides. Irrigation was seldom performed.®”"
After evacuation of the hematoma, the drainage tube was
placed in the frontal position. The tube was removed the day
after confirmation of the absence of surgical complication
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by CT. Ambulation was allowed after drain removal, and the
patients were discharged 3-7 days after surgery.

Subjects and methods

We retrospectively analyzed the clinical records of patients
who were treated over a period of 8 years (January 1, 2013,
to December 31, 2020). Age, sex, and medical history,
including medication use, alcohol intake, and smoking
habits, were recorded. Recurrence was defined as the
reappearance of neurological signs and/or symptoms with
CT evidence of increased hematoma cavity volume, which
was re-treated with burr hole surgery and was counted as
a case. Postoperative follow-up termination was based on
radiological and clinical findings.

Statistical analysis

Data are presented as mean * standard deviation for
continuous variables and number (percentage) for categorical
variables. Univariate analysis was performed using the
Mann-Whitney U-test, while either Pearson’s Chi-square
test or Fisher’s exact test was used to examine the presence
of an association between the study variables and CSDH
recurrence. The Mann-Whitney U-test was used for non-
categorical variables (i.e., age, hematoma volume, drainage
volume, and hours). Factors associated with recurrence
in the univariate analysis (P < 0.20) were entered into a
multivariate logistic regression analysis. Two-tailed P < 0.05
was considered statistically significant. Odds ratios (ORs)
were estimated for magnitude of effect with 95% confidence
intervals (CIs). The Kaplan—Meier survival curve was plotted,
and the log-rank test was conducted to compare the time
to recurrence. Statistical analyses were performed using
BellCurve for Excel (Social Survey Research Information
Co., Ltd., Tokyo, Japan).

RESULTS

The results are summarized in [Tables 1-3]. The data on
194 patients (mean age, 79.6 + 9.2 years; range, 55-97
years), consisting of 50 women (25.8%) and 144 men,
were retrospectively reviewed [Table 1]. These patients
collectively presented 88 left side, 58 right side, and 48
bilateral hematomas. A total of 136 patients (70.1%)
experienced apparent traumatic head injury episodes;
43 patients (22.2%) underwent AC/AT; and 22 patients
experienced recurrence [11.3%; Table 2]. In the recurrence
cases, a larger hematoma volume was recorded than in
non-recurrence cases (196.91 = 84.1 vs. 123.57 + 68.5
mL, P < 0.001). Univariate analysis revealed that sex, DM,
and hematoma volume were significant risk factors for
recurrence, while alcohol consumption habits and bilateral
disease were correlated with recurrence [Tables 1 and 2].
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Table 1: Baseline characteristics of patients with no-recurrence
versus recurrence of CSDH.

Characteristic No-recur Recur P-value
(n=172) (n=22)
Mean age (SD), years 79.6 (9.4) 819(6.3) 0.227
Sex 0.016
Female 49 (28) 1(5)
Male 123(72)  21(95)

Poor preoperative mRS (3-5) 70 (41) 9(41) 0.985
Alcohol intake 49 (28) 10 (45) 0.103
Ever smoker 17 (10) 2(9) 0.906
Hypertension 95 (55) 12 (55) 0.951
Diabetes 37 (22) 9 (41) 0.044
Hyperlipidemia 42 (24) 4(18) 0.517
Anticoagulants 37 (22) 6 (27) 0.540
Trauma history 123 (72) 13 (59) 0.231
Bilateral disease 38 (22) 8 (36) 0.138
Liver disease 10 (6) 2(9) 0.548
Hematoma volume (SD) 123(69) 197 (84) <0.001
Hematoma volumel50 ml< 47 (27) 16 (73) <0.001
Observation after surgery, 16 (10) 25 (16) <0.001
days (SD)

Poor postoperative mRS (3-6) 68 (40) 9 (41) 0.901

Data are presented as number (%) unless otherwise indicated. Boldface
type indicates statistical significance. mRS; modified Rankin Scale

Table 3: Comparison between patients with hematoma
volume<150 ml and 150 ml=.
Characteristic <150 ml 150 ml= P-value
(n=131) (n=63)
Mean age (SD), yrs 79.0 (9.8) 81.0(7.6) 0.20
Sex 0.43
Female 36 (27) 14 (22)
Male 95(73) 28 (78)
Poor preoperative mRS (3-5) 51 (39) 9(14) 0.46
Alcohol intake 45 (34) 14 (22) 0.086
Ever smoker 17 (13) 2 (3) 0.032
Hypertension 72 (55) 35 (56) 0.940
Diabetes 30 (23) 16 (26) 0.702
Hyperlipidemia 33 (25) 13 (21) 0.485
Anticoagulants 29 (22) 14 (23) 0.989
Trauma history 97 (74) 39 (64) 0.084
Bilateral disease 13 (10) 33 (54) <0.001
Liver disease 10 (8) 2(3) 0.227
Recurrence 6(5) 16 (26) <0.001
Hematoma volume (SD) 92 (33) 214 (67) <0.001
Observation after surgery, 15.8(10) 19.3(11) <0.001
days (SD)
Poor postoperative mRS (3-6) 48 (37) 29 (48) 0.211
Data are presented as number (%) unless otherwise indicated. Boldface
type indicates statistical significance

Table 2: Univariate analysis for odds of CSDH recurrence.

Variable Univariate analysis
OR 95% CI P-value
Demographics
Mean age, years 1.03 0.98-1.09 0.23
Male 8.37 1.10-63.9 0.02

Medical history/comorbidity

Poor preoperative mRS (3-5) 1.01 0.41-2.49 0.98

Alcohol intake 2.09 0.85-5.16 0.10
Ever smoker 0.91 0.20-4.24 0.91
Hypertension 0.97  0.40-2.37 0.95
Diabetes 2.53 1.00-6.37 0.04
Hyperlipidemia 0.69  0.22-2.15 0.52
Anticoagulants 1.37  0.50-3.74 0.54
Trauma history 0.58  0.23-1.43 0.23
Bilateral disease 2.02 0.79-5.16 0.14
Liver disease 1.62  0.33-7.93 0.55
Poor postoperative mRS (3-6)  1.06  0.43-2.61 0.90
Hematoma volume 1.01 1.01-1.02 <0.001
Hematoma volume 150 ml< 7.09  2.62-19.2  <0.001

Boldface type indicates statistical significance

According to the receiver operating characteristics (ROC)
analysis, 150 mL was the predictive value for recurrence
[sensitivity and specificity of 72.7% and 72.1%, respectively;
area under the curve [AUC]: 0.7664, 95% CI: 0.654-0.879,
P <0.001, Figure la].

[Table 3] compares the hematoma volume between under
150 and over 150 mL groups. The results showed a higher
incidence of bilateral disease, recurrence, and longer
observation periods in the latter groups, whereas the age, sex,
and number of diabetic patients did not significantly differ
between the groups. Multiple logistic regression analyses
showed that a hematoma volume over 150 mL was the only
independent recurrence factor [Table 2 and Figure 1b].
Conversely, age, history of hypertension and hyperlipidemia,
anticoagulant/antiplatelet intake, smoking habits, and pre-
and post-operative modified Rankin scale did not affect
CSDH recurrence [Tables 1 and 2].

Recurrence cases had longer observation periods than non-
recurrence cases (24.8 + 11.5 vs. 15.9 £ 9.7 d, respectively,
P < 0.001), and ROC analysis revealed that the recurrence
predictive cutoff value of follow-up periods was 17 days, with
a sensitivity and specificity of 83.1% and 68.2%, respectively
[AUC: 0.7707, 95% CI: 0.6695-0.8720, P < 0.001, Figure 2].
[Table 4] displays the results of a multivariable Cox regression
analysis evaluating interaction in recurrence hazard, where
hematoma volume > 150 mL was the only significant risk
factor [hazard ratio [HR]: 3.05, 95% CI: 1.18-7.87, log-rank
P =0.0046, P = 0.021, Table 4]. The mean drainage hour and
volume after surgery were 21.1 + 8.3 h (7-48 h) and 126.7 +
114.2 mL (0-600 mL), respectively, although these data were
obtained since mid-2016 and there have been no significant
differences between the non-recurrence and recurrence
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Table 4: Cox regression analysis of CSDH recurrence hazard
evaluating the interaction between hematoma volume, sex
difference, and diabetes.

Characteristic HR (95% CI) Log-rank P-value
Pvalue

Sex (male) 5.75 (0.76-43.6) 0.018 0.091

Diabetes 1.55 (0.65-3.68) 0.11 0.320

Hematoma 3.05 (1.18-7.87) 0.0046 0.021

volumel50 ml<

Boldface type indicates statistical significance

Sensitivity; 72.1
Specificity; 727 100
1 AUC; 0.766
p<0.001
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Figure 1: Hematoma volume and recurrence. (a) Receiver operating
characteristic curve analysis for recurrence after burr hole surgery of
chronic subdural hematoma reveals cut-off value of intraoperative
hematoma volume. (b) Kaplan-Meier curves of recurrence-free
survival after burr hole surgery for intraoperative hematoma
volume >150 ml shows higher recurrence rate.

Sensitivity; 83.1
Specificity; 68.2
AUC; 0.771
p<0.001

0.8

0.6

Sensitivity

04 -
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Figure 2: Receiver operating characteristic curve analysis for
recurrence after burr hole surgery of chronic subdural hematoma
reveals cutoff value of follow-up duration.

groups (20.7 + 7.9 vs. 23.7 £ 10.7 h and 124.3 + 110.7 vs.
143.5 + 139.0 mL, respectively).
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DISCUSSION

The annual incidence of CSDH is 3.4-20.6/100,000, but this
increases to 7.35-127.1/100,000 in the elderly group (over 65
years or 80 years of age).[151620-222531] Postsurgical recurrence
of CSDH has been reported to occur in 0.36%-33% of the
cases reported in the literature.>”182122311 The results of the
current study fall within this range.

The predictive factors for recurrence were categorized as
(1) Clinically: male sex, age, alcohol intake, coagulation
abnormality (including anticoagulant/antiplatelet intake,
liver diseases, and malignancy), DM; (2) Radiologically:
hyper density hematoma on CT, bilateral disease, brain
atrophy, midline shift, hematoma thickness, large hematoma
volume, air, and/or residual hematoma volume after surgery;
(3) symptomatically: aphasia, long symptom duration, and
residual headache after surgery; and (4) methodologically: no
drainage and irrigation or non-irrigation./®6711151819.22.23.25,34]
In the current study, we found that intraoperative hematoma
volume is the strongest predictive factor of recurrence,
followed by sex (male) and DM history, which agrees with
the reported predictive factors.

Most previous studies have estimated hematoma volume
by CT and/or MRILP272 We confirmed that the cutoff
volume of recurrence is =150 mL, which is similar to the
results of a recently reported series (2160 mL, as measured
by CT/MRI).* We believe that most neurosurgeons simply
discard evacuated hematoma, either directly or by diluting
and washing away with irrigation. The no-irrigation method
is critical for evaluating the exact hematoma volume and
preventing the influx of foreign fluid into the hematoma cavity
(normal saline or artificial cerebrospinal fluid) and arachnoid
tear, which also results in cerebrospinal fluid leakage.”?!
Thickness, midline shift, or post-surgical subdural space are
theoretically and physically associated with the hematoma
volume itself.?*! Thus, intraoperative hematoma volume
measurement is an easy and simple way to record the nature
of CSDH and should be officially recorded. However, further
accumulation of records may be needed to assess its necessity.

To simplify the calculation of hematoma volume, we counted
cases on an individual basis, unified the volume of both
sides in bilateral disease and omitted complicated counts
on the case and sides. Most volumetric studies using CT/
MRI are one-dimensional (width) or two-dimensional
studies, while three-dimensional analysis before surgery
is a time-consuming method from the perspective of
emergency medicine. Further development of computational
analysis will solve these issues, but still be a virtual reality
method."™  From the pathophysiologic perspective,
hematoma volume and recurrence can be explained by
repeated microbleeds from outer membrane and blood
influxes into the persistent subdural cavity and macrophages
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and inflammatory cytokines also interact the formation of
hematoma.*#121731 Thus, sufficient subdural space is the
key factor for hematoma development and larger hematoma
may more contain these cascading molecules.®'”! As a result,
residual spaces (due to insufficient drainage) after surgery
leads to refractory recurrence and introduction of middle
meningeal artery embolization may be another choice of
treatment theoretically.[**!

CSDH is an apparently male-dominant disease, which was
reflected in the results of this study; several hypotheses for
this have been proposed, including that males are more likely
to experience trauma and complications and a theoretical
estrogen protective effect on microcapillary development on
the hematoma membrane in females. The mean age and sex
ratio obtained in our cohort are similar to that of national
data.®! Recently, the incidence of CSDH has been reported
to have increased; thus, age might not affect recurrence in
the present case.!! Even under these circumstances, male sex
is still an independent powerful predictive factor for CSDH
recurrence and should be considered in conjunction with
other predictive factors.

We reached the consensus that DM is a strong predictive
factor for CSDH recurrence, as previously reported.'>*) In
CSDH formation, exudation due to capillary vasculopathy
caused by DM plays an important role in re-expansion of the
CSDH cavity, and hyper viscosity due to DM of the subdural
blood is expected to draw more water into the hematoma
and increase the risk of recurrence.'®®! Similar to diabetic
retinopathy, well-developed neovascularization of the
neomembrane could still result in bleeding after surgery.!*'!
Hyperdense CSDH due to repeat microhemorrhages from
the immature capillary network favors recurrence, which
may be related to the diabetic status of blood glucose level,
and could be observed as hyper density on CT, although
we did not check hematoma density in conjunction with
DM history in this study.”) DM patients also take various
medications because of complex complications and these
may interact and have a negative influence on coagulopathy
in CSDH patients.'"”! Therefore, appropriate blood glucose
control may reduce recurrence. Further studies are needed to
clarify the preventive effects of DM control.

Bilateral disease and alcohol consumption habits were
associated with recurrence, although without statistical
significance, but the former would physically increase
hematoma volume with poor brain re-expansion compared
to unilateral disease, and the latter leads to liver dysfunction
and results in a poor anticoagulation status in the human
body, which may explain this recurrence tendency.*>*¢3

Whether AC/AT is a risk factor for CSDH recurrence
is controversial, as is the matter of discontinuation and
resumption, or constant administration of these drugs during
CSDH surgery.?”?%3!! In this protocol, we discontinued AC/

AT, and only resumed administration after confirmation
of no recurrence on CT. However, there have been many
people who take these drugs, and more people will take
them as society continues to age. We, therefore, suggest that
these should not be routinely discontinued and that the
possibility of permanent ischemic attack should be taken into
consideration to decide on a case-by-case basis.?**!

There is no consensus yet on an optimal follow-up imaging
protocol, although several efforts have been made to ensure
the surveillance of recurrence.’>) CT for asymptomatic
patients or routine repeated daily scanning seems less
beneficial and may be unnecessary.!""! The decision to conduct
follow-up postoperative CT scans is based on the clinical
status rather than routine scanning."” We usually perform
brain CT within 24 h, 1 week, and 2 weeks after surgery.
CT at 2 weeks after surgery is equivalent to 1 week after
discharge CT on outpatient visit. We continued to follow the
cases if they had apparent or suspicious recurrence, including
suggestive findings on CT, such as poor expansion of intrinsic
brain parenchyma or subdural fluid collection, which were
also considered as recurrence factors.!361215:2027.25303134 Ag g
result, follow-up days theoretically obtain longer recurrence-
favor cases in our study. We believe that additional scans
should be performed in selected patient groups considering
socioeconomic costs and irradiation influence.

The use of saline irrigation of the hematoma cavity is
dependent on the surgeon’s preference, and whether
irrigation is a risk factor for recurrence is also
controversial.*** To reduce surgery time, we chose the
no-irrigation method, and this was not a risk factor in the
present study. As mentioned above, irrigation prevents
foreign material influx into the cranium, but the rising
effect on the hematoma cavity has also been reported.” This
controversy may continue in the future.

CSDH will become the most common neurosurgical disease
in 10 years, and long-term outcomes of elderly patients
with CSDH are poorer than expected, and we therefore
do not recognize this disease as a benign disease in the
senile developing world. CSDH is an important cause of
morbidity and mortality and is associated with reduced
long-term survival.>*!! Therefore, it is important to reduce
the number of required surgeries, bed rest, and hospital
stays and visits. Early elevation of the head and mobilization
should be employed to prevent pneumonia and deep venous
thrombosis.” From the perspective of invasiveness, local
anesthesia is preferred,>*%! while reduced or omitted
irrigation helps shorten the operation time and increases
patients’ comfort during local anesthesia.®*** Finally, a
short drainage duration decreases bed rest and hospital stay.

Most reports regarding CSDH surgery seldom mentioned the
actual drainage time and volume, only mentioning whether it
was “overnight” “1-day,” “2-days,” or “48-h”[h%14172728301 The
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drain was removed when no more drainage fluid appeared,
or when the target volume according to the institution or
physician was reached.®*"l To the best of our knowledge,
we are the first to mention the exact postsurgery drainage
time. The mean drainage hours were 21.1 + 8.3 h (7-48 h),
and there were no statistical differences between recurrent
and non-recurrent cases. Considering the recurrence
rate of 11.3% in this study, ~20 h should be sufficient for
postsurgical drainage, which must be performed overnight
(from midday to next morning). This protocol also reduces
bed-rest time and patients could resume daily life as early as
possible in the aging case increase of CSDH.P! Prolonged
placement also leads to a rise in the infection rate, and early
mobilization is recommended to avoid complications related
to prolonged recumbence.'"”? The mean drainage volume in
our study was 126.7 + 114.2 ml (0-600 ml) and there were no
statistical differences between recurrent and non-recurrent
cases. The drainage volume includes irrigation saline or
CSF, which leads to bias in the prediction of recurrence.!'”
In cases of bilateral disease, enlargement of non-operated
hematoma due to high pressure in the hematoma cavity of
the non-operated site was detected, and additional operation
for non-operated hematomas (cut-off 44 cm? or greater) led
to rehospitalization and deterioration of activities of daily
life.?¢! Therefore, we recommend simultaneous burr hole
surgery on both sides, if possible. The primary goal is to
relieve intracranial pressure and to prevent the angiogenic
and inflammatory process and complete drainage is not
necessary.?”

Atorvastatin, steroids, the ACE inhibitor, tranexamic acid,
or Chinese herb Gorei-san use has been recommended
to reduce recurrence.'>7213031] These drugs may act as an
inflammation inhibitor alone or in conjunction.?" Although
the hypertension and hyperlipidemia patients who took
these medicines had no relationship with CSDH recurrence
in this study, we routinely prescribe Gorei-san after
surgery.[>331 Further studies are needed to clarify the role of
these medicines in CSDH treatment.

As a result, we recommend the following methods for
CSDH surgery: (1) single burr-hole surgery, (2) under
local anesthesia, (3) recording intraoperative hematoma
volume, (4) around 20 h drainage without irrigation (5) early
discharge followed by CT examination after 1 week, and
(6) with protective Gorei-san subscription.

This study has several limitations. The first was the lack of
precise CT assessments of recurrence before and after surgery.
Second, this study only followed a relatively small number
of patients. Third, this was a retrospective study conducted
at a single center. Fourth, all patients underwent the same
surgery and anesthesia protocol (single burr hole under
local anesthesia); thus, there was no comparison with other
methods. Finally, the follow-up CT scans were evaluated
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according to predetermined protocols, and the termination
of follow-up was based on the physician’s decision.

CONCLUSION

This study showed that intraoperative hematoma volume
measurement could be a predictive value for CSDH
recurrence. The patients followed up for more than 17 days
and with hematoma volume > 150 mL should be carefully
observed for recurrence, in addition to male patients and
DM patients. Further prospective multicenter studies are
required to evaluate these findings.
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