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Introduction

A chronic blood accumulation that is stratified between the
dura and the pial surface of the brain is known as a chronic
subdural hematoma (CSDH). The mean age of presentation
for CSDH is 76 years,1,2 with an incidence rate of �8 to 14 per
100,000 person-years.3–5 The prevalence of CSDH is esti-
mated to significantly rise between 2010 and 2050 when
the population older than 65 years is predicted to double.6

Even though neurosurgical procedures involving the evacu-
ation of a CSDH are rather common and regular, recurrences
requiring reoperation have been documented in 3 to 30% of
instances, with the majority falling in the 20% range.7–10

Many studies conducted over the past few decades have
attempted to determine the characteristics that are linked
to recurrence in the aim of identifying which individuals
will require closer monitoring throughout the postopera-
tive phase (►Table 1). There is still a great deal of uncer-
tainty surrounding the prediction of recurrence
necessitating reoperation due to the variation between

studies, even though several factors, such as postoperative
hematoma volume, appearance on imaging studies,8 and
accumulation of angiogenic factors,11 have been associated
with recurrence necessitating reoperation.12–15 Lack of
knowledge regarding a CSDH’s normal life cycle is a major
problem that prevents the research of recurrence requiring
reoperation. A bridge vein rupture following a traumatic
brain injury (TBI) causes gradual venous hemorrhage into
the subdural region, according to an early notion about the
development of CSDHs.16 This approach, however, has
several problems, incorporating the fact that CSDHs can
appear weeks after a TBI,17 a far slower course than even the
most venous hemorrhages.18 Regardless of whether a tiny
venous bleed is an initiating event, there is agreement that a
traumatic process initiates a series of events that include
exudation, inflammation, angiogenesis, recurrent small
hemorrhages, fibrinolysis, and fibroblastic proliferation of
the inner dural cells.17 The computed tomography (CT) scan
provides the most precise understanding of the CSDH life
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Abstract Background Chronic subdural hematoma (SDH) is notoriously known to have high
recurrence rates after surgery.We followed the course of 100 postoperative patients to
determine the various stipulated factors associated with recurrence.
Materials and Methods In our study of 100 patients, there was a significant
association with the size of SDH, amount of midline shift, increasing age, less duration
of primary injury, and the increasing incidence of delayed resolution and recurrence.
Also, the membrane of the patients with recurrent SDH was found to have a collection
of neutrophils, plasma cells, histiocytes, and lymphocytes.
Conclusion Large size of SDH, increasing age, and recent injury were significant
determining factors for delayed resolution and recurrence.
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cycle at the level of the individual patient., routinely
obtained on all CSDH patients as part of the preoperative
workup. A small group of studies have sought to know the
history of CSDHs based on their presentation on CT.7,8,19

Despite the fact that no classification scheme has been able
to fully account for the considerable variations across
hematomas, Nakaguchi et al’s is arguably the most popular
and commonly accepted.8,11 According to their description,
CSDHs develop from a homogeneous type (which goes from
hypo- to hyperdense) to a separated type (which has a
discernible hyper- and hypodense component), to a laminar
type (with an inner hyperdense layer thought to reflect
recent microhemorrhage), and finally to a trabecular type
(with numerous septations). The laminar and separated
varieties of hematoma are most likely to reoccur after
surgical evacuation, whereas the trabecular type is least
likely to do so, according to the original article by Nakaguchi
et al and later studies.8,11 A trabecular appearance on a CT
scan during the CSDH life cycle may signify that the
hematoma is starting to disappear.8,11,19 The existence of
eosinophils within the outer CSDH membrane has proven to
be a particularly elusive phenomena in the process of
elucidating the CSDH life cycle. Despite not being endoge-
nous to the brain, eosinophils, which constitute up to 1% of
white blood cells, can be found in as many as half of CSDH
specimens.20,21 Eosinophils normally serve a crucial part
in battling several sorts of infections and have been specu-
lated to play a function against some types of cancer, while
being best recognized for their pathological role in asthma
and other allergic processes.22 As sentinels or observers
of the surrounding environment, eosinophils can start

inflammatory or reparative processes in response to specific
cytokines.23 It has never been investigated how the outer
membrane of a CSDH contains eosinophils about CT appear-
ance. The current study examines the clinical, radiological,
and surgical outcomes of CSDH surgical patients to deter-
mine the risk factors for bleeding that may reoccur and
necessitate a repeat surgery.

Materials and Methods

This study was conducted retrospectively on 100 patients
admitted to the Department of Neurosurgery, SMS Hospital,
Jaipur from June 2021 to December 2022.

Double burr hole drainage was the most popular surgical
procedure (81%) performed under local anesthesia. Bilateral
double burr hole drainage (13%) without irrigationwas done
for the bilateral CSDHs. Only three patients (3%), single burr
hole, and saline irrigation were employed. Three more
patients had a craniotomy. Postoperative CT images were
obtained within 3 days of the operation. Regular follow-up
CT scans were taken immediately post-op, at 1 month,
6 months, and as and when required according to patient
symptoms, and the status of the CSDH was monitored
to determine whether it was resolved, resolving, or
increasing.

Postoperative complications were either resolved or re-
curring. The CSDH that was resolved was either early resolu-
tion or delayed resolution.

Early resolution was defined as hematoma resolution
within 30 days of surgery. Delayed resolution was defined
as hematoma resolution occurring after 1 month.

Table 1 Reported criteria of recurrence in chronic subdural hematomas (CSDHs)

Authors Year Criteria of recurrence

Nakaguchi et al8 2001 Compression of the brain surface and a rise in the volume of the SDH on the operated
side were noted

Abouzari et al33 2007 Clinical symptoms include localized neurological deficiency, new-onset headache,
deterioration of an existing neurological or psychiatric condition, and change in
mental status. Radiological: greater subdural fluid volume on the patient receiving
treatment side compared with the volume measured 1–3 d postsurgery and com-
pressed brain by subdural fluid observed on computed tomography (CT) scans
obtained within 3 mo after surgery

Ramachandran and Hedge10 2007 The reappearance of clinical symptoms and confirmed by a CT scan

Weigel et al 2007 Persistent or progressive neurological deficit accompanied by a space-occupying
subdural lesion on the previously operated side

Torihashi et al26 2008 The ensuing hematoma volume increase in the neurologically compromised ipsilateral
subdural region, which was followed by an additional surgery

Santarius et al5 2009 Occurrence of symptoms and signs attributable to an ipsilateral hematoma seen on a
CT scan within 6 mo of the original drainage procedure

Song et al 2014 Reappearance of symptoms after resolution of hematoma

Lee et al27 2016 Retrospective data on recurrent CSDH

Kim et al 2017 Recurrence as a case of reoperation due to an increase in hematoma volume in the
ipsilateral subdural space seen on CT within 6 mo postoperatively

Cofano et al 2020 Symptoms and signs of ipsilateral increase of hematoma

Dubinski et al 2022 Reappearance or increase in hematoma on subsequent CT scan
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Recurrent CSDH was defined as SDH appearance on CT
after complete resolution or an increase in the size of SDH
from previous scans (►Fig. 1).

Imaging after 1 month was only done if the patient’s
symptoms recurred.

The thickness of the CSDH was measured on a CT scan,
which revealed the maximum thickness of the hematoma.24

The degree of midline shift was measured near the level of
the third ventricle or septum pellucidum on the CT scan.

Statistical significance was tested using the chi-squared
test. It was considered significant when p<0.05.

Results

The CSDH resolved within 30 days after surgery in 14% of
patients, between 1 and 3 months in 58% of patients, and
after 3 months in 28% of patients. The CSDH recurred in 14%
of patients. Late resolution or recurrence was more common
in the aged. This difference was statistically significant
(p¼0.11; ►Table 2).

According to the laterality of the CSDH, a delayed resolu-
tionwasmore common in the left CSDHs. Late resolutionwas
also more common in the bilateral CSDHs. The recurrence
rate was 14.7% in the bilateral CSDH, while it was 13.7% on
the left CSDH and 6.9% on the right CSDH (►Table 3).

The CSDH recurred in 14 patients. The recurrent hemato-
mawas on the same side in 12 patients and on a different side
in 2 patients. We performed a repeat surgery for the recur-

rent hematomas in four patients. In 10 patients, the recur-
rent hematomas were resolved spontaneously (►Table 4).

Recurrence was significantly more common in the cases
where injury occurred less than 10 days prior (►Table 3).

The recurrence rate was relatively high on the left side
(►Table 3).

Recurrence was significantly more common in hemato-
mas of 10 to 20mm. However, the recurrence rate was
relatively high in the hematomaswith a 5- to 10-mmmidline
shift (►Table 3).

The incidence of delayed resolution and recurrence was
higher with increasing age and the data were statistically
significant (►Chart 1).

The difference between males and females was statisti-
cally nonsignificant (►Chart 2).

Recurrence was significantly more common in injuries
that occurred less than 10 days ago (►Chart 3).

Delayed resolution and recurrence were more common
on left-sided SDHs but were not statistically significant
(►Chart 4).

Delayed resolution and recurrence were significantly
more common in hematoma size of 10 to 20mm (►Chart 5).

Recurrence rates were significantly more common in
hematoma with a midline shift of 5 to 10mm (►Chart 6).

Eight membrane tissue samples from the recurrent cases
were sent for biopsies, and neutrophil, lymphocyte, histio-
cyte, and plasma cell infiltration were observed, but no
eosinophilic infiltration was noted in any case (►Fig. 2).

Fig. 1 Computed tomography scan showing recurrence after primary surgery.

Table 2 Demographic features and postoperative courses of chronic subdural hematoma

Demographic features Early resolution Delayed resolution Late resolution Recurred Statistics

Age p¼0.011

Up to 49 y 7 10 9 2 Fisher’s test

50–69 y 1 24 14 5

Above 70 y 6 24 5 7

Sex p¼0.063

Male 14 41 22 12 Chi-squared test

Female 0 17 6 2
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Discussion

In the postoperative courses of CSDH, they either resolved or
recurred. For the CSDH, an early or delayed remission was the
most typical postoperative outcome. From a pathological per-
spective, CSDH is characterized by liquid hematomas that have
accumulated within the subdural space, which is encircled by
the outer and innermembranes.24 If the CSDHdoes not go away
amonth after drainage, the lesion is a liquid hematoma covered
with membranes. In pathologic terminology, hematoma is a
CSDH even if it corresponds clinically to incomplete evacuation.

Under stringent conditions, it is especially difficult to deal with
both incomplete removal and reaccumulation.25

About 30% of the recurrent CSDHs returned within
30 days and more than half within 3 months.

The recurrent hematoma was on the same side in 12
patients and on the opposite side in 2 patients. The opposite
side SDH is thought of as a previous negligible SDH that
increased in size due to rebleeding after removal of primary
SDH. Hence, it is considered a recurrence and not a primary
event in our study. Recurrence is defined as the recurrence of
symptoms after remission. The return of SDH in another site is

Table 3 Radiologic features and postoperative courses of the chronic subdural hematoma

Radiologic features Early resolution Delayed resolution Late resolution Recurred Statistics

No. of days of injury p¼0.036

<10 0 (0.0) 9 (50.0) 2 (11.1) 7 (38.9) Chi-squared test

10–20 14 (20.0) 34 (48.6) 17 (24.3) 5 (7.1)

>20 0 (0.0) 15 (57.7) 9 (34.9) 2 (7.7)

Laterality p¼0.506

Right 14 (48.3) 13 (44.8) 0 (0.0) 2 (6.9) Chi-squared test

Left 0 (0.0) 44 (86.3) 0 (0.0) 7 (13.7)

Bilateral 0 (0.0) 1 (2.9) 28 (82.4) 5 (14.7)

Thickness p¼0.001

<10mm 14 (87.5) 0 (0.0) 0 (0.0) 2 (12.5) Chi-squared test

10–20mm 0 (0.0) 58 (89.2) 0 (0.0) 7 (15.2)

>20mm 0 (0.0) 0 (0.0) 28 (84.8) 5 (15.2)

Midline shift p¼0.047

Up to 5mm 14 (35.9) 18 (46.2) 3 (7.7) 4 (10.3) Chi-squared test

5–10mm 0 (0.0) 40 (66.7) 14 (23.3) 6 (10.0)

>10mm 0 (0.0) 0 (0.0) 11 (73.3) 4 (26.7)

Table 4 Clinical features of the recurrent chronic subdural hematomas

Case no. Age (y) Sex 1st lesion 1st GCS 1st Tx 2nd lesion 2nd Tx Duration Previous resolution

1 66 F B 15 2bh Rt cons 21 No

2 74 M Lt 15 2bh Rt cons 64 Yes

3 80 M Rt 12 2bh Rt cons 110 Yes

4 75 M Lt 15 2bh Lt 2bh 42 Yes

5 42 M B 15 2bh Lt cons 26 No

6 88 M Lt 10 2bh Lt 2bh 148 Yes

7 64 M B 15 2bh Rt cons 178 No

8 55 M Lt 15 2bh Lt 2bh 94 No

9 66 M Lt 15 2bh Lt cons 17 No

10 51 F B 15 2bh Lt cons 77 Yes

11 72 M Lt 15 2bh Lt cons 196 Yes

12 75 M Rt 12 2bh Rt cons 88 Yes

13 74 M Lt 15 2bh Rt 2bh 22 No

14 38 M B 15 2bh Rt Cons 46 Yes
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also referred to as a recurrence, even though some peoplemay
insist on using the term “re-accumulation of thehematomaon
the previously operated side.” To diagnose recurrence, Toriha-
shi et al26 required another operation after the initial surgery.
On the other hand, hematomas that are not removed can
undergo subsequent procedures. The development of the

neomembrane and stabilization of the neovasculature can
lead to spontaneous resolution of CSDH.27 Steroid therapy is
a possible and safe option in the management of CSDH.28 In
such cases, another operation is not necessary. A minor
subdural hygroma on both sides. Also, after the excision of a
large unilateral CSDH with a noticeable midline shift, the
development of a recurrent bilateral CSDH can be seen. Even
if the hematoma is not surgically removed, the lesion is still

Chart 1 Resolution/recurrence and distribution according to age.

Chart 2 Resolution/recurrence and distribution according to gender.

Chart 3 Resolution/recurrence and distribution according to the
duration of injury.

Chart 4 Resolution/recurrence and distribution according to
laterality.

Chart 6 Resolution/recurrence and distribution according to midline
shift.

Chart 5 Resolution/recurrence and distribution according to
thickness.
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CSDHpathologically, whichwould consist of liquid hematoma
inside the inner and outer membranes. A second procedure is
not essential to diagnose recurrent CSDHs.

In this study, the resolution CSDH was quicker among
younger patients. After burr hole drainage, the amount of
cerebral re-expansion determines whether the CSDH will
resolve. The re-expansion rate was low in patients who
were �50 years compared to that of patients who were
younger than50years.29This is the reasonwhy late resolution
or recurrencewasmorecommon inpatientsaged�50years. It
was thought that the brain’s re-expansion following surgery
was influenced by variables other than age, a prior cerebral
infarction, andair in thesubdural region.Despite apublication
suggesting that bilateral CSDHs constituted a separate risk
factor for CSDH recurrence,26 the recurrence rate of the
bilateral CSDHswasnothigher than theunilateral hematomas
in this study. According to theory, patientswithbilateral CSDH
frequently have prior brain atrophy, which could hinder brain
regrowth However, the expansion of CSDH from a bilateral
subdural hygroma is not always equal on both sides. This
hemispheric pressure discrepancy may be caused by head
tilting or a premorbid brain state. Bilateral lesions become
unilateral lesions when the CSDH on one side is expanded,
eradicating the opposite lesion.27At this time, the thickness of
the hematoma becomes more important to the bilaterality
itself. In this study, thick CSDHs had a very high recurrence
rate. Someauthors30 reportedthat thickness as a risk factor for
recurrence,while others26 reportedbilaterality as a risk factor
for recurrence. Age, cerebral atrophy, large hematoma, bilat-
eralhematomas, hematomadensity, inflammatory indicators,
alcohol use, bleeding propensity, and some technical aspects
of surgery are among several risk factors for recurrence of
CSDH that have been documented.8,18,31,32 Recently, an up-
right posture after surgery was reported as a risk factor for
CSDH recurrence.33 The majority of these risk factors are
related to poor brain re-expansion. Eosinophils were found
to bemarkers for initiating repair and local inflammation and
were theorized to be present in the membrane of CSDH. We
found an aggregation of neutrophils, plasma cells, lympho-
cytes, and histiocytes, but no eosinophils in the membrane
evaluation. Although groups such as early, delayed, and late

based on time interval are arbitrary, we have to differentiate
recurrence from incomplete removal at least clinically. It
seems fair to use the term “early recurrence” when there is
a return of symptoms or re-accumulation of the hematoma
within 3 months following surgery, regardless of the second
procedure, since 70% of the recurrences happenedwithin that
time frame. It is possible to classify persistent CSDHs more
than 3 months following surgery as a late recurrence, inde-
pendent of the site, volume, or number of surgeries.

Conclusion

The criteria for recurrencewereanaccumulationof CSDHafter
primary surgery and we have defined the time of resolution
based on different durations of resolution after the primary
surgery. In our study, recurrence was observed more com-
monlywhen the thickness of the SDHwas greater than 10mm
and themidline shift was greater than 5mm. The incidence of
recurrencealso increasedwith increasingageand therewasno
statistical associationwith thegender of the patient. Addition-
ally, we observed no eosinophilic aggregation, but infiltration
by lymphocytes, histiocytes, plasma cells, and neutrophilswas
noted in the membrane of recurrent CSDHs.
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