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Abstract

Chronic subdural hematomas (cSDHs) constitute one of the most prevalent intracranial disease entities requiring surgical
treatment. Although mostly taking a benign course, recurrence after treatment is common and associated with additional
morbidity and costs. Aim of this study was to develop hematoma-specific characteristics associated with risk of recurrence.
All consecutive patients treated for cSDH in a single university hospital between 2015 and 2019 were retrospectively con-
sidered for inclusion. Size, volume, and midline shift were noted alongside relevant patient-specific factors. We applied an
extended morphological classification system based on internal architecture in CT imaging consisting of eight hematoma
subtypes. A logistic regression model was used to assess the classification’s performance on predicting hematoma recur-
rence. Recurrence was observed in 122 (32.0%) of 381 included patients. Apart from postoperative depressed brain volume
(OR 1.005; 95% CI 1.000 to 1.010; p =0.048), neither demographic nor factors related to patient comorbidity affected
recurrence. The extended hematoma classification was identified as a significant predictor of recurrence (OR 1.518; 95% CI
1.275 to 1.808; p <0.001). The highest recurrence rates were observed in hematomas of the homogenous (isodense: 41.4%;
hypodense: 45.0%) and sedimented (50.0%) types. Our results support that internal architecture subtypes might represent
stages in the natural history of chronic subdural hematoma. Detection and treatment at a later stage of spontaneous repair
can result in a reduced risk of recurrence. Based on their high risk of recurrence, we advocate follow-up after treatment of
sedimented and homogenous hematomas.
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Introduction

Chronic subdural hematoma (cSDH) constitutes a distinct
type of intracranial hemorrhage, prevalent among elderly
patients. In the last decade, the incidence of cSDH has
progressively increased reaching around 8 to 18 cases per
100,000 people per year. In patients 80 years or older, inci-
dence increases up to 36.6/100,000 patients per year [1-3].
Population aging not only is a driving force behind incidence
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but also contributes to a growing number of patients under
antithrombotic medication and other comorbidities upon
presentation [4, 5].

The exact pathogenesis of cSDH remains debated although
it has long been accepted that minor head injury causes a small
venous subdural bleed originating from a bridging vein. Alter-
natively, traumatic separation of the dura-arachnoid junction
and development of subdural hygroma has been postulated
as the initial stage [6, 7]. In most cases, the acute subdural
collection undergoes gradual resorption resulting in complete
healing over time; however, in the presence of certain pre-
disposing factors, liquefaction of the blood clot occurs with
gradual enlargement of the subdural fluid collection. Causes
of head trauma and predisposing pre-morbid factors overlap
and include age, brain atrophy, epilepsy, antithrombotic treat-
ment, and alcohol abuse [3]. The pathogenic cycle leading to
c¢SDH formation can be regarded as a complex deranged repair
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mechanism which involves key processes such as fibrinolysis,
neoangiogenesis, and inflammation [8]. In recent years, it has
become clearer that damage to dural border cells plays a key
role in the development of cSDH. During chronification, fibro-
proliferation leads to build up of collagenous hematoma mem-
branes consisting of an inner (visceral) layer overlapping the
arachnoid surface of the brain, and outer (parietal) membrane
covering the inner dura. The outer membrane receives its vas-
cularization from meningeal arterial branches, and promising
treatment results have been achieved by endovascular closure
of the middle meningeal artery [9, 10].

Due to the direct relieve of mass effect, surgery remains the
treatment of choice in symptomatic cases or patients showing
increase in hematoma size. Trabecular hematoma membranes
only rarely encapsulate and isolate hematoma compartments
alleviating the need for larger craniotomies. Therefore, burr hole
evacuation with irrigation and placement of a non-suction drain-
age has become the mainstay of treatment [11, 12]. Recurrence
necessitating reoperation is a common complication associ-
ated with not only additional costs but also patient morbidity
and decreased functional outcome [13]. Reoperation rates vary
widely between 5 and 33% [3, 14] and identified predictors of
recurrence are hematoma size, preoperative antithrombotic
treatment, prior history of epileptic seizures, and persisting post-
operative midline shift and brain re-expansion failure [15-19].

In recent year, it has become more accepted that changes
within the hematoma’s architecture, and mainly the forma-
tion of membranes and septae, are the result of a spontaneous
repair effort [3, 20]. During this process, volume expansion
can decompensate resulting in clinical symptoms and diag-
nosis. The hypothesis of this study is that, based on the stage
the hematoma is diagnosed in, the amount of natural heal-
ing already taken place can be estimated and might influence
the recurrence rate. This concept was debuted by Nakaguchi
et al. [21] who described four distinct hematoma types with
an identified higher recurrence rate in less organized and pre-
sumably younger hematomas. This classification system has
already been adopted in a scoring system for recurrence risk
assessment [22]. Unfortunately, the existing classification into
four hematoma types does not allow allocation of all cSDHs
encountered in clinical practice. Moreover, the hypothesis that
these subtypes represent stages in the natural disease history
has not been previously tested. We postulate that an adjusted
system might allow classification of all hematomas and pro-
vide a more refined recurrence risk estimation.

Materials and methods
Patient population and study design

All consecutive patients treated for cSDH in a single univer-
sity hospital between 2015 and 2019 were retrospectively
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considered for inclusion. This study was approved by the
local ethics committee (EK399/20) and was registered in
the German Clinical Trials Register (DRKS00025280). The
manuscript is written in accordance with the STROBE state-
ment for reporting observational studies. Data were extracted
from hospital records retrieving patients’ demographics,
preoperative imaging hematoma characteristics, eventual
recurrence, and postoperative imaging characteristics. Inclu-
sion criteria were defined as chronic subdural hematomas
as confirmed on CT imaging (uni- or bilateral) treated by
surgical evacuation either via twist drill craniostomy, single
or double burr hole craniotomy, or bone flap craniotomy.
Exclusion criteria were (1) < 18 years of age, (2) prior causal
neurosurgical or other potentially causal cranial procedures,
(3) causal intracranial hypotension, i.e., shunt overdrainage
and spinal dural leaks, and (4) non-iatrogenic coagulation
disorders (e.g., liver failure and bleeding diathesis).

The following patient-specific factors were registered:
age, gender, recall of trauma, documented trauma on CT
imaging, presenting symptoms and/or neurological defi-
cits, prior use of antithrombotic medication, preoperative
comorbidities (e.g., hypertension, diabetes, and cancerous
disease), and use of statins or ACE inhibitors.

Standard treatment algorithm

After diagnosis, chronic subdural hematomas were
treated when causing neurological deficit: paresis, gait
disturbance, speech disorder, or seizures. Headache as an
isolated symptom was not considered an indication for
surgery. Asymptomatic hematomas were treated in case
of clear mass effect reflected in imaging as either sulcal
effacement, ventricle compression, and/or midline shift.
Treatment of choice was either twist drill craniostomy
(TDC) without drainage or burr hole craniotomy (BHC) with
placement of one or two non-suction subdural drains after
irrigation of the hematoma cavity. Surgeon’s preference was
the driving factor determining the type of initial surgery. A
closed passive drainage system with silicon tubing was left
behind in the subdural space and removed after 1 to 3 days
as soon as they stopped draining. Bone flap craniotomy
(BFC) was reserved for cases with an amount of acute blood
(hyperintense on CT) not deemed removable via a BHC.
Routine postoperative imaging was performed for TDC
cases but not after BHC. In the latter, imaging during the
initial stay was only performed when new symptoms/
deficits developed, or preoperative deficits persisted. If
residual hematoma was identified, this would trigger revi-
sion surgery during the same hospital stay. Patients were
discharged either with complete relieve of symptoms or
with postoperative imaging revealing no space-occupying
residual hematoma. After discharge, follow-up imaging
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was routinely performed 14 to 21 days post-surgery and in
case of asymptomatic recurrence without mass effect, the
hematoma was sequentially followed in 2-week intervals
until healed or until progress caused symptoms or mass
effect. Recurrence was defined as an increase in volume of
residual or newly formed hematoma with mass effect due
to midline shift, sulcal effacement, or new development or
re-appearance of neurological symptoms (i.e., paresis, gait
disturbance, and speech disorder), resulting in the need for
reoperation. Follow-up with sequential CT imaging was
continued until residual hematoma was resolved. No rigid
cut-off value for volume defining recurrence was applied.
Asymptomatic not space-occupying rest hematomas were
followed postoperatively until full remission was docu-
mented on imaging. Small persisting asymptomatic no
space-occupying hygromas in elderly patients with brain
atrophy were also considered as full hematoma resolution,
and were no longer followed. Recurrence after 6 months,
with documented remission in between, was considered
as new disease.

Clinical and radiological assessment

For preoperative radiological assessment, hematoma dimen-
sions were measured in length along the longest axis (mm),
width at its widest (mm), and volume (ml) was software
assisted reconstructed (Brainlab, Munich, Germany). For
bilateral hematomas, the largest dimension was used. The
presence of midline shift and its extension (mm) was noted.
Each hematoma was classified according to one of four
Nakaguchi subtypes (homogenous, laminar, separated, tra-
becular type) as described in the original publication [21]
by two independent assessors (HH and MV) blinded to addi-
tional information. Based on the initial categorization by
both assessors, Cohen’s kappa (k) was calculated to quan-
tify inter-rater reliability. Incongruent results were discussed
upon reaching unequivocal consensus categorization for fur-
ther analysis. Postoperative depressed brain volume (ml) was
also software assisted measured out (Brainlab, Munich, Ger-
many) in patients with early postoperative imaging available.
Depressed brain volume includes all supratentorial intracra-
nial volume not filled with re-expanded brain, e.g., residual
hematoma, rinsing fluid, and air. The delay in days between
surgery and imaging, on which depressed brain volume was
measured, was noted.

Additionally, the Nakaguchi classification was extended
to accommodate all encountered hematomas. We defined
eight distinct subtypes based on hematoma density and
internal architecture as seen in CT imaging (Fig. 1). The
homogenous and trabecular types were subdivided into
each three distinct entities and a subacute type was added:
(1) homogenous hypodense: consisting of homogenous

hematoma appearing hypodense compared to brain tissue;
(2) homogenous isodense: consisting of homogenous hema-
toma isodense compared to brain tissue; (3) homogenous
hyperdense: consisting of homogenous hematoma hyper-
dense in relation to brain tissue with lack of immediate
history of head trauma; (4) sedimented: where hemoglobin
sediments are separated from less dense content by gravity
during imaging; (5) laminar: where a hyperdense visceral or
parietal membrane is visible; (6) bridging: where a count-
able number of internal membranes connect the visceral and
parietal membrane; (7) trabecular type: with a more complex
and diffuse membrane structure precluding the counting of
membranes; (8) subacute: chronic subdural hematoma with
small acute blood components with or without visceral/
parietal membranes and lack of immediate history of head
trauma. A stereotypical representation of hematoma types is
depicted in Fig. 2. All hematomas were classified indepen-
dently by two assessors (HH and MV), as described above.
For all classifications, if morphological features of multiple
subtypes were present in a single hematoma, the more organ-
ized subtype was allocated.

The primary outcome was defined as the effect of the
extended hematoma classification on recurrence as analyzed
in logistic regression. Secondary outcome parameters were
the effects on recurrence of initial clinical presentation,
comorbidity (hypertension, diabetes, cancerous disease,
alcohol abuse), prior use of ACE inhibitor or statins, the
prior use of antithrombotics hematoma size (length, width,
and volume), and postoperative depressed brain volume.
Additionally, a subgroup of cases with documented cranial
trauma in CT imaging, preceding the development of symp-
tomatic cSDH, was identified.

Statistical analysis

All data are presented as mean and standard deviation for
normally, and as median and interquartile rage (Q,—Q;) for
non-normally distributed continuous variables. Nominal
and ordinal categorical variables are provided as frequen-
cies or proportions. Data were tested for normality via the
Shapiro—Wilk test, and based on the results, the appropri-
ate univariate statistical test was selected. Nominal data
were tested with the chi-square test and continuous data
via the unpaired #-test if normally, and the Mann—Whitney
U-test, if not normally distributed. A logistic regression
model was build introducing all univariate factors with
a p-value <0.15 [23]. Prior to factor inclusion, variables
were tested for outliers via plotting, and multicollinearity
was evaluated via the assessment of the variance inflation
factor with a cut-off at 2.5. Multiple groups of non-para-
metric continuous data were compared in a Kruskal-Wal-
lis test. Inter-rater reliability in appointing hematoma
subtypes was measured by calculation of Cohen’s kappa
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Fig.1 Overview of all eight hematoma subtypes within the extended classification, based on internal architecture as seen in CT imaging

(k). Missing data was not imputed. All statistical analyses
were performed using IBM SPSS Statistics 25 (SPSS Inc.,
Chicago, IL, USA). Statistical significance was defined as
a two-sided p < 0.05.

Results
Patients

Based on hospital records, 408 patients were surgically
treated for chronic subdural hematoma during the inclusion
time frame. A total of 27 cases were excluded based on the
following reasons: 12 cases with predominantly acute hema-
tomas, 10 cases because preoperative imaging was no longer
available, and 5 cases with related prior cranial surgery. Of
the resulting 381 patients (137 women and 244 men) with a
mean age of 75.2 +12.0, a total of 92 (24.1%) had bilateral
c¢SDH. Burr hole craniotomy with subdural drainage was
the most common performed technique (250 case; 65.6%)
before TDC (121 cases; 31.8%). Primary BFC was performed
in 10 cases (2.6%) of which two were of the homogenous
hypodense, one was of the laminar, one was of the trabecular,
and six were of the subacute type. Redo surgery during the
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initial hospital stay because of incomplete hematoma evacu-
ation after TDC was necessary in 52 (43.0%) patients.

Recurrence

Recurrence as defined above was observed in 122 (32.0%)
patients. The highest recurrence rates were noted in the
homogenous (hypodense: 45.0%; isodense: 41.4%) and
sedimented (50.0%) hematoma types (Table 1). Based
on univariate analysis, 9 variables were eligible to be
introduced as predictors in the regression model: gait
disturbance as the presenting symptom (p =0.093);
preoperative epilepsy (p=0.112); hematoma width
(p=0.117); hematoma length (p =0.083); hematoma vol-
ume (p =0.002); midline shift (p =0.090); postoperative
depressed brain volume (p =0.002); the Nakaguchi clas-
sification (p < 0.001); and the extended hematoma classi-
fication (p <0.001) (Table 2). Due to collinearity between
hematoma width, length, volume, and midline shift, only
hematoma width was introduced into the model. Width
was chosen, as it is rapidly reproducible and does not
require additional software. Additionally, a signifi-
cant positive correlation between hematoma width and
midline shift was confirmed in this cohort (Spearman’s
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Fig.2 Stereotypic depiction of eight hematoma subtypes

Table 1 Recurrence rates and time to develop for both internal architectural classification systems for chronic subdural hematoma

Nakaguchi classifi-  All (n=381)

No recurrence Recurrence (n=122)

Recurrence rate

Average time to develop in days p-value*

cation — no. (%) (n=259) (median (Q,—Q3)) (n=51)

Trabecular 107 (28.1) 89 (34.4) 18 (14.8) 16.8% 56 (42-90) 0.012
Laminar 58 (15.2) 45 (17.4) 13 (10.7) 22.4% 16 (12-19)

Homogenous 189 (49.6) 111 (42.9) 78 (63.9) 41.3% 31 (20-47)

Separated 27 (1.1) 14 (5.4) 13 (10.7) 48.1% n/a

Extended classification — no. (%)

Bridging 3509.2) 32 (12.4) 3(2.9) 8.6% 62 (58-77) 0.551
Subacute 27 (1.1) 23 (8.9) 4(3.3) 14.8% 48 (23-76)

Laminar 45 (11.8) 38 (14.7) 7(5.7) 15.6% 19 (12-46)

Trabecular 61 (16.0) 45 (17.4) 16 (13.1) 26.2% 32 (20-46)

Hyperdense 20 (5.2) 13 (5.0) 7(5.7) 35.0% 32 (30-41)

Isodense 87 (22.8) 51 (19.7) 36 (29.5) 41.4% 16 (13-38)

Hypodense 80 (21.0) 44 (17.0) 36 (29.5) 45.0% 33 (23-45)

Sedimented 26 (6.8) 13 (5.0) 13 (10.7) 50.0% n/a

n/a, not available; Q,—Qj, first quartile—third quartile
“Results of Kruskal-Wallis test for development times for each subtype of the 51 patients with trauma documented by CT imaging

p=0.192; p=0.001). The binomial logistic regression
model was run with each of both hematoma classifica-

tions separately.

In the extended classification, the prevalence of recur-
rence was highest for the sedimented type (50.0%) and
lowest for hematomas with a bridging architecture (8.6%)
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Table 2 Comparison of patient-, hematoma-, and surgery-specific characteristics in patient with or without hematoma recurrence. In univariate
analysis, nine initial variables (*) were identified as potential predictors to be introduced into the logistic regression model

All (n=381) No recurrence (n=259) Recurrence (n=122) p-value

Demographics

Age — mean=+SD 75.2+12.0 75.5+12.4 74.7+11.3 0.312

Gender — F (%)/M (%) 137 (36.0)/244 (64.0) 95(36.7)/164 (63.3) 42 (34.4)/80 (65.6) 0.669
Initial presentation

Initial GCS—median [Q,—Q;] 15 [14-15] 15 [14-15] 15 [14-15] 0.719
Preoperative deficit — no. (%)

Neurological deficit 354 (92.9) 243 (93.8) 111 (91.0) 0.351

Aphasia 81 (21.3) 57 (22.0) 24 (19.7) 0.618

Paresis 199 (52.2) 139 (53.7) 60 (49.2) 0.437

Gait disturbance 145 (38.1) 106 (40.9) 39 (32.0) 0.093*

Preoperative epilepsy 21(5.5) 11 (4.2) 10 (8.2) 0.112%*
Comorbidity

Arterial hypertension—no. (%) 226 (59.3) 159 (61.4) 67 (54.9) 0.230

Arrythmias—no. (%) 91 (23.9) 64 (24.7) 27 (22.1) 0.610

CAD—no. (%) 132 (34.6) 94 (36.3) 38 (31.1) 0.325

Diabetes—no. (%) 71(18.9) 50 (19.3) 21(17.2) 0.625

Cancerous disease—no. (%) 59 (15.5) 40 (15.4) 19 (15.6) 0.948

Alcohol abuse—no. (%) 18 (4.7) 13 (5.0) 5@4.1) 0.705

Mllicit drug use—no. (%) 7(1.8) 5(1.9) 2(1.6) 0.851

Prior MI or stroke—no. (%) 61 (16.0) 43 (16.6) 19 (15.6) 0.899
Prior medication—no. (%)

ACE inhibitors 131 (34.4) 87 (33.6) 44 (36.1) 0.635

Statins 83 (21.8) 58 (22.4) 25 (20.5) 0.675

Antiplatelet 107 (28.1) 29 (23.8) 78 (30.1) 0.191

Anticoagulant 43 (11.3) 11 (9.0) 32 (12.4) 0.325
Hematoma characteristics

Bilateral—no. (%) 92 (24.1) 60 (23.2) 32 (26.2) 0.514

Width (mm)—mean + SD 22.1+5.8 21.8+5.7 22.84+5.9 0.117*

Length (mm)—mean + SD 123.8+59.5 122.9+71.2 125.7+21.5 0.083*

Volume (ml)—mean + SD 147.9+134.0 145.25+160.3 153.1+48.0 0.002*

Midline shift—no. (%) 252 (66.1) 164 (63.3) 88 (72.1) 0.090*

MLS (mm)—mean + SD 9.2+4.0 9.2 (3.8) 9.3 (4.3)

Hematoma evacuation 0.651

Twist drill craniostomy 121 (31.8%) 79 (65.3) 42 (34.7)

Burr hole craniotomy 250 (65.6) 173 (69.2) 77 (30.8)

Bone flap craniotomy 10 (2.6) 7 (70.0) 3(30.0)
Internal architecture

Nakaguchi type—no. (%) <0.001*

Homogenous 189 (49.6) 111 (42.9) 78 (63.9)

Laminar 58 (15.2 45 (17.4) 13 (10.7)

Separated 27 (7.1) 14 (5.4) 13 (10.7)

Trabecular 107 (28.1) 89 (34.4) 18 (14.8)

Extended type—no. (%) <0.001*

Homogenous hypodense 80 (21.0) 44 (17.0) 36 (29.5)

Homogenous isodense 87 (22.8) 51(19.7) 36 (29.5)

Homogenous hyperdense 20(5.2) 13 (5.0) 7(5.7)

Sedimented 26 (6.8) 13 (5.0) 13 (10.7)

Laminar 45 (11.8) 38 (14.7) 7(5.7)

Bridging 3509.2) 32 (12.4) 3(2.5)
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Table 2 (continued)
All (n=381) No recurrence (n=259) Recurrence (n=122) p-value
Trabecular 61 (16.0) 45 (17.4) 16 (13.1)
Subacute 27 (7.1) 23 (8.9) 4(3.3)
Early postoperative imaging (n=216)
Days after surgery—median [IQR] 1[1-3] 2 [1-3] 1[1-3] 0.089
Depressed brain volume (ml)-median [Q,—Q;]  77.0 [45.2-116.3] 70.7 [42.3-100.0] 95.5 [64.3-150.2] 0.0027%*

ACE, angiotensin-converting enzyme; CAD, coronary arterial disease; F, female; GCS, Glasgow coma scale; M, male; MI, myocardial infarction;

mm, millimeter; Q,—Q;, first quartile—third quartile; SD, standard deviation

(Table 1). Hematoma types were introduced in the model
categorized according to increasing prevalence of recur-
rence. The logistic regression model was statistically sig-
nificant (y*(5) = 30.546, p <0.001). The model explained
18.6% (Nagelkerke R?) of the variance in recurrence and
was able to classify 71.7% of cases. Of the predictor vari-
ables, only three were statistically significant: postopera-
tive depressed brain volume (OR 1.005; 95% CI 1.000
to 1.010; p=0.048) and both the Nakaguchi (OR 2.397,
95% CI 1.646 to 4.491; p<0.001) and extended hema-
toma classification (OR 1.518; 95% CI 1.275 to 1.808;
p <0.001) (Table 3).

Noteworthy is that patients undergoing redo surgery
after TDC during the initial hospital stay presented with a
higher risk of recurrence after discharge (29 (11.2%) ver-
sus 23 (18.9%); p=0.042). This effect could be explained
by the fact that most patients initially treated with TDC
had hematomas of the homogenous 26 (50.0%) or sedi-
mented 6 (11.5%) type.

Inter-rater reliability

A Cohen’s x of 0.763 (p<0.001) was calculated for the
Nakaguchi classification. The highest observer agree-
ment was identified for the homogenous type with 88.9%
of hematomas classified as homogenous by both assessors.

Congruence was the lowest for the laminar subtype with
only 70.7% of classifications matching between assessors.
The highest rate of mismatching was identified between the
homogenous and laminar type with 19.0% of cases being
mismatched.

A Cohen’s x of 0.835 (p<0.001) was calculated for
the extended classification. The highest rate of inter-rater
matched results was found for the sedimented type with
96.2% of hematomas classified as sedimented by both
assessors and was the lowest for the homogenous hyper-
dense type, of which only 70.0% of the assigned subtype
matched between raters. The highest rate of mismatching
was observed between the bridging and trabecular subtypes
(14.8%).

Documented trauma

In 51 patients, CT imaging of a documented trauma pre-
ceding the development of cSDH was available. Only in 10
cases (19.6%), a small acute subdural hematoma was visible
on initial CT scanning. There were no documented trauma
cases who presented with a sedimented type upon diagnosis.
It took a median of 31 (17-52) days after the initial trauma
to develop symptomatic hematomas. Hematomas of the
bridging type took the longest to develop (median of 62 days
(58-77)) compared to homogenous isodense hematomas

Table 3 Analysis in a logistic regression model of three selected predictor variables in conjunction with both hematoma classification systems

No recurrence (n=259) Recurrence (n=122) OR 95% CI p-value
Gait disturbance—no. (%) 106 (40.9) 39 (32.0) 1.116 0.577-2.158 0.744%*
Preoperative epilepsy—no. (%) 11 4.2) 10 (8.2) 0.977 0.291-3.278 0.969*
Width (mm)—mean + SD 21.8+5.7 22.8+5.9 1.042 0.987-1.101 0.136%*
Postoperative depressed brain 70.7 [42.3-100.0] 95.5 [64.3-150.2] 1.005 1.000-1.010 0.048*
volume (ml)—median [Q;—Qj3]
Nakaguchi classification—no. (%) 2.397 1.646-4.491 <0.001%
Extended classification—no. (%) 1.518 1.275-1.808 <0.001*

“Results of logistic regression with the extended classification as the fifth predictor variable in the model

#Results of the logistic regression with the Nakaguchi classification as the fifth predictor variable in the model

CI, confidence interval; mm, millimeter; OR, odds ratio; SD, standard deviation
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(median of 16 days (13-38)) who took the least amount of
time to become symptomatic. However, potentially due to
small group sizes for each individual hematoma type, devel-
opment times did not differ significantly between hematoma
types (p=0.551) (Table 1).

Discussion

This study constitutes an effort to develop a more detailed
classification of chronic subdural hematoma, allowing more
precise recurrence risk stratification. The underlying hypoth-
esis is that progressive fibro-proliferation within the hema-
toma constitutes a repair mechanism to close the artificially
formed cavity.

Congruous with this hypothesis, homogenous hematomas
presented with higher recurrence rates compared to more
organized subtypes. In the latter, the more developed stage
of natural healing reached until diagnosis might be protec-
tive against recurrence. Meaning that once the problem of
mass effect is resolved by surgical evacuation, the more
advanced natural repair aids in definitive hematoma reso-
lution. It remains unclear where the sedimented/separated
subtype — of which 50% reoccur — fits into this model of
natural history. Nakaguchi et al. postulated that this subtype
constitutes a stage after the laminar type and is as an outing
of internal fibrinolysis. We prefer to consider the separated
type as a subtype within the homogenous stages in which
systemic or local dysfunctional coagulation fails to form a
structurally supporting fibrin network causing a sediment
when lying down during CT imaging. The high recurrence
rates observed for this type can be explained by dysfunc-
tional local coagulation [24].

Of all patient-specific factors, only internal architec-
ture postoperative depressed brain volume was signifi-
cantly associated with recurrence. Here, a decrease in one
of eight levels of hematoma organization in the extended
classification was associated with a 1.518-times increase
in recurrence risk. Although we calculated a 2.397-fold
risk increase for the Nakaguchi classification, this was
spread out over four levels of hematoma organization.
The eight subtypes within the extended classification allow
for a more precise and adequate recurrence risk estima-
tion compared to the Nakaguchi and more recently pub-
lished classification systems [25]. Inter-rater reliability
in imaging classification is often high but proved lower
in the eight-subtype extended classification compared
to the Nakaguchi classification. The homogenous type
in the Nakaguchi system and the sedimented type in the
extended classification proved to be the easiest to denote
and presented with the least amount of mismatch between
assessors. The laminar subtype of the Nakaguchi classi-
fication and the homogenous hyperdense subtype in the
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extended classification, on the other hand, presented with
the highest inter-rater mismatch. Especially, differentiating
between the bridging and trabecular subtypes presented
with inter-rater variability due to subjective interpretation
of the definition of these subtypes.

Our extended classification system requires additional
external validation and reassessment of inter-rater reliabil-
ity, to be able to extrapolate our results. Hematoma size,
reflected by width, can be seen as an indirect measure-
ment of brain compliance. Congruous to our results, the
Nakaguchi classification and postoperative volume were
significantly associated with recurrence, in a similar series
of 208 cases [15]. In a series of 105 patients, preopera-
tive hematoma width and more homogenous hematomas
without inner membranes were also associated with higher
recurrence rates [16].

When looking at patients with documented trauma, it
took somewhat more than 4 weeks to develop a symp-
tomatic hematoma. Based on our hypothesis of gradual
hematoma transformation, we would expect longer devel-
opment times for more organized types. This was not con-
firmed by our data, probably because hematoma subgroups
of documented trauma cases were too small to draw any
meaningful conclusion concerning time to develop for
each subtype. As only a minority of cases had visible acute
hemorrhage in the initial CT imaging, this underlines the
importance of damage to the dural border cells and not the
acute blood collection in initiating hematoma formation.

Schucht et al. advocate refraining from routine post-
operative CT imaging after treatment of chronic subdural
hematoma [26]. They base their argument on the fact that
routine follow-up did not result in improvement of clini-
cal outcome as measured by the modified Rankin scale
after 6 months. It seems that waiting until new symptoms
develop is sufficient to identify those patients requiring
imaging and revision surgery. However, patients suffer-
ing from chronic subdural hematoma are not always in a
state well enough to indicate their symptoms early. The
risk of permanent neurological deficit due to late symp-
tom recognition did not result in worse clinical outcome
in their trial. Still, with a recurrence rate of 50%, we
would recommend routine follow-up of patients treated
for separated/sedimented hematoma types and even
homogenous types. The approach is feasible to identify
hematoma recurrence and growth early before onset of
symptoms reducing the burden of this disease for the
individual patient.

Limitation
Being a retrospective designed monocentric study, our

data is subjected to selection and performance bias.
Selection bias was controlled by rigid in- and exclusion
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criteria of consecutive patients. Most patients were
treated with burr hole surgery and closed-system drain-
age. However, many homogenous hematomas were ini-
tially evacuated via twist drill craniostomy. The choice
of type of primary surgery was up to the surgeon’s pref-
erence introducing performance bias. As the success
rate of the twist drill procedure is limited [27], it is a
possible contributor to the higher recurrence rate of
homogenous hematomas. However, this bias is partly
corrected as patients treated via twist drill surgery
routinely received postoperative imaging and were, in
case of relevant residual hematoma, re-operated via
burr hole craniotomy during the initial hospital stay.
Incomplete removal of hematoma via the twist drill
procedure requiring additional burr hole surgery was
not classified as recurrence. On the other hand, routine
post op imaging after burr hole craniotomy was not
performed, and there is a remaining chance that recur-
rence on imaging later on is the result of failure of
initial surgery to relieve mass effect. Additionally, bone
flap craniotomy was more commonly performed in the
subacute type of the extended classification and this
treatment might have contributed to the low observed
recurrence rate observed. Finally, other treatment algo-
rithms, such as burr hole drainage without irrigation
[28] or placement of subperiostal drains [29], were not
assessed in this study.

Conclusion

Internal architecture represents possible stages in the natu-
ral history and endogenous repair and natural history of
chronic subdural hematomas. The proposed classification
system contributes to a more precise recurrence risk strat-
ification. Larger hematoma size, reflected by increasing
width as well as decreasing internal organization, is asso-
ciated with higher risk of recurrence. Homogenous and
especially sedimented hematoma types have high recur-
rence rates and constitute the most useful subgroup for
closer postoperative follow-up.
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