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Impact of Time Interval between Trauma Onset and
Burr Hole Surgery on Recurrence of Late Subacute or
Chronic Subdural Hematoma

Dae-in Kim, M.D., Jae-hoon Kim, M.D., Hee-in Kang, M.D., Byung-gwan Moon, M.D., Joo-seung Kim, M.D., Deok-ryeong Kim, M.D.
Department of Neurosurgery, Eulji General Hospital, College of Medicine, Eulji University, Seoul, Korea

Objective : Although subdural hematoma (SDH) is commonly treatable by burr hole surgery in the late subacute or chronic stage, there is no clear
consensus regarding appropriate management and exact predictive factors for postoperative recurrence also remain unclear. The aim of this study
was 1o evaluate risk factors associated with recurrence of SDH that requires burr hole surgery in the late subacute or chronic stage. We also identified
the appropriate timing of surgery for reducing the recurrence.

Methods : We retrospectively reviewed 274 patients with SDH in the late subacute or chronic stage treated with burr hole surgery in our hospital
between January 2007 and December 2014. Excluding patients with acute intracranial complications or unknown time of trauma onset left 216
patients included in the study.

Results : Of 216 patients with SDH in the late subacute or chronic stage, recurrence was observed in 36 patients (16.7%). The timing of the operation
in patients with late subacute stage (15—28 days) resulted in a significant decrease in recurrence (RR, 0.33; 95% Cl, 0.17-0.65; p=0.001) com-
pared to chronic stage (>28 days). Otherwise, no significant risk factors were associated with recurrences including comorbidities and surgical details.
Conclusion : The results indicated that time from trauma onset to burr hole surgery may be important for decreasing the risk of recurrence. There-
fore, unless patients can be treated conservatively without surgery, prompt surgical management is recommended in patients diagnosed as having

late subacute or chronic subdural hematoma treatable by burr hole surgery, even when neurological deficits are unclear.
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INTRODUCTION

Subdural hematoma (SDH) in the late subacute or chronic stage
is an abnormal collection of viscous liquid or liquefied blood
degradation underneath the dura matter”. SDH is one of the
most common pathologies associated with intracranial hemor-
rhage and may result in brain tissue compression and neurolog-
ical sequelae™””. SDH in late subacute or chronic stage is increas-
ing in frequency, especially in aging populations as the world’s
older population rises because of advances in medical care™. In
addition, SDH is regarded as a sentinel health event considering
its high morbidity and mortality rates in older people'®**. SDH
has long been categorized as acute, subacute, or chronic stage
based on the period from trauma until symptom onset™. Acute
subdural hematoma (ASDH) and subacute subdural hematoma
(SASDH) or chronic subdural hematoma (CSDH) are different

in radiological findings, pathophysiology, surgical management,
recurrence, and outcome'**”, Structural alteration of the wall of
the hematoma cavity consisting of neomembranes is an impor-
tant difference®”. However, SASDH and CSDH are not clearly
distinct in pathophysiology, continuity, or surgical treatment al-
though some studies found that SASDH differs from CSDH in
pathogenesis of hematoma enlargement'”. SDH in late subacute
or chronic stage is treatable by burr hole surgery. This procedure
is a relatively simple, safe, and cost-effective way of managing this
condition compared to craniotomy, the risks of which are asso-
ciated with higher morbidities because it is a comparatively ma-
jor procedure that uses general anesthesia”. However, although
subdural hematoma in late subacute or chronic stage can spon-
taneously resolve after relieving pressure by draining the lique-
fied hematoma via burr hole and stabilizing residual incom-
pletely drained hematoma, occasionally SDH recurs. Previous
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reports found that about 3.7% to 30% of patients recur at the
same cranial side within a short period*'>”*¥. Many parameters
have been suggested as risk factors for recurrence of late subdu-
ral or chronic SDH after burr hole surgery. However, no consen-
sus exists on the ability of these factors to predict recurrence™.
The aim of this study was to identify the importance of the right
timing for surgery to reduce the recurrence of SDH treatable by
burr hole surgery in late subacute or chronic stage. We also

evaluated risk factors associated with recurrence.

MATREIALS AND METHODS

Study design and assessment

A retrospective analysis was performed of 274 patients with
SDH who underwent burr hole surgery in late subacute or chronic
stage from January 2007 through December 2014. All cases were
confirmed based on computed tomography (CT) results. Symp-
toms at presentation included headache, limb weakness or al-
tered mentality, altered mentality, and confusion. Within the
group of 274274 patients, we excluded patients with unknown
trauma onset time, selection of craniotomy as main treatment
modality and acute intracranial complications such as acute
epidural or SDH development after burr hole surgery. Ultimate-
ly, 216 patients were included and arranged into two groups.
Group 1 contained 116 patients who underwent surgery in the
late subacute stage with a 3- to 4-week time interval between
trauma onset and operation. Group 2 contained 100 patients
treated in the chronic stage after 4 weeks after trauma onset (Fig.
1). With approval from the hospital ethics committee, we re-
viewed medical records and radiology for all patients. The fol-
lowing parameters were recorded and analyzed : sex; age at sur-
gery; medical history such as diabetes mellitus, hypertension,

liver disease, renal disease, cancer, stroke, or ischemic heart dis-
ease; recent use of antiplatelet or anticoagulant therapy; total
amount of hematoma drainage; number of days until drain
catheter removal; and recurrence. All preoperative and postop-
erative CT scans were retrospectively reviewed by two neurosur-
geons. CSDH was classified into three types according to densi-
ty on CT scan : hypodensity (<25 HU), isodensity (25-35 HU),
and mixed type™”. Mass effect defined as a midline deviation of
the septum pellucidum and pineal body was measured at the
level of the foramen of Monro on preoperative CT scans. Air
collection was categorized into groups according to subdural air
found on immediate postoperative CT scan. The none or mild
group had residual air bubbles; the definite group had near total
replacement with air™”
and clinical findings warranting further treatment on the ipsi-
lateral side. All patients were followed up for at least 6 months.

. Recurrence was defined as radiological

Surgical management

In our department, burr hole surgery was the treatment of
choice for patients with symptomatic SDH in the late subacute
or chronic stage. Details of the perioperative techniques differed
little among individual surgeons. Most patients underwent one
burr hole craniostomy, hematoma evacuation with saline irriga-
tion to facilitate rinsing the hematoma, and closed system
drainage with meticulous avoidance of air entry under local an-
esthesia. Postoperatively, patients were kept in bed rest follow-
ing surgical drainage to enhance gravitational drainage of resid-
ual subdural fluid. Adequate hydration was given for 3-4 days
to promote expansion of the brain. The drain was usually main-
tained for two additional days (up to 7 days) postoperatively and
removed after CT scan when drainage became negligible.

274 patients with subdural hematoma underwent
burr hole surgery on late subacute or chronic stage

Exclusion because of
Unknown trauma onset time : 44 patients
Selection of craniotomy as main treatment : 3 patients
Acute intracranial complications : 11 patients

216 patients were included in the study

Group 1 (116 patients) :

Fig. 1. Flowchart of the study popula- (3-4 weeks)

underwent surgery in the subacute stage

Group 2 (100 patients) :
underwent surgery in the chronic stage
(>4 weeks)

tion.
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Statistical analysis

Comparisons between groups were analyzed using the chi-
square test, Fisher’s exact test, and Student’s t-test. Data are pre-
sented as meanz+standard deviation. Multivariate analysis using
a logistic regression model controlled for age, sex, CT density,
antiplatelet medication, postoperative midline displacement
and air collection to evaluate association between time interval
from trauma onset until operation and recurrence. Odds ratios,
95% confidence intervals, and p values of covariates were re-
ported. All statistical tests were two-sided, and p<0.05 was con-
sidered statistically significant. Analyses were performed using
the statistical software SPSS (ver. 17.0; SPSS Inc., Chicago, IL,
USA).

RESULTS

Characteristics of the study population
At surgery, patients were mean 70+12.6 years old (range 33—

Table 1. Baseline characteristics of the patients

92 years); 142 were men (66%). The average number of comor-
bidities was 1.44+1.52 (range 0-5). There were bilateral hema-
tomas in 26 patients (12%); these were excluded in analysis of
midline deviation. Patients were divided into two groups accord-
ing to operation time from trauma onset. One group was patients
treated in the late subacute stage and the other was patients
treated in the chronic stage. Clinical characteristics of the groups
are in Table 1. In group 1, patients treated in late subacute stage,
mean age was 68.9+11.87 years, 80 patients were men (69%), 68
patients had hypertension, 40 had diabetes mellitus, 11 had liver
cirrhosis, 7 had chronic kidney disease, 6 had a malignancy, 16
had cerebrovascular disease, and 13 had ischemic heart disease.
In this group, 28 patients (24%) had taken antiplatelet medica-
tion. In group 2, patients treated in chronic stage, the mean age
was 70.4+12.62 years, 62 were men (62%), 56 patients had hyper-
tension, 42 had diabetes mellitus, 9 had liver cirrhosis, 12 had
chronic kidney disease, 3 had a malignancy, 21 had cerebrovas-
cular disease, and 9 had ischemic heart disease. In this group,

Group 1 (n=116) Group 2 (n=100) Total (216) p value
Sex 0.282
Male 80 62 142
Female 36 38 74
Age 0.369
Mean 68.88 70.38
SD 11.865 12.628
Comorbidities
Hypertension 68 56 0.698
Diabetes mellitus 40 42 0.2561
Liver cirrhosis 11 9 0.903
Chronic renal failure 7 12 0.123
Cancer 6 3 0.510
Stroke 16 21 0.222
Ischemic heart disease 13 9 0.593
Medication
Antiplatelet 28 34 0.11
Anticoagulants 4 2 0.688
Preoperative CT scan findings
Density 0.000
Iso 89 18
Low 22 71
Mixed 5 11
Midline deviation (in unilateral SDH) 9.78+4.534 (108) 7.06+4.924 (82) 190 0.000
Postoperative air collection 0413
None or mild 106 88
Definite 10 12
Surgical details
Mean total amount of drainage (mL) 144.40+98.442 161.85+142.445 0.304
Mean No. of days until drain removal 3.71+1.258 3.61+1.230 0.097
Recurrence 0.001
No 106 74 180
Yes 10 26 36

SD : standard deviation, CT : computed tomography, SDH : subdural hematoma
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34 patients (34%) had taken antiplatelet medication. Compari-
son of radiological factors and surgical details between the two
groups is in Table 1. For group 1, SDH was isodense in 89 pa-
tients, hypodense in 22, and mixed in 5. Mean midline displace-
ment in unilateral SDH patients was 9.78+4.53 mm, air collec-
tion on immediate postoperative CT scan was mild in 106 patients
and definite in 10. Mean total hematoma drainage amount was
144.4.498.42 mL and mean duration prior to drain removal was
3.71£1.25 days. For group 2, SDH was isodense in 18 patients,
hypodense in 71, and mixed in 11. The mean midline displace-
ment in unilateral SDH patients was 7.06+£4.92 mm, air collec-
tion on immediate postoperative CT scan was mild in 88 pa-
tients and definite in 12. Mean total hematoma drainage amount
was 161.85.+142.45 mL and mean duration prior to drain re-
moval was 3.61+1.23 days. No differences between groups in

sex, age, comorbidity, antiplatelet or anticoagulant medication,
or surgical details were significant. However, recurrence rate,
was 8.6% (10 patients) for group 1 and 26% (26 patients) for
group 2, significant difference (p=0.001). Differences were also
significant for preoperative CT density and midline deviation.

Factors predicting recurrence

A total of 36 patients (28 men and 8 women; mean age at sur-
gery 71+9.8 years) underwent a second burr hole surgery because
of SDH recurrence after initial surgery. Univariate and multi-
variate logistic regression models predicting recurrence are in
Table 2. Univariate analysis indicated that preoperative CT den-
sity (p=0.021) and time interval (p=0.001) were risk factors for
recurrence. After adjusting for confounding factors of age, sex,
CT density, antiplatelet medication, postoperative midline dis-

Table 2. Logistic regression analyses predicting recurrence for all 216 patients

. Crude Adjusted
Variables
OR 95% CI p-value OR 95% CI p-value
Age (years)
<70 1.000 0.171 1.000 0.119
270 1.733 0.788-3.811 2271 0.810-6.367
Sex
Female 1.000 0.1 1.000 0.036
Male 2.026 0.873-4.704 2.908 1.072-7.890
CT density
Iso 1.000 0.021 1.000 0.943
Low 2.545 1.154-5.614 1.044 0.322-3.377
Diabetes mellitus
No 1.000 0.381
Yes 1.382 0.670-2.850
Hypertension
No 1.000 0.623
Yes 1.202 0.578-2.499
Antiplatelet medication
No 1.000 0.502 1.000 0.851
Yes 1.300 0.604-2.796 0.908 0.334-2.472
Liver cirrhosis
No 1.000 0.675
Yes 1.281 0.402-4.084
Chronic renal failure
No 1.000 0.592
Yes 1.375 0.428-4.413
Postoperative air collection
Minimal 1.000 0.841 1.000 0.851
Definite 1.125 0.357-3.545 0.765 0.204-2.874
Midline deviation
<10 1.000 0.796 1.000 0.286
=10 1.111 0.501-2.467 1.639 0.661-4.603
Time interval
3-4 weeks 1 1.695-8.185 1.000 0.028%
>4 weeks 3.274 0.001 3.543 1.144-10.976

*Adjusted by age, sex, CT density, antiplatelet medication, postoperative midline displacement, and air collection. CT : computed tomography
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placement, and air collection, only time interval was associated
with increased risk of recurrence (adjusted odds ratio 3.54, 95%
confidence interval 1.144-10.976, p=0.028). To identify factors
independently associated with recurrence, including time inter-
val, differences in all available covariates were examined. Male
sex was associated with significantly increased recurrence.

DISCUSSION

A conventionally used classification divides subdural hema-
tomas into acute, subacute, and chronic according to time be-
tween injury and onset of clinical symptoms. Time intervals are
divided into acute for presentation with urgent symptoms with-
in three days of trauma, subacute for presentation within 4 to
21 days, and chronic for presentation after 21 days. The conven-
tional classification of SDH is widely accepted and generally ap-
plied without controversy. However, we found that this classifi-
cation is based on a publication from 1960 by McKissock et al.”
designed to consider symptom evolution related to prognosis
and time. The characteristics of blood in imaging such as CT or
magnetic resonance imaging (MRI) do not affect the classifica-
tion because these methods were not commercialized at the
time of the publication. In practice, in patients with SDH, imag-
ing to determine the type of hematoma is useful for diagnosing
the changing state of SDH and for surgical decision-making with
the time between the injury and the onset of neurological symp-
toms. Fujisawa et al."”’ assumed that hematoma stability varies
depending on the stage with some correlation between hemato-
ma stage and radiological findings. On the basis of CT presen-
tation, hyperdense hematoma is classified as acute, isodense as
subacute, and hypodense as chronic'”. To date, most studies have
considered division of SDH by time course of development to
be closely linked to CT-based division and often use them inter-
changeably. However, the divisions are frequently inconsistent.
In the presumed CSDH phase, persistence of isodensity on CT
scan or high signal intensity on T1-weighted MRI, typical of sub-
acute intracranial hematomas beyond the expected time inter-
val, is common and responsible for confusion. Godlewski et al."”
reported classifying SDH as acute, subacute, and chronic accord-
ing to widely accepted divisions based on CT presentation and
patients with chronic hematomas did not differ significantly
from patients with subacute hematomas in time from injury to
onset of symptoms. Isodense SDH lesions in CSDH patients who
are conventionally classified are often reported as more common
than hypodense lesions on CT scans™
of most brain lesions is directly correlated with CT”. T1 short-
ening, which results in hyperintensity, generally represents met-
hemoglobin. The typical component of subacute hematoma and
chronic hematoma may be slightly hypointense relative to grey
matter on T1-weighted images*'"”. Despite substantial variabili-
ty, the five stages of subdural hematoma and intracerebral hem-
orrhage (ICH) are generally accepted to be distinguishable ac-
cording to characteristic appearances on T1-weighted and T2-

. The appearance on MRI

weighted MRI The stages, based on the period between MRI
examination and start of bleeding, are classified as hyperacute
(within 24 hours), acute (from 24 hours to up to 3 days), early
subacute (3-7 days), late subacute (from 8 days to 1 month), or
chronic (more than 1 month)*'**?. SDH evolves more slowly
than ICH because the oxygen tension in these compartments is
higher®. SASDH, which represents evolving hematomas as lig-
uefaction of the initial clot, causes symptomatic expansion with
the beginning of liquefaction at 2 weeks after hematoma forma-
tion'”. Thus, burr hole surgery with hematoma drainage for
SASDH or CSDH might be advantageous when performed at
least 2 weeks after trauma onset and the time interval classify-
ing the chronic stage could be moved back by a week based on
relationship with radiological findings. For this reason we sug-
gest revising the late subacute stage to 3 to 4 weeks after trauma
onset and revising the chronic stage as after 4 weeks from trau-
ma onset.

SDH in the late subacute or chronic stage can be conveniently
evacuated by burr hole surgery. These hematomas are sufficient-
ly liquefied and mostly being as minimal or insignificant ASDH,
aggravated mostly in the subacute phase'”. SASDH is reported
to occur in approximately 10% of acute SDH cases that are treat-
ed conservatively'**”. Multiple factors are responsible for en-
largement of hematomas over time. Hemodynamically, two
mechanisms have been suggest : invasion of cerebrospinal fluid
by a difference in osmotic pressure and cerebral hyperperfusion
that follows hypoperfusion of the acute phase™*””. Pathophysi-
ologically, following an initial head injury, blood within the
subdural space triggers an inflammatory response that leads to
high concentrations of vascular endothelial growth factor, in-
creasing the permeability of capillaries™. After approximately
two weeks, neomembranes on the inner and outer surface are
formed through dural collagen synthesis and fibroblast spread,
followed by ingrowth of neocapillaries, enzymatic fibrinolysis,
and hematoma liquefaction*”*”, Fibrin degradation products
are reincorporated into new clots and inhibit hemostasis™. The
clinical course of hematoma evolution is determined by a com-
bination of recurrent episodes of inflammation, microbleeding
and hyperfibrinolysis. SASDH is a transitional state showing a
transformation from ASDH to CSDH. An important feature of
SASDH that is considered a distinct pathophysiological entity is
an immature outer membrane differing from the hemorrhagic

) Based on ultrastructural observa-

outer membrane of CSDH
tions, ongoing angioneogenetic activity of hematoma cavity
wall consisting of neomembranes is accepted to be part of the
course of chronification'”. The outer membrane displays signs
of marked pathological vascularization compared with the al-
most avascular inner membrane'”. The vessels of the neomem-
brane have a marked proliferation potential and are fragile,
leading to repeated microhemorrhaging from the neocapillary
network and fibrinolytic activity of fibrinogen degradation
products; this is the most important factor for gradual hemato-
ma growth without coagulation®”**”., Tzumihara et al.”” report-
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ed 8 operative cases of SDH in the late subacute stage (15-23
days) and found thin outer membranes differing from the ma-
ture hemorrhagic outer membrane of CSDH in most patients (7
patients). In their study, SASDH was considered to differ from
CSDH not only based on the characteristic operative and histo-
logical findings, but also in that none of the 8 SASDH patients
required reoperation. Another study by Kpelao et al.”” defined
SASDH as cranial trauma between 8 and 21 days associated with
isodensity on CT. In that study, SASDH did not have a neomem-
brane intraoperatively, unlike CSDH. In a study by Godlewski
et al."”, reoperation following burr hole surgery as the primary
procedure for hematoma evacuation was significantly more fre-
quent in patients with chronic hematomas compared to those
with subacute hematoma. Therefore, ongoing angioneogenesis
in the neomembrane (especially, the outer membrane) consti-
tuting the hematoma cavity is strongly regarded to be a salient
factor in successive hematoma enlargement and recurrence.
Progression of the condition needs to be prevented early by
draining the bulk of the hematoma, which has a high concen-
tration of multiple growth factors for forming new blood ves-
sels. Our study compared the recurrence between late subacute
stage and chronic stage. We found that recurrence of patients
treated in the late subacute stage was significantly lower than
for patients with chronic hematomas (p=0.001). Previously pub-
lished studies and our study support the hypothesis that time
from trauma onset to burr hole surgery is important for predict-
ing risk of recurrence.

Recurrence is the most common complication following burr
hole surgery of liquefied SDH with a median incidence of 15%
in the literature*'>”*%, Various surgical techniques have been
used to decrease recurrence and many risk factors for recurrence
have been investigated. Clinical factors thought to be associated
with higher recurrence rates, although disputed, include age,
diabetes mellitus, alcoholism, cerebral atrophy, antiplatelet and
anticoagulant drug use, poor performance status on admission,
poor Glasgow coma scale and Glasgow outcome scale, bilateral
lesion, depth of hematoma, postoperative midline displacement,
postoperative subdural air collection, septum formation or
multiple membranes in the hematoma cavity, higher hematoma
density on CT, and hematoma with laminar and separated archi-
171228394 A meta-analysis of 5 randomized trials indi-
cated a significant reduction in recurrence when drains were
inserted following hematoma evacuation™. A preoperative MRI
finding showed that a T1-iso/hypointensity group had signifi-
cantly higher risk of recurrence relative to a T1-hyperintensity
group™. This study suggested that hematoma stability varies de-
pending on stage and T1-hyperintensity hematomas are more
stable than those in the T1-iso/hypointensity group. Our logistic
regression analysis showed that time was a significant predictor
of recurrence. The recurrence for patients with a time interval cor-
responding to late subacute stage was significantly lower than
for patients with chronic stage T1-hyperintensity hematoma was
mostly observed in the subacute stage. Consequently, these MRI

tecture

results appear to confirm our findings regarding the stability of
subacute stage hematomas and appropriate surgical timing.
This study had limitations mostly stemming from the retro-
spective design. Methodological weaknesses included : 1) retro-
spectively collected data could be missing or misinterpreted; 2)
inevitable heterogeneity between groups in other disease char-
acteristics and clinical factors could affect outcomes; and 3) de-
tailed differences among management options including vari-
able surgical techniques, different instruments, and advances in
imaging techniques. These limitations reduce ability to compare
chronification between different hematoma stages and impair
the precise assessment of lesion progression over time. Even
though burr hole surgery under local anesthesia was the treat-
ment of choice in this study; details of the perioperative techniques
such as the number of burr holes, irrigation of the subdural space,
use of drains after burr hole evacuation, and staging of bed rest
following surgery varied by surgeon; these factors thus represent
the possibility of bias. To effectively address the causal relation-
ships suggested by this study, future research with randomized
controlled trials with well-defined protocols are required.

CONCLUSION

The results of this study suggested that time from trauma on-
set to burr hole surgery in patients with SDH in the late subacute
or chronic stage may be important in decreasing recurrence
risk. Accordingly, patients diagnosed with late SASDH or CSDH
that is treatable by burr hole surgery should not be deferred
when an operation is required even though neurological deficits
are unclear.
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