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Background and Aim: Chronic subdural hematomas (CSDH) are a common neurosurgical issue 
characterized by the accumulation of blood between the brain and its outermost protective 
membrane. The pathogenesis of CSDH involves a cycle of recurrent hemorrhage, fibrinolysis, 
inflammation, and angiogenesis. D-dimer, a marker of fibrinolysis, has been investigated in CSDH. 
This study explores the correlation between D-dimer levels, computed tomography (CT) findings, 
and recurrence of CSDH.

Methods and Materials/Patients: This prospective study included 80 patients with CSDH who 
underwent surgical evacuation between 2018 and 2020. The CSDHs were classified based on CT 
scan appearance, and D-dimer levels were measured in the hematoma fluid and peripheral blood 
samples. The statistical analysis was performed to identify correlations between D-dimer levels, CT 
subtypes, and recurrence rates.

Results: The mean D-dimer value in the Hypodense group was 454.2 mg/L while the value in the 
isodense group was 777.74 mg/L. The highest mean value was observed in the mixed subgroup, 
at 2370 mg/L. The layered group had a mean value of 1146.85 mg/L. The mean D-dimer value in 
the homogenous group was 622.48 mg/L while the mean in the heterogenous group was 2014.57 
mg/L. There was a statistically significant correlation between the imaging subtypes and the 
D-dimer values (P=0.01).

Conclusion: The mean D-dimer values were highest in the mixed subtype of CSDH, followed by 
the layered subtype, while the hypo- and isodense subtypes had lower D-dimer levels. There was 
a significant correlation between the imaging subtypes and D-dimer values. Additionally, a higher 
rate of recurrence was observed in the mixed subtype group, which also had higher D-dimer 
values. Steroid administration after surgery showed a statistically significant negative correlation 
with recurrence rates.
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1. Introduction

hronic subdural hematomas (CSDH) have 
an incidence of 13 to 39 per 100,000 per-
sons per year [1]. This makes them a com-
mon neurosurgical issue. It is postulated 

that they develop over a period due to a self-perpetuat-
ing cycle of recurrent hemorrhage, fibrinolysis, inflam-
mation, and angiogenesis. Although the osmotic gradi-
ent theory and inflammation have been mentioned in 
the pathogenesis, the occurrence of a hematoma cap-
sule and an inherent hyperfibrinolysis that leads to re-
bleeding is currently the most widely accepted theory 
[2-4].

One of the sensitive markers for fibrinolysis is D-dimer, 
a fibrin degradation product [5]. All patients with CSDH 
have a high level of D-dimer in their clots. Studies have 
attempted to correlate the level of D-dimer in the clot 
and the risk of recurrence, as well as radiological sub-
types. In this study, we attempt to measure the D-dimer 
levels in the clots and correlate these markers with the 
radiological appearance and recurrence.

2. Methods and Materials/Patients 

Patient selection

This was a prospective study done in a series of 80 pa-
tients who underwent evacuation of CSDH in our center 
between 2018 and 2020. Patients underwent imaging in 
the form of a computed tomography (CT) scan and were 
grouped based on Nomura’s classification [6], which di-
vided CSDH into high density, iso density, low density, 
layered, and mixed types. We grouped the former three 

into the homogeneous group and the latter two into a 
heterogeneous group.

Inclusion criteria

All patients with a CT or a magnetic resonance imaging 
scan suggestive of a CSDH who presented with clinical 
symptoms accounted for by their scan findings-except 
those excluded.

Exclusion criteria 

The exclusion criteria were as follows: Patients on an-
tiplatelets, anticoagulants, anti-inflammatory agents, 
thrombolytic agents, and those on dialysis; patients 
with an active septic foci or hematological disorders, or 
neoplastic disorders, liver dysfunction, or coagulopathy; 
subjects with a ventriculo-peritoneal shunt.

The above patients were excluded as their conditions 
could, by themselves, cause a recurrence of the disease 
anticoagulants and anti-platelets added an indepen-
dent bleeding risk, as do sepsis and liver diseases, sepsis 
and neoplasms. Ventriculo-peritoneal shunts can over-
drain and precipitate CSDH; hence, they were excluded.

Patients underwent surgical evacuation through a sin-
gle burr hole or two burr holes, or a mini craniotomy, 
depending on the clinical condition of the patient and 
the imaging characteristics of the CSDH.

Sample collection

During the surgery, subdural hematoma fluid was 
sampled after durotomy. Simultaneously, peripheral ve-
nous blood samples were drawn and collected in a tube 
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Highlights 

● D-dimer levels can predict the radiological type of chronic subdural hematoma.

● It can be used to ascertain the risk of recurrence.

● Management decisions and treatment options may be based on D-dimer levels.

Plain Language Summary 

Chronic Subdural Hematoma is a condition where blood accumulates between the covering of the brain, and the liq-
uefaction of blood leads to a fluid accumulation with a vascular membrane above and an acellular membrane below. 
This causes compression on the brain and can cause catastrophic complications. Evacuation of this collection leads to 
recovery. This study evaluates a biochemical marker of coagulation and its level in the fluid to ascertain if its levels can 
be used to identify various subtypes of the disease and to decide on the right mode of treatment. 
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with sodium citrate. In addition, they were centrifuged 
at 3000 round per min for 10 min. The supernatant was 
stored in sealed tubes at −70° Celsius until turbidimetric 
immunoassay (Sysmex CA7000) was used for quantifica-
tion, and the reference value was <0.324mg/L. 

Data analysis

All statistical analysis was performed using the SPSS 
software, version 17, for Microsoft Windows. The data 
were not normally distributed, and therefore, paramet-
ric/non-parametric tests were performed. Descriptive 
statistics were presented as numbers and percentages. 
The data were expressed as Mean±SD. The Chi-squared 
test was used for comparison between two attributes. 
Multiple Logistic regression method used to predict the 
independent variables. A two-sided P<0.05 was consid-
ered statistically significant.

3. Results

Patient demographics

We had a total of 80 patients in this study, with 82 
bleeds (2 patients had bilateral bleeds). The average 
age of our study group was 64.35 years. There were 
10 women, and the remaining 70 participants were 
men. There was no statistically significant correlation 
between either the biochemical marker or recurrence 
with the age or gender of the population. The average 
symptom duration was 13 days. A history of trauma was 
elicited in 67 patients, and the average time between 
admission and the trauma was 46 days.

Chronic subdural hematoma characteristics

A total of 43 patients had a left-sided bleed, and 35 pa-
tients had a right-sided bleed. Meanwhile, two of them 
had bilateral CSDH. The average thickness of the CSDH 
in the present study was 19.93 mm, while the average 
midline shift was 9.46 mm. We had 13 bleeds, each with 
iso and low-density subtypes. Additionally, 40 bleeds 
were mixed subtype, while the remaining 16 were a lay-
ered type of CSDH. Figure 1 demonstrates the different 
types of CSDH (Table 1). 

Management

A total of 23 patients underwent evacuation with two 
burr holes, while 11 patients underwent a mini-crani-
otomy. The rest of the clots were evacuated by a single 
burr hole. A total of 63 patients were placed on dexa-
methasone for one week postoperatively.

D-dimer analysis

All D-dimer values obtained from the CSDH were above 
the reference range of 0-0.325 mg/L. The mean D-dimer 
value in the Hypodense group was 454.2 mg/L, while 
the value in the isodense group was 777.74 mg/L. The 
highest mean value was noted in the mixed subgroup, 
where the value was 2370 mg/L. The layered group had 
a mean value of 1146.85 mg/L. The mean D-dimer value 
in the homogenous group was 622.48 mg/L, while the 
mean in the heterogeneous group was 2014.57 mg/L. 
There was a statistically significant correlation between 
the imaging subtypes and the D-dimer values (P=0.01). 
The serum levels of D-dimer were within normal limits 
in all four groups, and there was no statistically signifi-
cant correlation.

Recurrences

We had 15 cases of recurrences, of whom 11 had un-
dergone evacuation with a single burr hole, three with 
two burr holes, and one underwent mini craniotomy. 
Meanwhile, 11 of these cases were of mixed type, and a 
further three were layered type. There was a single case 
of isodense type that recurred. 

14 of the 15 recurrences occurred in the heteroge-
neous group. The mean D-dimer value in this group 
was 1912.52 mg/L. There was a statistically significant 
correlation between recurrences and both imaging sub-
type (P=0.02) and the D-dimer values (P=0.01). There 
was no correlation between the procedure performed, 
although a majority had undergone a single burr hole 
evacuation. 

Dexamethasone was administered in only 4 of the pa-
tients who had recurrence, against 59 of the 65 cases 
without recurrence. Given the anti-angiogenic and anti-
inflammatory effects of steroids, statistical analysis was 
carried out, which showed a statistically significant cor-
relation between recurrence and non-usage of steroids 
in the post-operative period, with a P=0.04.

A logistic regression analysis was done, and the associ-
ated significance levels are provided in Table 2. Accord-
ingly, the radiological subtype, levels of D-dimer, and 
perioperative steroid use had a statistically significant 
correlation with recurrences, while the surgical ap-
proach neared statistical significance. 
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4. Discussion

This study notes that a major factor in recurrence is 
the radiological subtype of the bleed. There is a correla-
tion between the subtype and the D-dimer values, and 
although not statistically significant, the heterogeneous 
types and their membranes are factors causing recur-
rence. Based on the D-dimer values in the CSDH fluid, 
it may be possible to decide on a more extensive proce-
dure, such as a craniotomy, to address the membrane 
against the use of two burr holes. 

Several hypotheses have been put forth to explain 
the pathogenesis of CSDH, with the hyperfibrinolysis 
and re-bleeding theory having gained the widest trac-
tion. The presence of a hematoma capsule and inherent 
hyperfibrinolysis that leads to rebleeding is considered 
central to the development and maintenance of CSDHs 
[1, 3, 7]. D-dimer is a by-product of the coagulation 
cascade and can be measured via analysis of a blood 
sample. It is a marker with relative sensitivity towards 
fibrinolysis. This cross-linked fibrin degradation prod-
uct is released when a blood clot begins to break down 
[5]. Ito et al. stated that local hyperfibrinolysis prevents 

Table 1. Types of chronic sub dural hematoma, their mean D-dimer values and recurrence rates (n=82)

Type of CSDH No. Mean D-dimer Value 
(mg/L)

Recurrences 
(n=15) Recurrences (%)

Hypodense 13 454.2 0 0

Isodense 13 777.74 1 7.7

Layered 16 1146.65 3 18.75

Mixed 40 2014.57 11 27.5

Table 2. Logistic regression analysis

Parameter P

Age 0.3

Radiological subtype 0.02

D-dimer levels 0.04

Surgical approach 0.06

Perioperative steroids 0.05

Figure 1. Types of chronic sub dural hematoma: A) Hypodense, B) Isodense, 3) Layered, and 4) Mixed
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complete hemostasis and causes rebleeding into the 
hematoma cavity [1, 8, 9]. 

A study was conducted in Brazil involving 778 patients, 
where 60.4% had a history of trauma. The mean age 
of that study was 64.3 years, with men accounting for 
82.6% of the study population [10]. In this study, about 
66% of the patients had a history of trauma, and the 
average age of our study population was 64.35 years, 
with a male preponderance of 87.5%. The brain in the 
elderly weighs roughly 200 g less, allowing for an 11% 
increase in extra cerebral volume, which may account 
for the higher incidence in the elderly population [11].

Ducruet et al. stated that burr hole craniotomy is the 
most performed surgery, and this notion has been re-
iterated by studies conducted in Canada, the Neth-
erlands, and the United Kingdom [12-14]. It seems to 
provide the best balance between maximal efficacy and 
minimal invasiveness [14].

A total of 23 patients underwent evacuation with 
two burr holes, while 11 patients underwent a mini-
craniotomy. The rest of the clots were evacuated by a 
single burr hole. There were 11 recurrences in the single 
burr hole group, with three recurrences in the two burr 
holes group, and one patient who had undergone mini 
craniotomy had a recurrence. There was no statistically 
significant correlation between surgery performed and 
recurrence, even though a higher proportion of recur-
rences occurred in those who had an evacuation with a 
single burr hole.

Nomura et al. proposed a system [6] where CSDH was 
classified based on CT imaging as isodense, hypodense, 
mixed dense, and layering types of hematoma. They 
described higher fibrinogen and higher D-dimer lev-
els in the layering and mixed density types of CSDHs 
compared to the high, iso, and low-density types on CT 
scans. This was comparable to the findings in the pres-
ent study, where D-dimer levels were the highest in the 
mixed group, followed by the Layering type, with the 
hypodense and isodense groups having lower levels of 
D-dimer. 

A meta-analysis done by Miah et al. where 22 stud-
ies were identified involving 5566 patients, mixed den-
sity was the strongest prognostic factor of recurrence. 
Layered type also revealed higher recurrence rates [14, 
15]. Similar findings were noted in our study, where 
the mixed density group had the highest rates of recur-
rence.

Recurrence rates after surgical evacuation were placed 
between 4 to 26% by Mori et al. [16]. In our study recur-
rence rate was 18.29%. Higher recurrence was noted in 
the mixed and layered types, which had a high D-dimer 
value. Park et al. concluded that there was a difference 
in the concentration of D-dimer and fibrinogen between 
the different types of CSDH on CT, with the heteroge-
neous group consisting of the layering and mixed types 
having a higher concentration of both markers when 
compared to the homogenous group [17]. These are 
associated intimately with the origins of heterogeneous 
density, which needs repeated cycles of rebleeding. 
The findings of our study concur with their inferences. 
A study on recurrent CSDH concluded that the type of 
procedure performed doesn’t have a bearing on recur-
rence [18].

We noted that steroids could be of use in preventing 
recurrence. Sun et al. [19] suggested that administration 
of steroids may be associated with a decrease in the ten-
dency of the CSDH to recur, especially in the heteroge-
neous population. Although statistically significant, giv-
en the small sample size, further evaluation needs to be 
done to ascertain the role of steroids in CSDH, although 
their role in hemostasis and their anti-fibrinolytic prop-
erties may break the cycle of rebleeding, coagulation, 
and fibrinolysis and prevent recurrence [20].

We noted that all recurrences had a D-dimer value 
of more than 1000 mg/L in the CSDH fluid. A proof-of-
concept analysis after letting out the CSDH may help us 
decide if a more aggressive approach is needed to tackle 
the disease. This may be an area of further research. 
The major limitation of our study was its limited sample 
size and, conduction in a single center. 

5. Conclusion

We noted a higher incidence of D-dimer values in 
patients with a heterogeneous group of CSDH, which 
includes the mixed and layering subtypes, compared 
to the homogenous group consisting of hypo- and 
isodense groups. Higher D-dimer values and heteroge-
neous appearance on scan correlated with recurrences, 
with maximum recurrence noted in the mixed group.	
Steroids may have a role in the prevention of recurrence 
in CSDH, although further studies are needed to eluci-
date their significance in that regard.
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