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ABSTRACT
BACKGROUND: A chronic subdural hematoma is a frequently encountered entity in neurosurgical practice with highly variable incidence owing 
to availability of diagnostic facilities and demography of population studied. Chronic SDH is a collection of liquefied clots often encountered in  
aged individuals  with atrophied brain where mild head injury can result in tearing of blood vessels resulting in gradual collection of blood and its 
degradation products over a period of days to weeks.
AIM: To determine the histopathological features of outer membrane of CSDH and its association with clinico-radiological findings and 
postoperative recurrence .
MATERIALS AND METHODS: 25 patients diagnosed of chronic SDH treated in the Department of Neurosurgery, Coimbatore Medical 
College Hospital were studied.   Their clinical and radiological findings with histopathological features of the CSDH membrane were recorded and 
analysed. HPE of outer membrane of CSDH were classified into four types based on the maturity and intensity of the inflammatory reaction and 
haemorrhage and its association with the clinico-radiological findings was assessed.
RESULTS: The common histopathological membrane was Type I (Non-inflammatory) which accounts for 40% followed by Type IV (Scar 
inflammatory) for 36%. Type II and Type III membrane accounts for 12% each. Most of the patients with Type II membrane presented with GCS 
less than 8. They had layering type of CSDH and required craniotomy for complete evacuation of hematoma. The size of the hematomas was large 
in Type II and Type III membranes and they had high recurrence rate.   
CONCLUSION: Type II and Type III membranes are at high risk for developing neurologic deficit and have high recurrence rate hence they 
require craniotomy or    frequent follow up is necessary if burrhole tapping was done. 
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INTRODUCTION
A chronic subdural hematoma is a frequently encountered entity in 
neurosurgical practice with incidence rate of 1-2/ 100,000 population 

1,2per year . Incidence may be as high as possible up to 13.1/ 100,000 
population per year attributable either due to early diagnosis or 

3increase in the population age above 65 years . The dawn of the new 
millennia ushered the complex pathophysiology involved in evolution 
of chronic SDH with various studies focusing mainly on the contents 
of the hematoma cavity and the analysis of outer membrane. In the 
studies involving outer membrane, histopathological data were 
summarized based on maturity and intensity of the inflammatory 
reaction and haemorrhage and were classified. We intend to study the 
histopathological features of outer membrane of CSDH and to use it as 
an early predictor for assessing the patient outcome.

AIM
To determine the histopathological features of CSDH and its 
association with clinico-radiological findings and postoperative 
recurrence of CSDH patients.

MATERIALS AND METHODS   
This study was started after obtaining Institutional ethics clearance and 
written informed consent from the close relatives. Twenty five patients 
diagnosed of chronic SDH who underwent surgery in our department 
from April 2017 to September 2017 were  included. Thorough clinical 
examination and investigations were done. Burr hole and tapping was 
done for all patients except two in whom craniotomy was done based 
on layering type of CSDH found in CT examination. During the 

surgical procedure a small piece of outer membrane of about 0.8cm to 
1 cm size were taken and subjected to histopathological examination. 
Patients were followed up for a period of six months to evaluate 
outcome.

Based on the maturity and intensity of the inflammatory reaction and 
haemorrhage, membranes were classified into four types:
Ÿ Type – I (Noninflammatory membrane) containing immature 

fibroblasts and collagen fibres and associated with very minimal or 
sparse cell infiltration and neocapillaries. [FIG 1(A)]

Ÿ Type – II (Inflammatory membrane) consisting of single layer of 
immature connective tissue  associated with marked cell 
infiltration and vascularization throughout the entire thickness of 
membrane.[FIG 1(B)]

Ÿ Type – III (Hemorrhagic inflammatory) is a structure of more than 
one layer with capillaries of large lumen on the side of the 
duramater and associated marked cell infiltration .On the side of 
the hematoma cavity extensive neovascularisation is noted on the 
membrane. Sometimes a layer consisting of only collagen fibres 
and fibroblasts between such layers is seen. Haemorrhage into the 
membrane is often observed.     [FIG 1(C)]

Ÿ Type – IV (Scar inflammatory membrane) shows inflammatory 
cell infiltration, neovascularisation and haemorrhage in the outer 
membrane of cicatricial tissue.     [FIG 1(D)]

Clinical and radiological findings were correlated with the 
histopathology of outer membrane of CSDH.
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RESULTS
Of the 25 patients, 21 were males and 4 were females with sex ratio of 
4:1. Among the study group one patient who had history of 
hyperthyroidism under treatment died during immediate postoperative 
period due to arrhythmia. Fourteen patients were above 60 years of 
age.

The most common symptom at presentation was headache which was 
observed in 56 % cases and hemiparesis in 44% followed by 
vertigo/giddiness and vomiting each about 20% of cases. Further, 
altered sensorium(16%), seizures(8%), incontinence(8%) and speech 
disturbances (4%) were also noted as presenting symptoms. History of 
head injury was elicited in 56% of cases as a significant risk factor 
followed by history of chronic alcoholism in 15% of patients. Multiple 
risk factors and co-morbidities were found in few patients  (Table 1). 
Most of the patients (88%) at the time of presentation had GCS 
between 13 and 15. Only 2 patients (8%) presented with GCS less than 
8. All patients included in the study underwent CT Brain Plain study. 
The most common site of chronic SDH was frontotemporoparietal 
region (68%) followed by frontoparietal (20%). About 92% of cases 
had unilateral while 8% of cases had bilateral hematoma. Hematoma is 
more common on the left side compared to the right side.

In our series of cases, the most common histopathological type of outer 
membrane was Type 1 (Non inflammatory) in 40 % of the cases 
followed by Type 4 (scar inflammatory) in 36 % of the cases. While 
Type 2 (inflammatory) and Type 3(hemorrhagic inflammatory) 
membranes were seen in 12% of cases each (Table 2).

HPE-CLINICAL CORRELATION
Inflammatory(Type II) and hemorrhagic inflammatory (Type III) 
membranes  are more often associated with headache and motor 
weakness  compared to non inflammatory and scar inflammatory  
membrane types (Table 3).

HPE-RADIOLOGICAL CORRELATION
Average hematoma thickness was more in Type III membranes of 
about 14mm (13-15 mm) with a significant midline shift of 8.3mm 
(7.7—8.9 mm) when compared to other types (Table 4).

Based on CT appearance haematoma were broadly divided into 
homogenous and mixed types. Homogenous type further subdivided 
into hypodense, isodense and hyperdense varieties. Mixed density 
type subdivided into laminar, layered (separated/gradation) and 
trabecular (multilocular) types. Thin, high density layers usually along 
the inner membrane was classified as laminar appearance. Two 
components of different densities with low density anteriorly and high 
density posteriorly is classified as layered type.  In layered variety 
hematoma with distinct margin is labeled as separated and those with 
indistinct margin as gradation type. If hematoma appears as mixed 
density with high density septations usually with low or iso-intense 
background it is known as trabecular (multilocular) type. (Table 5)
In this series, all the inflammatory type of membranes had mixed 
density of CSDH in contrast to 80% of Non-inflammatory membranes 
(Type I) which had homogenous density of CSDH in CT scans. About 
2/3rd of patients with inflammatory type of membrane (Type II) 
presented with GCS <8. The layering type of CSDH in these patients 
necessitated craniotomy to achieve satisfactory evacuation. Type II 
and Type III membranes had one recurrence each.

DISCUSSION
CSDH is widely prevalent among elderly populations and its 
pathogenesis is a matter of interest and controversies in the literature 
for decades. Several factors held responsible for   the progression and 
recurrence of this chronic disease. Research on the outer membrane of 

4-12 CSDH and its neovascularization in correlation with the evolution of 
11,12CSDH  is given more importance. At any point during hematoma 

progression microscopic examination of fluid collection reveals fresh 
erythrocytes indicating clinically silent rehemorrhage or progressive 

13,14.                 ongoing fresh hemorrhage from CSDH membranes The newly 
formed blood vessels appear to be more permeable and fragile than 
pre-existing vessels. Abundant neovascularization with abnormal 
dilated sinusoids and rapidly growing microcapillaries along with 

15eosinophilic infiltration are characteristic of CSDH membrane . 
Inflammatory mediators present in CSDH fluid may potentiate chronic 

16,17rebleeding of the fragile neovasculature . Eosinophil degranulation 
in the outer membrane is a source of fibrinolytic factors and other 

13potent inflammatory mediators .

thIn 20  century CSDH was simply seen as the chronic form of acute 

SDH. It was thought that its development was continuum from acute to 
subacute and then to chronic SDH. Eventhough 1-6%of patients with 
untreated acute SDH experience transformation to CSDH the latter 

18,19develops its own dynamics .

Of the 25 patients, 21 were males and 4 were females with fourteen 
patients above 60 years of age. Previous studies had reported similar 

3,5,9,20-26. epidemiological pattern with numerous publications The most 
common symptom at presentation was headache which was observed 
in 56 % cases. Bokka et al and Potdar et al  support the initial clinical 
presentation but differs in reporting down the clinical ladder with 
varied claims of gait disturbances, altered sensorium and motor 

21,26.  weakness for the second common presentation About 92% of cases 
had unilateral while 8% of cases had bilateral hematoma. Hematoma is 
more common on the left side (64%) compared to the right side (28%). 
Correspondingly Kim et al has previously published on anatomical 
asymmetry of the cranium influencing left sided predilection of CSDH 

27.after investigating 182 patients

In our series of cases, the most common histopathological type of 
membrane was the  Type 1 (Non inflammatory) seen in   40 % of the 
cases followed by Type 4(scar inflammatory) seen in   36 % of the 
cases  which is in sharp contrast to previous study reports of Gandhoke 

5,9,20,21,26 et al, Nagahori et al, Park et al, Bokka et al and Potdar et al who 
reported none or only few cases of non inflammatory types. We had 
logical reasoning to classify membranes with very slight or minimal 
infiltration of only small dispersed cells with no other evidence of 
inflammation as non inflammatory rather than club it into 
inflammatory types.

Inflammatory(Type II) and hemorrhagic inflammatory (Type III) 
membranes  are more often associated with headache and motor 
weakness  compared to non inflammatory and scar inflammatory  

20membrane types  as in the study by Park et al .  In our series 2/3 rd of 
patients with inflammatory type of membrane (Type II) presented with 
GCS <8 and  the layering type of CSDH in these patients necessitated 
craniotomy which is similar to the observation by Gandhoke et al and 

5,20.Park et al  Type II and Type III had one recurrence each which is 
equipoised with study by Park et al stating type II had the largest 
number of recurrences in their study (75%) but type III was reported 
with low recurrence rate(33%). 

Histopathological typing of outer membrane in chronic subdural 
hematoma is recommended as the results of this histopathological 
correlation with clinical and radiological features can be extrapolated 
for further plan of management. A retrospective analysis of the 
patient's clinical condition can be made if membrane report is known 
(especially for Type II and III membranes). Further the role of 
membrane in hematoma evaluation can be roughly assessed with these 
findings.

Histopathological study of the membrane widens the spectrum of 
chronic SDH in terms of severity of disease and overall prognosis of 
patient .This study may serve as an incentive to investigate the 
histopathology of CSDH membranes in predicting outcomes and 
recurrence of CSDH after surgery.
 
CONCLUSION
Based on the HPE of outer membrane of CSDH, Type 1(40%) was 
found to be the most prevalent followed by Type 4(36%). Patients with 
type 2 and 3 membrane had higher recurrence when compared to other 
types. Considering CT finding layered type appearance found to have 
higher recurrence. Further improvisations like electron microscopic 
study of the outer membrane and biochemical analysis of CSDH fluid 
in high volume of CSDH patients may throw new insights.

FOOTNOTES: The authors have no financial conflicts of interest. 

TABLE 1  PROBABLE RISK FACTORS

RISK FACTORS NO OF PATIENTS PERCENTAGE
HEAD TRAUMA 14 56%

ALCOHOL ABUSE 6 15%
HYPERTENSION 5 20%

DIABETES MELLITUS 5 20%
STROKE 1 4%

CARDIAC DISEASES 3 12%
SEIZURE DISORDER 1 4%

PSYCHIATRIC 2 8%
HYPERTHYROIDISM 1 4%
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TABLE 2 STRATIFICATION BASED ON HISTOPATHOLOGY 
OF MEMBRANE

TA B L E  3  C L I N I C A L A N D  H I S T O PAT H O L O G Y 
CORRELATION OF MEMBRANES

TABLE 4 RADIOLOGICAL PARAMETERS IN VARIOUS 
MEMBRANE TYPES

TYPE 5 CT APPEARANCE IN VARIOUS MEMBRANE TYPES

FIGURE-1: FIG 1(A) & 1(B) Light microscopic high power 
view(×100) of Type 1 and Type 2 membrane with H&E stain

Figure-1 FIG 1(C) & 1(D) Light microscopic high power 
view(×100) of Type 3 and Type 4 membrane with H&E stain

Figure-2 Varied CT Brain appearances of CSDH in the 
study(A)Homogenous hypodense (B)Homogenous isodense 
(C)Trabecular(D)Layered –Gradation Type(E) Laminar

REFERENCES
1. Foelholm R, Waltimo O. Epidemiology of chronic subdural hematoma. 

ActaNeurochir(wien) 1975; 32:247-250.
2. Mellergard P, Wisten O. Operations and re-operations for chronic subdural hematomas 

during a 25 year period in a well defined population .ActaNeurochir(wien) 
1996;138:708-713.

3. Kudo H, Kuwamura K, Izawa I, Sawa H, Tamaki N. Chronic subdural hematoma in 
elderly people: Present status on Awaji island and epidemiological prospect. Neurol med 
Chir(Tokyo) 1992;32;207-209.

4. Friede RL, Schachenmayr W. The origin of subdural neomembranes. II. Fine structural 
of neomembranes. Am J Pathol. 1978; 92:69–84.

5. Gandhoke GS, Kaif M, Choi L, Williamson RW, Nakaji P. Histopathological features of 
the outer membrane of chronic subdural hematoma and correlation with clinical and 
radiological features. J ClinNeurosci. 2013; 20:1398–1401. 

6. Hara M, Tamaki M, Aoyagi M, Ohno K. Possible role of cyclooxygenase-2 in 
developing chronic subdural hematoma. J Med Dent Sci. 2009; 56:101–106.

7. Hong HJ, Kim YJ, Yi HJ, Ko Y, Oh SJ, Kim JM. Role of angiogenic growth factors and 
inflammatory cytokine on recurrence of chronic subdural hematoma. Surg Neurol. 
2009; 71:161–165. discussion 165-166.

8. Ito H, Yamamoto S, Komai T, Mizukoshi H. Role of local hyperfibrinolysis in the 
etiology of chronic subdural hematoma. J Neurosurg. 1976; 45:26–31. 

9. Nagahori T, Nishijima M, Takaku A. Histological study of the outer membrane of 
chronic subdural hematoma: possible mechanism for expansion of hematoma cavity. No 
ShinkeiGeka. 1993; 21:697–701.

10. Shono T, Inamura T, Morioka T, Matsumoto K, Suzuki SO, Ikezaki K, et al. Vascular 
endothelial growth factor in chronic subdural haematomas. J ClinNeurosci. 2001; 
8:411–415. 

11. Suzuki K, Takano S, Nose T, Doi M, Ohashi N. Increased concentration of vascular 
endothelial growth factor (VEGF) in chronic subdural hematoma. J Trauma. 1999; 
46:532–533. 

12. Vaquero J, Zurita M, Cincu R. Vascular endothelial growth-permeability factor in 
granulation tissue of chronic subdural haematomas. ActaNeurochir (Wien) 2002; 
144:343–346. 

13. Muller W, Firsching R. Significance of eosinophilic granulocytes in chronic subdural 
hematomas. Neurosurg Rev.1990;13:305-308

14. Putnam TJ, Cushing H. Chronic subdural hematoma: its pathology ,its relation to 
pachymeningitis hemorrhagica and its surgical treatment. Arch Surg.1925;11:329-393

15. Hirashima Y, Nagahori T, Nishijima M. Analysis of plasma and hematoma lipids related 
to choline glycerophospholipid in patients with chronic subdural hematoma. Neurol 
Med Chir(Tokyo).1994;34:131-135

16. Killeffer JA, Killeffer FA, Schochet SS. The outer neomembrane of chronic subdural 
hematoma. NeurosurgClin N Am.2000;11:407-412

17. Labadie EL, Glover D. Local alterations of hemostatic-fibrinolytic mechanism in 
reforming subdural hematomas.Neurology.1975;25:669-675

18. Arpino L, Gravina M, Basile D, Franco A. Spontaneous chronic subdural hematoma in a 
young adult. J Neurosurg Sci. 2009; 53:55-7.

19. Lee K-S. Natural history of chronic subdural haematoma. Brain Inj .2004; 18:351-8.
20. Park MH, Kim CH, Cho TG, Park JK, Moon JG, Lee HK. Clinical Features According to 

the Histological Types of the Outer Membrane of Chronic Subdural Hematoma. Korean 
J Neurotrauma. 2015 Oct; 11(2): 70–74.

21. Nilesh Vishnu Potdar, Suresh Kumar S., Bhavadasan Kaplinghat. Role of outer 
membrane histopathology and comparison of clinicoradiological aspects of chronic 
subdural hematoma in different age groups: a retrospective study. IntSurg J. 2017 
Jul;4(7):2164-2169

22. Ramachandran R, Hegde T. Chronic subdural hematomas-causes of morbidity and 
mortality. Surg Neurol. 2007; 67:367-72.

23. Lo WL, Lee TC, Fang PS, Huang YH. Chronic subdural hematoma in patients under age 
65 years: A comparative study of age cohort. Formos J Surg. 2013; 46:4-10.

24. Miranda LB, Braxton E, Hobbs J, Quigley MR. Chronic subdural hematoma in the 
elderly not a benign disease. J Neurosurg. 2011; 114(1):72-6.

25. Fogelholm R, Heiskanen O, Waltimo O. Chronic subdural hematoma in adults. 
Influence of patient’s age on symptoms, signs, and thickness of hematoma. J Neurosurg. 
1975; 42:43-6.

26. Bokka S, Trivedi A. Histopathological study of the outer membrane of the dura mater in 
chronic sub dural hematoma: Its clinical and radiological correlation. Asian Journal of 
Neurosurgery. 2016; 11(1):34-38. doi:10.4103/1793-5482.154979.

27. Byoung-Gu Kim, M.D., Kyeong-Seok Lee, M.D., What Determines the Laterality of the 
Chronic Subdural Hematoma? J Korean Neurosurg Soc. 2010 Jun; 47(6): 424–427.

Volume-7 | Issue-9 | September-2018

NO OF PATIENTS PERCENTAGE
TYPE I 10 40%
TYPE II 3 12%
TYPE III 3 12%
TYPE IV 9 36%

PATHO TYPE HEADACHE MOTOR  
WEAKNESS

MENTAL 
CHANGE

TYPE I 50% 30% 20%
TYPE II 66% 33% 66%
TYPE III 66% 66% 33%
TYPE IV 44% 44% 21%

PATHOLOGIC 
TYPE

AVERAGE 
HEMATOMA 
THICKNESS(mm)

AVERAGE MIDLINE 
SHIFT(mm)

TYPE I 9 mm 6.1mm
TYPE II 11mm 7 mm
TYPE III 14 mm 8.3mm
TYPE IV 9.3 mm 6.2mm

PATHO 
TYPE

HOMOGENOUS MIXED DENSITY

ISO HYPO HYPER TRABECULAR LAMINAR LAYERED 
(GRADATION/  
SEPERATED)

TYPE I 2 6 - 1 1 -

TYPE II - - - - 1 2 
(GRADATION)

TYPE III 1 1 - - 1

TYPE IV - 4 - 1 4 -
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