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the pre-coronal point (PCP) with closed-system drainage for 
symptomatic CSDH was shown to be a safe entry point in a 
previous report from our institution5). The aim of this study was 
to provide more clinical data and surgical results for patients 
who had appropriate indication and underwent TDC at the 
PCP with closed-system drainage as a continuation of the pre-
vious report; we would like to emphasize its superiority, in 
terms of convenience and good outcome.

MATERIALS AND METHODS

Definition and indications for TDC at PCP with closed-
system drainage

This retrospective study was performed on consecutive symp-
tomatic patients with CSDH who were treated surgically at a 
single institution from January, 2005 to December, 2010. Among 

INTRODUCTION  

The incidence of chronic subdural hematoma (CSDH) is 
about 3 per 100000 people, but it is 20 times more common 
among the elderly9). Indeed, its incidence is the highest in per-
sons over 70 years of age8,22). Although CSDH can be treated 
quite easily, it can sometimes lead to disastrous results due to 
recurrence and complications. As the population suffering from 
CSDHs includes many elderly patients with co-morbid medical 
conditions, less invasive surgical techniques have become the 
initial procedures of choice1,5,17). Current surgical treatment op-
tions also include a variety of less invasive neurosurgical mo-
dalities, such as burr-hole drainage (BHD) or twist-drill cra-
niostomy (TDC) with closed-system drainage22).

It is well known that TDC carries a risk of hemorrhagic com-
plications because it is a blind technique4,5,20). However, TDC at 
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the 208 patient with CSDH, 134 patients underwent TDC at 
the PCP with closed-system drainage; 74 patients underwent 
BHD with a closed system and were excluded from the study. 
TDC at the PCP with closed-system drainage was selected in 
patients with CSDH that extended beyond the coronal suture, 
as confirmed by preoperative CT scans. We defined the PCP for 
TDC in CSDH to be 1 cm anterior to the coronal suture at the 
level of the superior temporal line (STL). On brain CT scans, the 
level of the STL was defined as the top of the densest part of the 
temporalis muscle around the coronal suture. The coronal su-
ture and the STL could be identified clearly on brain CT scans.

Operative procedures
The PCP was identified in each patient in the operation room 

before draping; it was measured in the usual manner with refer-
ence to the external landmarks of the coronal suture and the 
STL. After scalp preparation with alcohol and a povidone-io-
dine solution, 2% lidocaine was infiltrated. A stab incision was 
made using a No. 15 scalpel at the drill entry point. First, a hand 
drill equipped with a 4 cm-long Steinman pin was placed per-
pendicular to the surface of the skull, and a mark was made on 
the outer skull to keep the twist drill from slipping on the sur-
face of the skull. Then, using a 6 cm-long twist drill, the skull 
and dura were penetrated at a 45° angle to the surface of the 
bone to prevent the catheter from entering the cortex. The typi-
cal direction of the drill was posteroinferior toward the auricle. 
A standard No. 5 ventriculostomy catheter was introduced into 
the subdural cavity for 5 cm. The contents of the catheter flowed 
freely due to the downward orientation of the catheter. Neither 
aspiration with negative pressure nor flushing with normal sa-
line was performed. The closed-system drainage was formed by 
attaching the catheter to a ventricular drainage bag and the cath-
eter remained in the hematoma cavity for a few days to drain it 
slowly (Fig. 1).

Estimation of surgical results
We recorded demographic data, such as age, gender, coexist-

ing disease, and major neurological functions. Clinical perfor-
mance was graded and compared using the clinical grades in 
Markwalder’s grading scale at the preoperative period and  3 
months after surgery (Table 1). We performed CT scans during 
the preoperative period. Postoperative CT scans were routinely 
performed at 3 hours, 3 days and 3 months after surgery. Post-
operative air accumulation was defined as dense air around the 
subdural catheter. CSDH density of preoperative CT scans was 
classified into 4 categories : high density, isodense, low density, 
and mixed density. 

Catheter failure was defined as an inappropriate position, i.e., 
not in the subdural space. Postoperative CT scans at 3 hours af-
ter the operation confirmed the catheter’s position. Recurrence 
of CSDH was defined as a confirmed post-operative hematoma 
expansion on postoperative CT scans and aggravation of neu-
rological dysfunction. 

Table 1. Neurological grading according to Markwalder’s grading scale 
(MGS)

MGS Status
0 Patient neurologically normal
1 Patient alert and oriented; mild symptoms such as 

headache; absent or mild neurological deficit, such 
as reflex asymmetry

2 Patient drowsy or disoriented with variable 
neurological deficit, such as hemiparesis

3 Patient stuporous but responding appropriately to 
noxious stimuli; severe focal signs such as hemiplegia

4 Patient comatose with absent motor responses to 
painful stimuli; decerebrate or decorticate posturing

Table 2. Demographic and clinical data of 134 patients with symptom-
atic chronic subdural hematoma

Parameter Value
Mean patient age (range) 70 yrs (25-94 yrs)
Males/Females 2.25/1
Underlying disease (%)
    HTN   60 (44.8%)
    DM   26 (19.4%)
    Anticoagulant   21 (15.7%)
Location (rt/lt/both) 134 (64/53/17)

HTN : hypertension, DM : diabetes mellitus

Fig. 1. Brain CT scans obtained in a 68-year-old man who presented with 
drowsy consciousness and motor weakness who underwent TDC at the 
normal safe entry point. A : Preoperative axial image showing a mixed 
density lesion compatible with a CSDH in the right frontal and parietal 
area. B : Axial soft tissue algorithm obtained 3 h after TDC at the PCP with 
closed-system drainage showing appropriate catheter direction and 
depth. C : Axial bone algorithm obtained 3 h after TDC at the PCP with 
closed-system drainage showing an appropriate craniostomy at the nor-
mal safe entry point. D : Small operative scar 1 month after TDC at the 
PCP (arrow). TDC : twist-drill craniostomy, CSDH : chronic subdural he-
matoma, PCP : pre-coronal point.
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RESULTS 

Patient demographic data
Demographic data of the enrolled patients are shown in Table 

2. The mean patient age was 70 (range, 25-94) years. The male 
to female ratio was 2.25 to 1. Of the CSDH patients, 60 (44.8%) 
had hypertension, 27 (20.1%) had diabetes mellitus, and 21 
(15.7%) had taken anticoagulant medications. CSDH developed 
in the right hemisphere in 64 (47.8%), in the left in 53 (39.6%), 
and bilaterally in 17 (12.7%). 

Preoperative radiological imaging
Preoperative CT findings are shown in Table 3. The mean 

thickness of the CSDH at the PCP was 21.1 (range, 7.1-39.9) mm 
on brain CT scans. The mean mid-line shift of brain parenchyma 
was 10.45 (range, 0-27.34) mm on brain CT scans at the PCP. 
Many cases showed isodense hematomas (58 cases, 43.3%). Low-
density CSDH was seen in 38 cases (28.4%), high-density CSDH 
in 16 cases (11.9%), and mixed density CSDH in 22 cases 
(16.4%). Hematoma septation was identified in 43 cases (32.1%).

Postoperative parameters
Clinical postoperative parameters were analyzed, and results 

are shown in Table 4. The mean operation time was 21 min for 
both unilateral and bilateral cases (range, 7-63 min). The mean 
duration of subdural catheter indwelling was 4 (range, 1-8) days. 
The mean hospital stay was 13.1 (range, 2-67) days. All postoper-
ative TDC except two had congruent points with the measured 
area in the preoperative brain CT scans. We found air accumula-
tion in 11 patients (7.7%) on postoperative brain CT scans.

Outcome of clinical performance
Clinical performance data as analyzed by the Markwalder 

Grading Scale (MGS) are shown in Table 5; a lower grade on 
this scale indicates better cognitive functioning. On admission, 
the MGS results showed that 109 (81.3%) patients were in Grade 
1, 21 (15.7%) in Grade 2, four (2.8%) in Grade 3, and none in 
Grade 4. Postoperative performance scores were lower; 114 
(85.1%) were Grade 0, or normal; 15 (11.2%) were Grade 1, one 
(1.4%) was Grade 2, and three (2.3%) were Grade 3. The mean 
value of MGS decreased from 1.21 to 0.21.

Catheter failures and recurrences
Catheter failure was seen in two cases on postoperative brain 

CT scans. In both, catheters were insert-
ed in the epidural space. In the first case, 
we removed the catheter immediately 
and performed a craniotomy and hema-
toma evacuation due to the occurrence 
of an acute epidural hematoma. In the 
other patient, we performed BHD at the 
same entry point (Fig. 2). The two pa-
tients recovered neurological function 

Table 3. Preoperative CT findings in 134 patients with symptomatic 
chronic subdural hematoma

Parameter Value
Mean thickness of CSDH at 
  craniostomy (range)

   21.1 mm (7.1-39.9 mm)

Mean midline shift (range) 10.45 mm (0-27.34 mm)
Hematoma density at CT 
  (no. of patients)

134 (100%)

    Hypodense   38 (28.4%)
    Isodense   58 (43.3%)
    Hyperdense   22 (16.4%)
    Mixed density   16 (11.9%)
Septation   43 (32.1%)

Table 4. Clinical data of postoperative course 

Parameter Value
Postoperative course
    Operation time 21.9 (7-63 min)
    Catheter indwelling duration      4 (1-8 day)
    Hospital stay 13.1 (2-67 day)
CT finding
    Congruence* 132 (98.5%)
    Air accumulation   11 (7.7%)
    Catheter failure     2 (1.5%)
    Recurrence     8 (5.9%)

*Accuracy between the normal safe entry point and the twist-drill craniostomy on 
the postoperative CT scan.

Table 5. Pre-operative and post-operative clinical performance

MGS Preoperative clinical performance Post-operative performance
0      0 (0%) 114 (85.1%)
1 109 (81.3%)   15 (11.2%)
2   21 (15.7%)     2 (1.4%)
3     4 (3.0%)     3 (2.3%)
4     0 (0%)     0 (0%)

MGS : markwalder grading scale

Fig. 2. Brain CT scans obtained in a 71-year-old patient who presented 
with stuporous consciousness and underwent TDC at the PCP with 
closed-system drainage. However, the subdural catheter was positioned 
into the wrong space. A : Postoperative axial brain CT scans showing 
catheter positioned in the epidural space. B : Axial soft tissue algorithm 
brain CT scan obtained 1 month after BHD. The hematoma had resolved 
completely, and the patient’s neurological function had improved. TDC : 
twist-drill craniostomy, PCP : pre-coronal point, BHD : burr-hole drainage.
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the bone. 
Our study was analyzed concerning patients’ good outcome 

to compare with other reports. As the result of our study, pa-
tient’s clinical performance was downgraded 1.21 to 0.21. One-
hundred-and-fourteen (85.1%) of total 134 patients showed 
improved clinical symptom and neurological function. Muzii et 
al.11) reported a prospective series of 22 patients treated with 
TDC and closed suction drainage. There was 90.9% of recovery 
rate at only MGS 0. Camel and Grubb2) obtained a good out-
come in 86% of their patients. Although operation method was 
different from other reports, outcome was better than other re-
ports. In our series, operation time including measuring PCP 
was average 21 minutes. Muzii et al.11) reported a prospective 
series of 22 patients treated with TDC and closed suction drain-
age. The mean operation time was 25.2 minutes and their oper-
ation time was faster than BHD. Williams et al.22) reported the 
mean operation time as 25 minutes. The major difference from 
other reports was definite set up entry point. The point measur-
ing accuracy was 98.5% in our cases. The PCP has advantage as 
it allows surgeons to confirm from scalp land mark. Also, it is 
easier and less stressful to operator. However, TDC carries the 
risk of hemorrhagic complications because it is blind technique. 
Injury of middle meningeal artery during TDC may cause the 
development of epidural hematoma. Acute epidural hemato-
mas may result from detachment of dura from the inner sur-
face of the skull as a result of a relatively blunt drill, without 
penetrating into the SDH cavity20), or rapid decompression of 
CSDH. We have experienced catheter failure on epidural space 
in 2 cases. Based on our experience, we recommend  two im-
portant things during TDC; first is to confirm crank-oil color 
hematoma draining, and second is to twist fast to penetrate dura 
mater. Slow drilling might make dura mater detached from cra-
nial bone. It is easy to twist slowly because the inexperienced 
operator may fear from penetration brain injury. Unintentional 
brain damage can be avoided by drilling through the skull and 
passing the catheter into the subdural cavity tangentially1,3,5).

In our series, the recurrence rate was 5.9% (8 case). The pa-
tients undergone TDC had range of 9-64% in previous reports. 

fully and were discharged without sequelae.
Recurrence was seen in eight (5.9%) patients at a mean of 

24.8 (range, 7-42) days after TDC at the PCP with closed-sys-
tem drainage (Table 6). Of these, seven patients underwent re-
vised BHD at the hematoma maximal point. One patient un-
derwent a revised TDC at the same point. The mean hematoma 
thickness was 19.2 (range, 11.1-31.5) mm. In seven of the eight 
(87.5%) patients with recurrence, the hematoma location was 
on the right. In seven patients, the hematoma density of the 
postoperative CT scan was higher than that of the preoperative 
CT scans. Hematoma septation was seen in five cases.

 DISCUSSION 

Chronic subdural hematoma is a frequently encountered 
problem in neurosurgical practice10). Many elderly patients with 
co-morbid medical condition suffer from CSDH. They needed 
simple and short time technique to treat CSDH18). Many studies 
have demonstrated that TDC using closed-system drainage is 
an effective operation technique for CSDH5,13,18). It was first in-
troduced as a diagnostic procedure in 196614). Since then, many 
studies have demonstrated that TDC using closed-system drain-
age is an effective procedure for CSDH as a definitive treatment 
modality16,22). However, the reports to date make reference to the 
craniostomy performed in many different locations, such as the 
rostral or anterior part2,4,21) or the maximal thickness site15,20,22). 
We hypothesized that TDC is more comfortable, easy and fast 
procedure if definite entry point was set up5). Therefore, our in-
stitute set up PCP for TDC based on the brain image and the 
surface landmark of the scalp. We defined PCP for TDC against 
CSDH to be 1 cm anterior to coronal suture at the level of the 
STL. To prevent the twist drill and catheter from entering the 
cortex, we outlined the two steps of surgical techniques. First, a 
hand drill equipped with a Steinman pin with 4 cm length is 
placed perpendicularly to the surface of the skull and a mark 
was made on the outer skull to keep the twist drill from slipping 
down the skull. Second, using the twist drill with 6 cm length, 
the skull and dura are penetrated at 45° angle to the surface of 

Table 6. Clinical and radiological data of eight patients with recurrence

Sex Age
CT scans

2nd 
operation

Recurrence 
duration (days) 

after TDC
Maximal 

thickness (mm) 
Midline 

shift (mm)
Air 

accumulation
Pre-op 
density

Post-op 
density Septation

1 M 75 23.1   7.9 No Iso High Yes BHD 42
2 F 82 25.3   8.1 No Iso Mixed No BHD 13
3 F 78 22.2 14.8 Yes Low Mixed Yes BHD   7
4 M 57 38.6 22.5 Yes Iso Mixed No TDD 35
5 F 79 11.1   4.2 Yes Iso Iso Yes BHD   9
6 F 70 20.2   8.2 No Low Iso Yes BHD 35
7 M 75 20.2   9.9 Yes Mixed Mixed Yes BHD 16
8 M 71 31.5 13.1 No Iso Mixed No BHD 41

Iso : Isodense, Low : lowdense, High : highdense, Mixed : mixed dense, TDC : twist-drill craniostomy on pre-coronal point with closed-system drainage, BHD : burr-hole 
drainage with closed-system
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Neurosurg Soc 41 : 11-15, 2007
8. Ko BS, Lee JK, Seo BR, Moon SJ, Kim JH, Kim SH : Clinical analysis of 

risk factors related to recurrent chronic subdural hematoma. J Korean 
Neurosurg Soc 43 : 11-15, 2008

9. Lega BC, Danish SF, Malhotra NR, Sonnad SS, Stein SC : Choosing the 
best operation for chronic subdural hematoma : a decision analysis. J 
Neurosurg 113 : 615-621, 2010

10. Miranda LB, Braxton E, Hobbs J, Quigley MR : Chronic subdural he-
matoma in the elderly : not a benign disease. J Neurosurg 114 : 72-76, 
2011

11. Muzii VF, Bistazzoni S, Zalaffi A, Carangelo B, Mariottini A, Palma L : 
Chronic subdural hematoma : comparison of two surgical techniques. 
Preliminary results of a prospective randomized study.  J Neurosurg Sci 
49 : 41-46; discussion 46-47, 2005

12. Oh HJ, Lee KS, Shim JJ, Yoon SM, Yun IG, Bae HG : Postoperative 
course and recurrence of chronic subdural hematoma. J Korean Neuro-
surg Soc 48 : 518-523, 2010

13. Ramnarayan R, Arulmurugan B, Wilson PM, Nayar R : Twist drill cra-
niostomy with closed drainage for chronic subdural haematoma in the 
elderly : an effective method. Clin Neurol Neurosurg 110 : 774-778, 
2008

14. Rand BO, Ward AA Jr, White LE Jr, White LE Jr : The use of the twist 
drill to evaluate head trauma. J Neurosurg 25 : 410-415, 1966

15. Reinges MH, Hasselberg I, Rohde V, Küker W, Gilsbach JM : Prospec-
tive analysis of bedside percutaneous subdural tapping for the treatment 
of chronic subdural haematoma in adults. J Neurol Neurosurg Psychia-
try 69 : 40-47, 2000

16. Rychlicki F, Recchioni MA, Burchianti M, Marcolini P, Messori A, Papo 
I : Percutaneous twist-drill craniostomy for the treatment of chronic 
subdural haematoma. Acta Neurochir (Wien) 113 : 38-41, 1991

17. Sindou M, Ibrahim I, Maarrawi J : Chronic sub-dural hematomas : twist 
drill craniostomy with a closed system of drainage, for 48 hours only, is 
a valuable surgical treatment. Acta Neurochir (Wien) 152 : 545-546, 
2010

18. Smely C, Madlinger A, Scheremet R : Chronic subdural haematoma--a 
comparison of two different treatment modalities. Acta Neurochir 
(Wien) 139 : 818-825; discussion 825-826, 1997

19. Stanisic M, Lund-Johansen M, Mahesparan R : Treatment of chronic 
subdural hematoma by burr-hole craniostomy in adults : influence of 
some factors on postoperative recurrence. Acta Neurochir (Wien) 147 : 
1249-1256; discussion 1256-1257, 2005

20. Sucu HK, Gökmen M, Ergin A, Bezircioğlu H, Gökmen A : Is there a 
way to avoid surgical complications of twist drill craniostomy for evacu-
ation of a chronic subdural hematoma? Acta Neurochir (Wien) 149 : 
597-599, 2007

21. Voelker JL, Sambasivan M : The role of craniotomy and trephination in 
the treatment of chronic subdural hematoma. Neurosurg Clin N Am 
11 : 535-540, 2000

22. Williams GR, Baskaya MK, Menendez J, Polin R, Willis B, Nanda A : 
Burr-hole versus twist-drill drainage for the evacuation of chronic sub-
dural haematoma : a comparison of clinical results. J Clin Neurosci 8 : 
551-554, 2001

So, many other reports did not recommend first line choice to 
treat TDC in CSDH patients because of high recurrence rate9,19,22). 
Other reports are to propose post-operative hematoma densi-
ty6,8,12) and air accumulation in recurrence factor7,8,19). Our series 
showed relatively low recurrence rate (5.9%) possibly because 
of low incidence of air accumulation than other reportsr7,19). We 
had only 7.7% in postoperative air accumulation rate. However, 
our recurrent cases had higher density than preoperative hema-
toma density and showed air accumulation in 7 cases. In addi-
tion, brain expansion and compliance function decreased due 
to aging process. Patients with recurrent accumulation under-
went second operation with BHD with closed-system in maxi-
mal thickness point and the patients improved after surgery. 

CONCLUSION 

The PCP for TDC was defined as 1 cm anterior to the coronal 
suture at the level of the STL. This point can be accurately esti-
mated on the scalp using surface landmarks. TDC at the PCP 
with closed-system drainage is proved to be safe and effective 
for patients with symptomatic CSDH whose hematomas ex-
tended beyond the coronal suture.
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