
ORIGINAL PAPER

The efficacy and safety of burr-hole craniotomy
without continuous drainage for chronic subdural hematoma
and subdural hygroma in children under 2 years of age

Kazuya Matsuo1,2 & Nobuyuki Akutsu1
& Kunitoshi Otsuka3 & Kazuki Yamamoto4 &

Atsufumi Kawamura1 & Tatsuya Nagashima1

Received: 27 January 2016 /Accepted: 26 August 2016 /Published online: 9 September 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Purpose Various treatment modalities have been used in the
management of chronic subdural hematoma and subdural
hygroma (CSDH/SDHy) in children. However, few studies
have examined burr-hole craniotomy without continuous
drainage in such cases. Here, we retrospectively evaluated
the efficacy and safety of burr-hole craniotomy without
continuous drainage for CSDH/SDHy in children under
2 years old. We also aimed to determine the predictors of
CSDH/SDHy recurrence.
Methods We conducted a retrospective chart review of 25
children under 2 years old who underwent burr-hole craniot-
omy without continuous drainage for CSDH/SDHy at a pedi-
atric teaching hospital over a 10-year period. We analyzed the
relationship between CSDH/SDHy recurrence and factors
such as abusive head trauma, laterality of CSDH/SDHy, and
subdural fluid collection type (hematoma or hygroma).
Results CSDH/SDHy recurred in 5 of the 25 patients (20 %),
requiring a second operation at an average of 0.92 ± 1.12months
after the initial procedure. The mean follow-up period was 25.1

± 28.6 months. There were no complications related to either
operation. None of the assessed factors were statistically associ-
ated with recurrence.
Conclusions Burr-hole craniotomy without continuous drain-
age for CSDH/SDHy appears safe in children aged under
2 years and results in a relatively low recurrence rate. No
predictors of CSDH/SDHy recurrence were identified.
Advantages of this method include avoiding external subdural
drainage-related complications. However, burr-hole drainage
may be more effective for CSDH, which our data suggests is
more likely to recur than SDHy, providing the procedure is
performed with specific efforts to reduce complications.
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Introduction

Extra-axial fluid collections, such as chronic subdural hema-
toma and subdural hygroma (CSDH/SDHy), are pathological
conditions that occur more frequently in children, particularly
those under 2 years of age, because of physiological cranio-
cerebral disproportion [4, 21]. Various treatment modalities
have been used in the management of CSDH/SDHy in chil-
dren, including percutaneous subdural tapping with or without
drain placement, burr-hole craniotomy with or without drain
placement, subcutaneous reservoir placement, subdural-
subgaleal shunt [3], subdural-peritoneal shunt (SPS), and
craniotomy.

SPS is believed to have the lowest recurrence rate of
CSDH/SDHy among the various treatments and has been
widely used in the treatment of pediatric CSDH/SDHy [13,
15, 21]; however, it frequently requires a second procedure to
remove the shunt. Additionally, previous reports have
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indicated complication rates of 8–36 % after SPS and shunt
removal surgery [4, 6, 12, 13, 15, 21]. Therefore, there is an
apparent need for effective surgical management strategies
that can minimize complication rates.

In adults, it has been suggested that burr-hole craniotomy
with continuous drainage is superior to that without continu-
ous drainage in adult CSDH patients [1, 14, 16, 20]. By com-
parison, only one report currently exists of burr-hole craniot-
omy without continuous drainage in the management of sub-
dural fluid collection in infants [18], and the efficacy of this
treatment for CSDH/SDHy in children has not been clarified.
Because children are often difficult to keep on bed rest post-
operatively, it is expected that the risk of complications, such
as accidental removal of the drain and infection, is high. We
therefore hypothesized that burr-hole craniotomywithout con-
tinuous drainagewould bemore effective and safer for CSDH/
SDHy in children than in adults.

Here, we retrospectively evaluated the efficacy and safety
of burr-hole craniotomy without continuous drainage for
treating CSDH/SDHy in children under 2 years of age. We
also aimed to determine the predictors of CSDH/SDHy recur-
rence following this treatment.

Materials and methods

The records of 25 patients under 2 years of age with CSDH/
SDHy treated using burr-hole craniotomy without continuous
drainage at Kobe Children’s Hospital between November
2004 and May 2015 were reviewed retrospectively. CSDH
was defined as a subdural fluid collection surrounded by a
typical neomembrane that contained dark red or brown liquid
blood. SDHy was defined as a subdural fluid collection that
contained xanthochromic or clear cerebrospinal fluid (CSF)-
like fluid with or without a neomembrane at the time of the
operation. Patients with a subdural abscess or subacute sub-
dural hematoma were excluded. Patients with incomplete
postoperative follow-up data were also excluded. All cases
of CSDH/SDHy were confirmed by computed tomography
(CT) scanning. The location of the CSDH/SDHy was classi-
fied as unilateral or bilateral, and the CT appearance of each
was classified as hypodense, isodense, hyperdense, or mixed
density. Age at the time of surgery, gender, etiology, present-
ing symptoms and physical findings, CT appearance, treat-
ment, and the patient’s clinical course were evaluated.
Statistical analysis was performed on the association between
CSDH/SDHy recurrence and the following factors: abusive
head trauma (AHT), laterality of CSDH/SDHy, use of postop-
erative hemostatic agents, type of subdural fluid collection
(hematoma or hygroma), and presence or absence of an outer
membrane surrounding the subdural fluid.

A comprehensive review of the history and an extensive
investigation and interview process was conducted in each

case by the hospital’s child protection team to determine
whether AHT was involved. A fundus examination was also
performed in every case as part of the AHT investigation.

Surgery

The decision to operate was made when patients were symp-
tomatic (intracranial hypertension or seizure) or when they
were asymptomatic but their CT scans showed the develop-
ment of subdural fluid collection that presented a midline
shift.

All patients underwent surgery under general anesthesia. A
small curvilinear incision was made over the subdural hema-
toma or hygroma, and a single burr hole was created on the
lateral aspect of the anterior fontanel along the coronal suture.
If the anterior fontanel was closed or small, the burr hole was
placed 2.5–5 cm lateral from the midline of where the fluid
was especially thick. Irrigation of the subdural fluid was per-
formed with sterile saline solution or artificial CSF (Artcereb;
Otsuka Pharmaceutical Factory, Tokushima, Japan), except in
cases in which irrigation presented difficulties. To prevent
CSF leakage, the periosteum and galea were closed with 4-0
or 5-0 Vicryl (polyglactin 910, Ethicon Inc., Somerville, NJ,
USA) when possible, and the skin was closed with 4-0 or 5-0
nylon monofilament. No drainage was used. All patients with
bilateral CSDH/SDHy were treated on both sides during the
same operation.

Postoperative care

After the surgical procedure, the patient was placed in the
supine position, and the head was elevated to an angle of
10–15°. All patients received prophylactic antibiotic therapy
before and after surgery. Management of postoperative hemo-
static agents for each patient depended on the personal pref-
erences of the surgeon. The follow-up period was calculated
from the date of surgery to the last radiographic study, includ-
ing CT and magnetic resonance imaging. Recurrence rate was
defined as the percentage of CSDH/SDHy cases requiring
reoperation. Repeated operations were performed when
neurological symptoms reappeared due to increasing
CSDH/SDHy, or when patients were asymptomatic but
increasing CSDH/SDHy was observed on the operated side
during CT.

Statistical analysis

All statistical analyses were conducted with EZR version 1.28
software (Saitama Medical Center, Jichi Medical University,
Saitama, Japan). Fisher’s exact test was used to determine the
association between CSDH/SDHy recurrence and the follow-
ing factors: AHT, laterality of CSDH/SDHy, use of postoper-
ative hemostatic agents, type of subdural fluid collection
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(hematoma or hygroma), and presence or absence of outer
membrane surrounding the subdural fluid. Statistical signifi-
cance was assumed at p < 0.05.

Results

Patients

During the study period, 25 children under 2 years of age with
CSDH/SDHy underwent burr-hole craniotomy without con-
tinuous drainage. The mean age was 6.1 ± 4.5 months (range,
1–19 months; Table 1). There were 21 boys and 4 girls. The
causes of CSDH/SDHy were as follows: head injury in 10
(drop in 7, fall in 2, traffic accident in 1), post-craniotomy
for intracerebral hemorrhage in 1, derived from post-
meningitis subdural effusion in 1, following conservative

therapy for acute subdural hemorrhage resulting from shock
and disseminated intravascular coagulation during abdominal
surgery in 1. No specific cause could be identified in 12 pa-
tients. AHT was identified in 12 patients, with retinal hemor-
rhage observed in 10 of these.

The main clinical manifestation was vomiting in 11 cases
(44 %), and seizure was the second most frequent sign, occur-
ring in 10 cases (40 %). Also noted was irritability in four
cases, lethargy in two cases, and hemiparesis in one case.
Five patients underwent surgery because the hematoma in-
creased progressively although they showed no signs of in-
creased intracranial pressure.

Surgical management

CSDH/SDHy was bilateral in 17 patients and unilateral in 8.
Thus, a total of 42 burr-hole craniotomies without continuous
drainage were performed. One patient did not receive irriga-
tion because of sufficient brain expansion. Data on irrigation
were unavailable in one patient. The operative findings in-
cluded subdural fluids that were dark red and bloody in 15
patients, xanthochromic in 8, and clear CSF-like in 2. A typ-
ical neomembrane was not found in five patients, who all
presented with clear CSF-like or xanthochromic fluids. The
15 patients with dark red bloody fluids were diagnosed with
CSDH, and the other 10 patients were diagnosed with SDHy.
Figure 1 shows the pre- and postoperative CT images from
one patient with CSDH and one with SDHy.

Eight patients were treated postoperatively with a hemo-
static agent (tranexamic acid or carbazochrome sodium sulfo-
nate hydrate or both). All patients were treated with antibiotics
for 1–5 days, mostly with ampicillin or cefazolin. Bloody fluid
from CSDH was found in 3 of 3 cases that appeared
hyperdense on CT, 1 of 1 case that was isodense, 8 of 17 cases
that were hypodense, and 3 of 4 cases with mixed density.

Recurrence and complication

The mean follow-up period was 25.1 ± 28.6 months (range,
1.25–115 months). There were no complications related to the
surgical procedure. Five of the 25 patients (20 %) had recur-
rence of CSDH/SDHy that required a second operation at
0.92 ± 1.1 months (range, 0.20–2.9 months) after the initial
burr-hole craniotomy (Table 2). Among the 42 hematomas
and hygromas, 5 (11.9 %) recurred. Of these patients, case 1
was a 5-month-old boy with bilateral CSDH with mixed den-
sity on CT, who presented with convulsions. The recurrence
occurred 16 days after initial surgery and he underwent SPS
for right CSDH. It recurred again 97 days after the second
surgery, and the patient underwent SPS revision. Case 2 was
a 2-month-old boy with bilateral CSDHwithmixed density on
CT, who presented with lethargy and vomiting, and was sub-
jected to abuse. The recurrence occurred 6 days after initial

Table 1 Characteristics of patients with chronic subdural hematoma
and subdural hygroma

Characteristic Value

Age (month)

Mean ± SD 6.1 ± 4.5

Range 1–19

Sex

Male 21

Female 4

Etiology

Abusive head trauma 12 (10a)

Head trauma 10

Post-craniotomy 1

Post meningitic subdural effusion 1

After ASDH due to intraoperative DIC 1

Symptoms and signs

Vomiting 11

Seizure 10

Irritability 4

Lethargy 2

Hemiparesis 1

Laterality of hematoma

Bilateral 17

Right 4

Left 4

Follow-up period (day)

Median 613

Range 38–3506

ASDH acute subdural hemorrhage, DIC disseminated intravascular
coagulation
a Retinal hemorrhage was observed in 10 patients with abusive head trau-
ma. Values represent number of children unless otherwise indicated
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surgery and he underwent SPS for left CSDH. Case 3 was an
asymptomatic 19-month-old boy with right CSDH with
hypodensity on CT. The recurrence occurred 20 days after
initial surgery and he underwent SPS. Case 4 was a 4-
month-old girl with bilateral CSDH with hypodensity on
CT, who presented with convulsions and was subjected to
abuse. The recurrence occurred 88 days after initial surgery
and she underwent burr-hole surgery for left CSDH using the
same burr hole used in the initial surgery. Case 5 was a 17-
month-old boy with bilateral SDHy with hypodensity on CT,
who presented with vomiting. The recurrence occurred
10 days after initial surgery and he underwent SPS for left
SDHy. All of these patients were treated successfully.

Predictors of recurrence

Recurrence occurred in 2 of 12 patients with AHT, compared
with 3 of 13 without AHT (16.7 vs. 23.1 %, respectively). The
relationship between AHTand recurrence was not statistically
significant (Table 3). Recurrence occurred in 4 of 17 patients
with bilateral CSDH/SDHy, compared with 1 of 8 patients
with unilateral CSDH/SDHy (23.5 vs. 12.5 %, respectively).
The relationship between bilateral hematoma and recurrence
was not statistically significant. Recurrence occurred in 4 of

15 patients with CSDH, compared with 1 of 10 patients with
SDHy (26.7 vs. 10.0 %, respectively). There was no signifi-
cant difference between CSDH and SDHy in terms of recur-
rence. Use of postoperative hemostatic agents and presence of
outer membrane surrounding the subdural fluid were not re-
lated to recurrence.

Discussion

We found that burr-hole craniotomywithout continuous drain-
age for CSDH/SDHy appeared safe in children under 2 years
old and was associated with a relatively low recurrence rate.
We also found that AHT, bilateral CSDH/SDHy, use of post-
operative hemostatic agents, subdural fluid collection types
(hematoma or hygroma), and presence or absence of an outer
membrane surrounding the subdural fluid were not signifi-
cantly associated with recurrence.

Tolias et al. reported on 18 patients under 2 years old with
subdural fluid collection who had been followed for a median
of 12 months [18]. Recurrence of subdural fluid collection
was observed in 22 % of these patients. However, the inves-
tigators excluded all patients with a history of AHT, and some
patients required subdural drainage but the rate was not

Table 2 Surgical treatment of
chronic subdural hematoma and
subdural hygroma

Initial operation Reoperation Third operation No.

Burr-hole craniotomy without drain 20

Burr-hole craniotomy without drain Burr-hole craniotomy without drain 1

Burr-hole craniotomy without drain Subdural-peritoneal shunt 3

Burr-hole craniotomy without drain Subdural-peritoneal shunt Subdural-peritoneal shunt 1

Total 25

Fig. 1 Computed tomography
images of a 3-month-old boy with
bilateral chronic subdural
hematoma (a preoperative; b
postoperative; c last follow-up
image 33.2 months after the
operation) and a 2-month-old girl
with bilateral subdural hygroma
(d preoperative; e postoperative; f
last follow-up image 10.3 months
after the operation)
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recorded. To our knowledge, the present study is the largest
and most comprehensive assessment of the efficacy and safety
of burr-hole craniotomy without continuous drainage in the
treatment of children under 2 years of age with CSDH/SDHy.

We observed a recurrence rate of 20 %, which is unsatis-
factorily high. However, it is comparable to previously pub-
lished data for burr-hole craniotomy without drainage. In
adults, the recurrence rate of CSDH after burr-hole cranioto-
my without drainage is 17–33 % [5, 14, 16, 20, 22]. Together,
these results indicate that the recurrence rate is similar in pe-
diatric and adult patients.

In previous reports, recurrence occurred after SPS in 0–
12 % of patients, and postoperative complications were ob-
served in 8–36 % of cases [4, 6, 12, 13, 15, 21]. Compared
with these results, our findings suggested that burr-hole crani-
otomy without continuous drainage had a slightly higher rate
of recurrence but lower rate of complications than SPS.
However, these previous reports examining SPS may have
underestimated the rate of recurrence because most of them
included shunt obstruction as a complication rather than a
recurrence. Because previous reports indicated that 38–93 %
of cases required removal of the shunt after SPS [4, 12, 13, 15,
21], the burr-hole craniotomy performed in the present study
had a higher rate for completion of treatment in a single sur-
gery than SPS. Additionally, complications related to removal
of the SPS, such as subdural hemorrhage due to adherence of
the proximal catheter, may occur in up to 18.6% of cases [12].

Percutaneous subdural tapping for subdural fluid collection
in children has a higher recurrence rate (42–100 %) than that
found using the present treatment strategy [2, 12, 13, 15, 18].
In addition, percutaneous subdural tapping has been associat-
ed with a high infection rate (25 %) [18]. The major differ-
ences between percutaneous subdural tapping and burr-hole
craniotomy are in the amount of hematoma that can be evac-
uated and in the ability of craniotomy to be combined with
irrigation. Some reports have shown that significantly greater
levels of tissue plasminogen activator and interleukin-6 are

detected in recurrent hematomas than in non-recurrent cases;
a similar tendency has been noted for the α2-plasmin inhibi-
tor–plasmin complex in hematomas [10, 11]. Therefore, we
speculate that the reduction of these factors by irrigation may
effectively prevent recurrence. Indeed, irrigation of the hema-
toma cavity is accepted as an effective treatment for CSDH in
adults [5, 7, 14]. However, some authors have stated that the
rapid decrease in intracranial pressure obtained by irrigation
can lead to adverse effects [7], although none of these adverse
effects were observed in any of the patients in the present
study.

In our study, no relevant complications were observed after
burr-hole craniotomywithout continuous drainage. According
to a previous meta-analysis of adult CSDH, the complication
rate is 15.6 % in cases with drainage and 10.6 % in cases
without drainage [14]. Complications following drain place-
ment in children may be higher than those in adults owing to
more delicate skin and difficulty in maintaining postsurgical
bed rest in children. Tolias et al. previously reported that com-
plications occurred in 17 % of patients after burr-hole crani-
otomy without drainage for infant subdural fluid collection
[18]. However, the results of our study indicated that a lower
complication rate may result when care is taken to prevent
CSF leakage, with adequate closure of the periosteum and
galea, and sufficient infection control is provided.

Because there is a higher incidence of recurrence in CSDH
compared with SDHy as shown in this study, different treat-
ment strategies could be considered for each condition. Burr-
hole drainage might be more effective for CSDH, providing
efforts are taken during the procedure to reduce complications.

AHT, bilateral CSDH/SDHy, use of postoperative hemo-
static agents, subdural fluid collection type (hematoma or
hygroma), and presence of an outer membrane surrounding
the subdural fluid were not significantly associated with re-
currence in this study. Children with AHT have a high risk of
poor outcome [17]. Cerebral atrophy following abuse may
increase the recurrence rate of CSDH/SDHy [8, 24]; however,

Table 3 Factors potentially
related to recurrence of chronic
subdural hematoma and hygroma

Factor No. of patients (%) p value

95 % CI
Recurrence No recurrence

Abusive head trauma (n = 12) 2 (17 %) 10 (83 %) p = 1

95 % CI 0.05–7.33

Bilateral hematoma (n = 17) 4 (24 %) 13 (76 %) p = 1

95 % CI 0.01–6.21

Subdural fluid is hematoma (n = 15) 4 (27 %) 11 (73 %) p = 0.62

95 % CI 0.25–179

Postoperative hemostatic agents (n = 8) 1 (12.5 %) 7 (87.5 %) p = 1

95 % CI 0.01–6.21

Existing outer membrane (n = 20) 4 (20 %) 16 (80 %) p = 1

95 % CI 0.07–61.4

Childs Nerv Syst (2016) 32:2369–2375 2373



AHT was not related to recurrence in the present study.
Although bilateral CSDH has been considered a risk factor
for recurrence of CSDH in adults [19], no significant correla-
tion was found for children under 2 years in the present study.

It has been reported that the recurrence rate is higher in
patients with lower protein content in the subdural fluid
[24], so recurrence could occur more frequently in SDHy than
CSDH. Our study showed no significant difference in recur-
rence rates between CSDH and SDHy, but we found that cases
of CSDH showed a higher tendency for recurrence than did
cases of SDHy. The exact pathogenesis and diagnosis of
SDHy are still a matter of debate and uncertainty, particularly
in infants. However, CSDHs are commonly shown to be de-
rived from SDHys [23]. SDHys can develop neomembranes
from the proliferating dural border cells, with neovasculariza-
tion. It has been suggested that repeated microhemorrhages
from these fragile new vessels convert an SDHy into an
expanding CSDH [23]. If SDHys develop into CSDHs, it
may be difficult to clearly distinguish between these two path-
ophysiological states, especially in cases with conditions that
border CSDH and SDHy.

The limitations of this study are that a small number of
patient records were examined and that this is a retrospective
study. However, the number of cases is not necessarily con-
sidered small for our local population because subdural hema-
toma and effusion have been shown to occur with an annual
incidence of 12.54 per 100,000 infants under 2 years [9], and
the population under 2 years of age in Kobe City in 2011 was
only 2465.

Conclusions

Burr-hole craniotomywithout continuous drainage for CSDH/
SDHy in children under 2 years of age appeared safe, with a
relatively low recurrence rate. Additionally, AHT, bilateral
CSDH/SDHy, use of postoperative hemostatic agents, type
of subdural fluid collection (hematoma or hygroma), and pres-
ence or absence of an outer membrane for the subdural fluid
were not significantly associated with recurrence.

The advantages of burr-hole craniotomy without continu-
ous drainage include avoiding external subdural drainage-
related complications, such as infection and accidental remov-
al of the drain, and preventing SPS-related complications.
However, if efforts are taken during the procedure to reduce
complications, external drainage could be a more effective
treatment for CSDH, which our data indicate is more likely
to recur than SDHy. A larger prospective and randomized
control study of burr-hole craniotomy without continuous
drainage and SPS or external subdural drainage will be needed
to confirm our findings and to address remaining issues,
including differences in treatment strategies for CSDH
and SDHy.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent For this type of study, formal consent is not
required.

References

1. Almenawer SA, Farrokhyar F, Hong C, Alhazzani W, Manoranjan
B, Yarascavitch B, Arjmand P, Baronia B, Reddy K, Murty N,
Singh S (2014) Chronic subdural hematoma management: a sys-
tematic review and meta-analysis of 34829 patients. Ann Surg 259:
449–457. doi:10.1097/SLA.0000000000000255

2. Aoki N (1990) Chronic subdural hematoma in infancy: clinical
analysis of 30 cases in the CT era. J Neurosurg 73:201–205

3. Blauwblomme T, Di Rocco F, Bourgeois M, Beccaria K,
Paternoster G, Verchere-Montmayeur J, Sainte-Rose C, Zerah M,
Puget S (2015) Subdural to subgaleal shunts: alternative treatment
in infants with nonaccidental traumatic brain injury? J Neurosurg
Pediatr 15:306–309. doi:10.3171/2014.9.PEDS1485

4. Caldarelli M, Di Rocco C, Romani R (2002) Surgical treatment of
chronic subdural hygromas in infants and children. Acta Neurochir
(Wien) 144:581–588, discussion 588

5. Erol FS, Topsakal C, Faik Ozveren M, Kaplan M, Tiftikci MT
(2005) Irrigation vs. closed drainage in the treatment of chronic
subdural hematoma. J Clin Neurosci 12:261–263

6. Ersahin Y, Tabur E, Kocaman S, Mutluer S (2000) Complications
of subduroperitoneal shunting. Childs Nerv Syst 16:433–436

7. Frati A, Salvati M,Mainiero F, Ippoliti F, Rocchi G, Raco A, Caroli
E, Cantore G, Delfini R (2004) Inflammation markers and risk
factors for recurrence in 35 patients with a posttraumatic chronic
subdural hematoma: a prospective study. J Neurosurg 100:24–32

8. Ghahreman A, Bhasin V, Chaseling R, Andrews B, Lang EW
(2005) Nonaccidental head injuries in children: a Sydney experi-
ence. J Neurosurg 103(3 Suppl):213–218

9. Hobbs C, Childs AM, Wynne J, Livingston J, Seal A (2005)
Subdural haematoma and effusion in infancy: an epidemiological
study. Arch Dis Child 90:952–955

10. Hong HJ, Kim YJ, Yi HJ, Ko Y, Oh SJ, Kim JM (2009) Role of
angiogenic growth factors and inflammatory cytokine on recur-
rence of chronic subdural hematoma. Surg Neurol 71:161–165.
doi:10.1016/j.surneu.2008.01.023, discussion 165–166

11. Katano H, Kamiya K, Mase M, Tanikawa M, Yamada K (2006)
Tissue plasminogen activator in chronic subdural hematomas as a
predictor of recurrence. J Neurosurg 104:79–84

12. Kurschel S, Puget S, Bourgeois M, Zerah M, Ofner P, Renier D
(2007) Factors inf luencing the complicat ion rate of
subduroperitoneal shunt placement for the treatment of subdural
hematomas in infants. J Neurosurg 106(3 Suppl):172–178

13. Litofsky NS, Raffel C, McComb JG (1992) Management of symp-
tomatic chronic extra-axial fluid collections in pediatric patients.
Neurosurgery 31:445–450

2374 Childs Nerv Syst (2016) 32:2369–2375

http://dx.doi.org/10.1097/SLA.0000000000000255
http://dx.doi.org/10.3171/2014.9.PEDS1485
http://dx.doi.org/10.1016/j.surneu.2008.01.023


14. Liu W, Bakker NA, Groen RJ (2014) Chronic subdural hematoma:
a systematic review and meta-analysis of surgical procedures. J
Neurosurg 121:665–673. doi:10.3171/2014.5.JNS132715

15. Melo JR, Di Rocco F, Bourgeois M, Puget S, Blauwblomme T,
Sainte-Rose C, Meyer PG, Zerah M (2014) Surgical options for
treatment of traumatic subdural hematomas in children younger
than 2 years of age. J Neurosurg Pediatr 13:456–461. doi:10.3171
/2014.1.PEDS13393

16. Santarius T, Kirkpatrick PJ, Ganesan D, Chia HL, Jalloh I,
Smielewski P, Richards HK, Marcus H, Parker RA, Price SJ,
Kirollos RW, Pickard JD, Hutchinson PJ (2009) Use of drains ver-
sus no drains after burr-hole evacuation of chronic subdural
haematoma: a randomised controlled trial. Lancet 374:1067–
1073. doi:10.1016/S0140-6736(09)61115-6

17. Sieswerda-Hoogendoorn T, Boos S, Spivack B, Bilo RA, van Rijn
RR (2012) Educational paper: abusive head trauma part I. Clinical
aspects. Eur J Pediatr 171:415–423. doi:10.1007/s00431-011-
1598-z

18. Tolias C, Sgouros S, Walsh AR, Hockley AD (2000) Outcome of
surgical treatment for subdural fluid collections in infants. Pediatr
Neurosurg 33:194–197

19. Torihashi K, Sadamasa N, Yoshida K, Narumi O, Chin M,
Yamagata S (2008) Independent predictors for recurrence of

chronic subdural hematoma: a review of 343 consecutive surgical
cases. Neurosurgery 63:1125–1129. doi :10.1227/01.
NEU.0000335782.60059.17, discussion 1129

20. Tsutsumi K, Maeda K, Iijima A, Usui M, Okada Y, Kirino T
(1997) The relationship of preoperative magnetic resonance
imaging findings and closed system drainage in the recur-
rence of chronic subdural hematoma. J Neurosurg 87:870–
875

21. Vinchon M, Noulé N, Soto-Ares G, Dhellemmes P (2001)
Subduroperitoneal drainage for subdural hematomas in infants: re-
sults in 244 cases. J Neurosurg 95:249–255

22. Wakai S, Hashimoto K, Watanabe N, Inoh S, Ochiai C, Nagai M
(1990) Efficacy of closed-system drainage in treating chronic sub-
dural hematoma: a prospective comparative study. Neurosurgery
26:771–773

23. Wittschieber D, Karger B, Niederstadt T, Pfeiffer H,
Hahnemann ML (2015) Subdural hygromas in abusive head
trauma: pathogenesis, diagnosis, and forensic implications.
AJNR Am J Neuroradiol 36:432–439. doi:10.3174/ajnr.
A3989

24. Yilmaz N, Kiymaz N, Yilmaz C, Bay A (2006) Surgical treatment
outcomes in subdural effusion: a clinical study. Pediatr Neurosurg
42:1–3

Childs Nerv Syst (2016) 32:2369–2375 2375

http://dx.doi.org/10.3171/2014.5.JNS132715
http://dx.doi.org/10.3171/2014.1.PEDS13393
http://dx.doi.org/10.3171/2014.1.PEDS13393
http://dx.doi.org/10.1016/S0140-6736(09)61115-6
http://dx.doi.org/10.1007/s00431-011-1598-z
http://dx.doi.org/10.1007/s00431-011-1598-z
http://dx.doi.org/10.1227/01.NEU.0000335782.60059.17
http://dx.doi.org/10.1227/01.NEU.0000335782.60059.17
http://dx.doi.org/10.3174/ajnr.A3989
http://dx.doi.org/10.3174/ajnr.A3989

	The...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Surgery
	Postoperative care
	Statistical analysis

	Results
	Patients
	Surgical management
	Recurrence and complication
	Predictors of recurrence

	Discussion
	Conclusions
	References


