
Childs Nerv Syst (2005) 21:133–137
DOI 10.1007/s00381-004-1016-1 O R I G I N A L P A P E R

Philippe Gabriel Meyer
Sarah Ducrocq
Thibault Rackelbom
Gilles Orliaguet
Dominique Renier
Pierre Carli

Surgical evacuation of acute subdural
hematoma improves cerebral hemodynamics
in children: a transcranial Doppler evaluation

Received: 27 June 2003
Published online: 2 September 2004
� Springer-Verlag 2004

P. G. Meyer ()) · S. Ducrocq ·
T. Rackelbom · G. Orliaguet · D. Renier ·
P. Carli
Department of Pediatric Anesthesiology
and Neuro Intensive Care Unit,
H�pital Necker Enfants Malades,
Universit� Paris 5,
149 Rue de S�vres, 75743 Paris, France
e-mail:
philippe.meyer@nck.ap-hop-paris.fr
Tel.: +33-1-44494172
Fax: +33-1-44494170

Abstract Objective: The objective
was to evaluate cerebral hemody-
namics in young children with acute
subdural hematoma (SDH) and the
impact of surgical treatment using
transcranial Doppler (TCD).
Design: The design was a prospec-
tive study of infants with SDH re-
quiring surgical evacuation.
Setting: The setting was the neuro
intensive care unit of a university
hospital. Interventions: Indications
for surgical evacuation were based
upon clinical and radiological argu-
ments. Surgery included emergency
needle aspiration followed by exter-
nal or/and internal shunting as re-
quired. A TCD evaluation was per-
formed before needle aspiration, and
after each surgical drainage proce-
dure. It included a pressure provoca-
tion test to assess cerebral compli-
ance. Preoperative and postoperative
middle cerebral artery (MCA) veloc-
ities, Gosling pulsatility (PI) and
Pourcelot resistivity (RI) indexes
and compliance were compared with
Student’s t-test, or Fisher’s exact
test as indicated. Measurements and
main results: Out of 26 infants, 23
(88%) had injuries that had possibly
been inflicted, and 3 had accidental

injuries. Initial TCD evaluation
demonstrated intracranial hyperten-
sion with decreased diastolic veloci-
ty, increased PI and RI, and de-
creased compliance. Surgical evacu-
ation resulted in statistically signifi-
cant improvement in cerebral hemo-
dynamics (diastolic velocity:
17.2€10 cm/s vs. 31.1€10 cm/s,
p<0.0015, PI: 2.5€1.3 vs. 1.4€0.8,
p<0.002, RI: 0.8€0.2 vs. 0.6€0.1,
p<0.005) in all but 3 infants, who
eventually died. Surgical drainage
(primary shunting or external drain-
age) was needed in 23 infants and
resulted in further improvement in
cerebral hemodynamics. Finally, 73%
of the infants made a good recovery.
Conclusions: Children with acute bi-
lateral HSD have a high incidence of
increased intracranial pressure as as-
sessed by TCD. Surgical evacuation
improves cerebral hemodynamics.
TCD could be used for assessing the
need for, and the efficiency of surgi-
cal drainage.
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Introduction

Acute subdural hematoma (SDH) is one of the most fre-
quent conditions in children with head injuries under
2 years of age [1]. It can be observed in as many as

46–70% of children with inflicted injuries [2–4]. It is a
devastating lesion that carries a higher risk of posttrau-
matic seizures, developmental deficiency, and mortality
than other lesions resulting from accidental brain injuries
[1, 5, 6]. The questions of intracranial hypertension, and
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the need for surgical management of acute SDH, remain
unresolved, since there are no studies directly measuring
intracranial pressure (ICP) in children with acute SDH,
and no clear evidence in the literature that early surgical
evacuation could improve the outcome. Surgical indica-
tions vary widely from simple needle puncture to early
subduroperitoneal shunting, and remain based upon a
body of clinical and imaging arguments [7, 8]. Tran-
scranial Doppler (TCD) is a non-invasive and easily re-
producible examination that has already proved its use-
fulness for evaluating ICP and the efficiency of surgical
procedures for intracranial hypertension from hydro-
cephalus [9–11]. We prospectively evaluated the contri-
bution of TCD in evaluating the incidence of intracranial
hypertension, and the efficiency of surgical evacuation on
cerebral hemodynamics in infants with acute SDH.

Patients and methods

Children less than 2 years of age, with subdural bilateral collection
more than 1 cm thick and spontaneous hyperdensity evidenced on
admission CT scan examination were prospectively included in the
study. All of them had detailed physical examination and complete
evaluation including cerebral CT scan, complete skeletal survey,
EEG recording, and fundoscopic examination within 6 h of ad-
mission. Initial critical care management included tracheal intu-
bation with mechanical ventilation in children with a Glasgow
coma score less than 8, and systematic seizures prevention with
intravenous phenytoin (15 mg/kg IV bolus followed by 15 mg/kg/
day IV infusion) and phenobarbital (loading dose: IV 15 mg/kg). A
TCD examination was performed, upon admission, by a trained
operator, including bilateral insonation of the M1 segment of the
middle cerebral artery (MCA) through the temporal window as
previously described [12]. A Doppler probe operating continuously
at 2 MHz (Waki 1-TC, Atys Medical, France) was used for the
purpose of the study. Systolic, diastolic, and mean velocities, pul-
satility index (PI = systolic velocity � diastolic velocity/mean ve-
locity), and resistivity index (RI = systolic velocity � diastolic ve-
locity/systolic velocity) were recorded for each side. After standard
examination, a cerebral compliance test was performed. It consisted
of continuous Doppler recording during gentle compression of the
anterior fontanel for 10 s, and then releasing compression. Com-
pliance was considered as normal when compression decreased
diastolic velocity without modifying systolic velocity, with a return
to baseline within 5 s of pressure release. Compliance was con-
sidered as decreased when fontanel compression decreased both
systolic and diastolic velocities with a return to baseline within 10 s
of pressure release. Compliance was considered as abolished when
systolic and diastolic velocities did not return to baseline after
pressure release. Each child with a potentially non-accidental injury
or with an history inconsistent with the severity of the brain lesion
observed benefitted from a multidisciplinary medical and social
inquiry.

Early surgical evacuation of SDH was considered by neuro-
surgeons in children with a Glasgow coma scale score of 12 or less.
Indications were based upon the clinical observation of a bulging
fontanel in a child with bilateral subdural collection more than 1 cm
thick on the CT scan. Surgical treatment consisted of direct needle
puncture as the first step, followed by either external subdural
drainage or subduroperitoneal shunt implantation as required. A
head CT scan was performed before and after surgical drainage
procedures, but not after needle evacuation. A TCD evaluation was
systematically performed immediately before each surgical evac-

uation and 1 h and 6 h after operation. Postoperative systolic, di-
astolic, and mean velocities, PI, RI, and compliance were compared
with preoperative measurements. Each patient served as his own
control. Results are presented as means € standard deviations.
Statistical analysis used paired Student’s t-test for comparison of
means, and Fisher’s exact test for discrete variables. A p value of
less than 0.05 was considered as significant.

Results

Over a 6-month period, 26 children with acute SDH re-
quiring surgical evacuation were evaluated. Mean age
was 4.8€2 months, and 68% were boys. Among them, 3
(11.5%) were in a road traffic accident as passengers of
moving vehicles; the remaining 23 children had a de-
scribed mechanism of injury inconsistent with the lesions
observed. A cerebral CT scan evidenced a bilateral sub-
dural collection more than 1 cm thick, with interhemi-
spheric and convexity blood hyperdensity in all children.
Subarachnoid or parenchymal hemorrhages were associ-
ated in 20% and 12% of the patients respectively. Cere-
bral edema was noted in 5 patients and brain ischemia in
4. Upon admission, 13 patients had a GCS score of 8 or
less and requiring mechanical ventilation, 6 had early
seizures, and 5 had early refractory status epilepticus
requiring continuous barbiturate therapy. Six children
(23%) developed further status epilepticus despite pro-
phylactic treatment and required continuous barbiturate
therapy. Fundoscopic examination was normal in 7 pa-
tients (3 with witnessed accidental injury) and depicted
bilateral retinal hemorrhage in 19. Skeletal survey evi-
denced associated fractures in only 2 patients.

Preoperative TCD evaluation revealed decreased dia-
stolic velocity in all but one child, with increased PI
and RI (Table 1), and an abnormal cerebral compliance in
23 patients. The first surgical operation was a direct
puncture through the fontanel in all cases. It resulted in
immediate increased diastolic velocity (17.2€10 cm/s vs.
31.1€10 cm/s, p<0.0015) with concomitant decreased
PI (2.5€1.3 vs. 1.4€0.8, p<0.002) and RI (0.8€0.2 vs.
0.6€0.1, p<0.005) in all the cases. Compliance was nor-
malized in 11 children (42.5%), remained decreased in
11, and abolished in 4 (15%). Further surgical treatment
was required based upon clinical and neuroimaging ar-
guments in all infants. It consisted of primary sub-
duroperitoneal shunting in 8 patients and external sub-
dural drainage in 15 patients, with massive hemorrhage
after needle puncture. Only 2 patients with external drain-
age did not require secondary internal shunting because of
spontaneously self-limiting collection (Table 2). Defini-
tive surgical treatment resulted in significantly increased
diastolic velocity and decreased pulsatility index. Cere-
bral compliance was normalized in 20 patients, remained
abolished despite surgical treatment in 3 patients, and
decreased in 3 (Figs. 1, 2). Finally, 3 patients (11.5%)
died, all of them had dramatically decreased diastolic
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velocity and abolished compliance at first examination,
and needle evacuation and external drainage failed to
restore cerebral compliance. On evaluation after 1 month,
4 patients (15.5%) had severe developmental disability
and 19 (73%) had minor or no sequelae. Shunt removal
was possible between 3 and 6 months after implantation
in all the survivors.

Discussion

In 26 children less than 2 years of age with acute SDH,
we were able to demonstrate that preoperative TCD ex-
amination evidenced severe intracranial hypertension
with decreased diastolic velocity and increased resistivity
and pulsatility indexes, and that surgical evacuation re-
sulted in dramatic improvement in TCD values. Although
definite arguments are lacking to ascertain that surgical
evacuation was beneficial for the final outcome, varia-
tions of TCD velocities and indexes related to surgical
treatment could reflect improvement in cerebral hemo-
dynamic conditions.

Previous studies have reported that 24% of children
less than 2 years of age with head injuries may have
suffered from non-accidental trauma [3]. The most fre-
quent brain lesions in these cases are subdural hematomas
appearing as unilateral or bilateral high-density collec-
tions with a particular propensity for the interhemispheric
fissure on cerebral CT scan [6]. Early diffuse hypodensity
resulting from anoxo-ischemic encephalopathy can be
found in shaking impact syndrome and reflect the severity
of the injury [12]. This contrasts with accidental injuries
where acute SDH are rare and almost always associated
with diffuse cerebral edema and axonal injuries resulting
in petechial intraparenchymal hemorrhages [2, 5]. When
associated with inconsistent history of trauma, cutaneous
marks or bruises, or metaphyseal fractures, acute HSD is
almost pathognomonic of battered or shaken baby syn-
drome [13]. Retinal hemorrhage, although non-specific
for inflicted injuries, is a rare finding in children with
documented accidental head injury. It was not noted in the
three patients in the present study who were in motor

Table 1 Transcranial Doppler
measurements before and after
surgical procedures. PI pul-
satility index, RI resistivity in-
dex

Preoperative Postoperative 1
(needle puncture)

Postoperative 2
(shunting)

Systolic velocity (cm/s) 81.3€22.3 89.4€23.4 91.4€20
Diastolic velocity (cm/s) 17.2€10 31€10a (p=0.0015) 45.7€12b (p=0.005)
Mean velocity (cm/s) 43.1€16.8 49€12.4 54.6€13
PI 2.5€1.3 1.4€0.8a (p=0.002) 1.2€0.3b (p=0.05)
RI 0.8€0.2 0.6€0.1a (p=0.005) 0.5€0.5
Compliance
Normal 3 11a 20b

Decreased 20 11 3b

Abolished 4 3 3
a Significant versus preoperative
b Significant versus postoperative 1

Table 2 Surgical procedures in children with acute subdural he-
matoma

Number Percentage

Needle aspiration 26 100
External drainage 15 58
Initial shunting 8 31
Secondary shunting 7 27
Total shunting 15 58

Fig. 1 Mean velocity variations

Fig. 2 Index variations
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vehicle accidents. Seizures occur in 40–70% of children
with acute SDH [5, 6, 13], and can result in intractable
status epilepticus, despite systematic anticonvulsant ther-
apy. Status epilepticus occurred in 11 out of our 26 pa-
tients (42%). This high incidence of seizures could reflect
the severity of this kind of brain injury, which carries a
high risk of mortality and poor outcome. Although there
are no studies in the literature reporting the use of direct
ICP measurement in these patients, the most frequently
evocated cause of death is uncontrollable intracranial
hypertension. Autopsy findings consistent with cortical
and white-matter atrophy support the hypothesis that the
combination of mechanical trauma, brain compression,
hypoxia, and seizure activity overwhelms the compensa-
tory mechanisms of the immature brain, resulting in in-
tracranial hypertension and massive neuronal loss [13].

The means of and indications for surgical evacuation
of acute SDH remain controversial. Needle aspiration
through the fontanel is the simplest way to evacuate
subdural blood [14]; however, it fails to solve the problem
definitively in many cases [7]. Burr hole evacuation with
or without external drainage implantation has been sug-
gested [15]. In a retrospective study, Tolias et al. found
that needle aspiration and burr hole evacuation had a
higher incidence of infection than primary shunting and
concluded that needle evacuation should be avoided in the
absence of severe intracranial hypertension [7]. In a large
series of infants benefitting from primary subduroperi-
toneal shunting, Vinchon et al. found that when subdural
taps failed to control SDH, subduroperitoneal shunting
was the best procedure, with a complication rate of 15%
[8]. In our study, all the children had early needle evac-
uation, but required further treatment and final subduro-
peritoneal shunting was required in 21 out of 23 sur-
vivors. The thickness of the subdural collection seems
to be an important argument for surgical evacuation, but
to our knowledge there are no prospective randomized
studies demonstrating the benefit to outcome of the sur-
gical evacuation of large subdural collections. It seems
logical to assume that a large bilateral SDH could con-
tribute to increased intracranial ICP and brain compres-
sion. However, evaluation of increased ICP in young
children relies mostly on clinical signs such as tension of
the fontanel and neurological examination.

All our patients had a bulging fontanel, large bilateral
hematoma, and clinical signs of increased ICP; 13 were
comatose, and 11 had seizure activity. Indications for
surgical drainage were independent of TCD findings and
emergency needle aspiration was the first step. Initial
TCD examination demonstrated decreased diastolic ve-
locity and increased pulsatility and resistivity indexes in
all but 1 child, and decreased cerebral compliance in 23.
This may reflect a high incidence of severe intracranial
hypertension and confirm retrospectively the need for
surgical evacuation in these patients. TCD is a non-in-

vasive, easily reproducible bedside tool that can be effi-
cient in the diagnosis of intracranial hypertension. In-
sonation of the MCA through the temporal window is
easy to perform and is an accurate indirect assessment of
95% of the cerebral blood flow. It is demonstrated that
with increasing ICP and decreasing cerebral perfusion
pressure, diastolic velocity is first affected, with preserved
systolic velocity and a concomitant increase in the pul-
satility and resistivity indexes [15]. TCD has been used in
patients with possible intracranial hypertension of various
origins to evaluate the influence of surgical treatment
on cerebral hemodynamics. A pressure provocation dur-
ing TCD examination in hydrocephalic infants with an
opened fontanel has been previously used for determin-
ing the need for shunt implantation. Westra et al. in their
study demonstrated that children with increased resistivity
index and decreased compliance determined with pressure
provocation benefitted more from shunting than the others
[9]. These findings were corroborated by Jindal and
Mahapatra, who found a positive correlation between
variations of TCD and decreased ventricular size after
shunt implantation [11]. In our patients, needle aspiration
resulted in a significant and immediate increase in dia-
stolic velocity and decreased pulsatility and resistivity
indexes reflecting improvement in cerebral hemodynam-
ics. Cerebral compliance remained absent in the three
patients who eventually died, but improved in 42% of the
cases. However, needle aspiration was not sufficient, and
all infants required further surgical treatment because of
persistent or growing subdural collection, and/or clinical
signs of intracranial hypertension. TCD variations after
surgical drainage demonstrated additional improvement
in cerebral hemodynamics, with normalized diastolic
velocity and indexes in all. Because of the design of the
study, we could not correlate precisely the variations
of TCD to the variations in size of the collection. How-
ever, we were able to demonstrate the positive impact of
surgical evacuation on cerebral hemodynamics in these
children with severe initial intracranial hypertension.
Additionally, we could not demonstrate the precise posi-
tive impact of surgical evacuation on outcome. An in-
teresting finding that needs further confirmation was that
the children who died had evidence of severe intracranial
hypertension on early TCD evaluation and did not demon-
strate a dramatic improvement in cerebral hemodynamics
after surgical evacuation.

Provided that these findings can be confirmed in a
larger prospective study that is now in progress, we
suggest that TCD could be used in the objective assess-
ment of intracranial hypertension in infants with acute
SDH. It may also be a valuable means of assessing the
need for, and the efficiency, in terms of cerebral hemo-
dynamics, of the surgical drainage of subdural collec-
tions.
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