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Abstract
Objective In an attempt to further define the spectrum of cra-
nial birth injuries, we analyzed 21 consecutive cranial birth
injuries in term neonates presenting to the neurosurgical de-
partment of our institution over the period 1994–2015.
Methods We performed a retrospective chart review from the
medical records of the University Hospitals of the KU
Leuven, from 1994 to 2015. We included 21 infants of 36-
week gestational age or older with a diagnosis of cranial birth
injury. The types and locations of injuries, the presenting
signs, symptoms and their timing, and the required treat-
ment(s) were recorded. Various maternal and neonatal factors
and the mode of delivery were recorded. We recorded the
different modes of delivery rates at our institution in the year
2013 and the rates in the Flemish community between 1995
and 2013, in order to compare themode of delivery rates in the
study group with current practice at our institution and with
general practice over the years in the Flemish community.
Results The most common clinical presentations were swell-
ing (43% of cases) and seizures (19% of cases). Average
Apgar scores were 6.57 at 1 min and 8.43 at 5 min; 48% of
children had abnormally low Apgar scores at 1 min and 9.5%
had abnormally low scores at 5 min. The most common intra-
cranial lesion was skull fractures (33%). Operative treatment
was required in 11 infants (52%). One infant died. Assisted
mechanical delivery by either forceps and/or vacuum

extraction occurred in 43% of infants. In comparison, in the
year 2013, only 13.97% of deliveries at our institution were
mechanically assisted. Over the period 1995–2013, the
highest mechanically assisted delivery rates in the Flemish
community were 14.1% in 1996.
Conclusion Although our series is too small to make firm
conclusions, it is remarkable that the rates of assisted mechan-
ical deliveries in our series far exceeded the assisted mechan-
ical delivery rates at our institution in the year 2013 and even
the highest vacuum and forceps delivery rates in the Flemish
community over the period 1995–2013.
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Introduction

The head is the presenting body part in the majority of deliv-
eries and is the single largest anatomic structure to pass
through the birth canal. Since it does not tolerate too much
molding during delivery, traumatic head injury is a frequently
encountered type of birth-related trauma [1]. Despite advances
in obstetrical care over the past decades, cranial trauma in term
infants remains a significant problem [1, 2].

According to several recent reports, the decrease in birth-
related trauma over the past few decades reflects, in part, the
technologic advancements that allow today’s obstetrician to
recognize perinatal risk factors and the declined use of poten-
tially injurious instrumentation, such as forceps and vacuum
delivery [1, 3]. Nevertheless, the risk of serious neonatal inju-
ry associated with forceps delivery or vacuum extraction re-
mains controversial and some suggest that intracranial injuries
associated with any type of operative delivery may be due to
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dysfunctional labor rather than to the use of operative delivery
devices [4].

In order to better understand the types of cranial injuries,
presenting features andmanagement of these birth injuries and
to further investigate what relationship exists between cranial
birth injuries and the mode of delivery, we reviewed our ex-
perience with these injuries in term neonates.

Methods

We performed a retrospective chart review from the medical
records of term neonates presenting to the neurosurgical de-
partment of the University Hospitals of the KU Leuven from
1994 to 2015. We included 21 infants of 36-week gestational
age or older with a diagnosis of cranial birth injury (scalp
hemorrhages, skull fracture including growing fractures, epi-
dural or subdural hemorrhage, subarachnoidal hemorrhage,
intracerebral hemorrhage, intraventricular hemorrhage, or
brain injury). Premature infants (those of 35-week gestational
age or younger) were not included. The types of injuries and
their locations, the presenting signs and symptoms and their
timing, and what treatment(s), if any were required, were re-
corded. Various maternal and neonatal factors (Apgar scores
at 1 and 5 min, gestational age, birth weight, birth length, head
circumference and parity) and the mode of delivery (sponta-
neous vaginal delivery, elective C-section, urgent C-section,
use of forceps or vacuum extraction) were recorded.

We wanted to test the hypothesis that all infants born by
mechanically assisted delivery in the study group were indeed
those infants most at risk for birth-related injuries. Primiparity is

an independent risk factor for a long, difficult labor process and
thus birth-related injuries. We therefore looked for an associa-
tion between the mode of delivery and the parity of the mother.
We divided the study group in a Bassisted delivery^ subgroup
and an Bunassisted delivery^ subgroup, excluding those infants
born by urgent cesarean delivery, according to the parity of the
mother and performed a Fisher exact test.

We reviewed the different modes of delivery rates at our
institution in the year 2013 (data from Van Mieghem T.,
Department of Gynecology of the University Hospitals of the
KU Leuven, Leuven 2013) and the rates in the Flemish com-
munity between 1995 and 2013 (data from Health and Care
Agency of the Flemish community), in order to compare the
mode of delivery rates in the study group with current practice
at our institution and with general practice over the years in the
Flemish community.

Results

Twenty-one infants with cranial birth injuries were included.
Of the study group, only 4 (19%) were born at UZ Leuven; the
remainder was transferred to the Neonatal Intensive Care Unit
at UZ Leuven after their birth at another hospital.

The infants with cranial birth injuries most commonly pre-
sented (Fig. 1a) with either swelling (43% of cases) or seizures
(19% of cases). Other presenting signs included apnea (14%),
focal neurologic deficits (14%), bradycardia (9.5%), and re-
spiratory distress (4.8%). Most injuries (71.5%) became clin-
ically apparent and were diagnosed within the first 48 h of life
(Fig. 1b). There was no primary imaging modality of choice.
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Fig. 1 a Clinical characteristics
of the study group. Sz seizures,
Brady bradycardia, FND focal
neurologic deficit, Sw swelling,
Resp respiratory distress. b Time
to presentation (days). c Apgar
scores at 1 min. d Apgar scores at
5 min
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Almost all infants underwent a CT scan (90.5%), being the
primary imaging modality in ten infants (47.6%). Echography
was used in most cases (76.2%), either as the primary imaging
modality (38.1%) or during follow-up (38.1%). An MRI scan
was performed in a minority of cases (38.1%) and was never
used as the primary imaging modality. Plain radiography of
the skull was performed as the primary imaging modality in
three infants (14.2%).

Average Apgar scores were 6.57 at 1 min (Fig. 1c) and
8.43 at 5 min (Fig. 1d); 10 (47.6%) of 21 infants had abnor-
mally low scores of <7 at 1 min, and 2 (9.5%) had abnormally
low scores of <8 at 5 min.

The most common cranial injuries (Fig. 2a) were skull
fractures (33%), followed by intracerebral (28.5%) and sub-
dural (24%) hemorrhages; subarachnoid (14%), intraventric-
ular (14%), and epidural (5%) hemorrhages were less com-
mon. A growing fracture was seen in three infants (14%).
Cephalohematomas were present in 19%. Lesions comprising
different types of injuries were counted once for each injury,
so that the totals exceed 100%. Most infants (62%) had a
lesion comprising only one type of injury. Six infants
(28.5%) had a lesion comprising two different types of inju-
ries, and two infants (9.5%) had a lesion comprising three
different types of injuries or more. The location of the skull
fracture (Fig. 2b) was most commonly frontal (40%); tempo-
ral (20%), occipital (10%), parietal (10%), parieto-temporal
(10%), and parieto-occipital (10%) fractures were less com-
mon. We looked for an association between the mode of de-
livery and the type of injury (fracture, cephalhematoma, and
intracranial hemorrhages (ICH)) by performing a Fisher exact
test but did not find any statistically significant association.
We lacked data about measures taken to investigate coagulop-
athy or failure to receive neonatal vitamin K in almost all
cases.

A total of 11 infants (52%) required surgical therapy for
their injuries (Fig. 3). Seven infants (33%) underwent opera-
tive repair of a depressed skull fracture (19%) or a growing
fracture (14%). Operative repair of depressed skull fractures
was only performed when apparent skull deformity was

present. Operative repair of a growing skull fracture was per-
formed between 3 and 5 months after birth. An external ven-
tricular drain (EVD) was placed in four infants (19%) because
of acute hydrocephalus secondary to their injuries. In one
infant, the EVD was later replaced by a VP shunt. One infant
underwent craniotomy and evacuation of a large subdural he-
matoma, and one infant underwent craniotomy and evacua-
tion of a large intracerebral hematoma.

We wanted to compare the rates of assisted deliveries in the
study group (Fig. 4a) with nowadays practice at our institution
(Fig. 4b). To get an idea of nowadays practice at our institu-
tion, we analyzed the most recent data available. In 2013, a
total of 2455 children were born at our institution. The major-
ity of deliveries were spontaneous vaginal deliveries
(58.05%). A small portion of deliveries required forceps
(1.63%) or vacuum extraction (12.34%). A total of 687 chil-
dren (27.98%) were delivered by C-section, of which 387
(15.76%) were elective C-sections and 300 (12.22%) were
urgent C-sections. The rates of vacuum and forceps deliveries
in the study group far exceeded the assisted delivery rates at
our institution in the year 2013 (Fig. 4c).

Since the vast majority of infants in the study group were
not born at our institution and the study group was collected
from historical controls between 1994 and 2015, we examined
the evolution of the rates of assisted deliveries and C-sections
between 1995 and 2013 in the Flemish community (Fig. 5a).
The rates of forceps and vacuum deliveries declined slightly,
whereas the spontaneous vaginal delivery and C-section rates
slightly increased from 1995 to 2013. Again, the rates of vac-
uum and forceps deliveries in the study group far exceeded
even the highest forceps and vacuum delivery rates in the
Flemish community (Fig. 5b).

Since mechanically assisted deliveries are usually per-
formed when the head of the fetus is not descending through
the pelvis correctly, one might assume that forceps and vacu-
um extraction is only performed in those cases where the
delivery process is most prone to complications.
Macrosomia and primiparity are two independent risk factors
for a long, difficult labor process and thus birth-related
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Fig. 2 a Types of cranial injuries in the study group. EDH epidural
hematoma, SDH subdural hematoma, SAH subarachnoid hemorrhage,
IVH intraventricular hemorrhage, ICH intracerebral hemorrhage, Fx
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injuries. We therefore looked for an association between
the mode of delivery and the parity of the mother. As
Table 3 shows, all infants born to primiparous mothers
were delivered by operative delivery and the association
between the mode of delivery and the parity of the
mother was considered to be statistically significant (p
value = 0.0022). Unfortunately, we lacked data about
the parity of the mother in ten infants.

No more than 57% of infants fully recovered from
their injuries (Fig. 6). The short-term outcome was re-
served in almost half the infants: six infants (28.5%)
had a chronic neurologic deficit (motor deficit) and
three infants (14%) had refractory seizures (one infant
had both seizures and a neurologic deficit). One infant
in our series died of his injuries shortly after birth de-
spite maximal treatment.

Discussion

Although rare, cranial birth injuries are significant causes of
infant morbidity and mortality. Advancements in obstetric
management in the last few decades have been credited with
a decrease in cranial birth injuries. In particular, the declined
use of potentially injurious instrumentation, such as forceps or
vacuum delivery, and perhaps the more liberal use of urgent
C-section deliveries have all been credited with contributing
to this decline [1, 2, 4]. However, to date, it is still unclear to
which extent cranial birth injuries directly result from the use
of operative delivery devices. In fact, William’s obstetrics de-
nies that either low-forceps or vacuum deliveries lead to an
increased incidence of intracranial hemorrhage or other neo-
natal injury [5].

Moreover, recent neuroradiology studies indicate that in-
tracranial hemorrhage, even in asymptomatic infants, is not
rare and that there is a high spontaneous resolution of small
intracranial hemorrhages in both spontaneous and assisted
vaginal births [6, 7]. Indeed, significant changes in the geom-
etry of the natal head occur during vaginal deliveries, with
compression in the occipitofrontal dimension and overlap of
frontal and parietal bones. Tears of either bridging cerebral
veins, internal cerebral veins, or the vein of Galen at its junc-
tion with the straight sinus can all lead to intracranial hemor-
rhage [2].

Skull fractures may be relatively common following
delivery, the incidence being estimated by some at 10%
of all deliveries, although most report an incidence of
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Fig. 4 a Mode of delivery in the
study group. SVD spontaneous
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C-section, Urg C/S urgent C-
section, For forceps, Vac vacuum.
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approximately 2.9% [2, 6]. In several neurosurgical se-
ries, including our own series, skull fractures represent
the most common form of cranial trauma [2]. Skull
fractures are usually linear, affecting the parietal bones,
or depressed, forming the so-called Bping-pong ball-
type^ fracture. Although skull fractures, especially de-
pressed fractures, typically occur in the setting of a
forceps delivery, they can rarely occur in uncomplicated
vaginal deliveries [6].

Linear fractures are usually of no clinical significance and
require no specific treatment. The management of depressed
fractures (Fig. 7a) remains controversial. Neurosurgical man-
agement is indicated when there are bone fragments in the
cerebrum, neurologic deficits, signs of intracranial injury, or
signs of cerebrospinal fluid beneath the galea or in cases of
failed closed manipulation [8]. In our series, operative repair
of depressed skull fractures was always performed for esthetic
reasons. Over the years, depressed skull fractures are being
managed more conservatively at our institution with only one
surgical intervention since 2000. Growing skull fractures (Fig.
7b) are a rare but significant late complication of neonatal
skull fractures, occurring in less than 0.05–1% of cases.
Based on current evidence, surgical repair is the treatment of
choice, although in early reports, one could find literature
related to conservative management. Good to excellent out-
comes are noted in majority, even in cases with delayed pre-
sentations [9]. Three infants in our series had a growing skull
fracture, all of them presenting with swelling of the skull and
two presenting with seizures. Surgical intervention was per-
formed at an early stage in order to avoid further swelling of
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the skull. All three infants underwent surgery between 3 and
5 months after birth. The two infants presenting with seizures
developed refractory epilepsy. The third infant remained
asymptomatic.

Extracranial injuries occur during delivery and are due to
edema or bleeding into various locations within the scalp and
skull. In our series, we only encountered infants presenting
with cephalhematoma. Cephalohematoma, a subperiosteal
collection secondary to rupture of the bridging blood vessels
between the skull and the periosteum, has been perhaps the
best-studied type of cranial injury in obstetrical practice.
Because a limited volume can accumulate in the subperiosteal
space, these hematomas are limited in size and usually resolve
within a few weeks and do not require treatment.
Cephalhematoma occurs in 1 to 2% of spontaneous vaginal
deliveries, in 6 to 10% of vacuum extractions, and in 4% of
forceps deliveries. Although both forceps deliveries and vac-
uum extractions have been positively correlated with
cephalhematoma, vacuum extraction seems to have the stron-
gest association [8]. All infants with cephalhematoma in our
series were delivered by either forceps or vacuum extraction.

ICH as a consequence of birth injury include subdural,
subarachnoid, epidural, intraventricular hemorrhages, and,

less frequently, intracerebral and intracerebellar hemorrhages
(Table 1).

Epidural hemorrhage (EDH) is reported to account for only
2% of intracranial hemorrhages in neonates [6]. It is associated
with difficult parturition and instrumental delivery in nullipa-
rous women and breech delivery [3, 8]. It is usually a result of
injury to the middle meningeal artery and is frequently asso-
ciated with a skull fracture or cephalhematoma. One reason
for their apparent rarity might be the fact that in neonates, the
meningeal arteries are not embedded in the cranial bones and
are therefore less susceptible to injury [8]. Another reason
might be that most epidural hematomas are small in size and
remain asymptomatic and thus unrecognized [2, 10]. In our
series, one epidural hematoma occurred following forceps de-
livery after arrest of descent. It was associated with a
cephalhematoma, subarachnoidal hemorrhage, and seizures.
The child had major neurologic deficit.

Subdural hemorrhage (SDH) (Fig. 8) is reported to be the
most common intracranial bleeding associated with birth trau-
ma, accounting for 4–11% of symptomatic neonatal intracra-
nial hemorrhages [2, 6]. In vaginally delivered normal infants,
small SDH—typically infratentorial—may be seen and not
associated with any neurological symptom [6, 9, 11].

Fig. 7 a Example of a depressed
skull fracture on CT. b Example
of a depressed skull fracture on
MRI

Table 1 Frequency of birth trauma related to mode of delivery cases per 10,000 births

Trauma SVD Vacuum Forceps C/S, no labor C/S + labor

I I Odds ratio I Odds ratio I Odds ratio I Odds ratio

Subdural or cerebral hemorrhage 2.9 8.0 2.7 (1.9–3.9) 9.8 3.4 (1.9–5.9) 4.1 1.4 (0.8–2.6) 7.4 2.5 (1.8–3.4)

Intraventricular hemorrhage 1.1 1.5 1.4 (0.7–3.0) 2.6 2.5 (0.9–6.9) 0.8 0.6 (0.1–2.5) 2.5 2.3 (2.4–4.0)

Subarachnoid hemorrhage 1.3 2.2 1.7 (0.9–3.2) 3.3 2.5 (0.9–6.6) 0.0 0.0 (0.0–19.7) 1.2 0.9 (0.4–1.9)

Data from Towner et al. [4]
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Although large SDH has been described with forceps delivery
of term infants, extensive research by Towner et al. indicates
that the rate of SDH in forceps, vacuum-assisted, and urgent
cesarean section deliveries is comparable [4, 6, 12] (Table 1).
In our series, SDH occurred in 24% of cases, being less com-
mon than intracerebral hemorrhage (ICH) which occurred in
28.5% of cases. Treatment is usually conservative as most
SDHs are small and resolve without sequelae, or surgical,
depending on the extent of the lesion and the presence of acute
hydrocephalus or signs of brainstem compression [8]. Three
out of five infants in our series required surgery due to either
acute hydrocephalus or brainstem compression and depressed
consciousness.

Subarachnoid hemorrhage (SAH) is reported to be the sec-
ond most common intracranial hemorrhage after instrumental
deliveries [8, 11]. It is most often associated with intraventric-
ular hemorrhage, which has been reported in approximately
4% of term newborns, and is predominately basilar because
intraventricular blood passes through the foramina of Luschka
and the foramen of Magendie into the subarachnoid space [6].
No specific treatment is available, though close observation
for signs of hydrocephalus is recommended. In our series,
three infants had SAH. The SAH was associated with either
ICH, SDH, IVH, or EDH. Only one infant required an exter-
nal ventricular drain (EVD) for acute hydrocephalus. Figure 9
shows a CT scan in a child with a large ICH and resultant
obstructive hydrocephalus, for which an EVD was placed.
Despite maximal treatment, the child died a few days later
due to raised intracranial pressures.

Although improvements in obstetrical care have been
credited with a decrease in birth-related trauma, to date, there
is still conflicting evidence regarding what, if any, relationship
exists between modern assistive devices and birth-related cra-
niocerebral trauma. Since both vacuum extraction and forceps
delivery involve placing an instrument on the head of the
fetus, one could make the intuitive assumption that intracrani-
al hemorrhage results from the use of these operative delivery

devices. Most studies on the matter are in agreement with each
other, in that they have all found a high correlation between
assisted deliveries and neonatal cranial birth injuries [2, 4, 13,
14] (Tables 1 and 2).

However, a substantial proportion of the morbidity associ-
ated with operative vaginal delivery may be due to an under-
lying abnormality of labor rather than to the procedure itself.
In fact, because of the obvious medico legal implications of
mechanically assisted deliveries, obstetricians usually decide
to perform a cesarean delivery because of an arrest of labor
and only perform operative vaginal deliveries after a long
second stage of labor. As Table 1 shows, Towner et al. found
that the rate of subdural or cerebral hemorrhage associated
with vacuum extraction was equivalent to that associated with
forceps use or cesarean delivery during labor, but higher than
after spontaneous delivery or a cesarean delivery performed
prior to labor. Thus, the underlying risk factor for the occur-
rence of an intracranial hemorrhage may be a long, dysfunc-
tional labor. Another confounding factor may be the position
of the fetal head in the maternal pelvis. Forceps or vacuum

Fig. 8 Example of a subdural
hemorrhage on CT

Fig. 9 Example of a large intracerebral hemorrhage in combination with
a subdural hemorrhage on CT
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delivery is usually required when the head of the fetus is not
descending correctly through the pelvis, because of either an
oblique position or poor flexion. Thus, an intracranial injury
associated with any type of operative delivery may be due to
dysfunctional labor rather than to the operative intervention
[4].

In the study group, there seemed to be a statistically signif-
icant association between the need for forceps or vacuum
extraction and the parity of the mother (Table 3). Since pri-
miparous mothers are more prone to complications during
delivery such as arrest of descent and prolonged labor times,
this finding suggests that forceps or vacuum extraction was
indeed performed in those cases where the risk for birth-
related injuries was highest. Therefore, the role of the difficult
labor process in the development of craniocerebral injuries
should be taken into account.

Studies have shown that when the fetal weight exceeds
4000 g, the incidence of birth injuries rises as the fetal size
increases [2, 15, 16]. Therefore, another independent predictor
of cranial birth trauma in term infants seems to be the birth
weight, perhaps because of a more difficult delivery. This
again suggests that the operative intervention itself does not
necessarily causes intracranial injuries and that other con-
founding factors should be taken into account.

In our series, 43% of infants were delivered by either for-
ceps or vacuum delivery. In comparison, in the year 2013,
only 13.97% of deliveries at our institution were mechanically
assisted and over the period 1995–2013, the highest

mechanically assisted delivery rates in the Flemish communi-
ty were 14.1%. This might indicate that mechanically assisted
deliveries are associated with a higher incidence of cranioce-
rebral birth injuries compared to spontaneous vaginal delivery
or elective cesarean section. Since the vast majority of infants
in the study group were not born at our institution and the
study group was collected from historical controls between
1994 and 2015, we could not identify a sufficiently homoge-
nous control group to compare with the study group. We also
believe that, as a tertiary care referral center, our obstetrical
complexity (and hence complication rates) might be higher
due to an important referral bias and hence not representative
for general practice. Furthermore, our data lack information
about the indications for operative delivery, such as the dura-
tion of labor and the position of the fetal head. In the absence
of this information and in view of clinicians’ individual pref-
erences in choosing the mode of delivery, the study group may
be even less comparable with a control group, and the differ-
ences in morbidity that we might find therefore could not
necessarily be attributed to the mode of delivery.

We therefore solely conclude that the rates of mechanically
assisted deliveries in the study group are remarkably high
compared to the rates at our institution in 2013 and to the rates
in the Flemish community over the period 1995–2013 but that
further investigation, perhaps in a prospective setting, is need-
ed to make firmer conclusions about the risks of mechanically
assisted deliveries compared to spontaneous vaginal delivery
or elective cesarean section.
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Table 2 Morbidity and mortality
data by delivery type for the USA,
1995–1998 (rates are per 10,000
deliveries)

Outcome Unassisted Forceps delivery Vacuum delivery

I Odds ratio I Odds ratio I Odds ratio

Neonatal death 3.7 0.75 (0.64–0.87) 5.0 1.00 4.7 0.94 (0.79–1.12)

Birth injury 21.4 0.25 (0.24–0.26) 109.1 1.00 76.1 0.69 (0.66–0.72)

Neonatal seizures 5.0 0.75 (0.67–0.84) 8.7 1.00 6.5 0.78 (0.68–0.90)

Assisted ventilation
<30 min

147 0.66 (0.65–0.67) 293 1.00 250 0.94 (0.92–0.97)

Adapted from Demissie et al.

Table 3 Assisted and
unassisted deliveries
according to the parity of
the mother

Parity Unassisted Assisted

Primipara 0 6

Multipara 5 0

All infants born to primiparous mothers
were delivered by either forceps or vacu-
um extraction. The associationwas consid-
ered to be statistically significant (p
value = 0.0022)
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