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Purpose of review

The types, mechanisms and clinical manifestations of

head injuries (extracranial, cranial and intracranial) after

instrumental delivery are described along with current

evidence of their prevention and management.

Recent findings

Asymptomatic subdural hematomas can occur in up to

6.1% of uncomplicated vaginal deliveries. Maternal

nulliparity, incorrect placement of vacuum extraction cup

and failed vacuum extraction are predisposing factors to

subgaleal hemorrhage. Injuries associated with the

vacuum devices may be minimized if the recommended

limits for a safe traction force are not exceeded. There is

no difference in the incidence of scalp trauma between

vacuum deliveries by a rigid plastic cup (Omnicup) and

the standard, silastic cup. The use of a metal cup may

increase the occurrence of head injuries. Protective

covers over forceps reduce the rates of neonatal facial

abrasions and skin bruises. There is no difference in the

incidence of cephalhematoma comparing a sequential

operative vaginal delivery and a caesarean section

following a failed vacuum delivery.

Summary

Instrumental vaginal deliveries carry substantial risks. Only

practitioners who are adequately trained or are under

supervision should undertake instrumental delivery. The

mode of intervention needs to be individualized after

consideration of the operator’s skills and experience and

the clinical circumstances.
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Introduction

Instrumental delivery, macrosomia, prematurity, abnor-

mal fetal presentation, prolonged labour and precipitous

delivery are all risk factors for fetal injury.

Fetal injuries are divided into two categories: insults

from hypoxia and ischemia, and mechanical injuries.

This article focuses on extracranial, cranial and intracra-

nial insults that are due to trauma. Events from hypoxia

and ischemia are discussed elsewhere in this issue.

The rate of instrumental vaginal delivery in different

countries varies between 10 and 15% [1,2]. In the

USA, the rate of vacuum delivery surpassed the rate of

forceps delivery in 1992 [2,3]. Over the past two dec-

ades, in the UK, the use of forceps has decreased by

50% in favour of vacuum extraction or caesarean section

[4••]. In Canada, forceps delivery has decreased in the

last decade from 11.2% in 1991 to 6.8% in 2001 [5].

Vacuum extractor (ventouse) rather than forceps for

assisted vaginal delivery is reported to result in a signif-

icant reduction of maternal morbidity [6]. Failure rates

of less than 1% have been reported as being achievable

with appropriate case selection and the correct use of a

well maintained apparatus [7]. Recent reports, however,

have shown higher failure rates of vacuum extraction

compared with forceps (relative risk 1.7) [8]. The higher

failure rate of the vacuum extraction is a concern in the

light of the documented risks of the use of sequential

instruments for delivery [9].

Extracranial injuries

The scalp consists of five anatomic layers (skin, dense

connective tissue, galea aponeurotica, loose connective

tissue and periosteum). Nearly all infants delivered by

vacuum extraction will exhibit scalp effects. Most are

transient and of no clinical significance to the infant,

but may cause considerable anxiety to the unprepared

parent [10]. The more significant injuries are related to

wrong placement of the cup, excessive or poorly direc-

ted traction, or cephalopelvic disproportion [11••].

Scalp abrasions and lacerations

The incidence of scalp abrasions and lacerations after

vacuum extraction is 10%. The majority are superficial

and of a minor degree [11••]. The incidence of scalp

abrasions is higher in infants delivered by Omnicup

vacuum (Clinical Innovations Inc., Murray, Utah, USA)
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or metal cup devices compared with those delivered by

silastic cup [12]. Bruising of more than 5 cm and lacera-

tions are more frequent in vacuum deliveries by metal

cup. No difference was found, however, between deliv-

eries by Omnicup and the standard silastic cup [13•].

Difficult vacuum deliveries, such as occiput posterior

or transverse position and fetal midstation, predispose

to increased scalp injuries. These can be prevented

with correct cup placement and traction, and avoidance

of cup detachments (‘pop-offs’) [11••]. The use of pro-

tective covers over forceps reduces the rates of neonatal

facial abrasions and skin bruises [14].

Caput succedaneum

Caput succedaneum is a serosanguinous, extraperiosteal

collection that extends across the midline and over

suture lines (as opposed to a cephalhematoma). It is

caused by the mechanical trauma of the presenting

part of the fetal cranium pushing through a dilating cer-

vix.

Vacuum extraction causes a collection of interstitial fluid

and micro-hemorrhages (chignon) that fills the internal

diameter of the vacuum cup in a ‘key-in-lock’ fashion

[11••]. It is created by the pressure gradient between

the vacuum and the mean arterial pressure of the

fetus. It is less pronounced when using soft cups com-

pared with rigid cups. The chignon is most obvious

immediately following removal of the cup, but typically

resolves within 12–18 hours and has no long-term seque-

lae [11••]. No treatment is indicated.

Cephalhematoma

Cephalhematoma is a subperiosteal collection secondary

to rupture of blood vessels between the skull and the

periosteum. It does not cross a suture line and thus can

be differentiated from the more serious complication,

the subgaleal hemorrhage. The severity of subperiosteal

bleeding varies, rarely causing anemia and hypotension.

The mean incidence of cephalhematoma following

vacuum extraction is 6% (range 1–26%) [10,15]. A ran-

domized controlled trial showed that metal cups are

more likely to cause cephalhematoma than silastic cups

or the Omnicup [13•]. Forceps and breech deliveries are

also associated with cephalhematoma [16••]. No differ-

ence in the incidence of cephalhematoma was reported

in a study comparing a sequential operative vaginal

delivery and caesarean section following a failed vacuum

delivery [17].

No treatment is indicated for uncomplicated cephalhe-

matomas. Underlying linear, nondepressed skull frac-

tures may also be present but do not require treatment.

A cephalhematoma usually resolves within a few weeks,

but it is occasionally accompanied by residual calcifica-

tion, which can cause a bony swelling for several months

[16••]. In cases of suspected depressed skull fracture or

neurological symptoms, a skull radiograph and cranial

computed tomography (CT) are indicated. In rare

cases, an infection may complicate a cephalhematoma

and lead to meningitis or osteomyelitis. Aspiration of

the cephalhematoma will establish the diagnosis [18].

Whitlow et al. [19] recommended that cephalohemato-

mas and subgaleal hemorrhages might be prevented by

observing the traction force indicators of the vacuum

devices.

Subgaleal hemorrhage

Subgaleal, also known as subaponeurotic hemorrhage,

was first reported by Naegele in 1819 and later cited

by Virchow in 1863. It was initially called ‘false cepha-

lohematoma’, until 1957, when Malmstrom, who intro-

duced the first vacuum extractor, established the current

term [20]. It can be a life-threatening complication that

develops between the periosteum of the skull and the

galea aponeurotica. The galea aponeurotica is a dense

sheet of fibrous tissue that covers the vault of the cra-

nium and is attached to the overlying skin and the sub-

cutaneous tissues [21]. Beneath the galea aponeurotica,

the loose subaponeurotic layer contains large emissary

veins, which are connections between the dural sinuses

and the scalp veins [22]. This potential space extending

to the orbital margins anteriorly, the nuchal ridge poster-

iorly and the temporal fascia laterally has a capacity of

up to 260 ml in term infants. Subgaleal hemorrhage can

thus lead to severe hypovolemia [22].

The traction force applied during instrumental delivery

pulls the aponeurosis from the cranium causing sub-

galeal hemorrhage. The pathogenesis includes skull

fracture, rupture of an interosseous synchondrosis or

rupture of the emissary veins that bridge the subdural

and subgaleal spaces.

A study of 69 newborns with subgaleal hemorrhage from

a cohort of 23 353 live term deliveries showed that

vacuum extraction (odds ratio (OR) = 7.17; 95% confi-

dence interval (CI) 5.43–10.25) and forceps delivery

(OR = 2.66; 95% CI 1.78–5.18) are risk factors associated

with subgaleal hemorrhage [23]. Uchil and Arulkumaran

[21] reported an incidence of subgaleal hemorrhage of

four per 10 000 spontaneous vaginal deliveries and of

59 per 10 000 vacuum-assisted deliveries. A more recent

observational study of 338 deliveries by vacuum extrac-

tion, however, showed an incidence of 21% [24]. The

authors of this study have concluded that maternal nul-

liparity, placement of vacuum extraction cup over the

sagittal suture at a distance close to the infant’s anterior

fontanel and failed vacuum extraction predisposed to

subgaleal hemorrhage. There is no difference between
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rigid and soft vacuum extractor cups in the incidence of

subgaleal hemorrhage [10]. Other risk factors include a

prolonged second stage of labour, fetal distress and

macrosomia [23,25]. The potential role of a coagulopa-

thy is controversial, as it is not clear if the hemostatic

disturbance is the cause or the effect of the bleeding

[21].

A subgaleal hemorrhage presents as diffuse swelling or a

fluctuant mass. It crosses suture lines and shifts depen-

dently when the infant’s head is repositioned. A loss of

20–40% of the circulating blood volume will result in

hypovolemic shock [21].

Management consists of correction of anemia, thrombo-

cytopenia or coagulopathy with transfusion of blood and

appropriate blood products. In severe cases, surgery may

be required to cauterize the bleeding vessels. The mor-

tality of subgaleal hemorrhage approaches 25% [20]. A

decrease in hematocrit that is greater than 25% of the

baseline value at birth in association with significant

birth asphyxia are the most important risk factors for

mortality [26].

Cranial injuries
Skull fractures are usually linear, affecting the parietal

bones, or depressed, forming the so-called ping-pong
ball-type fracture [16••,27]. A skull fracture must be sus-

pected in any cephalhematoma or subarachnoid hemor-

rhage [27]. O’Mahony et al. [28•] reviewed a national UK

database to ascertain the causes of intrapartum-related

fetal and neonatal deaths. They concluded that cranial

and intracranial injuries were almost always associated

with physical difficulty at delivery and the use of instru-

ments. Moreover, in 24 of the 37 cases that met the

entry criteria, at least two separate attempts with differ-

ent instrument were made. Skull fractures are caused by

compression from forceps blades or from the skull push-

ing against the maternal bony pelvis. Linear skull frac-

tures are usually of no clinical significance and require

no specific treatment [16••]. The management of

depressed skull fractures remains controversial [29,30].

Nonsurgical techniques, such as digital pressure, a

breast pump and an obstetric vacuum extractor have

been utilized [31]. Neurosurgical management is indi-

cated when there is radiographic evidence of bone frag-

ments in the cerebrum, the presence of neurological

deficits, signs of intracranial injury, signs of cerebrosp-

inal fluid beneath the galea and failed closed manipula-

tion [16••].

Intracranial injuries
Intracranial hemorrhage in term infants can be poten-

tially fatal or cause lifelong disability. It occurs in

approximately five to six per 10 000 live births. Risk fac-

tors include forceps and vacuum delivery, precipitous

delivery, a prolonged second stage of labour and macro-

somia [32,33].

Jhawar et al. [34] conducted a case–control study to

investigate the risk factors for intracranial hemorrhage

among full-term infants. They found that forceps deliv-

ery was six times more likely to be complicated by sub-

arachnoid or subdural hemorrhage than spontaneous

vaginal delivery. The sequential use of vacuum and for-

ceps was also found to be associated with an increased

incidence of intracranial hemorrhage [35].

Towner et al. [9] showed that both forceps delivery and

vacuum extraction are associated with a high incidence

of intracranial hemorrhage. The rate of subdural or cer-

ebral hemorrhage did not differ significantly in these

two methods of instrumental delivery. Wen et al. [36],
on the other hand, showed that, compared with forceps

delivery, vacuum extraction had a higher risk of sub-

arachnoid hemorrhage.

Epidural hemorrhage

Epidural hemorrhage is a blood collection in a cleavage

between a calvarial bone and its inner periosteum or

between the periosteal membrane and the underlying

outer dura fibrous stratum. Epidural hemorrhage is asso-

ciated with difficult parturition and instrumental deliv-

ery in nulliparous women. Association with breech deliv-

ery has also been reported [37]. Like other head injuries,

epidural hemorrhage in neonates results from the

mechanical forces exerted on the fetal head during

birth, with or without instrumental interference [38].

During labour, overriding of the vault’s bones

(moulding) can occur. An increased degree of moulding

leading to excessive displacement of the skull bones

may cause considerable injury to the dura matter [39].

Epidural hemorrhage is usually a result of injury to the

middle meningeal artery, and is frequently associated

with a cephalhematoma or skull fracture [37]. In neo-

nates, the meningeal arteries are not embedded in the

cranial bones and they are therefore less susceptible to

injury [16••]. This probably explains the rarity of epi-

dural hemorrhage in newborns, which accounts for

approximately 2% of all cases of intracranial hemorrhage

[40].

The association between epidural hemorrhage and

cephalhematoma is believed to be due to a number of

different mechanisms: a communication of two hemato-

mas with distinctive bleeding points; simultaneous for-

mation of hematoma from a single bleeding point;

bleeding from one area to another through a skull frac-

ture; intracranial extension of an underlying cephalhe-

matoma; two distinctive hematomas without any com-

munication [38].
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Epidural hemorrhage may present with diffuse neuro-

logical symptoms, increased intracranial pressure and

bulging fontanel or localized symptoms, such as latera-

lizing seizures and eye deviation [16••]. Early diagnosis

is imperative. It is confirmed by cranial CT. Large

hemorrhages should be surgically decompressed and

any continuing bleeding points should be ligated. Smal-

ler epidural hematomas in a stable infant may resolve

without surgery [37].

Subdural hemorrhage

Subdural hemorrhage can be supratentorial or infraten-

torial. Pollina et al. [32] studied 41 consecutive cranial

birth injuries in term neonates. They found that 73%

of these injuries were subdural hemorrhages. In this

study, the number of vacuum and forceps deliveries

was significantly higher in the group of neonates with

cranial injuries compared with a group of neonates with-

out injuries. This was a retrospective review, however,

with a historical control group.

Towner et al. [9] evaluated 583 340 neonates to identify

associations between neonatal disorders and mode of

delivery. The prevalence of subdural or cerebral hemor-

rhage in this study was 2.9 per 10 000 after spontaneous

delivery and 4.1 per 10 000 after caesarean section with-

out labour. The prevalence was 8.0 per 10 000 after

vacuum delivery, 9.8 per 10 000 after forceps delivery,

but was the highest (25.7 per 10 000) after caesarean

section following failed vaginal delivery. It was 21.3

per 10 000 after combined vacuum and forceps delivery.

The rate of injury in the groups of vacuum, forceps and

vacuum followed by forceps in this study is not signifi-

cantly higher than the rate of injury in the caesarean

section group following failed instrumental delivery.

This indicates that the injuries may be due to the under-

lying abnormality in the labour process and the first

attempt of instrumental delivery, rather than the final

mode of delivery.

Subdural hematomas have been diagnosed antenatally

in utero [41,42] and in asymptomatic newborns after

uncomplicated vaginal deliveries [43–45]. Whitby et al.
[43] examined 111 newborn infants with magnetic reso-

nance imaging (MRI) and showed that of the nine

infants with asymptomatic subdural hemorrhages, three

were normal vaginal deliveries, five were delivered by

forceps after an attempted ventouse delivery and one

had a traumatic ventouse delivery. Their findings

agreed with earlier studies that subdural hemorrhage is

not necessarily indicative of excessive birth trauma [46].

The pathophysiology of a subdural hematoma involves

mechanical compression and distortion of the fetal cra-

nium during labour, which may lead to tearing of veins

and venous sinuses and bleeding into the subdural

space. Another possible mechanism, called occipital

osteodiastasis, is the separation of the squamous and lat-

eral parts of the occipital bone, leading to rupture of the

occipital sinus, direct cerebellar trauma and brain-stem

compression [47].

Subdural hemorrhages present with apnea, unequal

pupils, eye deviation, irritability, tense fontanel, seizures

and coma [16••,47]. Diagnosis is established by cranial

CT or MRI. Subdural hematomas have been associated

with coagulation disturbances [48]. Treatment is usually

conservative [46,48] or surgical, depending on the extent

of the lesion and the presence of acute hydrocephalus or

signs of brain-stem compression [48,49]. The long-term

outcome depends on the size of the lesion and the

presence of intraparenchymal lesions [16••]. Perrin et
al. [48] reviewed a series of 15 neonates who had poster-

ior fossa subdural hemorrhages with a mean follow-up of

4.5 years, Of them, seven were normal in terms of neu-

rological development, three were mildly delayed, two

were moderately delayed and three were profoundly

delayed.

Subarachnoid hemorrhage

Towner et al. [9] showed that the incidence of subarach-

noid hemorrhage was 1.3 per 10 000 after spontaneous

vaginal delivery, 2.2 per 10 000 after vacuum extraction,

3.3 per 10 000 after forceps delivery and 10.7 per 10 000

after combined vacuum and forceps delivery. In con-

trast, Wen et al. [36] suggested that the incidence of

subarachnoid hemorrhage was 0.6 per 1000 after vacuum

extraction, 0.1 per 1000 after forceps delivery and 0.1

per 1000 after spontaneous vaginal delivery. Vacuum

was therefore more likely to cause subarachnoid hemor-

rhage compared with forceps delivery (OR = 5.4; 95% CI

1.3–23.4). Both these large retrospective studies based

on databases, however, lack clinical information and

therefore confounding by indication is likely to have

occurred. Moreover, Wen et al. [36] admitted that ‘the

observed increase in risk of subarachnoid hemorrhage

with vacuum extraction may be biased by referral of

high risk mothers…as the studies were in tertiary cen-

ters where vacuum extraction is used more’.

Subarachnoid hemorrhage is most frequently caused by

rupture of small veins bridging the leptomeninges [40].

Clinical manifestations include seizures, irritability,

recurrent apnea or depressed level of consciousness.

Focal neurological signs may also be present. The diag-

nosis of subarachnoid hemorrhage is made by cranial

CT. Investigations include examination of cerebral

spinal fluid after lumbar puncture for red blood cells.

No specific treatment is available, although close obser-

vation for signs of hydrocephalus is recommended [40].
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Training to reduce injury
An important prerequisite for the conduction of an

instrumental delivery is a skilled operator. The obstetri-

cian must be able to adequately assess the capacity of

the bony pelvis and any soft-tissue obstruction, deter-

mine that the cervix is fully dilated and that the fetal

vertex is engaged, and appreciate the fetal position and

station. It is also important to determine flexion, asyn-

clitism, caput and moulding. The forceps blades or the

vacuum cup must be applied correctly to the fetal vertex

in order to minimize the risk of injury. The amount of

force used should be minimum and the traction should

be applied in the direction of the least resistance [50].

The concern for litigation has led to a decreased usage

and teaching in forceps delivery. This has a major

impact on training, leading to a lesser degree of techni-

cal proficiency. In turn, this may increase the incidence

of complications initiating a vicious circle.

Vacuum delivery is generally perceived to be an easier

technique to learn than the use of obstetric forceps;

however, poor case selection and incorrect use of this

technique are likely to result in increased rates of failure

and complications. Recommendations from the Royal

College of Obstetricians and Gynaecologists suggest

that only practitioners who are adequately trained, or

who are under the supervision of trained practitioners,

should undertake instrumental delivery [1].

The current educational methodology in the UK

encourages the use of skills and drills scenarios with

mannequins and models. Cheong et al. [51] addressed

the issue of training by conducting a case–control

study on the impact of formal education and training

on the outcome of instrumental delivery. They con-

cluded that there were no differences in the failure

rate between deliveries after the introduction of an edu-

cational package and a historical control group. Formal

training, however, resulted in a significant decrease in

maternal morbidity associated with cervical, severe

labial and high vaginal tears, as well as a decrease in

neonatal morbidity associated with admission to the spe-

cial care baby unit, severe neonatal scalp injury and

facial injuries. Thus, formal education and training can

be associated with improved safety for mother and baby.

Conclusion
Obstetricians often face dilemmas when confronted with

a difficult instrumental vaginal delivery. Careful consid-

eration of the mode and timing of each intervention is

required. Instrumental vaginal deliveries include risks of

failure and complications. The risks of different techni-

ques are important factors in the decision-making pro-

cess. The most appropriate intervention needs to be

individualized after consideration of the operator’s skills

and experience as well as the clinical circumstances. An

alternative plan that will result in a safe and expeditious

birth should be available.
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