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A 2,722-g male infant is born at 37 6/7 weeks’ gestation via cesarean delivery to

a 26-year-old gravida 4, para 3 woman who is group B Streptococcus negative and

had an unremarkable prenatal course. She presented to the labor and delivery

department when she developed spontaneous contractions. Hospital policy

required that all potential deliveries before 39 weeks’ gestation be evaluated by

a perinatologist. As part of the evaluation, the perinatologist performed fetal

ultrasonography and found that the biophysical profile score was 8/8 with 2

points each for breathing, movement, tone, and amniotic fluid index. The fetal

tracing was interpreted as nonreassuring and category II. At that time, the

cervix was minimally effaced and only dilated to 2 cm. The perinatologist

approved of the plan to allow labor to continue because the gestation was at

term.

Contractions continued over the next 24 hours without cervical change.

Because of this failure to make progress, the obstetrician started oxytocin;

however, within 1 hour of administration, the fetal tracing worsened. Plaintiff

experts said that these findings suggested excessive uterine activity, including increased

uterine tone and coupled contractions. They stated that these effects of oxytocin did not

allow the fetus to have an adequate rest period for recovery. The obstetrician retained by

the defense acknowledged that the fetal monitor strips had these findings, but said that

because tachysytole was not occurring by the strict definition (>5 contractions in a 10-

minute period averaged over 30 minutes), the fetus was not in danger. The plaintiff

obstetric expert pointed out that the guidelines accompanying the promulgation of the

“tachysystole standard” was far less meaningful in terms of potential damage to the fetus

than the lack of rest time, tone, and duration of contractions, which are important but

provide no numerical guidelines. The plaintiff obstetrician explained that the:

1) normal range of contraction frequency is 2 to 4.5 over 10 minutes and a frequency

beyond that is excessive

2) normal range of contraction intensity (amplitude) is 25 to 75mmHg and excessive is

not defined

3) normal contraction duration is 60 to 90 seconds and a duration greater than 90

seconds is excessive
4) normal resting tone (intrauterine pressure catheter) is 15 to 20 mm Hg and a tone

greater than 25 mm Hg is excessive

5) normal interval (peak of one contraction to the peak of the next) is greater than 2 to 4

minutes and an interval greater than 2 minutes is excessive
6) normal range from the end of one contraction to the beginning of the next is 1 to 2

minutes and a range less than 1 minute is excessive
7) normal rest time (the percentage of time that the uterus is at rest [not contracting]) is

less than or equal to 50% and a rest time greater than 50% is excessive
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Irrespective of the fetal tracing findings, the oxytocin

infusion was maintained and incrementally increased. The

plaintiff obstetrician contended that this conduct was below a

reasonable standard of care. He maintained that the likelihood of

safe delivery by the vaginal route was very remote given the poor

progress in labor despite the excessive uterine activity and the

nonreassuring tracings from even before the oxytocin adminis-

tration. He opined that oxytocin needed to be discontinued and

a cesarean delivery was needed. The obstetrician retained by the

defense disagreed and pointed out that tachysytole (referring only

to the frequency of contractions) was not present and that too

many cesarean sections were being performed unnecessarily and

that this case is an example of a situation that definitely did not

require a cesarean delivery. The defense team further contended

that monitoring has never been shown to decrease the incidence of

cerebral palsy. The plaintiff expert responded by saying that

electronic fetal monitoring has unequivocally reduced the risk of

intrapartum stillbirth as well as the risk of adverse outcomes

related to hypoxia. There is no reported example of an asphyx-

iated fetus without an abnormal pattern and no fetus has died

unexpectedly while being monitored. There is no plausible justi-

fication for applying the fetal monitor and not paying attention

to its output.

The patient’s membranes were artificially ruptured 11

hours before delivery, revealing clear fluid. Nine hours

before delivery, the obstetrician performed an amnioin-

fusion in response to a 9-minute deceleration. Nonreassur-

ing patterns persisted and the patient was placed on oxygen,

given a bolus of normal saline, and had her position

changed, but the tracings remained nonreassuring. The

plaintiff experts maintained that given the diminished prospects

of a safe vaginal delivery because the ongoing abnormalities of the

tracing were likely to be exacerbated during the second stage of

labor, a cesarean section was again required. They noted that the

objective of obstetrical care is not to see how close one may get to

disaster, but rather to avoid the need for rescue of the compro-

mised fetus. At this time, the plaintiff experts opined that the

delivery was likely to result in a stressed fetus that was nevertheless

neurologically intact. The neonatologist retained by the plaintiff

stated that the newborn would have likely needed some initial

stabilization because of the difficult intrapartum course, but that

it was more probable than not that the patient would have

avoided brain injury.

As the labor continued, variable and late decelerations

developed with increasing frequency but with the persis-

tence of some baseline variability. The defense argued that the

finding of variability was still reassuring because it had not

completely disappeared. Plaintiff experts pointed out that vari-

ability by itself cannot serve as the only indicator of fetal well-

being on the heart rate monitor. They noted that variability is

controlled in the deeper centers of the fetal brain, which prefer-

entially receive oxygen and blood flow (from the vertebral basilar

system) over the higher cortical levels (which are perfused by the

cerebral arteries) and preferentially over other systemic organs as

well. They stated that adequate perfusion of the part of the brain

that controls heart rate variability does not mean that there is

enough oxygen or blood flow available to also adequately perfuse

the rest of the brain, including areas that would otherwise develop

to mediate motor function and normal cognitive function. The

plaintiff experts opined that variability of the fetal heart rate

may remain present on the tracing, because this is controlled

by the brain stem, even though there may be hypoxic-ischemic

injury to the rest of the brain. They opined that too many

uterine contractions over too short a period in labor caused a

lack of blood flow (ischemia) and a lack of oxygen. During

labor, especially after rupture of the membranes, the plaintiffs

reported that the fetal head was repeatedly subjected to mechan-

ical forces during the very prolonged, nonprogressive labor, being

pushed against the unyielding cervix, with excessive oxytocin-

induced contractions.

After 16 hours of oxytocin administration and 9 hours of

failed progress in labor, the obstetrician decided to perform

a cesarean delivery. The umbilical venous gas had a pH of

7.32, a PCO2 of 43 mmHg (5.7 kPa), a PO2 of 20 mmHg (2.6

kPa), and a base excess of �4; the other gas was not labeled

and had a pH of 7.31, a PCO2 of 47mmHg (6.2 kPa), a PO2 of

15 mm Hg (2 kPa), and a base excess of �2.4. The plaintiff

experts pointed out that both of these gases were likely from the

same vessel, and most likely the umbilical vein. They stated that

the average pH difference between cord arterial and venous

samples is expected to be 0.04 to 0.10, which did not occur in

this scenario, suggesting that the samples were from the same

vessel.

After delivery, the infant briefly required positive pres-

sure ventilation. Apgar scores were 7 and 8 at 1 and 5

minutes, respectively, and the infant was transferred to

the nursery where a physical examination revealed that

the infant was appropriate for gestational age, with a birth-

weight of 2.7 kg, a length of 49.5 cm, and a head circum-

ference of 33 cm. No dysmorphic features were noted. His

anterior fontanel was soft and flat and his tone was normal,

but he was lethargic, tachypneic with shallow respirations,

and had no cry. Capillary blood saturation was 77% in room

air. Two hours after birth, he was transferred to the NICU.

On arrival at the unit, his blood pressure (BP) and perfusion

were normal. His complete blood cell count and electrolytes

were normal; a blood culture specimen was drawn which

subsequently yielded Staphylococcus hominis, which the

team at the birth hospital dismissed as a contaminant. A

capillary blood gas at 2½ hours after birth showed a pH of
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7.27, a PCO2 of 45 mmHg (5.9 kPa), a PO2 of 72 mmHg (9.5

kPa), and a base deficit of �6.7. The infant was treated with

ampicillin and gentamicin and placed in a high-flow nasal

cannula with a fraction of inspired oxygen of 0.4. Five hours

after birth, he developed seizuresmanifested by apnea, color

change, increased tone, and sucking of his lips; the team

treated him with phenobarbital. The infant’s apnea became

so severe that he required intubation. At 9 hours of age, his

fontanel was full. A cranial ultrasonography scan was nor-

mal. Because of the unremitting seizures, he was trans-

ferred to a hospital with a higher level of care.

At 11 hours of age, the infant arrived at the referral center

and the team started acyclovir and obtained a computed

tomography (CT) scan. The CT scan showed herniation of

brain tissue at the level of the foramen magnum and an

acute diffuse global ischemic infarction involving almost all

of the cerebral hemispheres, cerebellum, basal ganglia, and

portions of the thalamus. There was a mass effect on the

lateral ventricles, which were displaced toward midline as

well as complete compression of the third and fourth

ventricles. The ammonia level was marginally high, and

liver enzymes and creatinine levels were within normal

limits. The team concluded that the infant had suffered

head trauma and that he would benefit from intracranial

pressure (ICP)monitoring at a hospital with a higher level of

care.

Twenty-four hours after birth, the infant arrived at the

third medical center. Upon arrival, he was found to have a

bulging fontanel, a head circumference that had increased

by 1.5 cm, and a decreasing BP for which he received normal

saline boluses and inotropic support. His pupils were slow

to react, he did not withdraw from painful stimuli, and he

showed no spontaneous body movements. A repeat com-

plete blood cell count was normal; his serum sodium was

122 mEq/L (122 mmol/L), and he had evidence of bleeding

after blood draws. He developed disseminated intravascular

coagulopathy with an elevated prothrombin time, partial

thromboplastin time, and D-dimer concentration. An

assessment for an inherited clotting disorder, including

abnormalities in factor V Leiden, protein C, homocysteine,

protein S, and lupus anticoagulation as well as a mutation in

prothrombin gene, revealed no abnormality. Magnetic res-

onance imaging was performed when the infant was 5 days

of age, which confirmed a diffuse ischemic injury involving

nearly the entire supratentorial parenchyma.

The infant underwent extubation at 6 days of age. He was

discharged at 5 weeks of age with a gastrostomy and

antiseizure medications. The plaintiff neonatologist and neu-

rologist maintained emphatically that head trauma with cere-

bral ischemia during the intrapartum period was the etiology of

the infant’s brain damage. They stated that uterine forces

compressed the fetal brain sufficiently to result in intermittent

ischemia and hypoxia as evidenced by the decelerations in the

fetal heart rate and mechanical trauma to the brain led to the

herniation. The defense experts contended that the cause was an

unknown viral infection, or genetic or metabolic disorder that

was yet to be determined and that the damage had occurred

before the mother was admitted to the hospital. Furthermore, the

defense maintained that the fetus was not low enough in the

pelvis to have his head traumatized by a bony pelvis nor was there

an instrumental delivery by forceps or a vacuum extractor.

The plaintiff experts maintained that during the long, non-

productive labor, the prolonged contractions, along with the

ruptured membranes, compressed the fetal head against a hard

cervix for a prolonged time. Forceful uterine contractions for

hours with a cervical dilation of 2 to 3 cm provided a rigid

obstruction that was not overcome. The plaintiff pointed out that

usually a fetusmakes serial adjustments and wiggles and squirms

its way through the birth canal with some head molding.

However, if the infant is not fitting properly in the pelvis then

it is similar to trying to fit a piano through a door.

The defense argued that the infant did not have cardiovas-

cular issues after birth and the liver function tests and creatinine

were evidence that there was no acute systemic hypoxia. The

defense’s major argument was that it was impossible to have an

ischemic insult to the brain during the intrapartum period

because the cord pH and Apgar scores were normal. The plaintiff

pointed out that global, systemic hypoxia was neither the

problem in this fetus nor the proposed mechanism of injury.

Instead, they stated that this infant’s outcome resulted from head

trauma that was sufficient to cause herniation of the brain stem

and profound ischemic changes. Furthermore, with head

trauma, the cord pH and Apgar scores can be acceptable because

cerebral vascular perfusion is impaired not the cardiovascular

function. The plaintiff experts opined that this case was not a

classic hypoxic-ischemic insult with systemic asphyxia and

cardiac failure resulting in diminished cerebral blood flow

(CBF; ischemia) but instead, this case involved head trauma.

Moreover, one cannot accept the cord pH in this case because of

the lack of relationship between the 2 samples and the unlabeled

sample.

Plaintiff experts pointed out that the “essential criteria” for

linking intrapartum events to the timing of an injury and to the

long-term outcome are based on a model of injury involving

severe asphyxia with metabolic acidemia leading to heart failure

and diminished CBF (ischemia). In this case, the plaintiffs noted

that the infant’s brain ischemia was caused by the excessive

pressure exerted to the fetal skull. They stated that in reality, the

diagnosis of head trauma derives from the neuroradiologic

findings that clinically support the events of labor. They
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commented that it is important to emphasize that the neuro-

radiologic diagnosis of hypoxic-ischemic encephalopathy is made

without knowledge of the pH and base deficit of the umbilical

cord. The plaintiffs stated that the notion that the link between

intrapartum events and adverse neonatal outcome must involve

a depressed infant with poor tone, decreased reflexes, a reduced

level of consciousness, and an inability to maintain respirations

along with arterial cord acidemia and subsequent multiorgan

dysfunction, is not valid.

On follow-up examination, the infant was found to have

spastic quadriparesis, global delays, seizure disorder, intel-

lectual disability, microcephaly, scoliosis, and constipation.

The case settled without going to trial.

DISCUSSION

Mechanical events affecting fetal CBF during labor and

delivery need to be considered as an explanation for adverse

neonatal outcomes, especially when there are significant

changes in the previously normal fetal heart rate pattern and

the umbilical pH is in the normal range. A neonate who has

incurred systemic intrapartum hypoxia often will present

with umbilical acidemia and varying degrees of depression

ranging from hypotonia and irregular respirations to requir-

ing a full resuscitation. Infants with neurologic injuries

related to localized (regional) cerebral ischemia during labor

and delivery, on the other hand, present without significant

umbilical acidemia and may not be immediately symptom-

atic. These infants may present hours or days after delivery

as the cytotoxic edema builds and the ICP increases and

they eventually become symptomatic with apnea, desatu-

rations, and/or seizures or even with more subtle signs.

Physiologically, uterine contractions cause an increase in

fetal ICP with the potential to diminish cerebral perfusion.

Most often, the fetus easily maintains cerebral perfusion by

increasing its BP during a contraction. The fetus further

defends its brain against the increases in ICP generated by

uterine contractions (especially in combination with mater-

nal pushing) by cerebrovascular autoregulation (physiolog-

ical mechanism of maintaining CBF during changes in BP)

and by increasing further the mean arterial pressure

through the Cushing response (increased BP in response

to an increased ICP). Because normal arterial BP in the

newborn is relatively low, cerebral perfusion pressure

already may be dangerously close to the downslope of the

autoregulation curve. When uterine contractions come too

closely together, are too intense, or the baseline uterine tone

is high, the time for the cerebral circulation to recover or

“catch up” on oxygenated blood can be insufficient, which

can lead to cerebral ischemia. Understanding the formula

that cerebral perfusion pressure is equal to the mean

arterial BP minus the ICP underscores the vulnerability

of the CBF.

Ischemic injury may occur when the fetus is no longer

able to compensate for the forces that are diminishing the

cerebral perfusion. Because the affected newborn may not

be significantly depressed at birth, these infants will often be

transferred to the nursery or room in with the mother, only

to deteriorate hours to days later when the cerebral edema

builds up to the point of symptoms. Without a full under-

standing of the course of labor and the fetal responses, the

neonatologist might be baffled in terms of understanding

the cause of a newborn who develops symptoms including

encephalopathy, but had normal cord blood gases and was

not depressed immediately after birth. It is important,

therefore, under these circumstances, to assess the obstet-

rical record for the presence of various mechanical risk

factors for fetal neurologic injury, including prolonged

labor, excessive uterine activity, fetal malposition (especially

occiput posterior), and operative vaginal delivery (vacuum or

forceps).

Adding to the challenge is the lengthy duration of rup-

tured membranes because the amniotic fluid is no longer

available to buffer the pressure of the uterine contractions.

Normal Apgar scores and reasonable cord gases should not

be reassuring to the neonatologist in determining the

degree of observation and monitoring that a newborn needs

if the intrapartum period has red flags, as the intrapartum

course in the current case signaled.
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