
Peer Reviewed

54NEONATOLOGY TODAYtwww.NeonatologyToday.nettSeptember 2023

Barry S. Schifrin, MD; Maureen Sims, MD

An Overview:

Understanding the timing, mechanism, and preventability of fetal 
neurological injury and its subsequent handicaps is vital. Statis-
tics implicate intrauterine perinatal asphyxia (about 1-6 /1000 live 
births) in stillbirth and perinatal mortality (about 1 million annually) 
(2). About 25% showed major neurological impairments such as 
hypoxic-ischemic encephalopathy (HIE), neonatal encephalop-
athy, as well as subsequent cerebral palsy (CP), epilepsy, and 
developmental delay. About half of survivors suffer from neuro-
psychological sequelae, including immediate or delayed onset 
executive functioning disorders (3, 4). As the survival of these af-
flicted children improves, the already high economic toll continues 
to burgeon.

Birth asphyxia is “a condition of impaired blood gas exchange, 
leading, if it persists, to progressive hypoxemia and hypercap-
nia.” WHO defines asphyxia as “the failure of the neonate to be-
gin breathing successfully” (5). These definitions, among others, 
fail to provide sufficient clinical rigor to affirm the diagnosis in any 
individual case or research study of outcome (6, 7). Although the 
finding of a low pH and base excess in umbilical or neonatal blood 
(cut-off values vary, sometimes considerably) is considered the 
most objective assessment of intrapartum hypoxia, metabolic 
acidosis is a poor surrogate for injury (8). The clinical risk fac-
tors for adverse outcomes, however, have not changed over the 
past several decades despite advances in obstetrical care and the 

widespread recognition that many maternal and obstetrical risk 
factors for adverse neonatal outcomes are potentially modifiable 
(9). These risk factors include nulliparity, hypertension, diabetes 
mellitus, and such intrapartum risk factors as emergency cesar-
ean birth, “non-reassuring fetal status,” failure to progress, intra-
partum hemorrhage, and an intrapartum sentinel event (shoulder 
dystocia, cord prolapse, uterine rupture, placental abruption). 
Neonatal risk factors included male sex, birth at late preterm ges-
tation (35+0 – 36+6 weeks), Apgar score <4 at 5 minutes, respira-
tory distress requiring ventilatory support, and severe acidosis at 
birth (9). Some require a “sentinel event” to diagnose intrapartum 
injury (10).

Basic controversies exist regarding the definitions of neonatal en-
cephalopathy (NE) and hypoxic-ischemic encephalopathy (HIE) 
(11, 12). Similarly, while there is agreement that many “sentinel 
events” defined above are associated with perinatal asphyxia, the 
vast majority of cases do not involve a sentinel event – even if one 
were to consider a prolonged fetal bradycardia a “sentinel event. 
Further, with prompt attention, most offspring from sentinel events 
do well (Perlman). 

This lack of consistency helps to explain the varying estimates 
of the relationship between intrapartum events and subsequent 
neurological impairment in the offspring, including not only dis-
orders of neonatal adaptation but long-term outcomes such as 
epilepsy, CP, and ASD, (13, 14) after major congenital malforma-
tions and chromosomal disorders are excluded (15). These issues 
are thrown into stark relief during medicolegal encounters alleging 
substandard care as the cause of preventable perinatal injury. 

Invariably, in the cauldron of the courtroom, however, the desire to 
assign fault competes, often energetically, with the demand for ex-
culpation. To prevail in the encounter, too often, it seems, a blind 
eye has been turned to evidence-based medicine, critical thinking, 
and equipoise. As a result, trials of similar cases come to opposite 
judgments, sometimes determined based on nonobjective or ig-
nored medicolegal and forensic evaluations (1, 16).

Given the disparate outcomes in judgments and the size of any 
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award, there is a widespread notion that a trial is a lottery. Obste-
tricians argue that judges and juries cannot sufficiently compre-
hend medical decisions and bristle at so-called runaway verdicts. 
The plaintiff’s bar argues about the lack of training of judges and 
the availability of qualified experts, while others have argued that 
there is more malpractice than lawsuits and that physicians al-
ready have too much immunity.

Especially in the last several decades, medicolegal claims imput-
ing negligent perinatal care (obstetrical/neonatal) in the causation 
of brain injury have been increasing worldwide. Perhaps the most 
publicity has come from England, where allegations of obstetri-
cal/perinatal negligence threaten to bankrupt the NHS. They have 
been estimated to account for about half of the UK’s activities of 
the National Health Service Litigation Authority (17). In the US, 
claims of negligently inflicted perinatal injury top the list of pediat-
ric claims (from 1985 to 2008) with an average indemnity of about 
500,000 dollars (18) although large “runaway” verdicts, though 
uncommon, become well publicized in the lay or even medical 
literature (19).

In this context, we here briefly review some of the obstetrical and 
neuroradiological issues that continue to confound medical prog-
ress and the results of allegations of substandard care in “birth-
injury cases.”

Electronic Fetal Monitoring

The problems of interpreting the CTG (Cardiotocography) during 
litigation are numerous, and recent articles have questioned how 
a technology so encumbered by a classification with its high rate 
of inter- and intra-observer variation and its poor correlation with 
adverse outcomes despite a high cesarean section rate can be 
offered with any authority in a court of law (19), there seems to be 
limited cross-fertilization between obstetrical and neonatal provid-
ers. While there is considerable emphasis in the medical literature 
on the value of a detailed pathological examination of the placenta 
(20) in these cases, there seems to be little demand or appetite 
for an informed interpretation of the CTG tracing itself. Indeed, in 
many situations where the child is transported to a higher level of 
care, the tracing does not accompany the child (21).

Attempting to correlate CTG findings with outcomes, one encoun-
ters numerous “medical designations” summarizing the interpreta-
tion of the CTG tracing and the urgency of intervention. The term 
“emergency cesarean section” may refer to the need for urgent 
intervention or any unscheduled cesarean section, whatever its 
urgency. One can only applaud the recent attempts to define a 
genuinely emergent cesarean section (22). Hopefully, this will be 
done with the understanding that eliminating the need for urgency 

in the first place is a much more desirable clinical objective. 

Under indications for intervention, a reviewer might find such ex-
pressions as “intolerance to labor,” “non-reassuring fetal status,” 
“fetal bradycardia,” and others. The terms “fetal distress” and 
“perinatal asphyxia,” unfortunately, have been “officially” removed 
from the obstetricians’ lexicon by the ACOG (23). The desire to 
be “fair of speech” impedes understanding of the impact of pre-
existing fetal conditions at the onset of labor, the evolution of pat-
terns, or the impact of contractions and pushing in the 2nd stage 
of labor (24-26).

Most studies dealing with the relationship between fetal heart rate 
patterns and outcomes start with those known to be acidotic at 
delivery. This approach is also common in those attempting to use 
deep learning to automate the interpretation of tracings. In reality, 
the most “severe” patterns, thought to be pathognomonic of fetal 
acidemia, correlate with umbilical acidemia less than 50% of the 
time. More telling, however, is the understanding that even se-
verely low pH and base deficit values are even poorer predictors 
of either low Apgar score or the need for specialized neonatal care 
(27). Vintzileos has called attention to the numerous pathophysi-
ological processes, including cerebral ischemia, that may impact 
the fetal heart rate pattern that is not dependent upon systemic 
fetal acidemia; indeed, fetal heart rate patterns along with clini-
cal indicators may be far better predictors of outcome than is the 
umbilical pH (21, 28, 29).

Nor is the immediate outcome of the newborn, including pH, dis-
positive of either injury or freedom from subsequent birth-related 
handicap. Notwithstanding, it is believed that most hypoxic-isch-
emic injuries occur during the peripartum period (15, 30). Add-
ing to this belief are observed benefits of therapeutic hypothermia 
(TH), which must be applied within 6 hours of injury (31).

Despite the apparent relationship of fetal heart rate patterns to 
fetal behavior (21), including neurological injury, reviews in the lit-
erature tend to define all fetal heart rate decelerations as hypoxic 
in origin (32). The ACOG/AAP 3-tier classification is based on the 
presumed risk of fetal acidemia. Category I, with its reassuring 
tracing, is designated as a tracing where the fetal pH is normal 
and hypoxia is absent (33). The classification does not assess 
fetal behavior or neurological integrity. Class II patterns include 
fetuses with diverse FHR patterns and diverse outcomes ranging 
from normal to hypoxic to injured (34). While Category II patterns 
are considered “indeterminate” and require “close observation,” 

“Attempting to correlate CTG findings 
with outcomes, one encounters 
numerous “medical designations” 
summarizing the interpretation of 
the CTG tracing and the urgency of 
intervention." 

“Despite the apparent relationship of 
fetal heart rate patterns to fetal behavior 
(21), including neurological injury, 
reviews in the literature tend to define all 
fetal heart rate decelerations as hypoxic 
in origin (32). The ACOG/AAP 3-tier 
classification is based on the presumed 
risk of fetal acidemia.” 



56NEONATOLOGY TODAYtwww.NeonatologyToday.nettSeptember 2023

the classification offers little guidance to the care provider and 
less protection if the case comes to litigation. Most Class III pat-
terns thought to represent fetal acidemia are not acidemic at birth.

In one European schema, all variant FHR patterns are classi-
fied as hypoxic - chronic, subacute, or acute - whether or not the 
patterns are accompanied by fetal acidemia (35). The abnormal 
patterns of “chronic hypoxia” with persistently reduced / absent 
baseline variability seen at the onset of monitoring is found with 
increased frequency with placental insufficiency (fetal growth re-
striction, postdate pregnancy, maternal diabetes, hypertension), 
chorioamnionitis, genetic anomalies, and toxic exposure and may 
be accompanied by discreet placental pathology (36, 37). Often, 
however, there is no apparent clinical correlation. With ”chronic 
hypoxia” tracing at the outset of monitoring, especially in the face 
of a previously normal pattern, the diagnosis of pre-existing fetal 
neurological injury must be entertained – fetal neurological nor-
mality may not be assumed. These patients are frequently deliv-
ered quickly with variable Apgar scores and pH and base deficit 
results. Notwithstanding, neurological injury in survivors is similar 
to those with more pronounced, acute problems appearing during 
labor. Again, the severity of the outcome was more dependent 
upon the tracing than the umbilical pH (25). 

On the other hand, it is not reasonable to presume that the growth-
restricted fetus, for example, was neurologically injured prior to 
labor, especially if, on admission to labor and delivery, the FHR 
tracing was reassuring, reflective of normal fetal responsiveness 
and behavior. A similar question arises in a genetically challenged 
child: can they also suffer hypoxic-ischemic injury during the in-
trapartum period, and what part of the subsequent handicap is 
related to the time in labor?

The most important prognostic feature relative to the timing of in-
jury appears to be the normal FHR pattern at the outset of labor. 
This pattern with a stable baseline rate in the normal range, mod-
erate variability, cyclic accelerations with fetal movements, espe-
cially in association with uterine contractions, and stable heart 
rate in the normal range permits the inference of normal fetal re-
sponsiveness and behavior and the absence of hypoxic/ischemic/

traumatic or infections assaults on the fetus. The evolution of the 
patterns, especially in light of the clinical correlates (e.g., oligo-
hydramnios), will provide insight into the timing, mechanism, and 
preventability of any neurological injury (21, 38). There appears 
to be no example of a previously normal fetus, subjected to any 
of these assaults, who fails to respond with changes in its FHR 
pattern. Further, though uncommon, there appear to be specific 
patterns that can only be explained by acute ischemic injury – not 
asphyxia (39, 40). This pattern, referred to as the “conversion pat-
tern,” has thus far been unerring in its prediction of neurological 
injury in the fetus although it does not reliably predict the specific 
MRI pattern of injury which might include BGT (Basal Ganglia and 
Thalmus), white-matter injury, stroke, or even “normal MRI”. Hav-
ing defined the pattern as highly predictive of injury does not, in 
and of itself, permit the conclusion that the injury was preventable. 
Indeed, though it is uncommon, the pattern may appear following 
a normal pattern with such speed as to preclude benefit from even 
the most rapid intervention (41). It must be understood that on 
these occasions, the deceleration represents the injury itself and 
not some harbinger of asphyxia. 

The confusion in obstetrical terminology is accompanied by simi-
lar issues in neonatology, pediatric neurology, and neuroradiology. 
Universally agreed-upon definitions of neonatal and hypoxic-isch-
emic encephalopathy (HIE) are still lacking (42), leading to con-
troversy over whether the cause has been a perinatal insult (43). 
Complicating this picture further is the fetus’s gestational age. It is 
well known that prematurity by itself leads to additional risks and 
vulnerability in the early postpartum period.

In the courtroom, it is frequently necessary to challenge the pu-
tative relationship of CP (and other disorders) to an intrapartum 
event (one estimate - 10–20% (44); where the presence of “se-
vere asphyxia” is deemed a requirement for assigning the timing 
of the injury to the events of labor and delivery. Severe asphyxia 
(pH<= 7.0 was one of the “essential criteria” promulgated by the 
2003 ACOG/AAP monograph (45). Absent this finding, the “defen-
sive” guidelines require that the timing and mechanism of injury 
be assigned elsewhere. While this guideline has likely dissuaded 
attorneys from undertaking litigation in the past, there would seem 
to be no scientific justification for these “essential criteria” in as-
signing the timing of fetal neurological injury. Indeed, in a review 
of CP cases in which the FHR pattern on admission to labor and 
delivery was reassuring, over two-thirds failed to show significant 

“The abnormal patterns of “chronic 
hypoxia” with persistently reduced 
/ absent baseline variability seen at 
the onset of monitoring is found with 
increased frequency with placental 
insufficiency (fetal growth restriction, 
postdate pregnancy, maternal diabetes, 
hypertension), chorioamnionitis, genetic 
anomalies, and toxic exposure and may 
be accompanied by discreet placental 
pathology (36, 37). Often, however, there 
is no apparent clinical correlation.” 

“The most important prognostic feature 
relative to the timing of injury appears 
to be the normal FHR pattern at the 
outset of labor ... The evolution of the 
patterns, especially in light of the clinical 
correlates (e.g., oligohydramnios), 
will provide insight into the timing, 
mechanism, and preventability of any 
neurological injury (21, 38).” 
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acidemia at birth. Low Apgar scores and neonatal encephalopathy 
were more common, but these criteria were not considered a pre-
requisite for fetal injury sustained intrapartum (40). Notwithstand-
ing, one still encounters the “essential criteria” in the defense of 
some cases.

Notwithstanding the attention to hypoxia and acidemia, it appears 
that cerebral ischemia is the obligatory prerequisite of injury. 
Claiming that every ischemic lesion is preceded by (systemic) fe-
tal hypoxia can no longer be maintained (1). This is supported by 
numerous lines of experimental and clinical evidence – reviewed 
elsewhere (46), as is the discussion of the molecular pathways 
leading to neuronal death (47). Also considered elsewhere are dis-
cussions of the impact of therapeutic hypothermia, the first therapy 
that has shown promise in improving the outcomes for neonates 
with moderate to severe NE following a presumed intrapartum in-
sult. Fanaroff et al. discuss TH’s obstetric and medicolegal impli-
cations and suggest a five-step approach to analyzing neonatal 
cases for causation, etiology, timing of occurrence, responsibility, 
and liability (48). Notwithstanding, the timing of the insult is often 
unknown, and the severity of encephalopathy may change under 
observation. Also evolving is the understanding that patients with 
“mild” encephalopathy” previously considered “benign”, may have 
a significant risk of adverse long-term outcomes (49-51).

Ultimately, the clinical presentation of HIE appears to offer no spe-
cific link to the timing of injury. The latency for first observable 
seizures following a prominent asphyxial event can range from 
minutes to a few days, and in the case of stroke, weeks to months, 
and executive function problems, years to decades later (52, 53).

MRI findings in newborns with HIE are often produced and dis-
cussed in medio-legal cases. MRI interpretations are divided 
into those injuries of the watershed areas (the areas least per-
fused) multicystic encephalomalacia, ulegyria in watershed injury 
referred to as partial, prolonged (usually over 1 hour) hypoxic-
ischemic injury to the term fetus (54, 55). This distribution pattern 
develops in part because the heavy sympathetic innervation of the 
neocortex facilitates reduced flow to this area in order to preserve 
the vital function assigned to the basal ganglia, thalamus, and hip-
pocampus, which receive blood supply from the vertebral/basilar 
system which has little sympathetic innervation (56). The BGT 
pattern involving bilateral hypoxic-ischemic insults of the posterior 
putamina and ventrolateral thalami and involvement of the peri-
Rolandic region and the inferior limb of the internal capsule are 
often referred to as an ‘acute, profound pattern’ that has been 
clinically linked to sentinel events (57, 58).

The problem arises, especially in medicolegal cases, when BGT 

injury is made a synonym for an acute, profound hypoxic-ischemic 
injury and, following along the syllogistic cascade, when the injury 
is unpredictable and unpreventable (59). Equipoise, however, de-
mands the understanding that many, if not most, cases of GBT 
injury cannot reasonably be connected to any sentinel event, 
and issues of foreseeability and preventability cannot be derived 
from these findings. In each case presented by Smith et al., a 
prolonged, abnormal tracing was associated with BGT findings 
without any obvious sentinel event. Various authors report simi-
lar associations (60, 61). Martinez-Biarge et al. reported that al-
most 60% of the 393 cases with ‘acute hypoxia ischemia’ on MRI 
had no sentinel event. An abnormal cardiotocograph (CTG) was 
present in at least 276 of the total cohort, permitting the strong 
inference that the provenance of the acute hypoxic injury was 
“fetal distress” (62). Of equal interest, Martinz-Biarge et al. and 
Hartmann et al. reported overlapping risk factors for both HIE and 
“stroke” (63, 64).

Similarly, the documentation of periventricular leukomalacia (PVL) 
is often deemed pathognomonic of an insult occurring between 
the 24th and the 34th gestational week despite the absence of 
any clinical correlation. It has been shown, however, that the ra-
diographic finding of PVL may occur in the term fetus (65). Even 
in the preterm newborn, the appearance of PVL is associated with 
obstetrical risk factors that may have benefitted from the early use 
of cesarean section (66).

Thus, neuroradiological images are not dispositive of the timing, 
the foreseeability, or the preventability of injury. As recommended 
by several authors, the finding of a ‘BGT pattern of injury’ should 
contain the added comment, “awaiting clinical (neonatal) and ob-
stetrical correlation,” and avoid any term related to the injury’s du-
ration, severity, or preventability. Further, sentinel events should 
not be deduced or imputed (67). MRI neuroimaging exams ob-
tained in the first weeks of life appear reliable for excluding an 
earlier antepartum injury or malformation (1). The findings of brain 
swelling, cortical highlighting, loss of gray-white matter differen-
tiation, abnormalities in basal ganglia, and thalami are general-
ly accepted as consistent with perinatal insult but of insufficient 
specificity. Each has been associated with no obvious asphyxial 
birth event (12). Finally, it is essential to remember that even in 
the most accurate and advanced application, obvious neurologi-
cal defects sustained around the time of birth may not be observ-
able on MRI (68). This fact significantly limits its overall negative 
predictive value (1). Neuroimaging does not represent the only 
surrogate of a pathological assessment in these cases.

“The problem arises, especially in 
medicolegal cases, when BGT injury 
is made a synonym for an acute, 
profound hypoxic-ischemic injury and, 
following along the syllogistic cascade, 
when the injury is unpredictable and 
unpreventable (59).” 

“Notwithstanding the attention to 
hypoxia and acidemia, it appears that 
cerebral ischemia is the obligatory 
prerequisite of injury. Claiming that 
every ischemic lesion is preceded by 
(systemic) fetal hypoxia can no longer be 
maintained (1).” 
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To remove the limitations of some of the conventional wisdom 
about the timing, mechanisms, and indicators of injury, we need 
to take better advantage of the evidence already available to en-
hance labor and delivery outcomes for both mother and child. Bet-
ter outcomes beget fewer allegations of malpractice.
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