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Objective: To determine the association of persistent pulmonary hypertension of the newborn
(PPHN) with death or disability among infants with moderate or severe hypoxic ischemic
encephalopathy (HIE) treated with therapeutic hypothermia.

Methods: We compared infants with and without PPHN enrolled in the hypothermia arm from
three randomized controlled trials (RCTs): Induced Hypothermia trial, “usual-care” arm of
Optimizing Cooling trial, and Late Hypothermia trial. Primary outcome was death or disability at
18-22 months adjusted for severity of HIE, center, and RCT.

Results: Among 280 infants, 67 (24%) were diagnosed with PPHN. Among infants with and
without PPHN, death or disability was 47% vs. 29% (adjusted OR 1.65, 0.86-3.14) and death was
26% vs. 12% (adjusted OR 2.04, 0.92-4.53), respectively.

Conclusions: PPHN in infants with moderate or severe HIE was not associated with a
statistically significant increase in primary outcome. These results should be interpreted with
caution given the limited sample size.

Keywords
cooling; pulmonary hypertension; neurodevelopmental impairment

Neonatal hypoxic ischemic encephalopathy (HIE) is an important clinical problem and is
associated with substantial mortality and long-term neurologic morbidities. Therapeutic
hypothermia significantly decreases death or childhood disability and has become the
standard of care for term neonates with moderate or severe HIE(1-5). Currently,
approximately 29% of infants with moderate or severe HIE die or have significant
neurodevelopmental disability despite therapeutic hypothermia(6).

The incidence of PPHN ranges from 15 to 29% among infants with HIE(3, 6, 7). Animal
studies have shown an increase in pulmonary vascular resistance with hypothermia to 30°C
—-34°C(8, 9) and in human neonates, hypothermia to 32°C is associated with an increased
need for iNO and ECMO therapy(6). There are also reports of development of pulmonary
hypertensive crisis and need for ECMO during rewarming(10). However, the NICHD NRN
trials have not shown a difference in prevalence of PPHN with hypothermia to 33.5°C
compared to the normothermic control group(11). In addition, the meta-analysis of 4 trials
involving 614 infants showed a risk ratio of 1.36 (95% CI .94-1.97) for pulmonary
hypertension among infants receiving hypothermia at 33°C —34°C and 3 trials found no
significant difference in the use of iINO when compared to normothermic controls(3).

There are multiple potential causes of hypoxemic respiratory failure and PPHN in infants
with HIE including perinatal hypoxia and acidosis, meconium aspiration syndrome,
ventricular dysfunction, and pulmonary hemorrhage(11-14). Hypoxemia and acidosis,
especially when sustained, can persistently elevate pulmonary vascular resistance, leading to
cardiac dysfunction and shunting of deoxygenated blood to the systemic circulation through
the foramen ovale or ductus arteriosus, thus resulting in systemic hypoxemia(15).

Persistent pulmonary hypertension (PPHN) is characterized by elevated pulmonary arterial
pressure and resultant right to left shunting of blood thus causing systemic hypoxemia.
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Therapies for PPHN include positive pressure ventilation with optimal lung recruitment,
maintenance of optimal intravascular volume and cardiac function, pulmonary vasodilators
such as inhaled nitric oxide (iNO), and extra-corporeal membrane oxygenation (ECMO)(16—
18). Infants with HIE may have decreased cerebral perfusion due to cerebral edema,
impaired cerebral autoregulation, ventricular dysfunction, systemic hypotension, and
hypocarbia, while PPHN may decrease cerebral oxygenation, and cause additional brain
injury(19-21). Although survival among infants with PPHN has improved in recent decades,
15%-30% of survivors continue to have neurodevelopmental impairment likely due to the
primary disease process, oxidant stress from hyperoxia, and complications associated with
other therapies such as hyperventilation or ECMO(22-25). Neurodevelopmental follow up at
18-24 months of infants enrolled in the iNO treated arm of Neonatal Inhaled Nitric Oxide
Study (NINOS) trial showed 35% infants had one or more neurodevelopmental disabilities,
including Bayley Scales of Infant Development (BSID) Il Mental Developmental Index
(MDI) <70 in 27% and Psychomotor Developmental Index (PDI) <70 in 22%, cerebral palsy
in 12%, sensorineural hearing loss in 13%, hearing aid in 8%, and blindness in 2%(25).

Currently there are no data available on neurodevelopmental outcomes of infants with
moderate or severe HIE and PPHN. We hypothesized that among infants with moderate or
severe HIE treated with therapeutic hypothermia, those with PPHN will have an increased
risk of death or disability compared to infants who do not develop PPHN.

This was a retrospective analysis of prospectively collected data on infants enrolled in the
hypothermia arm of one of three trials- the Induced Hypothermia (IH) trial (1), “usual-care”
arm (33.5°C for 72h) of Optimizing Cooling Strategies (OC) trial (26), and Late
Hypothermia (LH) trial (27) performed by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD) Neonatal Research Network (NRN). For
all three trials, infants were screened if they had gestational age > 36 weeks and were
admitted to the neonatal intensive care unit with a diagnosis of acute perinatal asphyxia,
neurological depression, encephalopathy, and/or fetal acidemia. Postnatal age for eligibility
was <6 hours for IH and OC trial and 6 to 24 hours for the LH trial. Moderate or severe HIE
in all these trials was defined using the NICHD screening biochemical criteria along with
neurologic examination (modified Sarnat staging) consistent with moderate or severe
encephalopathy or seizures (1). For IH and the “usual care” arm of OC trial, eligible infants
received whole body therapeutic hypothermia to 33.5°C for 72 hours, initiated within 6
hours of age. For the LH trial, eligible infants received whole body therapeutic hypothermia
to 33.5°C for 96 hours, initiated between 6 to 24 hours of age. Infants with major congenital
anomalies were excluded from all three trials.

In these trials, PPHN was diagnosed on the basis of clinical signs consistent with this
diagnosis and echocardiographic evidence of pulmonary hypertension (i.e., no structural
heart disease; positive indication of elevated pulmonary arterial pressure; and/or flattened
ventricular septum). We also included infants who were not diagnosed with PPHN (by
clinical or echocardiographic criteria) but who received iNO with the PPHN cohort. The
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interpretation of echocardiograms and management of PPHN, including use of iNO and
ECMO were according to individual center practices.

The follow up data from the three trials were used to evaluate the neurodevelopmental
outcomes at 18-22 months. The primary outcome for this study was death or moderate or
severe disability as defined in the trials(1, 26, 27). Moderate disability was defined as BSID
I11 cognitive score 70-84 in the OC and LH trials and BSID 1l MDI 70-84 in the IH trial,
and either GMFCS level 2, active seizures or hearing impairment (hearing impairment with
no amplification for IH trial and hearing with amplification for OC and LH trial). Severe
disability was defined as any of the following: BSID Il cognitive score <70 in the OC and
LH trials and MDI <70 in the IH trial, GMFCS level 3-5, blindness or severe hearing
impairment (hearing impairment requiring amplification for IH trial and hearing impairment
despite amplification for OC and LH trial). Secondary outcomes included components of the
primary outcome: death, moderate or severe disability in survivors, and cerebral palsy,
composite cognitive score or MDI score, composite motor score or PDI score, blindness, and
severe hearing impairment.

Statistical analysis

Results

Descriptive statistics included mean (SD) or median (IQR) for continuous variables and
frequency and percentage for categorical variables. Unadjusted comparisons of baseline
maternal and infant characteristics and neonatal morbidities were performed between the
infants with or without PPHN using chi squared test, t-test, or Wilcoxon test, as appropriate.
Generalized linear mixed models were used to compare neurodevelopmental outcomes
between the infants with and without PPHN after adjusting for severity of HIE, center and
study (IH, OC or LH), as possible. Center of birth was included as a random effect and other
covariates were included as fixed effects. For some of the outcomes (Bayley 111 Motor score
or Bayley Il PDI, moderate cerebral palsy, and blindness), the adjusted model did not
include center and/or study due to small sample size. No adjustments were made for
multiple comparisons. A two-sided p-value of <0.05 was considered significant. Statistical
analyses were performed using SAS 9.4, Cary, NC.

A total of 280 infants (IH trial n=102, OC n=95, LH n=83) were included in this study.
Sixty-seven infants (24%) were diagnosed with PPHN (n=64; IH trial n=25, OC n=19, LH
n=20) or received iNO (n=3, all in OC trial) and 213 (76%) did not have PPHN (Figure 1).

Maternal and intrapartum neonatal characteristics are shown in Table 1. Maternal chronic
hypertension and uterine rupture were more common among infants in the no- PPHN group.
Infants in the PPHN group had a higher incidence of severe encephalopathy (39% vs. 17%,
P <0.0001) and continued need for resuscitation at 10 minutes (94% vs. 82%, P=0.02).

Hospital outcomes are shown in Table 2. Pulmonary diagnoses (meconium aspiration
syndrome and pulmonary hemorrhage) were more commonly observed among infants in
PPHN group. Cardiac dysfunction (defined as any of the following: cardiomegaly, cardiac
failure, dysfunction on ECHO, or elevated cardiac enzymes) and vasopressor use for
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hypotension were also higher among infants in the PPHN group. Forty-seven infants (70%)
in the PPHN group received iNO and 9 (13%) received ECMO. Infants in the PPHN group
had higher rates of other in-hospital morbidities including disseminated intravascular
coagulation, need for blood and platelet transfusion, hypoglycemia, hypocalcemia and sepsis
with positive blood culture. Infants in PPHN group had a longer length of hospital stay, more
days of ventilation, and days of supplemental oxygen. Mortality before discharge was also
higher among infants in the PPHN group. Among survivors, there was no difference in
receipt of oxygen, gavage/gastrostomy tube feeds, or seizures requiring anticonvulsant
therapy at hospital discharge.

At 18-22 months follow-up, the primary outcome of death or moderate/severe disability was
available for 66 (98.5%) infants in PPHN group and 206 (96.7%) infants in the no-PPHN
group (Table 3). While the PPHN group had a significant increase in the primary outcome in
the unadjusted analysis [47% vs. 29%, OR (95% CI) 2.12 (1.18-3.81), P=0.01], there was
no significant difference after adjustment for severity of encephalopathy, center, and specific
RCT [adjusted OR (95% CI) 1.65 (0.86-3.14), P=0.13]. Death was also higher in the PPHN
group in unadjusted analysis [26% vs. 12%, OR (95% CI) 2.54 (1.24-5.19), £=0.01], but
was not statistically different between the groups after adjusted analysis [adjusted OR (95%
Cl) 2.04 (0.92-4.53, P=0.08]. There was no difference in the incidence of moderate or
severe disability, cerebral palsy, or blindness between the groups. Severe hearing impairment
was higher among infants in the PPHN group. In subgroup analysis, among infants with
moderate encephalopathy at trial enrollment, death or moderate/severe disability was higher
among infants in the PPHN group compared to those in the no-PPHN group [39% vs. 20%,
adjusted OR (95%Cl) 2.58 (1.20-5.53), P=0.02]. Among infants with severe encephalopathy
at trial enrollment, there was no difference in death or moderate or severe disability between
the groups [60% vs. 70%, OR (95% CI) 0.67 (0.22-2.02), P=0.47]. Among the 9 infants
(moderate HIE, n=7; severe HIE, n= 2) who received ECMO, all survived to follow up and
3 (33%) had moderate or severe disability at 18—-22 months.

Discussion

We performed a secondary analysis evaluating the outcome of infants with and without
PPHN, who were enrolled in the hypothermia arm of one of the three NICHD NRN RCTs of
hypothermia for HIE. In this study, PPHN was present in 24% of infants with moderate or
severe HIE. This study did not find a statistically significant difference in the primary
outcome of death or moderate/severe disability among infants with HIE and PPHN when
compared to those without PPHN, following statistical adjustment for severity of HIE,
center, and specific RCT. Infants with moderate or severe HIE are at risk of development of
PPHN, which may potentially increase their risk of brain injury by exposing them to
hypoxemia directly, or hyperoxemia and hypocarbia due to PPHN management. We
speculate that the lack of a significant association between PPHN and death or disability at 2
years of age in infants with HIE may be related to our sample size, the varying severity and
timing of PPHN, and the confounding effects of HIE severity on outcome. Currently there
are conflicting results regarding the early predictive markers of developmental disability
among newborns with HIE and PPHN. More et al. reported increased incidence of PPHN
among infants with HIE who had evidence of brain injury on magnetic resonance imaging
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(MRI)(28); however, another study did not find association of PPHN with neurologic
examination at discharge or MRI abnormalities(11). Longer term neurodevelopment
outcomes were not reported in these studies. In this study, PPHN was not associated with
increased incidence of moderate or severe disability at 18-22 months.

The NICHD NRN reported morbidity following PPHN in the Induced Hypothermia trial
(n=208, 106 normothermia, 102 hypothermia) and usual care arm of the Optimizing Cooling
Strategies trial (n=95)(11). In-hospital mortality (27% vs. 16%) was not different after
adjustment for severity of HIE [adjusted OR (95% CI) 1.52 (0.76-3.02) P=0.24]. Mortality
among infants with moderate HIE was higher [OR (95% CI) 2.73 (1.01-7.39), ~P=0.048]
among the PPHN group (18%) compared to no PPHN group (8%). Mortality among infants
with severe HIE was not associated with the presence of PPHN (38% mortality in both
groups, OR 0.98, 0.40-2.41, P=0.96). Similarly, in the current analysis of infants with
moderate encephalopathy at study entry, PPHN was associated with significantly higher
death or moderate/severe disability. Among those with severe encephalopathy at study entry,
PPHN was not associated with death or moderate/severe disability. Whether early
identification and management of PPHN among infants with moderate encephalopathy
during therapeutic hypothermia could potentially improve the mortality or disability rate in
this subgroup is unknown. It has recently been noted that signs of right ventricular
dysfunction on early echocardiography performed at or within 24 hours of age, may identify
infants with HIE at risk for progression to receipt of iNO or ECMO for PPHN(29). Another
study noted that right ventricular dysfunction identified on early echocardiography at 24
hours of age is associated with abnormal MRI or death among infants with HIE(30).

The use of ECMO among infants receiving therapeutic hypothermia for HIE is
increasing(31). About 4-9% of infants with HIE and PPHN receive ECMO therapy(1, 6).
The Extracorporeal Life Support Organization (ELSO) registry, from 20062012, reported
that the use of ECMO among infants receiving therapeutic hypothermia for HIE has
increased from 0 to 37 annually(32). These infants are at high risk for intracranial
hemorrhage during anticoagulation with ECMO since they often have coagulopathy and
multiorgan injury(3). In a study from the ELSO registry, among 78 neonates with HIE
receiving therapeutic hypothermia and ECMO, 17 (22%) developed neurological
complications and 12 (15%) died before hospital discharge(32). Another single center study
of 20 neonates with HIE receiving therapeutic hypothermia and ECMO noted a 30%
incidence of intracranial hemorrhage during ECMO and 20% in-hospital mortality; with
44% normal MRI before discharge among survivors(33). None of these studies reported
neurodevelopmental outcomes. In the present study, among the 9 infants receiving ECMO,
all survived to discharge and 6 (66%) had no or mild disability at follow up. However, no
definite conclusions can be made from this very small sample size, and follow up data of
larger number of infants with HIE and ECMO are needed to determine the
neurodevelopmental outcomes of these high risk infants. Also, there is a potential for
selection bias, with some infants not being considered a candidate of ECMO due to the high
risk of intracranial hemorrhage or poor neurodevelopmental outcomes.

Approximately 5% survivors of moderate to severe HIE have sensorineural hearing loss,
with no difference among hypothermia or normothermia infants(3). Follow up data of
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randomized controlled multicenter trials of iNO for PPHN showed that about 7% —14% of
surviving infants had sensorineural hearing loss with 2-8% requiring amplification; there
was no difference among infants who received iNO compared to those who did not (23-25).
In our cohort of infants with HIE and PPHN, 13% required amplification for hearing loss.

There are several limitations to our study. PPHN in these trials was diagnosed on the basis of
clinical signs and echocardiographic evidence of pulmonary hypertension which may have
both intra-center and inter-center variation. The timing of diagnosis, severity or duration of
PPHN, and indication and time of initiation of iNO and ECMO were not recorded. There is
a 20 year time span between the trial data sets and clinical care may have changed during
this period(34). However, despite the 20 year time span between these data sets, the
incidence of PPHN has remained stable at 20-25% among the hypothermia group of IH,
usual-care arm of OC, and the hypothermia group of LH. Mortality was much lower in the
OC and LH trials compared to the IH trial (9% and 11.5% in OC and LH trial respectively,
24% in IH trial). The lower mortality in the Optimizing Cooling Strategies trial is probably
related to lower number of severe HIE infants enrolled (~ 23% compared to 35% in Induced
Hypothermia), while in the Late Hypothermia trial, more moderate HIE infants were
enrolled (~90%). The differing editions of standardized development assessment tool (BSID
I1in IH trial and BSID 111 in OC and LH trial) could limit the ability to compare outcomes
between these trials. Also, analysis was not adjusted for multiple comparisons, since only
the primary outcome analysis is considered as definitive. The strengths of this study are the
inclusion of the largest number of infants with HIE and PPHN treated with hypothermia;
however, it must be noted that the absolute number of infants with PPHN was small.

In summary, among RCT participants treated with hypothermia for HIE, PPHN was
associated with an increased risk of death or moderate or severe disability at 18—-22 months
when compared to those without PPHN; however the difference was no longer statistically
significant after adjustment for the severity of HIE, center, and specific RCT. Among infants
with moderate encephalopathy at study entry, PPHN was associated with significantly higher
death or moderate or severe disability. These results should be interpreted with caution as the
limited sample size may preclude the possibility of detecting statistically significant group
differences.
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moderate or severe HIE
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Followed at 18-22
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Flowchart showing the source of subjects and grouping based on presence of PPHN.
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Table 1:
Maternal and Neonatal Characteristics of Cooled Infants with Hypoxic Ischemic Encephalopathy with and
without PPHN.
Characteristics PPHN [n=67] n (%) | NoPPHN [n=213] n (%) | P-value
Maternal
Race
Black 23 (34%) 52 (24%)
White 37 (55%) 149 (70%) 0.07
Other 7 (10%) 12 (6%)
Maternal age, yr 27+56 28+6.1 0.58
Complications of pregnancy
Chronic hypertension * 4 (6%) 37 (17%) 0.02
Antepartum hemorrhage 6 (9%) 19/212 (9%) 1.00
Diabetes 7 (10%) 17 (8%) 0.53
Intrapartum complications
Fetal heart rate decelerations 55 (82%) 176/212 (83%) 0.86
Cord prolapse 9 (13%) 39 (18%) 0.36
Uterine rupture ™ 1(1%) 20 (9%) 0.03
Maternal pyrexia 8 (12%) 23 (11%) 0.80
Shoulder dystocia 5/66 (8%) 20 (9%) 0.65
Maternal hemorrhage 6 (9%) 16 (8%) 0.70
Emergency cesarean delivery 47 (70%) 133 (62%) 0.25
Infant
Birth weight, g 3266 * 649 3351 +536 0.29
Gestational age 389+17 388+15 0.67
Male sex 38 (57%) 112(53%) 0.55
Apgar score <5
At5 min 55 (829%) 1741212 (82%) 1.00
At 10 min 38/62 (61%) 119/194(61%) 0.99
Intubation in delivery room 54 (81%) 165 (77%) 0.59
Continued resuscitation at 10 min ™ 63 (94%) 175 (82%) 0.02
Cord blood
pH 6.9 +0.2 (n=52) 6.9 +0.2(n=160) 0.69
Base deficit — mmol/liter 16 £ 6.6 (n=46) 17 £ 7.3(n=124) 0.78
Clinical Seizures before randomization | 25 (37%) 108 (51%) 0.06
7 26 (39%) 37/212 (17%) 0.0003

Severe encephalopathy

Data shown as n (%) or mean + SD

*
Significant at P<.05.

”Severity of encephalopathy data missing on one infant.
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Table 2:
Hospital Course and Status at Discharge among cooled infants with Hypoxic ischemic encephalopathy with
and without PPHN
CharacteristicsMedian (IQR) or n (%) | PPHN [n=67] | NoPPHN [n=213] | P-value
n (%) n (%)
During hospital course
Pulmonary pathology
Meconium aspiration syndrome 33(49.3) 17 (8.0) <0.0001
Pulmonary hemorrhage 7 (10.4) 6 (2.8) 0.02
Inhaled Nitric Oxide 47 (70.1) ~ ~
ECMO 9(13.9) ~ ~
Days of Mechanical ventilation 9 (4-14) 2 (1-5) <0.0001
Days of supplemental oxygen 13.0 (5-18) 3 (1-6) <0.0001
Hypotension treated with Vasopressors 43/66 (65.2) 51 (23.9) <0.0001
Cardiac arrhythmia 4/66 (6.1) 5(2.3) 0.22
Cardiac dysfunction * 24/66 (36.4) 13/211 (6.2) <0.0001
Bloodstream infection 7 (10.4) 3(1.4) 0.002
Blood transfusion 31 (46.3) 41 (19.2) <0.0001
Platelet transfusion 29 (43.3) 37 (17.4) <0.0001
Disseminated intravascular Coagulopathy | 16/66 (24.2) 25 (11.7) 0.02
Oliguria 20/66 (30.3) 41(19.2) 0.06
Anuria 2166 (3.0) 7(3.3) 1.00
Hepatic dysfunction 19/66 (28.8) 37 (17.4) 0.053
Hypoglycemia 15/66 (22.7) 24 (11.3) 0.023
Hypocalcemia 28/66 (42.4) 49 (23.0) 0.003
Seizures 27/54 (50.0) 88/192 (45.8) 0.64
Death 16 (23.9) 19 (8.9) 0.003
Length of stay — days 23 (11.7-36) 12 (9-18.8) <0.0001
Discharge status
Gavage feeding 5/46 (10.9) 16/187 (8.6) 0.575
Gastrostomy tube feeding 6/46 (13.0) 12/187 (6.4) 0.214
Anticonvulsant therapy 13/46 (28.3) 69/187 (36.9) 0.305
Supplemental Oxygen 2/46 (4.3) 5/187 (2.7) 0.630

*
Cardiac dysfunction as defined by the status form (any of the following: cardiomegaly, cardiac failure, dysfunction on ECHO, elevated enzymes).
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Outcome at 18 to 22 Months of Age among Cooled Infants with Hypoxic Ischemic Encephalopathy with and

without PPHN

Adjusted

Unadjusted

PPHr:\‘((E/';): 60 | NoPPH '(\f, /E;‘: 206l | oRr(@s%cCl) | pvalue | OR(@s%CH) | p-value
Death or moderate/severe 31/66 (47) 60/206 (29) 1.65 (0.86, 3.14) 2.12(1.18,3.81) 0.01
disability ™ 0.13
Moderate disability * 2/49 (4) 2/182 (1) 4.08(0.52,322) | o018 | 3.78(051,2839) [ 0.19
Severe disability * 12/49 (25) 34/182 (19) 111(0.48,253) | o081 | 144(067,310 | 035
Death* 17/66 (26) 24/206 (12) 2.04 (0.92, 4.53) 0.08 2.54 (1.24, 5.19) 0.01
Cause of death
Asphyxial brain injury 9/17 (53) 12/24 (50)
Multiorgan failure 1/17 (6) 3/24 (13)
PPHN 3/17 (18) 0/24 (0)
Other 317 18)" 824 (33)°
Missing data 1/17 (6) 1/24 (4)
Among survivors
Bayley 11 Cognitive score or
Bayley I MDI
>g5* 27146 (59) 116/175(66) 0.84(0.40,1.76) | 0651 | 0.79(0.39, 1.58) 0.49
70-84%* 10/46 (22) 30/175 (17) 1.47(0.63,3.46) | 0369 | 1.29(0.57,2.93) 0.54
<70* 9/46 (20) 29/175 (17) 0.94(0.38,2.33) | 0892 | 1.21(0.52 2.82) 0.65
Bayley 111 Motor score or
Bayley Il PDI
>g5 ** 26/44 (59) 122/175(70) 0.86 (0.41, 1.82) 0.70 0.63 (0.32, 1.25) 0.18
70-84 ** 7144 (16) 20/175 (11) 1.28 (0.48, 3.40) 0.61 1.47 (0.57, 3.75) 0.42
<70* 11/44 (25) 33/175 (19) 1.01 (0.43, 2.40) 0.98 1.43 (0.65, 3.14) 0.37
Cerebral palsy 10/48 (21) 37/182 (20) 0.68 (0.28,1.65) | 0.394 | 1.03(0.47,2.27) 0.94
Mild * 2/10 (20) 8/37 (22) 1.07(0.13,8.71) | 0.952 | 0.91(0.15, 5.40) 0.91
Moderate ™** 4/10 (40) 3/37 (8) 8.41(1.29,54.76) | 0.027 | 7.55(1.28,44.72) | 0.03
Severe® 4/10 (40) 26/37 (70) 0.17(0.02,1.30) | 0.086 | 0.25(0.04, 1.54) 0.13
Blindness ** 1/48 (2) 13/180 (7) 0.14(0.02,121) | 0074 | 027(0.03,217) | 022
Severe hearing impairment ™ 6/48 (13) 5/182 (3) 4.25(1.08,16.7) | 004 | 5.06(L.46,17.48) | 0.01

*
OR Adjusted for study, severity of HIE, and center as random effect.

”One infant- intracranial hemorrhage; one infant- respiratory failure; one infant- sudden infant death syndrome.

§One infant- one infant- pneumonia and asphyxial brain injury; one infant- viral pneumonia; 6 infants- other cause of death not specified.

*:

*
OR Adjusted for study, severity of HIE.
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OR Adjusted for severity of HIE.
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