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Abstract

Purpose: The aim of this study was to investigate the
prognostic value of complete blood count parameters,
presence of pulmonary hypertension (PH) and valve
failure in newborns with hypoxic ischemic encephalopathy
(HIE).

Materials and Methods: 115 term newborns with Sarnat
Stage 2 and 3 with HIE and 90 healthy newborns were
included in this retrospective study. Echocardiographic
examination, red blood cell distribution width (RDW),
platelet distribution width (PDW), and C-reactive protein
(CRP) values at the first six hours and at 72 hours after the
cooling treatment were compared with controls.

Results: There was a relationship between presence of
mitral regurgitation (MR), aortic regurgitation (AR), and
persistent PH and death. The mean RDW, PDW and CRP
levels at the first six and after 72 hours were significantly
higher in infants with HIE when compared with the
control group, and these parameters were significantly
increased in the stage 3 group. A significant relationship
was found between the increase in RDW and CRP values
and the presence of MR, AR and mortality.

Conclusion: The degree of PH and presence of valvular
insufficiency are important patameters in determining
prognosis in HIE. Also, simple blood tests such as RDW
and CRP and the echocardiographic evaluation are found
to be correlated with hospitalization period and mortality
and may be a guide in prognosis.

Keywords:. Echocardiography, hypoxic-ischemic
encephalopathy, red blood cell distribution width

Oz

Amag: Bu calismanin  amact  hipoksik  iskemik
ensefalopati(HIE) tanili yenidoganlarda tam kan saymi
parametrelerinin, pulmoner hipertansiyon (PH) ve kapak
yetmezligi varhiginin prognostik degerini incelemektir.
Gereg ve Yontem: Sarnat Slgegine gore evre 2 ve 3 HIE
olan 115 term yenidogan ile 90 saglikli yenidogan hastanin
verileri retrospektif olarak degerlendirilmistir. Ilk 6 saatteki
ve hipotermi tedavisi sonrast 72.saatteki ekokardiyografik
inceleme, kirmizt kan hucresi dagilim genisligi (RDW),
trombosit dagilimi genisligi (PDW) ve CRP degerleri,
kontrol grubu ile karsilastirilmistur.

Bulgular: Mitral yetmezlik, aortik yetmezlik ile persistan
PH ve 6lim arasinda anlamlt bir iliski bulunmustur. Ik 6
saat ve 72. saatteki ortalama RDW, PDW ve CRP degetleri
kontrol saglikli gruba gbre hastalarda daha yiiksek
ctkmistir. Ozellikle evre 3 HIE hastalarinda daha belirgin
olmak tizere, bu parametrelerin 72.saatte ilk 6 saate gére
o6nemli oranda arttgt  g6rilmistir. RDW, CRP
degerlerinde artis ile MY, AY olmast ve mortalite arasinda
anlamli bir iliski bulunmustur.

Sonug: Calismamiz PH derecesi ve kapak yetmezligi
varliginin, HIE’de prognozu  belitlemede  6nemli
parametreler oldugunu gostermektedir. RDW ve CRP gibi
basit kan testleri ile ekokardiyografik degerlendirme
yapilmasi yatis zamani ve mortalite ile iliskili olup
prognozu belitlemede rehber olabilir.

Anahtar kelimeler: Ekokardiyografi, hipoksik-iskemik
ensefalopati, kirmizi kan hiicresi dagilim genisligi.
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INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE), which
causes multiple organ dysfunction, is the most
important of mortality and long-term
morbidity in neonatal period 2. The mortality rate
has been reported as 10-60% in infants with HIE and
developing myocardial dysfunction is one of the
important determinants of prognosis’-3*. The
incidence of cardiac dysfunction ranges from 24 to
60% in perinatal asphyxia > Although, various
echocardiographic techniques have been used in
evaluating reduced myocardial function in asphyxia,
the parameters in prediction prognosis of the HIE
have not been clearly demonstrated.

causce

Neonates with HIE, cerebral ischemia initiates the
congenital immune response in a short time and this
brain damage is supposed to be responsible for the
accumulation of inflammatory cytokines ¢7. Red
blood cell distribution width (RDW) and platelet
distribution width (PDW) have already been known
markers associated with severe inflimmation 89.
High-sensitivity C-reactive protein (Hs-CRP), which
is an acute phase protein, is also a sensitive indicator
of inflammatory reactions %!, Several studies have
demonstrated the association of inflaimmatory
cytokines with HIE 1213, Therapeutic hypothermia is
the only accepted treatment modality in babies with
HIE which gradually reduces the cellular metabolism.
However, the role of these cytokines in the
progression and prognosis of disease and the effect
of hypothermia treatment is unclear.

Furthermore, there are no studies evaluating the
telationship between RDW and/or PDW and
prognosis of the disease in infants with HIE. The aim
of this study is to investigate the prognostic value of
pulmonary  hypertension, cardiac  valvular
regurgitation and complete blood count parameters
in neonates with HIE.

MATERIALS AND METHODS

In this retrospective study, 115 term newborns were
screened in January 2012-December 2016 with the
diagnosis of HIE who were hospitalized in neonatal
intensive care unit. The diagnosis of HIE was based
on American College of Obstetricians and
Gynecologists criteria, and the severity of HIE was
determined according to modified Sarnat staging 1415,
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The exclusion criteria were arriving to the center after
six hours of birth, having gestational age less than 36
weeks, severe intrauterine growth retardation, the
diagnosis of sepsis, congenital heart disease or other
severe congenital anomalies. Patients who met the
inclusion criteria and who were diagnosed with
hypoxic-ischemic encephalopathy had <5 Apgar
score at 10 minute, those who received positive
pressure ventilation until 10 minute after delivery or
with pH <7.0 or base excess = -16 on blood gases
analysis within the first hour after birth were
evaluated. Amplitude integrated
electroencephalography (aEEG) records (Brainz;
Natus Medical, San Catlos, CA, USA) were kept for
at least 30 minute if there were any finding(s)
indicative of moderate or severe encephalopathy (i..
lethargy, stupor, and coma), hypotonia, abnormal
reflexes (i.e. pupil response to light), or convulsion.
Patients were divided into two groups as moderate
and severe.

Infants were cooled wusing the cool cap
(OlympicMedical Cool Care System;
OlympicMedical, Seattle, WA, USA) or tecotherm
neo (Am Kriimmling, Kabelsketal OT Zwintschona,
Germany) for 72 hours which was followed by
rewarming over six hours. The aim was to maintain
rectal temperature at 33-34°C for 72 hours. After
cooling, the rectal temperature increased to 36.5°C
(£0.5°C/h). Serum samples wete taken in the first six
hours after birth and at 72 hours after rewarming.

Complete blood count (white blood cell count,
platelet count, RDW, mean platelet volume, PDW)
and CRP levels of all the patients and the control
group were recorded. The control group consisted of
90 newborns admitted with the diagnosis of transient
tachypnea of neonate with normal transthoracic
echocardiography and similar in age and gender.
Consents of the local ethics committee obtained
(Mersin ~ University  Clinical Research — Ethics
Committee, 2017/178).

Echocardiography

Transthoracic echocardiography (IT'TE) by using 6
MHz transducers was performed to assess
myocardial involvement in the first 24 hours after
birth (Vivid S5 Pro Ultrasound System; GE Medical
Systems, Horten, Norvay). Echocardiographic
examinations were performed by the same
experienced echocardiographer. The left ventricle
ejection fraction (LVEF) was calculated by using
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Simpson's biplane method. Cardiac valves wete
evaluated with evaluation annular and chordal
pathologies, regurgitation and prolapses. Mitral and
aortic valve regurgitations were assessed by colored
Doppler echocardiography in apical and parasternal
long axis windows.

Tricuspid regurgitation jet and ventricular septal
flattening were used to assess PH in conventional
echocardiography. Systolic pulmonary arterial
pressure (sPAPecho) was considered equal to the
right ventricular (RV) systolic pressure in the absence
of RV outflow tract (RVOT) obstruction or
pulmonary stenosis (PS). The sPAPecho determined
from the peak tricuspid regurgitation velocity as
recommended using the modified Bernoulli equation
considering the right atrial (RA) pressure gradient.
The presence of persistent PH was recorded.

Statistical analysis

The data processed and analyzed using the STATA
MP/11 statistical package. Normality assumption of
hemogram,  echocardiographical ~ values  and
hospitalization were checked by Shapiro Wilk test.
These variables were summarized as mean and
standard deviation and the comparisons between
groups were performed using independent t-test or
Mann-Whitney U test. The relationships between
categorical variables were tested using Fisher’s Exact
test. The correlations between hospitalization and
hemogram parameters were analyzed using Spearman
correlation coefficient. The changes between the first
and third days in groups were analyzed using t-test.
Statistically significance level was accepted as less

than 0.05.

Prognostic value of CBC and ECHO parameters

RESULTS

During the period of study 185 newborns were
diagnosed as HIE. Forty-two were excluded for not
fulfilling the inclusion criteria. Fifteen were excluded
because they aged more than six hours at the time of
randomization, five was due to congenital
malformation and eight were excluded because they
were hemodynamically unstable and required
recurrent resuscitation who then died. Therefore,
study group included 115 patients and the control
group included 90 patients. In the study group, 61
(53%) infants were staged as moderate and 54 (47%)
infants as severe HIE (Figure 1).

There were not any differences in mean gestational
age, gender, birth weight, head circumference and
type of delivery between the patient and control
groups. Similarly, there was no difference in mean
gestational age, birth weight and height, head
circumference, and type of delivery in between
moderate and severe HIE in study group (p>0.005)
(Table 1).

Apgar score was significantly lower in Sarnat 3
patients than in Sarnat 2 patients as expected. The
mean arterial blood gases pH in the first hour were
7.09 £ 0.11 and averaged base deficit 14.76 + 3.62 in
Sarnat 2 patients and pH 6.90 £ 0.16 and averaged
base deficit was 19.04 + 4.56 in Sarnat 3 patients.
There were no significant differences in presence of
hypotension, bradycardia, abnormal coagulation test,
abnormal renal function tests, electrolyte imbalance,
and elevation of liver enzymes between the patients
in Sarnat 2 and Sarnat 3.

Table 1. Demographic and echocardiographic parameters of patients with Sarnat 2 and Sarnat 3

Sarnat 2 (n=61) Sarnat 3 (n=54) P

Gestational age (week) 38.69+1.28 38.48%1.5 0.427
Birth weight (g) 3086.11£362 3041.77£639 0.748
Head circumference (cm) 34.85£0.67 34.88+1.99 0.933
Delivery

Vaginal 37(60.7%) 32(59.3%) 0.142

C-section 24(39.3%) 22(40.7%)
Gender

Male 46(75.4%) 29(53.7%) 0.903

Female 15(24.6%) 25(46.2%)
APGAR Scote 5.0£1.0 4.1£1.4 <0.007
Hospitalization (day) 12.0£8.0 24.4£18.6 <0.001
sPAB (mmHg) 27.0%12.1 45.2112.8 <0.001
dPAB (mmHg) 8.681+6.23 18.8245.56 <0.001
EF 72.9+7.8 69.918.3 =0.001

sPAB: mean systolic pulmonary artery pressure, dPAB: mean diastolic pulmonary artery pressure, EF: ejection fraction.
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185 newborns
were
evaluated as
asphyxia

e 42 for not fulfilling the criteria
e 15 for being older than 6 h
¢ 5 for having congenital malformations

¢ 8 for being hemodynamically unstable
and requiring resuscitation

4 )

115 newborns
suitable for
inclusion

—

¢ 61 newborns were Sarnat stage 2
* 54 newborns were Sarnat stage 3

- J

Figure 1: Flow chart of patient selection

Table 2. The correlation of mitral regurgitation, aortic regurgitation and presence of pulmonary hypertension

with death in patients.

Parameter Yes No p
Mitral regurgitation 32 83

Death (Yes/No) 14/18 1/82 <0.001
Aortic regurgitation 15 100

Death (Yes/No) 10/5 5/95 <0.001
Pulmonary hypertension 17 98

Death (Yes/No) 15/2 98/0 <0.001

Table 3. Mean RDW, PDW and CRP levels in the first 6 and 72 hours in patient and control groups

Patient day 1 Patient day 3 Control day 1 Control day 3 p
RDW 17.76£2.42 18.16+2.63 17.01+1.68 15.85+2.5 <0.001
PDW 13.29+3.71 16.3£3.22 14.6£2.88 14.55+2.43 <0.001
CRP 3.416.96 20.15%31.86 1.28+2.31 1.41£1.13 <0.001

RDW: red cell distribution width, PDW: platelet distribution width

The estimated mean systolic and diastolic pulmonary
artery pressure values were higher and ejection
fraction was lower in the severe HIE group when
compared with moderate HIE group (p<0.001,
p=0.001). In the severe HIE group, hospitalization
period was significantly longer (p<0.001) (Table 1).

Correlation analysis revealed that systolic PAP
(p=0.001, r=0.426) and diastolic PAP (p=0.024,
r=0.335) showed a positive correlation with the
duration of hospitalization. Fifteen of the patients in
the study group died and 13 of them were in the
Sarnat 3 group. There was a significant correlation
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between the presence of mitral regurgitation (MR),
aortic regurgitation (AR), pulmonary hypertension,
and death (p<<0.001) (Table 2).

Mean levels of RDW, PDW and CRP in the first six
and 72 hours after birth were significantly higher in
infants with HIE when compared with the control
group (p<0.05) (Table 3). In the infants with HIE,
there was a significant increase in these three
parameters at 72 hours compared to the first six
hours and this increase was more significant in the
severe HIE group (p<0.001). The correlation
between the increase in RDW and CRP values and
the presence of AR, MR, pulmonary hypertension
and death were significant (p <0.05 for all
parameters).

DISCUSSION

This is the first study to evaluate the association of
RDW, PDW and CRP with cardiac involvement and
prognosis in infants with HIE treated with
therapeutic hypothermia and rewarming therapy. In
this study, it was determined that the degree of
pulmonary hypertension and valvular regurgitation
were important parameters in determining the
prognosis in HIE. Moreover, mean values of RDW
and CRP, which were significantly higher in HIE
infants, were increased after 72 hours and this
increase was demonstrated to be correlated with
presence of MR, AR, persistant pulmonary
hypertension and death.

The severity and duration of perinatal asphyxia
determines the development of post-asphyxia cardiac
dysfunction. In our study, the predicted mean systolic
and diastolic pulmonary artery pressures were higher
and the ejection fraction was significantly lower in
patients with severe HIE than moderate HIE. In
some studies, using several echocardiographic
measurements have shown that ventricular functions
decrease in asphyxiated infants with respect to
controls #1617, In asphyxiated infants, especially in the
first two days, left ventricular dysfunction may occur
that may lead to end-organ hypoperfusion and
further increase the hypoxic / acidotic state *!7.

Another important problem in asphyxiated infants is
pulmonary hypertension which is caused by hypoxia.
Especially,  refractory  persistent  pulmonary
hypertension or persisting fetal circulation is an
important clinical condition that increases infant
morbidity and mortality. In asphyxiated infants, the
pulmonary artery pressure has been reported to be
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higher in the first seven days after birth than in
healthy  subjects. The resulting pulmonary
hypertension is thought to be associated with
ventricular dysfunction 8. Persistent pulmonary
hypertension in asphyxiated infants is possibly caused
by direct effects of hypoxia and acidosis on
pulmonary vascular resistance or may be related with
meconium aspiration syndrome and associated with
morbidities °. In a study including 40 term infants
with HIE on the first day of life, the rate of
pulmonary arterial diastolic pressure, pulmonary
arterial resistance, and pulmonary arterial resistance
to systemic resistance ratio were significantly higher
in patients than healthy newborns 2. Aggarwal et
al.’8, reported that eccentricity indices and right
ventricular systolic to diastolic duration ratio, which
are the pulmonary hypertension parameters, in
infants with HIE were significantly deranged. In this
study, they found out that the duration of
hospitalization in severe HIE group was significantly
longer which had a positive correlation with systolic
and diastolic PAP. In addition, there was a significant
relationship between the presence of valvular
regurgitation (MR, AR) and persistent pulmonary
hypertension and death. In the literature, it has been
reported that the echocardiography parameters were
usually not used in determining the risk of death in
patients with HIE. It was reported that no significant
predictive value could be shown for mortality with
shortening fraction and tissue Doppler imaging in the
evaluation of 25 asphyxiated newborn in the first 72
hours . In another study in 34 term newborns with
mild and severe HIE, nine patients died and only one
of them had a slight reduction in the ejection fraction
in the first 24-48 hours of life 2I. On the contrary,
Aggarwal et al. showed that there was a significant
difference of the mean eccentricity indices between
survived and died patients '8. In our study, 15 of the
patients died and 13 of them were in the severe HIE
group. Presence of a significant association between
valvular regurgitation and persistent pulmonary
hypertension suggests that echocardiography can be
used to predict severe pulmonary hypertension and
consequently prognosis in patients with severe HIE
especially.

Ischemia in the brain causes the inflaimmatory
response of both the brain parenchyma and systemic
circulation. In the newborn, cerebral ischemia results
an immune response triggered within a few minutes
6. There are strong evidences that oxidative stress
plays an important role in HIE pathogenesis and
progression 22. Oxidative stress and consecutive post-
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ischemic  inflaimmation are responsible  for
exacerbation of brain damage 622, Oxidative stress
and chronic inflammation cause shortening of
erythrocyte life span and increase in numbers of
different sized and immobile erythrocytes in
circulation 8. It has been emphasized that RDW that
reflects the vatiability in the size of red blood cells in
circulation, increases in some heart diseases and is
assumed to be a strong risk factor for predicting
mortality 232*. PDW level that shows variability in
platelet size and it can be used as platelet activation
markers. Studies have reported that PDW reflects the
severity of inflaimmation and detected at higher levels
in myocardial infarction and chronic pulmonary
diseases °. Thus, it has been shown that high RDW
and PDW levels are associated with the pro-
inflammatory situations 8°. Similatly, CRP is one of
the well-known inflammatory markers 2>2°. In our
study, increased levels of RDW, PDW and CRP in
patients suggest that these parameters are both
markers of inflaimmation and increase the risk of
cardiovascular diseases. Moreover, these parameters
increased at the end of 72 hours of life in infants with
HIE significantly compared to the first six hours and
the increase was more significant in severe HIE
group. This supports the hypothesis that oxidative
stress and inflaimmation are more serious in severe

hypoxic group.

One of the most important problems determining the
prognosis in patients with HIE is the degree of
pulmonary hypertension. The relationship between
pulmonary hypertension and RDW has been
investigated. It is suggested that elevated RDW level
is superior to the other potential biomatkers in
circulation in pulmonary hypertension. Recently, it
has been demonstrated that high levels of
inflaimmatory molecules can predict survival in
patients with pulmonary hypertension independent
from the hemodynamic measurements ?7. Wang W et
al.?8, found that RDW levels in patients with chronic
thromboembolic pulmonary hypertension were
higher than controls. Besides, they suggested that
RDW is an independent marker in the diagnosis of
this disease. However, RDW has never been studied
in HIE. In our study, increased RDW and CRP values
in repeated measurements during the first day in HIE
group, associated with the presence of pulmonary
hypertension and death, suggest that RDW and CRP
could be used in follow up and prognosis of infants
with severe HIE. The study also suggests that
increased RDW and CRP values at follow up were
significantly associated with MR and AR. These

124

Cukurova Medical Journal

results also support the role of oxidative stress and
chronic inflammation in physiopathology of HIE,
and also support the association of RDW and CRP
with inflammation.

The most important limitation of this study was being
retrospectively  designed. Besides inflammation,
parameters such as erythropoietin, iron, folic acid,
and fibrinogen, which are known to affect RDW
levels, have not been studied. However, both the
patient and study group did not include newborns
with anemia or any hematologic problems.

In conclusion, mean values of RDW and CRP have
been shown to be related with valvular regurgitation,
presence of pulmonary hypertension and death.
Increased RDW and CRP values especially in infants
with severe HIE, which is associated with the severity
of pulmonary hypertension and death, suggests that
these parameters may be used as risk indicators for
prognosis in infants with HIE. A strong
inflammatory response triggered by HIE resulting in
post-ischemic inflammation is associated with the
exacerbation of brain injury. In addition, increased
risk of persistent PH in asphyxiated infants has the
potential affect the prognosis of disease.
Therefore, we believe that functional
echocardiography can be used in the diagnosis and
follow up of infants with persistent PH and those
markers such as RDW and CRP, which are easy to
access and which reflect the inflaimmatory process,
may be helpful in monitoring therapeutic efficacy.
However, a wide range of prospective studies are
required in order to clarify this complex relationship.
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