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Abstract
Objective and background: Perinatal asphyxia is a serious medical condition in which there is lack of
oxygen or blood �ow during, or even after the labor process. So, this study aimed to study serum blood
levels of Lactate, vitamin D and count of nucleated Red Blood Cells (nRBCs) per 100 White Blood Cells
(WBCs) as early biological predictors of Hypoxic–Ischemic Encephalopathy (HIE) after birth Asphyxia.

Methods: A retrospective case-control study was conducted on 20 neonates with HIE comprising the
cases (APGAR ≤ 5) and another 20 neonates representing the control group with their age, sex, and
weight matched, admitted to NICU from March 2020 to the end of September 2020 at Menou�a University
Hospital and El-Bagour Central Hospital, Egypt. Venous blood samples for lactate, vitamin D and
nucleated RBCs were drawn during 1st 6h of birth and sent for analysis. Sarnat score was used to assess
the severity of HIE.

Results: Venous blood levels of lactate and nucleated Red Blood Cells per 100 White Blood Cells
(nRBC/100 WBC) counts were signi�cantly higher in HIE neonates than in the control group with a highly
signi�cant difference (P-value < 0.001). While serum Vitamin D was signi�cantly lower in the HIE group
than in the control (P-value < 0.001).

Conclusion: Serum lactate level, vitamin D level and nRBCs/100 WBCs might be used as biomarkers in
the early prediction of HIE.

1. Introduction
Perinatal Asphyxia, also known as neonatal asphyxia or birth asphyxia, is a serious medical condition
de�ned as lack of blood �ow or gas exchange from or to the fetus before, during, or even after the labor
process [1]. Birth asphyxia can cause neurologic sequelae as a result of a low supply of blood �ow or
oxygen that leads to partial hypoxia or complete anoxia which may result in multi-organ failure including
liver, heart, muscle, and brain; moreover, lactic acidosis and anaerobic glycolysis can occur [2]. The
sequelae of birth asphyxia may end with death or other serious complications such as epilepsy, cerebral
palsy, and delay in development. Moreover, the incidence of this sequelae is supposed to be higher in
neonates whose mothers are diabetic or toxemic [3].

Neonatal encephalopathy that results from the decrease in cerebral perfusion, as well as systemic
hypoxemia, is termed as Hypoxic-Ischemic Encephalopathy (HIE) [4]. As the therapeutic window of HIE in
neonates can occur within only 6 hours after birth, there is an urgent need for early prediction in the
course of such disease. Moreover, a treatment should be described as hypothermia [4].

Recently, Perinatal Asphyxia is diagnosed by performing several measures including: Apgar score, HIE
fetal signs, nucleated Red Blood Cells (nRBCs), and biochemical markers as lactate, Lactate
Dehydrogenase (LDH), and vitamin D [5]. Although there is no effective indicator that can predict birth
asphyxia, it has been suggested that the increase in nRBCs count in neonate venous blood can be an
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early sign of birth asphyxia. Nucleated Red Blood Cells count per 100 White Blood Cells (nRBCSs/100
WBCs) has been reported as a simple, quick and cheap marker for birth asphyxia [6].

As a result of hypoxia and tissue hypo-perfusion, the regular energy requirement cannot be sustained
from aerobic metabolism, so that tissues go through anaerobic metabolism to get their energy
requirement and hence, it re�ects the increase in the production and accumulation of lactate in blood
which in turn can detect tissue hypoxia at a very early stage [7].

Not many studies have issued these biological predictors in serum blood, so the aim of this study is to
investigate the serum blood levels of Lactate, vitamin D and count of nucleated Red Blood Cells per 100
White Blood Cells (nRBCs/100 WBCs) as predictors of HIE after neonatal asphyxia.

2. Patients And Methods
This was a retrospective case-control study conducted on 40 neonates with a proven diagnosis of
asphyxia who were admitted to neonatal intensive care unit (NICU) at Menou�a University Hospital and
El-Bagour Central Hospital during the period from March 2020 to the end of September 2020. The
asphyxia neonates were categorized into two groups based on the presence of HIE. The age, sex and
weight were matched between both groups. This study was approved by the Ethical committee of
Meno�a Hospital and El-Bagour Hospital. A written consent was obtained from mothers after discussing
the measures of the study and its importance.

2.1 Inclusion Criteria:

Our inclusion criteria for HIE group were neonates admitted to the NICU during their �rst 6 hours of life
and met the diagnostic criteria of HIE speci�ed by American Academy of Pediatrics (AAP) [8] which are:
base de�cit > 10, metabolic acidosis with pH < 7.0, disturbed neurological functions such as: subnormal
level of consciousness or seizures with di�culty of maintenance of respiration with a continued need for
resuscitation and presence of primary or secondary apnea. On the other hand, we excluded every neonate
aged older than 6 hours of life, or born with any errors such as: errors of metabolism, genetic disorders,
congenital neurologic disorders, or medication effect.
2.2 Study Process:

Both groups included in our study were subjected to full detailed history as follows: prenatal history, natal
history, postnatal history, and family history. Besides a clinical examination includes baseline data such
as gender, gestational age, vital signs, birth weight, and head circumference as well as any relative
clinical �ndings. We used the Sarnat score [9] to classify the degree of encephalopathy whether it is mild,
moderate, or severe in which it indicates the mild, moderate, and severe encephalopathy status.

In patient group, we used a radiological examination to further assess the grades of encephalopathy by
cranial ultrasound as a routine inpatient investigation with brain insult.
2.3 Investigation:
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Regarding the investigations, 2 ml of fresh venous blood samples were withdrawn from neonates in the
1st 6 hours after delivery under complete aseptic condition. Routine lab investigations such as complete
blood count (CBC), liver function, kidney function, random blood glucose, arterial blood gases, C-reactive
protein were also measured at admission. Ten microns of blood were administrated in a vacutainer tube
containing EDTA so we can assess the blood �lm of nucleated red blood cells by staining thin blood
smear using Leishman stain; furthermore, it was examined by high power �eld microscope (100x). We
used Mindray auto analyzer to assess serum lactate level in ten microns of venous blood by adding
enzymatic colorimetric method (LOX/PAP) with lactate oxidase and 4-aminoantipyrine and (RIST)
reagent 40 mg/dl. Lastly, we used Stat Fax 4500 to measure serum vitamin D level in 100 microns of a
blood sample by centrifugation of the sample at 4000 rpm for about 10 minutes.
2.4 Statistical Analysis

The data were coded, collected on an Excel sheet, and processed using SPSS 25. Descriptive statistics
were represented by percent (%), and number (N). Mean, standard deviation (SD), range, minimum and
maximum, and median were all used to describe quantitative data.

Chi-square test (χ2): was used to study the relation between two qualitative variables. One-way analysis
of variance (ANOVA) or (F test) was used to �nd any signi�cant difference between different groups with
a normally distributed quantitative variable. A post hoc test with the Least Signi�cant Difference (LSD)
was performed. For pairwise comparisons, Mann Whitney U test and Kruskual–Wallis (which are a non-
parametric test of signi�cance) was used to compare between two groups having quantitative variables
but not normally distributed.

Receiver operating characteristic (ROC) curves were established to assess the sensitivity and speci�city
of parameters assessed by using SPSS. We used the combination of highest sensitivity and speci�city
which were determined at the apex of the ROC curve as the chosen clinical values. An ideal curve of a
reasonable test should contain a larger area under the ROC graph. The P-value < 0.05 was considered the
cut-off value for signi�cance.

3. Results
Fifty-seven babies were admitted to the NICU in which 17 patients were excluded, as they do not match
our inclusion criteria (Fig. 1). So, 40 neonates were included in our study and allocated into two groups;
the �rst group (HIE group) consists of 20 neonates who were diagnosed as HIE cases according to the
diagnostic criteria set by AAP, and the second group (Control group) consists of 20 age, weight and sex-
matched neonates with no risk factors of HIE.

3.1. Participants Characteristics:

There were no statistically signi�cant differences between both groups as regard gender, body weight,
and gestational age (P-value > 0.05). But there was high signi�cance in Apgar score which was lower in
HIE neonates compared to the controls (P-value < 0.0001) (Table 1).
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Table 1
Demographic data and Apgar score of HIE and control infants.

N HIE Group

N = 20

Control group

N = 20

95% CI P-value

Sex N (%)

Male

Female

9 (45%)

11 (55%)

13 (65%)

7 (35%)

-- 0.20

Gestational age (week)

Mean ± SD

36.75 ± 2.24 37.6 ± 0.94 [-0.249–1.949] 0.13

Weight

Mean ± SD

3.22 ± 0.32 3.18 ± 0.23 [-0.138–0.218] 0.65

Apgar score at 5 min

Mean ± SD

4.50 ± 2.16 7.8 ± 2.02 [1.961–4.639] 0.001

2 = chi-square test U = Mann-Whitney test t = student’s t-test NS = Non-Signi�cant

Categorical data were represented as number (percentage), and Descriptive data were represented by
mean ± standard deviation (SD).

 

Sarnat score revealed about 25% of the patients were assigned as mild HIE, 35% as moderate HIE, and
40% as severe HIE.

Regarding the Lab �ndings, there were high statistically signi�cant differences between HIE group and
Control group in (PH, PCO2, ALT, and AST) (p-value < 0.001), and a signi�cant difference in terms of HCO3
between both group (Table 2).
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Table 2
laboratory �nding of HIE group and control group

  HIE Group

N = 20

Control group

N = 20

95% CI P value

PH

Mean ± SD

7.11 ± 0.165 7.39 ± 0.03 [0.2–0.355] 0.001

PCO2

Mean ± SD

42.60 ± 11.5 29.20 ± 7.46 [7.195–19.6] 0.001

HCO3

Mean ± SD

12.2 ± 3.88 15.32 ± 2.66 [0.99–5.25] 0.005

ALT

Mean ± SD

22.7 ± 7.07 15.95 ± 2.32 [3.38–10.11] 0.001

AST

Mean ± SD

30.80 ± 6.97 23.45 ± 2.37 [4.02–10.68] 0.001

t = student’s t-test S = Signi�cant HS = High signi�cant

Descriptive data were represented by mean ± SD

 

3.2 Outcomes:

Mann-Whitney test and student’s t-test revealed great signi�cance between both groups regards serum
lactate level [mg/dl] and nRBC/100 WBC which were much higher in the HIE group than the control group
(P-value < 0.001). The results also showed that vitamin D level was lower in the HIE group than the control
group (P-value < 0.001) (Table 3).
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Table 3
Comparison between HIE group and control group as regarding serum Lactate, Vitamin D and

Nucleated Red Blood Cells

  HIE Group

N = 20

Control group

N = 20

MD [95% CI] P value

Serum Lactate mg/dl

Mean ± SD

71.03 ± 19.1 15.5 ± 3.17 -55.53 [(-64.29) – (-46.77)] 0.001

Serum vit D pg/ml

Mean ± SD

7.11 ± 4.06 56.15 ± 14.4 49.04 [42.27–55.81] 0.001

NRBC/100WBC

Mean ± SD

16.60 ± 2.59 5.6 ± 2.02 -11 [(-12.49) – (-9.51)] 0.001

U = Mann-Whitney test t = student’s t-test HS = High signi�cant

Descriptive data were represented by mean ± SD

 

We also compared the same outcomes between different HIE grades. But we didn’t �nd any signi�cance
between HIE grades regards vitamin D level and nRBC/100 WBCs count (P-value = 0.08, 0.089
respectively). With the signi�cant difference in terms of mortality and serum Lactate level, severe HIE
grade had the highest percentage of mortality (7 out of 8). And moderate HIE grade had the highest level
of serum lactate level.

Post hoc analysis was used to measure the effect estimate between grades and each other. The post hoc
between mild and moderate and between mild and severe were signi�cant. The post hoc between
moderate and severe was not signi�cant (Table 4).
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Table 4
Comparison between the three grades of hypoxia as regarding nucleated red blood cells, serum lactate

level, Vitamin D and outcome.

  HIE grads P value

Mild

No = 5

Moderate

No = 7

Severe

No = 8

Outcome N (%)

Discharge

Died

4 (80%)

1 (20%)

5 (71.4%)

2 (28.6%)

1 (12.5%)

7 (87.5%)

0.02

Serum Lactate mg/dl

Mean ± SD

49.26 ± 20.85 79.3 ± 11.2 77.3 ± 13.3 0.03

Post hoc P1 = 0.008 P2 = 0.01 P3 = 0.78

Serum vit D pg/ml

Mean ± SD

10.6 ± 3.64 5.92 ± 3.35 5.97 ± 3.99 0.08

Nucleated Red Blood Cells/100WBC

Mean ± SD

3.30 ± 2.70 7.85 ± 3.97 7.50 ± 5.45 0.089

FXT = Fischer’s exact test K = Kruskual waills test

P1 = Grade 1 vs Grade 2 P2 = Grade 1 vs Grade 3

P3 = Grade 2 vs Grade 3

Categorical data were represented as number (percentage), and Descriptive data were represented by
mean ± standard deviation (SD).

 

In relation to Clinical �ndings, there was a highly statistically signi�cant difference in Mortality and Urea
between both groups (p-value < 0.001); besides, a signi�cant statistically difference in duration of PICU
stay (p-value = 0.014). There was no statistically difference between both groups regarding Sepsis or
creatinine (p-value = 0.288, and 0.299 respectively) (Table 5).
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Table 5
Validity of serum Lactate, vitamin D and nucleated red Blood cells as early predictors of HIE Mortality

  AUC p-
value

Cutoff Sn Sp NPP PPV Accuracy

serum Lactate 0.913 0.001 51.56 100% 80% 100% 83% 90%

Vitamin D 1.00 0.001 32 100% 95% 100% 95% 97%

Nucleated Red Blood
Cells

0.917 0.001 2.5 100% 73.3% 88% 77% 81%

AUC: Area under curve, Sn: sensitivity, Sp: speci�city, NPP: Negative predictive value, PPV: positive
predictive value.

 
Table 6

clinical �ndings in HIE group and Control group:

  HIE Group

N = 20

Control group

N = 20

P value

Sepsis

Yes

No

13 (65%)

7 (35%)

16 (80%)

4 (20%)

0.288

Mortality

Survived

Died

10 (50%)

10 (50%)

20 (100%)

0 (0%)

0.001

Duration of NICU stay (days)

Mean ± SD

8.25 ± 5.60 4.75 ± 1.91 0.014

Urea

Mean ± SD

34.65 ± 19.4 17.45 ± 1.63 0.001

Creatinine

Mean ± SD

0.73 ± 0.27 0.65 ± 0.15 0.299

U = Mann-Whitney test t = student’s t-test FXT = Fisher’s exact test 2 = chi-square test HS = High
signi�cant

Categorical data were represented as number (percentage), and Descriptive data were represented by
mean ± standard deviation (SD).

 

3.3 Diagnostic accuracy:
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The best cutoff value of NRBC/100 WBCs to detect hypoxia was > 2.5/100 WBCs with a sensitivity of
100%, speci�city 73.3%, PPV 77%, NPV 88% and diagnostic accuracy 81%. The best cutoff of serum
lactate level to detect hypoxia was > 51.56 mg/dl (P-value < 0.001). This yielded a sensitivity of 100%,
speci�city 80%, PPV 83% and NPV 100% with a diagnostic accuracy of 90%. As regard vitamin D serum
level, the best cutoff to detect hypoxia was < 32 pg/ml which yielded a sensitivity of 100%, Speci�city
95%, NPV 100%, PPV 95%, and good manner accuracy with 97% (Table 5).
3.4 Statistical correlation:

We assessed the correlation between serum lactate and other parameters (Table 7) and it revealed a
negative signi�cant correlation between Serum Lactate and (weight, Apgar score, PH, HCO3, and serum
Vit D) (P 0.05) (Table 7). There was a positive signi�cant correlation between Serum Lactate and PCO2,
urea, Sarnat score for HIE grading, duration of incubation, and nRBC/100 WBCs count (P 0.05). Besides,
there was no signi�cant correlation between serum Lactate and gestational age along with creatinine (P-
value > 0.05).

Table 7
correlation between Serum Lactate, nRBC, Vit D and other parameters

Parameters Serum Lactate nRBC/100 WBC Serum Vit D

r P-value rho P-value rho P-value

Gestational age -0.209 0.196 -0.171 0.290 0.314 0.049

Weight -0.445 0.004 -0.425 0.006 0.506 0.001

Apgar score -0.944 0.001 -0.955 0.001 0.808 0.001

PH -0.832 0.001 -0.878 0.001 0.754 0.001

Pco2 0.690 0.001 0.634 0.001 -0.407 0.009

Hco3 -0.588 0.001 -0.529 0.001 0.444 0.004

Urea 0.573 0.001 0.627 0.001 -0.564 0.001

Creatinine 0.231 0.152 0.173 0.258 -0.201 0.214

Sarnat Score for HIE grading 0.906 0.001 0.912 0.001 -0.865 0.001

Duration of NICU stay 0.386 0.014 0.325 0.014 -0.370 0.019

Serum vit D -0.884 0.001 -0.814 0.001 -- --

nRBC/100 WBC 0.888 0.001 -- -- -- --

r = Pearson correlation, rho = Spearman correlation
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Regarding the correlation between nRBC/100 WBC and other parameters. A negative signi�cant
correlation between nRBC/100WBC and weight, Apgar score, PH, HCO3, and serum Vit D was detected (P
0.05) (Table 7). Moreover, a positive signi�cant correlation between nRBC/100WBC and PCO2, urea,

Sarnat score for HIE grading, and length of incubation was revealed (P 0.05). However, there was no
signi�cant correlation between nRBCs/100WBC and gestational age along with creatinine (P-value > 0.05)
(Table 7).

There was a positive signi�cant correlation between serum Vit D and gestational age, weight, Apgar
score, PH with HCO3 (P 0.05). There was a negative signi�cant correlation between serum Vit D and
PCO2, urea, Sarnat score for HIE grading and duration of incubation (P 0.05). There was no signi�cance
in the correlation between serum Vit D and creatinine (P-value > 0.05) (Table 7).

4. Discussion
The incidence of Perineal Hypoxic-ischemic encephalopathy (HIE) in developing countries is several
higher compared to other countries, ranging from 4.6 per 1000 full-term neonates with case fatality rates
of more than 40% [10]. HIE can induce permanent Perineal Morbidity, Neurological Handicap, and
Mortality. The early prediction of such disease is very important as the outcomes of HIE are permanent
and devastating. In addition to its low therapeutic window and major side effects that can result from
interventions of neuro protective equipment [11].

In this study, the median Apgar score at 5 min in the HIE group was 2.5 which was signi�cantly lower
compared to the control group which was 10; this �nding was aligned with other studies that revealed low
Apgar score associated with neonates born with Perinatal Asphyxia that later developed HIE [12, 13].

As regards nRBC/100 WBC, previous studies had issued nRBC as a hematopoietic marker in newborn
babies with a strong relation to the intrauterine hypoxia, as the increase in nRBC count in infant’s blood
circulation results from the boosting activity of erythropoietin. Moreover, it’s not only considered a
biomarker for HIE but also predicts the risk of complications that occurred during HIE [14, 15]. In this
study, we found the levels of nRBC/100 WBC in venous blood were higher in the HIE group than the
control group achieving a mean of nearly 17 in the HIE group and about 6 in the control group which was
a huge difference compared to other studies who mentioned the nRBCs count level [11–18]. This
difference between this study and other studies was because they measured nRBCs count in umbilical
cord blood, but we measured this count in venous blood. This �nding comes in agreement with another
study that mentioned the normal value of nRBC count was from (0–10), and elevated counts were from
(10–20) [19].

Also, the nRBC/100 WBC set to diagnose HIE achieved sensitivity of 100%, speci�city 73.3%, NPV 88%,
PPV 77%, accuracy 81% at best cutoff > 2.5. Moreover, the area under the curve of ROC was 0.917 with a
p-value < 0.001. This comes in agreement with some studies, which stated that the levels of NRBC per
100 WBC were higher in HIE than in control one when they detect the variable in cord blood [13, 15]. Even
though the exact mechanism is still unclear, it may be accompanied by the increase in erythropoietin level
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in blood which in turn induces the increase in nRBCs count over the increase in mitotic divisions of
normoblasts [16, 17].

Regards serum lactate level, the mean serum lactate level in the HIE group was 71.03 mg/dl while it was
15.5 mg/dl in the control group revealing a highly signi�cant difference between both groups as the p-
value was < 0.001. But there was no association between grades of HIE and level of serum lactate level
as moderate is the highest value of lactate level while mild is the lowest one [18]. This comes in
agreement with another study that showed that the serum lactate level was higher in HIE neonates than
the control; however, it stated that the more severe form of neonatal hypoxia the more serum lactate [18].
The association between the severity of HIE grades and neurological development issues in neonates
was stated by some studies, hence early prediction of HIE signs with early proper treatment is a must [12,
21].

In this study, blood levels of lactate set to diagnose HIE were > 71.03 mg/dl that yielded a sensitivity of
100%, speci�city 80%, NPV 100%, and PPV 83%. Also, the overall accuracy was good with 90% with area
under ROC curve of 0.913, p < 0.001 with cutoff > 51.56. This comes in alignment with some studies that
stated that the blood level of lactate with reasonable sensitivity and speci�city scores could be used as a
predictor of intrapartum hypoxia [18–22].

As regard serum vitamin D level, the HIE group mean was 7.11 pg/ml while it was 56.15 pg/ml in the
control group with a highly signi�cant lower score in the HIE group than the control group (p-value < 
0.001). This �nding was primarily because of maternal de�ciency and poor supplements. Also, this
comes in agreement with some studies which showed a strong association between HIE disease and
vitamin D de�ciency [21–23], and the serum level of vitamin D in neonates often continues to decline for
about 72h [24]. Although there is an association between HIE and Vit D de�ciency, the exact interactions
and mechanism still unclear.

All past studies [13–24] that illustrated the nRBCs count per 100 WBC, Vitamin D level, and serum lactate
level were measuring these variables by umbilical cord blood; however, we measured the same variables
in venous blood levels and �gured out matched results compared to umbilical cord blood results.

This study focused on venous blood as there are few studies that mentioned nRBC/100 WBC, serum
lactate, and Vit D in venous blood, rather than many studies that focused on cord blood samples. The
results of this study adds to knowledge of being a mid-high reliable source assessing these parameters in
venous blood.

The �rst limitation of this study was the small sample size enrolled, as there were no chance to collect
data from other hospital rather than the two hospitals included in this study; and we didn’t obtain data
about neonates who got hypothermia as a treatment, thus giving the results low impact in the medical
knowledge. Besides, the study was a cross sectional case control which may maximize the standard error
of the study, as well as the limitations shared of cross-sectional studies. We recommend further clinical
trials with higher sample size to precise these results along with few limitations.
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5. Conclusion
This study showed that lactate blood level, serum vitamin D level, and nRBC/100 WBCs could help in the
early prediction of HIE disease as they are easy to apply, cheap in cost, and non-invasive measures.
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