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Abstract

Apgar scores <7 at 5min.

reassuring Apgar Score.

the care of these newborns after birth.
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Background: Neonatal acidaemia at birth can increase neonatal morbidity and mortality and it is predictive of
neonatal asphyxia. The umbilical blood gas analysis is a valid tool for the evaluation of neonatal acidaemia.
However, umbilical cord blood gas analysis is commonly performed in high-risk situations or in the setting of

Methods: A retrospective cohort study was conducted from June to December 2018 at the Department of
mother’s and child’s health, Poliambulanza Foundation Hospital Institute. Inclusion criteria were: full term newborns
with body weight appropriate for gestational age, born by vaginal delivery or caesarean section, reassuring Apgar
Score > 7 at 5 min, arterial cord blood gas analysis showing pH < 7.4 or BE <-8 mmol/I or lactate > 6 mmol/I. The
aim was to evaluate the predictive role of blood gas analysis for respiratory distress syndrome in newborns with

Results: 352 full term newborns were enrolled. Umbilical cord blood artery pH showed an association with
respiratory distress syndrome (x*(1) = 10,084, OR (95% Cl): 3,9 x 10~ *(2,9 x 10~ ° - 0,048); p < 0,05). ROC curve
revealed that the cut-off point of pH was 7.12, with a sensibility and specificity of 68 and 63%, respectively.
Conclusions: Umbilical cord blood artery pH < 7.12 at birth is associated to respiratory distress syndrome in

newborns. Blood gas analysis is an important instrument to help health care providers during assistance in the
delivery room, but also to early identify newborns at high risk for respiratory distress syndrome and better manage

Background

At birth, each newborn is given a score calculated using
the Apgar score. This system is a rapid method to assess
the clinical status of the newborn at 1 min and 5 min
after birth. The score was formulated to have a rapid as-
sessment of the clinical status of the newborn. There-
fore, the Apgar score offers the opportunity to report
the status of the newborn after birth and the response to
resuscitation when performed. The Apgar index is a
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score obtained from the evaluation of 5 parameters (skin
colour, tone, heart rate, crying, respiratory activity) for
each parameter a score is assigned by the operator [1].
The incidence of low Apgar scores is inversely related to
birth weight and gestational age but only a low score
cannot predict morbidity or mortality for each individual
newborn [2]. For this reason, the score is a useful tool
for the decisions to be taken in the delivery room during
the care of the newborn, but it is not a good idea for the
assessment of short and long term health status. Differ-
ently a tool that can help in assessing the patient’s health
status is Blood Gas Analysis (BGA). The BGA allows the
evaluation of respiratory exchanges, metabolism and the
electrolytic state of the patient [3]. BE is a parameter
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that evaluates the excess of bases. The reference value is
between — 2/+ 2 mmol/l. When this value becomes nega-
tive it means that there is a lack of bases and that the
patient is in a condition of metabolic acidosis. Lactic
acid is produced by cellular metabolism and in hypoxic
conditions cells can use less efficient energy production
causing excessive production or poor elimination of lac-
tates. pH is the result of the balance between lactates
that tend to decrease pH and BE which tend to compen-
sate [4]. Neonatal acidaemia is correlated with an in-
creased risk of admission in neonatal intensive care unit
(NICU), hypoxic ischemic encephalopathy, respiratory
distress syndrome (RDS) [5, 6], multi-organ disfunction
and neonatal exitus [7]. Umbilical cord blood gas ana-
lysis is important to evaluate neonatal acidaemia during
delivery. Umbilical cord BGA is generally required for
Apgar Score < 7" and in newborns with a high risk of as-
phyxia. Nowadays, there are not clear threshold value of
pH, BE and lactate. It is not clear if newborns with mod-
erate acidaemia and Apgar score>7" must be moni-
tored for development of adverse outcome. Newborns
with a good Apgar score have a residual risk of neonatal
acidaemia and adverse outcomes [7]. Furthermore,
Hermansen at al. described the “acidosis paradox”: new-
borns without acidaemia at birth might still develop a
hypoxic condition. Indeed, in newborns with a normal
pH might occur adverse outcomes [8, 9]. Our study ana-
lysed BGA to understand if the umbilical blood acidae-
mia was predictive for RDS in newborns with reassuring
Apgar Score >7 at 5 min. The secondary aim was evalu-
ating if acidaemia in umbilical blood gas analysis was a
risk factor for resuscitation in delivery room and admis-
sion in NICU.

Material and methods

Participants

A retrospective cohort study was conducted from June
to December 2018 at the Department of mother’s and
child’s health, Poliambulanza Foundation Hospital Insti-
tute. The study was conducted in accordance with the
Declaration of Helsinki. In this study were enrolled full
term newborns with body weight appropriate for gesta-
tional age, born by vaginal delivery or instrumental labor
or by caesarean section and that showed at blood gas
analysis by arterial umbilical cord the following parame-
ters: pH <74, BE <-8 mmol/l, lactate >6 mmol/l. Pre-
term newborns were excluded from the study. In
delivery room physicians or midwives evaluated Apgar
Score at 1 min and 5 min and collected arterial umbilical
cord blood within 15 min from delivery. BGA evaluation
was a routine practice at birth. Neonatologists were
present at all instrumental deliveries and caesarean sec-
tions but only at the request of midwives during vaginal
deliveries All babies received the same clinical
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management the environment was strictly controlled,
the delivery room temperature did not have to rise less
26 °C [10], while the luminosity was set at 2000 Ix and
the noises did not get over 45dB. RDS was recognised
as any signs of breathing difficulties in the neonate: Sil-
verman score. Designed by US paediatricians in 1956 it
is a clinical evaluation of the state of RDS. It is based on
the evaluation of five characteristics to which a score
from 0 to 2 can be given: nasal fin finning, thoracic re-
tractions, intercostal recesses, recesses to the jugulum
and groaning [5, 6]. Silverman score was performed in
newborns with reassuring Apgar Score (>7) at 5min
after birth.

Instruments

The following clinical features of the newborns were re-
corded in a database: gender, gestational age, body
weight, Apgar score, pH, BE, lactate, delivery mode,
hypoglycaemia at 2 h, hypothermia, admission in NICU,
RDS. Nurses that were on duty measured the body
weight of the newborn by Eura Mod.AS/1 O.M.LP.
Milano and temperature by Filac™ 3000 AD electronic
thermometer. Glycaemia and BGA were measured by
ABL90 FLEX (Radiometer). RDS is recognised as any
signs of breathing difficulties in the neonate (Silverman
score) by trained physicians [5, 6].

Statistical analysis

A statistician that was aware of the study aims using
IBM SPSS Statistics for Windows, v.25, carried out stat-
istical analysis (Armonk, NY: IBM Corp.). Sample size
was computed setting o = 0.05, f = 0.05, Odds Ratio = 4.6
[7] and obtaining 352 as sample recruitable. Normal
distribution was evaluated by Kolmogorov Smirnov test.
Differences of pH value among delivery mode was ob-
tained by one-way ANOVA. Binary logistic regression
was executed to evaluate the factors that can be predict-
ive for RDS, access in NICU and neonatal resuscitation.
Receiver operating characteristic (ROC) was performed
to establish cut off points of the BGA to be predictive of
RDS and admission in NICU. Bayes’ theorem analysed
the probability that RDS or access in NICU or neonatal
reanimation were present in a newborn with acidaemia.
Likelihood ratio, sensibility, specificity, positive predict-
ive value (PPV) and negative predictive value (NPV)
established if BGA was a good screening tool. Differ-
ences were statistically significant with p < 0,05.

Results

A total of 352 full term newborns were enrolled for the
study. Clinical characteristics of population study were
reported in Table 1. Newborns born by vaginal delivery
or elective caesarean section showed similar pH values
(p > 0,05). Newborns born by these two modalities of
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Table 1 Clinical characteristics of the population study

(Mean £ SD)
Gender, % F=457M=543
Gestational age, wks 39.7 (1.1)
Body Weight, g 3284.7 (394)
Emergency or Urgency caesarean section 8,7%
Elective caesarean section 2,8%
Instrumental labor 24.7%
Vaginal delivery 63.7%
Apgar Score 1 min, median 9 (8-9)
(25°-75° percentile)
Apgar Score 5min 10 (9-10)
pH of the newborns born by 7.15 (0.074)
vaginal delivery
pH of the newborns born by 7.11(0.076)
instrumental labor
pH of the newborns born by 7.20 (0.070)
elective caesarean section
pH of the newborns born by 7,08 (0,066)
emergency or urgency caesarean section
pH 7,14 (0,078)
BE, mEq/I 34092
Lactate, mmol/I 6.7 (2.9)
pO,, mmHg 24 (7.2)
pCO,, mmHg 52 (9,7)

Data are expressed in Mean + SD, Median, Percentiles, Percentages
as appropriate

birth presented higher pH values than those born by ur-
gency/emergency caesarean section or instrumental
labor (p < 0,05). Similar pH values were revealed in new-
borns born by instrumental labor or emergency/urgency
caesarean section (p > 0,05). Analysing BGA parameters,
pH showed an association with RDS (Table 2). ROC
curve revealed that the cut-off point of pH was 7.12
(Fig. 1), with a sensibility, specificity, with PPV and NPV
of 68, 63, 14 and 96%, respectively. Hypothermia and
hypoglycaemia were also predictive for RDS onset (Table
2). Furthermore, BGA parameters, hypothermia and
RDS were predictive for the access in NICU (Table 3).
ROC curve revealed that only pH and lactate were the
best predictive for the access in NICU (p <0,05). The

Page 3 of 6

cut-off point of pH was 7.10 with sensibility, specificity,
PPV and NPV of 68, 78, 29 and 95% respectively, while
the cut-off point of lactate was 8.25 mmol/l with sens-
ibility, specificity, PPV and NPV of 68, 81, 30 and 94%
respectively (Fig. 2a-b). pH and BE were predictive of
neonatal resuscitation (X2(1) =4749; p < 0,05; OR = 0,995
(0,990-0,999). The overall incidence of umbilical artery
pH<7.12 was 33.8% (N=119). Out of these 119 new-
borns, 14% showed RDS, 24% had access in NICU and
15% received neonatal resuscitation.

The probability that one of the following conditions
occurred in newborns were:

e RDS given a pH <7.12 (p = 0.14, odds = 0.08, positive
likelihood ratio = 0,06)

e Access in NICU given a pH < 7.12 (p = 0.23, odds =
0.13, positive likelihood ratio = 0,03)

e Neonatal resuscitation given a pH < 7.12 (p = 0.15,
odds = 0.11, positive likelihood ratio = 0,02)

Acidaemia and RDS occurred in 4.7% of the enrolled
newborns, while acidaemia and access in NICU occurred
in 8% of enrolled newborns.

Discussion

Our study was conducted to evaluate the predictive role
of pH, BE and lactate in umbilical cord BGA, for respira-
tory outcome of newborns after birth. Umbilical cord
blood gas analysis is important to evaluate the newborn
acidaemia during childbirth [7]. Actually, the status of
the newborn immediately after birth is evaluated
through the Apgar score which represents a rapid tool
to assess the clinical status of the newborn at 1 min and
5 min after birth [11]. Apgar score also provides an ac-
cepted and convenient method to report response to re-
suscitation when performed [12]. The score is decided
on the evaluation of clinical characteristics, but the score
is subjectively assigned. It is also conditioned by mater-
nal sedation or anaesthesia, congenital malformations,
gestational age, trauma [13]. The healthy preterm infant
without evidence of asphyxia can still receive a low score
for immaturity [14, 15] and a low score cannot predict
morbidity or mortality for each individual child [2]. It is
important to recognize the limits of the Apgar score to

Table 2 Blood gas analysis parameters in relation to respiratory distress syndrome onset

Predictive Factors X-square test DF p_value OR (95% Cl)

pH 10,084 1 p <0,05 39x 107429 %107 - 0,048)
pH & BE 1787 1 P>0,05 0,974 (0,938-1012)

pH & BE & Lactate 0577 1 p>0,05 1062 (0,902-1250)
Hypothermia & pH 2804 1 p <0,05 0,368 (0,124-1093)
Hypoglycaemia & pH 19,339 1 p>0,05 0,694 (0,611-0,790

DF degree freedom, OR odds ratio
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Fig. 1 ROC curve for pH and RDS. Blu line represent the trend of
sensibility and specificity in function of pH values. Green line is a
reference line

be able to use it appropriately. Neonatal acidaemia is re-
lated to an increased risk of admission to the neonatal
intensive care unit (NICU) due to respiratory difficulties,
hypoxic ischemic encephalopathy, multi-organ dysfunc-
tion and neonatal exit [7]. However, the performance of
arterial blood gas analysis of the umbilical cord is not
performed routinely at each delivery. The analysis is re-
quired when the Apgar score is <7 or when the new-
born has a high risk of asphyxiation. Newborns who are
advised to perform the cord blood gas analysis are those
in whom electronic foetal monitoring presents anomal-
ies. In these cases, the execution of the analysis is carried
out to assess the presence of acidaemia and therefore
the possible hypothermia treatment [16]. In 2010 a
meta-analysis by Malin et al. showed that arterial cord
pH was significantly associated with neonatal mortality
(odds ratio 16.9, 95% confidence interval 9.7 to 29.5,

=0%), hypoxic ischemic encephalopathy (13.8, 6.6 to
289, 12=0%), haemorrhage intraventricular or
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periventricular leukomalacia (2.9, 2.1 at 4.1, 12 = 0%) and
cerebral palsy (2.3, 1.3 to 4.2, 12 =0%). However, a uni-
versal pH value has not been identified as cut off for an
increased risk of long-term adverse outcomes. As far as
pH value is concerned, there is a wide heterogeneity
with a wide predictive range (0.0-38,169.8). The pH of
7.00 as cut off for negative events did not reach the
overall importance with a wide predictive range. The re-
sults of a threshold of 7.10 gave an estimate of the simi-
lar point but reached a meaning. However, the
predictive interval remained wide (0.8—64.3) and went
through the line of no effect. For a threshold of 7.20, the
odds ratio was lower, with a large predictive range (0.5—
40, 6). Only one study examined all three thresholds,
one with the strongest association at the threshold 7.00
and the weakest to 7.20. Moreover, the possible correl-
ation between BE and lactates and neonatal morbidity
has not been assessed in the studies considered in the
meta-analysis [17-24]. In our study the parameter of the
BGA that has the greatest predictive capacity for adverse
events was pH. ROC curve revealed that the pH break
point was 7.12, with a sensitivity e specificity of 68 and
63% respectively. BGA, hypothermia and RDS were pre-
dictive for the access in NICU. The pH level that predict
to an entry in NICU was 7.10 with a sensitivity of speci-
ficity of 68 and 78% respectively, while the lactate cut off
was 8.25 mmol/l with a sensitivity and specificity of 68
and 81% respectively. Finally, pH and BE were predictive
for neonatal resuscitation. In 2012, Yeh at all reported
pH values of 51,519 children born at term. The aim was
to examine the relationship between the umbilical cord
pH and the severe neonatal outcomes. The absolute
risks, the relative risks with confidence intervals of 95%
and the numbers necessary for the damage were calcu-
lated for different levels of arterial pH. The absolute risk
of an adverse neurological outcome was significantly in-
creased below 7.10 and it was lower between 7.26 and
7.30 [25]. It is not clear whether infants with moderate
acidaemia and Apgar score >7" should be monitored for
the development of adverse neurological outcome. Sabol
et all reported that newborns with a good Apgar the
score, have a risk of neonatal acidaemia and adverse

Table 3 Blood gas analysis parameters in relation to the need to access in NICU

Predictive Factors X-square test DF p_value OR (95% Cl)

pH 30,081 1 p <0,05 4x107%2,94%x1078-495x 107
pH & BE 6883 1 p <0,05 0,956 (0,924-0,989)

pH & BE & Lactate 11,976 1 p <0,05 0,997 (0,995-0,999)
Hypothermia & pH 76,041 1 p <0,05 0,006 (0,001-0,028)
Hypoglycaemia & pH 1063 1 p>0,05 0,465 (0,117-1838)

RDS & pH 52,160 1 p <0,05 0,030 (0,011-0,084)

BE base excess, DF degree freedom, OR odds ratio, RDS respiratory distress syndrome
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outcome [7]. Moreover, Hermansen described the “acid-
osis paradox”: newborns without acidaemia at birth could
still develop a hypoxic condition. In fact, in newborns with
normal pH and catastrophic intrapartum events adverse
outcome may occur [8]. Our results add to the current lit-
erature an in deep knowledge about the role of pH value
in cord blood to predict respiratory outcome in the new-
borns. BGA in cord blood allows the early identification of
newborns at high risk for RDS and guide the clinicians to
better manage the care of the baby immediately after
birth. Delivery mode is also reported as a risk factor for
adverse events as RDS [5]. pH is an important tool to help
health care providers during assistance in the delivery
room but also to direct and predict the path of care of the
newborn after birth. In our study 33.8% of enrolled new-
borns showed acidaemia (pH<7.12), but only 4.7%
showed also RDS, suggesting that umbilical cord BGA
could be a good primary screening tool to identify all new-
borns at risk of RDS. It is plausibly that skin to skin could
be performed in these newborns, as this procedure re-
duces stress and favours the regular transition to extra-
uterine life. The results of the study suggest a strict
clinical evaluation of the newborns at risk of RDS in the
first hours of life, comprising continuous evaluation of
SpO, and heart rate by pulse oximeter, respiratory rate,
sucking, colour skin, temperature and the appearance of
any breathing difficulties.

Conclusions

Arterial umbilical cord BGA seems to be a useful tool to
early identify newborns at high risk to develop RDS.
Arterial cord blood pH<7.12 even in presence of re-
assuring Apgar Score represents a risk factor for RDS
onset. Hypothermia and hypoglycaemia at birth are add-
itional risk factors for RDS onset. Furthermore, pH, BE,
lactate and hypothermia are predictive for the access in
NICU.

Abbreviations

BE: Base excess; BGA: Blood gas analysis; NICU: Neonatal intensive care unit;
NPV: Negative predictive value; PPV: Positive predictive value;

RDS: Respiratory distress syndrome; ROC: Receiver operating characteristic

Acknowledgements
Not applicable.

Authors’ contributions

Giuseppe De Bernardo designed the study. Rita De Santis revised the
manuscript. Giordano Maurizio performed statistical analysis. Desiree Sordino,
Serafina Perrone e Giuseppe Buonocore revised the manuscript and made
substantial scientific contributions. The authors read and approved the final
manuscript.

Funding
Not Applicable.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due privacy reasons but are available from the
corresponding author on reasonable request.



De Bernardo et al. Italian Journal of Pediatrics (2020) 46:20

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki.
Ethical approval was not required because the study was retrospective, and
patients were subjected only to routine procedures provided by the
department.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pediatrics, Neonatology and Neonatal Intensive Care Unit,
Buon Consiglio Fatebenefratelli Hospital, Via Manzoni 220, 80123 Napoli,
Campania, Italy. “School of specialization in Pediatrics, Catholic University of
the Sacred Heart Faculty of Medicine and Surgery, Rome, Italy. *Faculty of
Medicine, Federico Il University, Naples, Italy. “Department of Emergency,
NICU AORN. Santobono-Pausilipon, Naples, Italy. “Department of Molecular
and Developmental Medicine, University of Siena, Siena, Italy. “Department
of Medicine and Surgery, University of Parma, Parma, Italy.

Received: 9 October 2019 Accepted: 6 February 2020
Published online: 12 February 2020

References

1. Watterberg KL, Aucott S, Benitz WE, Cummings JJ, Eichenwald EC,
Goldsmith J et al. The Apgar score. Pediatrics. 2015 oct;136(4):819-22.
https://doi.org/10.1542/peds.2015-2651.

2. Ehrenstein V. Association of Apgar scores with death and neurologic
disability. Clin Epidemiol. 2009;1:45-53 pmid:20865086.

3. Tataranno M, De Bernardo G, Trevisanuto D, Sordino D, Riccitelli M,
Buonocore G, Perrone S. Differences between umbilical blood gas in term
and preterm newborns. Electron Physician. 2019;11(2):7529-35. https//doi.
0rg/10.19082/7529.

4. Pramod S, Gunchan P, Sandeep P. Interpretation of arterial blood gas.
Indian J Crit Care Med. 2010;14(2):57-64. https://doi.org/10.4103/0972-
5229.68215.

5. Martin O, Sarah J, Sailesh K. Respiratory distress of the term newborn infant.
Paediatr Respir Rev. 2013;14:29-37.

6. William A, Silverman D, Andersen A. Controlled clinical trial of effects of
water mist on obstructive respiratory signs, death rate and necropsy
findings among premature infants. Pediatrics. 1956;17(1):1-10.

7. Sabol B, Caughey A. Acidemia in neonates with a 5-minute Apgar score
of 7 or greater - What are the outcomes? Am J Obstet Gynecol. 2016;
215(4):486.e1-6.

8. Hermansen M. The acidosis paradox: asphyxial brain injury without
coincident acidemia. Dev Med Child Neurol. 2003:45(5):353-6.

9. Marti GS, Pascual MJ, Rodrigo RM, Ruiz SJ, Castan MS. pH, base deficit or
lactate. Which is better for predicting neonatal morbidity? J Matern Fetal
Neonatal Med. 2017;30(19):2367-71. https://doi.org/10.1080/14767058.2016.
1248936.

10. Jia YS, Lin ZL, Lv H, Li YM, Green R, Lin J. Effect of delivery room
temperature on the admission temperature of premature infants: a
randomized controlled trial. J Perinatol. 2013;33(4):264-7. https://doi.org/10.
1038/jp.2012.100 Epub 2012 Aug 2.

11, Perlman J, Wyllie J, Kattwinkel J, Wyckoff M, Aziz K, Guinsburg R, et al.
International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations. Circulation.
2015;132(16 Suppl 1):5204-41. https//doi.org/10.1161/CIR.
0000000000000276.

12. Cnattingius S, Norman M, Granath F, Petersson G, Stephansson O, Frisell T.
Apgar score components at 5 minutes: risks and prediction of neonatal
mortality. Paediatr Perinat Epidemiol. 2017;31(4):328-37. https://doi.org/10.
1111/ppe.12360 Epub 2017 May 11.

13. American College of Obstetrics and Gynecology, Task Force on Neonatal
Encephalopathy, American Academy of Pediatrics. Neonatal Encephalopathy
and Neurologic Outcome. 2nd ed. Washington, DC: American College of
Obstetricians and Gynecologists; 2014.

14. Catlin E, Carpenter M, Brann B. The Apgar score revisited: influence of
gestational age. J Pediatr. 1986;109(5):865-8 pmid:3772665.

Page 6 of 6

15. Hegyi T, Carbone T, Anwar M. The Apgar score and its components in the
preterm Infant. Pediatrics. 1998;101(1 pt 1):77-81 pmid:9417155.

16.  Royal College of Obstetricians and Gynaecologists. Clinical Effectiveness
Support Unit. The Use of Electronic Fetal Monitoring: The Use and
Interpretation of Cardiotocography in Intrapartum Fetal Surveillance.
Evidence-based Clinical Guideline No. 8. London: RCOG; 2001.

17. Malin G, Morris R, Khan K. Strength of association between umbilical cord
pH and perinatal and long-term outcomes: systematic review and meta-
analysis. BMJ. 2010;340:c1471. https//doi.org/10.1136/bmj.c1471.

18. D'Souza S, Black P, Cadman J, Richards B. Umbilical venous blood pH: a
useful aid in the diagnosis of asphyxia at birth. Arch Dis Child. 1983;58:15-9.

19.  Ingemarsson |, Herbst A, Thorngren-Jerneck K. Long term outcome after
umbilical artery acidaemia at term birth: influence of gender and duration
of fetal heart rate abnormalities. BJOG. 1997,104:1123-7.

20. Salafia C, Minior V, Rosenkrantz T, Pezzullo J, Popek E, Cusick W. Maternal,
placental, and neonatal associations with early germinal matrix/
intraventricular hemorrhage in infants born before 32 weeks' gestation. Am
J Perinatol. 1995;12:429-36.

21. Valentin L, Ekman G, Isberg P, Polberger S, Marsal K. Clinical evaluation of
the fetus and neonate. Relation between intra-partum cardiotocography,
Apgar score, cord blood acid-base status and neonatal morbidity. Arch
Gynecol Obstet. 1993;253:103-15.

22. Gea Y. Clinical value of lactate measurement and nucleated red blood cell
counts in the placental segment of the umbilical vein of premature
newborns for diagnosis of hypoxia-ischemia. J Pediatr. 2007,83:186-90.

23, Graham E, Holcroft C, Karishma K, Donohue P, Allen M. Neonatal cerebral
white matter injury in preterm infants is associated with culture positive
infections and only rarely with metabolic acidosis. Am J Obstet Gynecol.
2004;191:1305-10.

24. Haddad B, Mercer B, Livingston J, Talati A, Sibai B. Outcome after successful
resuscitation of babies born with Apgar scores of 0 at both 1 and 5
minutes. Am J Obstet Gynecol. 2000;182:1210-4.

25. Yeh P, Emary K Impey L. The relationship between umbilical cord arterial
pH and serious adverse neonatal outcome: analysis of 51519 consecutive
validated samples. BJOG. 2012;119(7):824-31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1542/peds.2015-2651
https://doi.org/10.19082/7529
https://doi.org/10.19082/7529
https://doi.org/10.4103/0972-5229.68215
https://doi.org/10.4103/0972-5229.68215
https://doi.org/10.1080/14767058.2016.1248936
https://doi.org/10.1080/14767058.2016.1248936
https://doi.org/10.1038/jp.2012.100
https://doi.org/10.1038/jp.2012.100
https://doi.org/10.1161/CIR.0000000000000276
https://doi.org/10.1161/CIR.0000000000000276
https://doi.org/10.1111/ppe.12360
https://doi.org/10.1111/ppe.12360
https://doi.org/10.1136/bmj.c1471

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Participants
	Instruments
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

