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Abstract
Background Reliable measurements of lactate levels as well as blood gas values have become
available in the setting of neonatal care. We aimed to evaluate clinical significance of measuring lactate
and/or blood gas levels in cord blood associating with perinatal factors and development of respiratory
distress syndrome (RDS) that is one of major morbidities in neonates.

Methods Serum lactate levels and blood gas in cord blood were prospectively measured at delivery
in an urban maternity hospital.

Results Forty-four cases of RDS were identified in the cohort of 4,881 consecutive neonates.
Associations between lactate levels and the 29 clinical variables in the perinatal period were
made using multiple linear regression analyses: positive associations with gestational age, abruptio
placentae, abnormal presentation and position of the fetus during labor, variable deceleration, late
deceleration, prolonged deceleration, early deceleration (P�0.001); negative associations with
number of previous deliveries birth weight, Apgar score at 1 and 5 minutes, non-emergent and
emergent Cesarean section (P�0.001) as perinatal variables. As a single parameter, lactate could
predict occurrence of RDS more accurate than blood gas: pH, base excess, pCO2, HCO3

�. However,
a model using 29 perinatal parameters was accurate enough to predict development of RDS even
without adding data of lactate levels.

Conclusions These results suggest that measuring levels of lactate in cord blood may have some
clinical significance but no more than combination of classical perinatal parameters in predicting
development of RDS.
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tachypnea and other signs such as cyanosis,
grunting, nasal flaring, retractions, and
decreased breath sounds represent the most
frequent cause of admission to neonatal

Introduction

Respiratory disorders manifesting with
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intensive care units.1 A variety of patho-
logical lesions may be responsible for
respiratory disorders in neonates, but respi-
ratory distress syndrome (RDS), meconium
aspiration syndrome, transient tachypnea of
the newborn, and air leak syndrome are the
most frequent causes.

RDS occurs primarily in preterm infants,
and its incidence is inversely proportional
to gestational age and birth weight due to
immaturity of the lungs and low production
of surfactant.2 Recent advances in neo-
natology have dramatically decreased mor-
tality and morbidity related to respiratory
disorders.3 In terms of RDS, early adminis-
tration of porcine surfactant during brief
intubations before the occurrence of serious
deterioration reduces the subsequent need
for mechanical ventilation and neonatal
death.4 In addition, low-dose inhaled NO
for infants with respiratory illness improves
oxygenation and may decrease the risk for
chronic lung injury.5 Moreover, infants with
respiratory disorders who receive early treat-
ment with dexamethasone therapy display
improved survival without chronic lung
disease compared with infants in whom
treatment is delayed.6 Thus, an appropriate
algorithm to screen neonates at risk for
developing respiratory illness just after
delivery would thus enable clinicians to
select options for early intervention, with
a view to reducing neonatal mortality and
morbidity further.

The Apgar score has been used to assess
the condition and prognosis of neonates
worldwide for almost 50 years and remains
valid.7 However, some investigators have
proposed a combination of arterial base
excess (BE) in cord blood combined with the
Apgar score as a more objective method of
assessing newborn adverse events.8 Similarly,
assessment of both the Apgar score and pH
level was shown to improve the accuracy of
predicting neonatal mortality in term and
pre-term infants.9–11 Moreover, a growing
body of evidence has shown that lactate
concentrations in cord blood are good

for predicting neonatal outcome.12–14 It is
possible that these parameters may be
correlated with each other, although optimal
predictive combinations of perinatal param-
eters for RDS have yet to be delineated.
Importantly, in recent years, reliable tools
for measuring lactate concentrations have
become available,15–17 making lactate and
blood gas analysis an interesting option in
perinatal care to screen neonates at high
risk for developing adverse outcomes.

The present study attempted to evaluate
clinical significance of measuring lactate and/
or blood gas levels in cord blood associating
with perinatal factors and development of
respiratory distress syndrome (RDS) that is
one of major morbidities in neonates.

Subjects and Methods

Population
Excluding deliveries at home (n�9) and
intrauterine deaths (n�27), a total of
5,096 neonates were born in the Japanese
Red Cross Katsushika Maternity Hospital
between August 2001 and March 2004. Of
these, 213 newborn infants were excluded
due to unavailability of cord blood samples
for lactate and blood gas measurements.
The present study therefore retrospectively
examined 4,883 newborn infants. Congenital
heart disease was present in 20 neonates,
including ventricular septal defect (n�13);
complete transposition of the great arteries
(n�2); tetralogy of Fallot (n�2); double
outlet right ventricle (n�1) and coarctation
of the aorta (n�2). Other congenital
anomalies were present in 11 neonates,
including esophageal atresia (n�2); rectal
atresia (n�2); hypochondrogenesis (n�1);
Prader-Willi syndrome with ventricular septal
defect (n�1), hydrocephalus (n�2); hypo-
chondrogenesis with valvular aortic stenosis
(n�1); sacrococcygeal teratoma (n�1); and
congenital cytomegalovirus infection (n�1).
Eight and two neonates displayed trisomy 21
and trisomy 13, respectively. Since newborns
with trisomy 13 are usually not able to
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survive for long, these two cases were
excluded from the following analyses and
total 4,881 newborns were studied.

Respiratory distress syndrome
Development of RDS was characterized by
noncompliant lungs containing less surfac-
tant than normal, resulting in progressive
respiratory distress after birth. Radiological
findings on air bronchography and fine
reticular granularity of the parenchyma
were considered as important findings in
diagnosis of RDS.

Perinatal variables
The following perinatal variables were
retrospectively retrieved from charts in the
hospital and used for multiple regression
analysis: (1) age of mother at delivery; (2)
number of previous deliveries; (3) gestational
age (weeks); (4) birth weight (g); (5) Apgar
score at 1 minute; (6) Apgar score at 5 min-
utes; (7) abruptio placentae; (8) meconium-
stained amniotic fluid; (9) oligohydroamnios,
defined as an amniotic fluid index �5 cm;
(10) disappearance of baseline fetal heart rate;
(11) premature rupture of the membrane,
defined as rupture of the membranes before
onset of labor at any stage of gestation;
(12) cephalo-pelvic disproportion, defined as
obstructed labor due to disparity between
dimensions of the fetal head and maternal
pelvis; (13) placenta previa, defined as
location of the placenta over or near the
internal os of the cervix; (14) pregnancy-
induced hypertension, defined as any new-
onset pregnancy-related hypertension; (15)
fetal growth restriction, defined as weight
below the tenth percentile for gestational
age; (16) gender of the neonate; (17)
weak pain during labor, defined by uterine
dysfunction and characterized by infrequent
low-intensity contractions; (18) abnormal
presentation and position of the fetus during
labor, defined as fetal presentation with
the long axis either transverse or oblique,
or extension of the head to present the
fetal face or brow; (19) vaginal delivery

with cephalic presentation; (20) vacuum
extraction/forceps delivery; (21) breech pre-
sentation; (22) emergency Cesarean section;
(23) non-emergency Cesarean section; (24)
twins; (25) forced induction of labor; and
(26) variable deceleration; (27) late decel-
eration; (28) prolonged deceleration; and
(29) early deceleration in cardio-tocograph.
If there are no signs of deceleration in
cardio-tocograph, the state was defined as
no bradycardia.

Blood gas and lactate measurements
Cord arterial blood was sampled within
19 minutes (mean�SD, 4.3�3.1 minutes)
after delivery for routine blood lactate
measurement, in addition to blood gas
analysis (pH, pCO2, pO2, HCO3

�, and BE)
using an i-STAT® (i-STAT Corporation, East
Windsor, NJ, USA) in the delivery room.

Statistical analysis
Difference of lactate, blood gas parameters
and perinatal variables between RDS and
non-RDS cases were assessed with Student’s
t-test, Mann-Whitney or chi-square test. The
associations between lactate or pH levels in
the cord blood and the 29 clinical variables
in the perinatal period were determined
using multiple linear regression analyses.
Diagnostic figures were developed using
two statistical approaches: multiple logistic
regression models were estimated with the
likelihood ratio test and comparisons of area
under curve (AUC) of the receiver operator
characteristic (ROC) were determined with
the chi-square test. All tests were performed
to model the probability of RDS develop-
ment, using STATA 8.0 software (STATA
Corporation, College Station, TX, USA).

Results

Summary of lactate levels/blood gas
parameters and subjects’ characteristics
stratified by RDS
Summary of lactate levels and blood gas
parameters as well as subjects’ characteristics
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Table 1A Associations between lactate/blood gas parameters and development of RDS

Variable
Total Non-RDS RDS

P value*2
(n�4,881) (n�4,837) (n�44)

Lactate (mmol/L) 3.88�1.69*1 3.89�1.69 2.95�2.03 0.0003

pH 7.25�0.08 7.25�0.08 7.28�0.07 0.013

pCO2 (mmHg) 50.9�10.6 51.0�10.6 44.4�8.8 �0.0001

HCO3
� (mmol/L) 22.3�2.9 22.3�2.9 21.4�2.9 0.041

BE (mmol/L) �4.8�3.4 �4.8�3.4 �5.6�3.4 ns*3

*1: Mean�SD *2: Student’s t-test *3: not significant

Table 1B Associations between perinatal parameters and development of RDS

Variable
Total Non-RDS RDS

P value(n�4,881) (n�4,837) (n�44)

Age of mother at delivery (years old) 30.7�4.8*1 30.7�4.8 30.6�4.3 ns*4

Number of previous deliveries (times) 0.6�0.8 0.6�0.8 0.8�1.0 ns*4

Gestational age (weeks) 38.6�2.3 38.7�2.1 29.9�3.0 �0.0001*4

Birth weight (g) 2,906�540.6 2,920�520 1,418�566 �0.0001*4

Apgar score at 1 minute 8/9/9*2 8/9/9 5/8/8 �0.0001*5

Apgar score at 5 minutes 9/9/10 9/9/10 7/9/9 �0.0001*5

Abruptio placentae 46 43 (93.5)*3 3 (6.5) �0.001*6

Meconium-stained amniotic fluid 764 760 (99.5) 4 (0.5) ns*6

Oligohydroamnios 120 113 (94.2) 7 (5.8) �0.001*6

Disappearance of baseline fetal heart rate 27 25 (92.6) 2 (7.4) �0.001*6

Premature rupture of the membrane 1,187 1,169 (98.5) 18 (1.5) 0.010*6

Cephalo-pelvic disproportion 121 121 (100) 0 (0.0) ns*6

Placenta previa 50 47 (94.0) 3 (6.0) �0.001*6

Pregnancy-induced hypertension 259 251 (96.9) 8 (3.1) �0.001*6

Fetal growth restriction 123 120 (97.6) 3 (2.4) ns*6

Boys 2,529 2,504 (99.0) 25 (1.0) ns*6

Weak pain during labor 803 803 (100) 0 (0.0) 0.003

Abnormal presentation and position of 138 138 (100) 0 (0.0) ns*6

the fetus during labor

Vaginal delivery with cephalic presentation 4,525 4,500 (99.5) 25 (0.5) �0.001*6

Vacuum extraction/forceps delivery 357 357 (100) 0 (0.0) ns*6

Breech presentation 72 72 (100) 0 (0.0) ns*6

Emergency Cesarean section 430 406 (94.4) 24 (5.6) �0.001*6

Non-emergency Cesarean section 583 571 (97.9) 12 (2.1) 0.002

Twin 470 457 (97.2) 13 (2.8) �0.001*6

Forced induction of labor 1,162 1,162 (100) 0 (0.0) �0.001*6

Variable deceleration 903 898 (99.5) 5 (0.5) ns*6

Late deceleration 76 74 (97.4) 2 (2.6) ns*6

Prolonged deceleration 229 228 (99.6) 1 (0.4) ns*6

Early deceleration 112 111 (99.1) 1 (0.9) ns*6

*1: Mean�SD *2: 25/50/75 percentile *3: number (%) *4: Student’s t-test *5: Mann-Whitney test *6: Chi-square test
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were shown in Table 1. Mean lactate levels
from 4,881 cord-blood samples were 3.88�
1.69 mmol/L (median, 3.57 mmol/L; range,
0.45–17.00 mmol/L), and associations with
blood gas parameters were as follows:
pH (median, 7.25; range, 6.50–7.52) (r�
�0.017: P�0.001); pCO2 (median, 50.9mmHg;
range, 7.1–13.00mmol/L) (r�0.022: P�0.05);
HCO3

� (median, 22.3 mmol/L; range, 2–
35 mmol/L) (r�0.383: P�0.001); and BE
levels (median, �4.8 mmol/L; range, �26–
20 mmol/L) (r�0.531: P�0.001).

Among the 4,881 neonates, 44 (0.90%)
developed RDS within 24 hours after birth.
Six neonates died during the neonatal
period. Three deaths were due to low birth
weight with subsequent RDS and sepsis; the
other three were due to severe neonatal
asphyxia. A further three infants died 1 to 3
months after birth: a low birth-weight infant
with chronic lung disease following RDS;
an infant born with severe asphyxia with
concomitant hypoxic encephalopathy and
pneumonia; and an infant found as a near-
miss for sudden infant death syndrome at
day 2 with subsequent severe brain damage
and pneumonia.

Associations of perinatal variables as well
as lactate levels and blood gas parameters
with development of RDS were made (Table
1A). Lactate levels were significantly lower
in RDS newborns than in non-RDS (P�
0.0003). If they were stratified by Cesarean
section, differences disappeared (data not
shown). Levels of pH (P�0.0003) were
lower in non-RDS, while levels of PCO2

(P�0.0001) and HCO3
� (P�0.035) were

lower in RDS than in non-RDS. Levels of
BE had no difference between RDS and
non-RDS.

A variety of perinatal factors: gestational
age; birth weight; Apgar score at 1 and 5
minutes; abruptio placentae; oligohydro-
amnios; disappearance of baseline fetal heart
rate; premature rupture of the membrane;
placenta previa; pregnancy-induced hyper-
tension; weak pain during labor; cephalic
presentation; emergency Cesarean section;

non-emergency Cesarean section; twin and
forced induction of labor; had significant
associations with development of RDS, as
each single variable (Table 1B).

Associations between lactate levels and
29 clinical perinatal variables
Associations between lactate levels and the
29 clinical variables in the perinatal period
were made using multiple linear regression
analyses (Table 2). Lactate levels had signifi-
cant positive associations with the following
variables: age of mother at delivery (P�
0.041); gestational age (P�0.001); abruptio
placentae (P�0.001); boy gender (P�0.034);
weak pain during labor (P�0.022); abnor-
mal presentation and position of the fetus
during labor (P�0.001); vacuum extraction/
forceps delivery (P�0.016); variable decel-
eration (P�0.001); late deceleration (P�
0.001); prolonged deceleration (P�0.001);
early deceleration (P�0.001). In contrast,
lactate levels had significant negative asso-
ciations with the following variables: number
of previous deliveries (P�0.001); birth weight
(P�0.001); Apgar score at 1 and 5 minutes
(P�0.001); non-emergency Cesarean section
(P�0.001) and emergency Cesarean section
(P�0.001).

Next, excluding subjects treated with
both non-emergent and emergent Cesarean
section, associations between lactate levels
and the 27 perinatal variables were studied
using multiple linear regression analysis.
Lactate levels had significant positive asso-
ciations with the following variables: age of
mother at delivery (P�0.005); gestational
age (P�0.001); abruptio placentae (P�0.020);
cephalo-pelvic disproportion (P�0.034);
weak pain during labor (P�0.011); male
gender (P�0.007); abnormal presentation
and position of the fetus during labor (P�
0.001); variable deceleration (P�0.001); late
deceleration (P�0.001); prolonged decelera-
tion (P�0.001); early deceleration (P�0.001).
On the other hand, lactate levels had
significant negative associations with the
following variables: number of previous
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deliveries (P�0.001); birth weight (P�0.001);
Apgar score at 1 minute (P�0.001).

Finally, only focusing on infants borne
with Cesarean section either emergent or
non-emergent, associations between lactate
levels and the 24 perinatal variables in the
perinatal period were made using multiple
linear regression analyses. Lactate levels
had significant positive associations with the
following variables: gestational age (P�0.001);

abruptio placentae (P�0.001); meconium-
stained amniotic fluid (P�0.001); abnormal
presentation and position of the fetus during
labor (P�0.001); twin (P�0.001); late decel-
eration (P�0.001); prolonged deceleration
(P�0.001). Lactate levels had significant
negative associations with the following
variables: Apgar score at 1 and 5 minutes
(P�0.001).

Table 2 Associations between perinatal variables and levels of lactate in cord blood under multiple
regression models

Total*1 Delivery excluding
Cesarean section*3

Variable Cesarean section*2

(n�4,881) (n�3,868) (n�1,013)

Age of mother at delivery (years old) P�0.041 P�0.005

Number of previous deliveries (times) P�0.001 P�0.001

Gestational age (weeks) P�0.001 P�0.001 P�0.001

Birth weight (g) P�0.001 P�0.001

Apgar score at 1 minute P�0.001 P�0.001 P�0.001

Apgar score at 5 minutes P�0.001 P�0.001

Abruptio placentae P�0.001 P�0.020 P�0.001

Meconium-stained amniotic fluid P�0.001

Oligohydroamnios

Disappearance of baseline fetal heart rate

Premature rupture of the membrane

Cephalo-pelvic disproportion P�0.034 Not assessed

Placenta previa Not assessed

Pregnancy-induced hypertension

Fetal growth restriction

Boys P�0.034 P�0.007

Weak pain during labor P�0.022 P�0.011

Abnormal presentation and position of P�0.001 P�0.001 P�0.001the fetus during labor

Vaginal delivery with cephalic presentation Not assessed

Vacuum extraction/forceps delivery P�0.016

Breech presentation

Emergency Cesarean section P�0.001 Not assessed Not assessed

Non-emergency Cesarean section P�0.001 Not assessed Not assessed

Twin P�0.001

Forced induction of labor

Variable deceleration P�0.001 P�0.001 P�0.001

Late deceleration P�0.001 P�0.001 P�0.001

Prolonged deceleration P�0.001 P�0.001 P�0.001

Early deceleration P�0.001 P�0.001

*1: R2�0.34 *2: R2�0.23 *3: R2�0.50
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Receiver operating characteristics (ROC)
curve analysis
The AUC of the ROC to detect RDS by
lactate: 0.74 (95% confidence interval [CI]:
0.65 to 0.82) (Fig. 1A) was significantly
higher (P�0.0001) than that by pH: 0.66
(95% CI: 0.57 to 0.74) (Fig. 1B). Other blood
gas parameters: base excess, pCO2, HCO3

�

did not have significant predictive value.
The AUC of the ROC to detect RDS

using the 29 variables was high: 0.992 (95%
CI: 0.986 to 0.997) (Fig. 2). When lactate
levels were added to the model, the AUC
significantly increased to 0.993 (95% CI:
0.987 to 0.998) (P�0.0017). On the other
hand, none of the blood gas parameters (pH,
PCO2, BE, or HCO3

�) significantly improved
the accuracy of the AUC. Moreover, the
addition of these four blood gas parameters
to lactate and the other 29 perinatal
variables did not significantly improve the
AUC of lactate and the other 29 perinatal
variables.

Discussion

We demonstrated that levels of lactate in
cord blood were associated with a variety
of perinatal factors. Duration of the active
second stage of labor was shown to be
significantly associated with fetal and maternal

lactate levels at crowning of the fetal head,
and lactate levels in umbilical arterial and
venous blood at delivery,18 suggesting that
lactate levels may reflect difficulties in the
active second stage of labor, at least in
part. In fact, associations of lactate levels
with the age of mother at delivery, the
number of previous deliveries, gestational
age, abruptio placentae, cephalo-pelvic dis-
proportion, abnormal presentation, position
of the fetus during labor, twins and non-
Cesarean births were confirmed in this study,
which may support the hypothesis that
difficulties seen during prolonged delivery
times may raise levels of lactate in cord
blood. On the other hand, associations

Fig. 2 ROC curve analysis based on multiple logistic
models for RDS using 29 variables

Fig. 1 ROC curve analysis for RDS by lactate (A) or by pH (B)

(A) (B)
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