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Abstract 
This study aimed to establish the normal range of umbilical artery pH, pC02, base 

deficit and lactate in normal term and preterm newborn. Umbilical artery pH, pC02, base deficit 
and lactate was measured in 637 newborn babies. The study included 555 babies at term with Apgar 
score equal to or more than 7 at 5 minutes, not requiring assisted ventilation and not admitted to the 
neonatal unit (NNU), as well as 47 preterm babies with Apgar score equal to or more than 7 at 5 
minutes who were admitted to the NNU for observation only because of prematurity. Data was 
presented as mean and SD. Statistical analysis was done by t-test and simple linear regression 
analysis. In the newborn at term mean umbilical artery blood gas and lactate were as follows; 
pH= 7.25 (±0.08), pC02 = 45.66 (±1.88) mmHg, base deficit= 7.69 (±3.88) mEq/L, lactate= 2.96 
(±1.8) mMol/L. In preterm newborn the values were; pH = 7.25 (±0.04 ), pC02 = 51.78 (±13.00) 
mmHg, base deficit= 5.29 (±1.87) mEq/L, lactate = 2.55 (±1.87) mMol/L. The range of umbilical 
artery blood gas and lactate parameters in term and preterm fetuses with good neonatal outcome 
were derived. There was a statistically significant difference in pC02 and base deficit between 
term and preterm newborn. There was no linear correlation between lactate, pH, pC02, base deficit 
and fetal glucose respectively in term or preterm infants. 
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Assessment of newborn status has tradi­
tionally based on the Apgar scoring system( 1). 
However, the system depends on subjective inter-

pretation and may be affected by many factors. For 
example, Apgar score may be low in a non-asphy­
xiated preterm baby if the mother is given sedation. 
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Assessment of acid-base status of the new­
born at birth is valuable because it may give us in­
formation about hypoxia in the baby, which may 
have a long term effect. James eta! first reported the 
relationship between abnormal blood gas and low 
Apgar score(2) but recent studies have shown that 
acidotic babies may not have low Apgar score(3-5). 
Thus, measurement of acid-base status may be a 
useful adjunct to evaluate the condition of new born 
babies. 

Acidosis is divided into respiratory, meta­
bolic and mixed types. Respiratory acidosis can be 
transient and results from accumulation of C02. 
This can be cleared quickly and is usually transient 
and harmless to the fetus. If oxygen falls to a level 
at which the fetus fails to compensate, this will lead 
to anaerobic metabolism, with lactate and H+ ion as 
end products. Accumulation of lactate and H+ ion 
will lead to metabolic acidosis. 

Metabolic acidosis represents tissue hypo­
xia and is associated with risk of vital organ damage. 
pH alone may not discriminate between metabolic 
and respiratory acidosis. Lactate levels or pC02 
together with pH to calculate base deficit (BD) may 
be necessary for discrimination. Thus, it is of value 
to measure umbilical artery blood gas and lactate 
level to evaluate new born status. 

This study aimed to establish the reference 
range in umbilical artery blood gas and lactate for 
healthy term and preterm babies in our population 
and to correlate the various indicies to each other 
and to compare the results observed in the two 
groups. 

MATERIAL AND METHOD 
During the study period, from January 1996 

to December1996, 637 newborn babies, who were 
service cases, were delivered at National University 
Hospital, Singapore. Five hundred and eighty six of 
them were term babies and 51 were preterm. In order 
to establish the normal range of umbilical artery 
blood gas and lactate of term babies, only babies 
delivered at or after 37 weeks amenorrhea with 
Apgar score equal to or more than 7 at 5 minutes 
and who did not require assisted ventilation and 
were not admitted to the NNU (Neonatal Unit) were 
included in this study. Preterm babies included 
those delivered before 37 weeks amenorrhea with 
Apgar score at 5 minutes equal to or more than 7 
and who were not admitted to the NNU or those 
who were admitted to the NNU because of prematu-

rity. Based on our study criteria,555 term and 47 
pre term babies were included in this study. 

For blood gas and lactate investigations, 
a segment of umbilical cord was doubly clamped 
immediately after delivery. Clamps were placed near 
the cut end of the umbilical cord so arteries and vein 
could be identified. Blood was drawn from an um­
bilical artery into a 2 ml heparinized syringe. We 
did not investigate blood chemistry in the umbilical 
vein because it comes from the placental bed which 
represents a newborn status poorer than umbilical 
artery flow from the baby itself. Blood gas was 
analyzed by an automatic pH-blood gas analyzer 
(Compact 2 blood gas analyzer; A VL medical in­
struments AG, Switzerland) in the labor ward. Lac­
tate levels were measured by the single-use teststrip 
method using an enzymecoated electrode and meter 
(Accusport, Boehringer Manheim, Germany). Glucose 
was measured by Refloluxll. (Boehringer Manheim, 
Germany). These measurements were performed in 
the labor ward within 5 minutes after birth. 

All data collection was completed soon 
after delivery. Calculation and statistical analysis 
was performed using the SPSS for Window version 
6.0 statistical software package. All data were pre­
sented as means and one standard deviation (SO). 
Group comparisons between term and preterm in­
fants were done using Student's t-test. Statistical 
significance was considered when p-value was less 
than 0.05. Correlation was calculated by simple 
linear regression analysis. 

RESULTS 
Five hundred and fifty-five term and 47 

preterm newborns met the inclusion criteria. Mean 
birth weight of term babies in this study was 
3146.2±427.5 (±I SO) grams which was the same 
as the mean birth weight of normal term babies in 
the National University Hospital. Mean birth weight 
of preterm babies was 1720.4±458.3 grams. Gesta­
tion ranged from 25 to 36 weeks with a mean gesta­
tion of 32.3 (± 3.0) weeks. Of the total population, 
18.4 per cent of babies were delivered by cesarean 
section and 11.4 per cent had operative vaginal deli­
very whilst 70.3 per cent had a normal vaginal deli­
very. Table I summarizes the mean and standard 
deviation for pH, pC02, base deficit (extracellular 
fluid compartplent), fetal glucose, maternal glucose 
and lactate from the umbilical artery of normal term 
and pre term newborns. Comparison of blood gas and 
lactate value of term and preterm newborns showed 
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Table 1. Normal umbilical artery blood gas and lactate in normal term and preterm newborns. 

Term 
mean±SD 

Birthweight (grams) 3146.20 ± 427.50 
pH 7.25±0.08 
pC02 (mmHg) 45.66 ± 12.88 
Base excess (mEq/L) -7.69 ± 3.88 
Fetal glucose (mMol/L) 3.79 ± 1.28 
Maternal glucose (mMol/L) 5.05 ± 2.10 
Lactate (mMol/L) 2.96 ± 1.79 

statistically significant differences in pC02 and base 
deficit between term and preterm newborns (P­
value <0.05). There were no significant differences 
in pH, lactate, and glucose between the two groups. 

We used simple linear regression analysis 
to describe the relationship between the measured 
variables. Lactate concentration was used as the 
dependent variable. pH, pC02, base deficit, and 
glucose were used as independent variables. Ana­
lysis revealed that there was no linear correlation 
between lactate and pH (R2=0.1), PC02 (R2=0.03), 
base deficit (R2=0.03) or fetal glucose (R2=0.02). 

DISCUSSION 
The Apgar score has been widely used for 

diagnosis of fetal asphyxia since 1953(1). However, 
it is subjective and can be influenced by many fac­
tors other than hypoxia. The Apgar score may be 
low in a nonhypoxic baby if the mother was given 
sedation. Immature development of muscle tone and 
reflex may cause low Apgar score although the 
babies are not asphyxiated(6,7). 

In recent years, acid-base balance has 
been widely studied because it reflects hypoxic 
events during labor and delivery(2-5). Many of 
these studies have shown that acid-base status and 
Apgar score do not have good correlation(3-5). pH 
is a good indicator of acidosis but it can not dif­
ferentiate metabolic acidosis from respiratory aci­
dosis. Lactate is an end product of anaerobic meta­
bolism which is associated with tissue hypoxia. 
Measurement of blood lactate and base deficit may 
better reflect the metabolic status of the newborns. 

Traditionally, fetal acidemia has been 
defined as an umbilical artery pH< 7.2(8,9). How­
ever, many babies at term,with an umbilical artery 
pH< 7.2 have a normal Apgar score and no signifi-

Preterm p value 95% confident 
mean±SD interval 

1720.40 ± 458.34 <0.05 1293.67, 1560.56 
7.25 ±0.04 0.69 -0.02, 0.03 

51.78 ± 13.00 <0.05 -10.10, -2.09 
-5.29 ± 5.11 <0.05 -3.65,-1.41 
3.94 ± 1.26 0.47 -0.54, 0.25 
5.44± 1.87 0.27 -1.08, 0.30 
2.55 ± 1.08 0.14 -0.13, 0.96 

cant neonatal complications(10,11). Recently, many 
papers have suggested that a cut off value for diag­
nosis of significant acidemia should be pH <7 .0 
(11-13). However, the normal range for blood lac­
tate that may provide the cut off value for diagno­
sis of fetal asphyxia has still not been deter­
mined(14,15). 

Newborns delivered after 37 weeks 
amenorrhea who were not admitted to the NNU and 
with an Apgar score equal to or more than 7 at 5 
minutes were included in this study. Mean value of 
umbilical artery pH in this group was 7.25±0.08 
(6.69-7.56) which is similar to that of most other 
studies05-18). Mean pC02 was 45.66 (±12.88) 
mmHg which is lower than other studies05-18). 
Mean base deficit was 7.68 (±3.88) mEq/L which 
is higher than that obtained in studies by Riley 
et al07) and Ramin et ai08) but is similar to the 
value obtained by Westgren et al09) (Table 2). In 
this study, we calculated the base deficit for extra­
cellular fluid and measured the values for blood 
lactate. 

We compared blood gas and lactate con­
centrations between term and preterm newborn 
babies by using unpaired t-test (Table 1). There was 
a statistically significant difference in pC02 and 
base deficit between term and preterm babies. The 
pC02 was significantly lower but the base deficit 
was significantly higher in term babies. Length of 
labor can alter the blood gas values and is probably 
the cause of this difference(20,21). Fifty six per 
cent of preterm babies were delivered by caesarean 
section with two thirds of them had emergency 
operation while only 15 per cent of term babies were 
delivered by caesarean section. However, pH and 
blood glucose did not show any statistically signifi­
cant difference. Although mean lactate concentra­
tion in preterm was lower than in term new born, 
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Table 2. Normal range of umbilical artery blood gas and lactate in term newborns in different population. 

Chanrachakul* Shirey05) Westgren( 19) Riley08) Ramin07) Yeoman(16) 

(n=555) (n=85) (n=3301) (n=3522) (n=l292) (n=l46) 

pH 7.25 ± 0.08 7.28 ±0.06 7.27 ±0.09 7.27 ± 0.07 7.28 ± 0.07 7.28 ± 0 05 
pC02 (mmHg) 45.66 ± 12.88 NA 46± 13 50.3 ± 11.1 49.9 ± 14.2 49.2 ± 84 
Base excess (mEq!L) -7.69±3.88 NA -6.62 ± 3.92 -2.7 ± 2.8 -3.6 ± 2.8 NA 
Lactate (mmoi/L) 2.96 ± 1.79 2.98 ± 1.40 1.87 ± 0.94 NA NA NA 

• Present series 

Table 3. Normal range of umbilical artery blood gas and lactate in preterm newborns in different popula­
tion. 

Chanrachakul* 
(n=47) 

pH 7.25 ± 0.04 
pC02 (mmHg) 51.78 ± 13.00 
Base excess (meq!L) -5.29 ± 5.11 
Lactate (mmoi/L) 2.55 ± 1.87 

• Present series 

the difference was not statistically significant. Lac­
tate concentration did not show linear correlation 
with pH, pC02, base deficit or fetal glucose level 
on regression analysis. The variation of value in 
normal babies may be too small to show the corre­
lation. 

Previous studies have shown that umbili­
cal artery blood gas in term and preterrn babies is 
similar07-19,22). However, in some of these studies 
(17,22), babies born prematurely included those 
with a low Apgar score and other complications 
other than prematurity. In this study, we included 
only those preterrn babies with an Apgar score equal 
to or more than 7 at 5 minutes and who were 
admitted to the NNU for observation because of 
prematurity. In the preterrn group, mean umbilical 
artery pH was 7.25±0.04 (7.11-7.34) which was 
similar to that of babies at term. However, the mean 
umbilical artery pH in the preterrn group of this 
study was lower than that of other studies07, 18) 
(Table 3). Mean pC02 of preterm babies was higher 
than the Ramin et a! and Riley et al studies07, 18) 
but lower than the study of Dickerson et aJ(22). The 
previous studies did not measure lactate concentra­
tion in preterm babies. 

Riley(l8) Dickinson(20) Ramin(17) 
(n=l015) (n=949) (n=77) 

7.28 ±0.09 7.27 ± 0.07 7.29 ±0.07 
50.2 ± 12.3 51.6 ± 9.4 49.2 ± 9.0 

-2.5 ± 3 -3.0 ± 2.5 -3.3 ± 24 
NA NA NA 

When we compared blood chemistry of 
the healthy newborn babies to the babies who did 
not meet the inclusion criteria, there was statistical 
difference in lactate in the term group and no statis­
tical difference in the preterm group. However, the 
number of babies who did not fulfil the inclusion 
criteria (Apgar score <7, requiring assisted ventila­
tion or admission to the NNU) was small. Larger 
samples are needed to compare the difference 
between these two groups. 

The data from these two groups of 555 
term and 47 preterm infants provide a normal refer­
ence range of umbilical artery pH, pC02, base defi­
cit and lactate in babies born with good outcome in 
our population. The two standard deviations from 
mean should be used as the reference for healthy 
newborn babies.This data may be helpful for eva­
luation of fetal asphyxia in term and preterm new­
born. 

ACKNOWLEDGEMENT 
The authors wish to thank Dr. Chia Hwee 

Pin, Department of Community, Occupational and 
Family Medicine, National University of Singapore 
for his suggestions on statistical analysis. 

(Received for publication on November 9, 1998) 



392 B. CHANRACHAKUL et al. 

REFERENCES 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

Apgar V. A proposal for a new method of evalua- 12. 
tion of the newborn infant. Anesth Analg 1953; 

32: 260-7. 
James LS, Weisbrot IM, Prince CE, Holladay DA, 13. 
Apgar V. The acid base status of human infants 
in relation to birth asphyxia and the onset of res­
piration. J Pediatr 1958; 52: 379-94. 
Silverman F, Suidan J, Wasserman J, Antoine C, 
Young BK. The Apgar score. Is it enough? Obstet 14. 
Gynecol 1985; 66: 331-6. 
Gilstrap LC, Leveno KJ, Burris J, Williams ML, 
Little 88. Diagnosis of birth asphyxia on the basis 15. 
of fetal PH, Apgar score and newborn cerebral 
dysfunction. Am J Obstet Gynecol 1989; 161: 
825-30. 16. 
Hull J, Dodd K. What is birth asphyxia? Br J 
Obstet Gynecol 1991; 98: 953-5. 
Amial-Tyson C. Neurological evaluation of the 
maturity of newborn infants. Arch Dis Child 1968; 17. 
43: 89-93. 
Dubowitz LMS, Dubowitz V, Goldberg C. Clinical 
assesment of gestational age in newborn infant. J 18. 
Pediatr 1970; 70: 1-10. 
Wible JL, Petrie RH, Koons A, Perez A. The clini-
cal use of umbilical cord acid-base determinations 19. 
in perinatal surveillance and management. Clin 
Perinatal 1982; 9: 387-97. 
Gilstrap LC, Hault JC, Toussaint S. Second-stage 
heart rate abnormalities and neonatal acidosis. 20. 
Obstet Gynecol 1984; 62: 209-13. 
Bo HY, Syng WK. The effect of labor on normal 
values of umbilical blood acid-base status. Acta 21. 
Obstet Gynecol Scand 1994; 73: 555-61. 
Winkler CL, Hauth JC, Tucker JM, Owen J, 
Brumfield CG. Neonatal complication at term as 22. 
related to the degree of umbilical artery acidemia. 
AmJObstetGynecol1991; 164:637-41. 

J Med Assoc Thai April 1999 

Golaber KG, Gilstrap LC Ill, Leveno KJ. Dax JS. 
Mcintire DO. Pathologic fetal acidemia. Obstet 
Gynecoll991; 78: 1103-7. 
American College of Obstetricians and Gynaeco­
logists. Umbilical artery blood acid-base ana­
lysis.Washington DC. American College of Obste­
tricians and Gynaecologists. 1995. Technical bul­
letin no 216. 
Suidan JS, Young BK. Outcome of fetus with 
lactic acidemia. Am J Obstet Gynecol 1984: I 50: 
33-7. 
Shirey T. Pirre JS. Winkleman J. Cord lactate PH 
and blood gas for healthy neonate. Gynecol Obstet 
Invest 1996;41: 15-9. 
Yeoman ER, Hauth JC, Gilstrap LC lll, Strickland 
OM. Umbilical cord PH, PC02 and bicarbonate 
following uncomplicated term vaginal deliveries. 
Am J Obstet Gynecol 1985: 15 I: 798-800. 
Ramin SM. Gilstrap LC III. Leveno KJ. Burris J. 
Little BB. Umbilical artery acid base status in pre­
term infant. Obstet Gynecol I 989; 74: 256-8. 
Riley RJ. Johnson JWC. Collecting and analyzing 
cord blood gases. Clin Obstet Gynecol 1993: 36: 
13-23. 
Westgren M, Divon M, Horal M, et al. Routine 
measurements of umbilical artery lactate levels in 
the prediction of perinatal outcome. AmJ Obslel 
Gyneco11995; 173: 1416-22. 
Gilstrap LC. Hauth JC. Schiano S. Neonatal acido­
sis and method of delivery. Obstet Gynccol I 984: 
63: 681-5. 
Gregg AG. Fetal acid-base status: docs cesarean 
section without labor have an cffect'1 Am J Obstct 
Gynecoll991; 164:311-6. 
Dickinson JE, Eriksen NL. MeyerBA. Parisi VM. 
The effect of preterm birth on umbilical cord 
blood gases. Obstet Gynecol I 992: 79: 575-8. 



Vol.82 No.4 UMBILICAL ARTERY BLOOD GAS AND LACTATE IN HEALTHY NEWBORNS 

I!fJ!PT~ •r7-.rn{i'lf'lf!JfV, w.u. ", SELINA CHUA, MR. C. 0. G ", 

LENNART NORDSTROM, PhD.", JOHN YAM, M.B.B.S *, 

SABARATNAM ARULKUMARAN, FR.C.O.G, PhD.** 

'llENl'I.Jfll'lRmnl'il blood gas LLfl:: lactate 'lJ!N umbil1cal artery L'I.JYmmnmn(ill'i'Jur'nvt'I.J(il 555 I'I'I.J 

LLfl::Ymnl'lflEJ(ijriEJ'I.Jrn'r'!'I.J(il 47 I'I'I.J 'lt~i:ll'il Apgar score ~ 5 'I.JlYl mnn-ll'r'11mYhnu 7, hi1i'LI'I~m·JiltJmtJl'l'r'11EJ 
1J.J~lL tl'I.J.i'EJ~L •JhrurnTrmn 1 'W N ICU t~m l'Wnl'li()Ellm'l1 'I.Jmiil~L U'I.JYmnl'll'IEJ(ilriEJw'il'r'I'I.J(il 

L'WYmnl'll'IEJ(ili'J'lUnl'r'!'I.J(il l'ilL,.~tl'lJEJ~ umbilical artery blood gas LLfl:: lactate dJ'I.J~~d : pH = 7.25 

(± 0.08), pC0
2 

= 45.66 (± 1.88) mmHg, base deficit = 7.69 (± 3.88) mEq/L, lactate = 2.96 (± 1 8) 

mMoi/L L'I.J'Y1l'lnl'll'IEJ(ilrlEJ'I.Jrll'r'I'I.J(il l'ilL,.~tJ'lJEJ~ umbilical artery blood gas LLl'l:: lactate LU'I.J~~d pH = 7.25 

(± 0.04), pC0
2 

= 51.78 (± 13.00) mmHg, base deficit= 5.29 ± (1.87) mEq/L, lactate 2.55 (± 1.87) 

mMoi/L 

Al pC0
2

, base deficit 'lJEJ~'Y1l'lnl'lflEJ(ili'J'lUrll'r'I'I.J(i]LLl'l::'Y1l'lnl'lflEJ(ijriEJ'I.Jrll'r'I'I.J(ili:lwn:~m(iln\ih~n'I.Jmh~ 

i:J1Jm'ilAfl!'Y1l~fli'i~ LL\ii1J.JwUI'Illl-l~l-lvr'I.JBLLUUL~'I.J(il'l~ (linear correlation) 'J::'r'lll~Fh lactate nu pH, pC0
2

, base 

def1cit LLl'l:: fetal glucose -rf~L'I.J'Y1l'lnl'!l'!EJ(ili'J'JUrll'r'I'I.J(il Lm::l'!l'IEJ(ilrlEJ'I.Jrll'r'I'I.J(il 

Depar1ment of Obstetrics and Gynaecology, Faculty of Med1c1ne, National Un1vers1ty of S1ngapore, 5 LowPr Kent R1dge 

Road S1ngapore 119074. 

Department of Obstetncs, Midwifery & Gynaecology, Derby City General Hosp1tal, Uttoxeter Road, Derby DE22 3NE. 

Un1ted K1ngdom. 

393 


