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Interpreting Umbilical Cord Blood Gases:
Normal Cord Blood Gases

Jeffrey Pomerance, MD, MPH

Case 1: Normal Umbilical Cord Blood Gases

The mother was a 34-year-old, gravida 1, para 0, aborta 0, with
an uncomplicated intrauterine pregnancy at 40 4/7 weeks. The
fetal heart rate tracing showed mild, variable decelerations. After
11 hours of labor, the mother was taken to the delivery room and
vaginally delivered a male infant with Apgar scores of 7 and 9 at
one and five minutes, respectively.

Cord blood gas results were as follows:

Severe Respiratory 81-95 96 — 110

Acidosis 10.80—12.67 | 12.80— 14.67

Very Severe Respira- 2 96 z 111

tory Acidosis > 12.80 > 14.80
Table 1

Reprinted with permission from Elsevier, in part from Yeomans
ER, Hauth JC, Gilstrap LC lll, Strickland DM. Umbilical cord pH,
PCO:2, and bicarbonate following uncomplicated term vaginal de-
liveries Am J Obstet Gynecol 1985;151:798-800.

Data are mean values + 2 standard deviations (SD).
* Base deficit, estimated from data.
** 1 kPa = 7.50 mmHg; 1 mmHg = 0.133 kPa

Note: “Normal” is arbitrarily defined as the mean + two times the
standard deviation (approximately 95.4% of a normally distributed
population).

These values should be used in interpreting the umbilical cord
blood gas sets presented in the remainder of this text. While sub-
sequent studies generally involving larger numbers also have de-
fined normal umbilical venous and arterial blood gas values, or
sometimes only umbilical artery blood gas values in both term , (6)
and preterm infants, (4,5,7) the findings are very similar, differing
only in the range of the standard deviations.

Umbilical Umbilical
Vein Artery

pH 7.35 7.28
Pco, (mm Hg) 38 49

(kPa)* 5.07 6.53
Po, (mm H) 29 18

(kPa)* 3.87 2.40
HC03' (mmol/L) 20 22
BD (mmol/L) 4 4

* kPa, kilopascal, the unit of measure used in many countries
outside the United States, 1kPa = 7.50 mmHg

Interpretation

These blood gas results represent the mean normal umbilical
cord blood gas values as defined by a study published in 1985 of
146 uncomplicated term vaginal deliveries by Yeomans, Hauth,
Gilstrap, and Strickland. The range of normal values from which
these means were derived is found in Table 1 below.

Umbilical Cord Blood Gases
Degree of Respiratory Acidosis
Venous Pco, Arterial Pco,
(mmHg) (mmHg)
(kPa) (kPa)

No Respiratory 27 — 49 32 _ 66
Acidosis
(Normal Range) 3.57-6.56 4.29-8.77
Mild Respiratory 50 - 65 67 - 80
Acidosis 6.67 — 8.67 8.80 — 10.67
Moderate Respiratory 66 - 80 81-95
Acidosis 8.80-10.67 | 10.80-12.67

“Compared to the umbilical venous

cord values in healthy term infants

after vaginal delivery, (3) values in the
umbilical vein obtained prior to delivery
in unsedated, non-laboring patients at
35 weeks’ gestation by cordocentesis,
showed higher pH (7.41 vs. 7.35) and PO:
(35 vs. 29 mmHg), and lower PCO: (36
vs. 38 mmHg) and base deficits (1 vs. 4
mmol/L). (11)”

White et al (8) found that despite the intention to obtain both an
umbilical venous and an umbilical arterial sample, this was suc-
cessful only 64% of the time. Both Armstrong and Stenson (9)
and Westgate et al (6) emphasized that “Both artery and vein
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cord samples must be taken and the results screened to ensure
separate vessels have been sampled.” The American Congress of
Obstetricians and Gynecologists also recommends attempting to
obtain both “venous and arterial blood cord samples ... for blood
gas analysis.” (10)

Compared to the umbilical venous cord values in healthy term
infants after vaginal delivery, (3) values in the umbilical vein ob-
tained prior to delivery in unsedated, non-laboring patients at 35
weeks’ gestation by cordocentesis, showed higher pH (7.41 vs.
7.35) and PO2 (35 vs. 29 mmHg), and lower PCO2 (36 vs. 38
mmHg) and base deficits (1 vs. 4 mmol/L).(11) Similarly, when
umbilical artery samples obtained from healthy term infants born
by cesarean section in the absence of labor were compared with
infants born by vaginal delivery, pH was higher by 0.04 on aver-
age.(12) Increasing the duration of the second stage of labor also
was significantly related to deteriorating umbilical artery blood gas
values with the base deficit rising by about 1 mmol/L per hour.
(13) Even uncomplicated labor and vaginal delivery exacts a toll
on fetal acid-base values, although modest and apparently of little
clinical importance.

The standard deviations provided by Yeomans, Hauth, Gilstrap,
and Strickland (3) assume the distribution of values to be normal
or bell-shaped. In reality, they are all skewed distributions with
the long thin tail to the left. However, | do not believe that any of
the cord blood gas interpretations are influenced by this deviation
from the bell-shaped curve. The average PO:in umbilical venous
and arterial blood gases are 29 and 18 mmHg, respectively. The
standard deviations are approximately six mmHg in each. In the
umbilical arterial blood gas, plus or minus two standard devia-
tions includes values between six and 30 mmHg. Surprisingly, a
PO: below the normal range is poorly associated with asphyxia.
However, PO: is informative when it is above the normal range.
This suggests contamination by an air bubble(s) or, if in a venous
sample, a period of slow flow through the placenta with associated
increased time for down-loading of oxygen from the mother to the
fetus via the umbilical vein and uploading of carbon dioxide from
the fetus to the mother.

There are no agreed-upon definitions of what constitutes mild,
moderate, or severe respiratory or metabolic acidosis. However,
to allow for easier discussion and consistency within this text, |
have set arbitrary definitions (see Tables 2 and 3 below). One
must appreciate that nothing is known to occur clinically as a
value crosses from one range into another. By and large, clini-
cal relationships operate on a continuum. The concept of fetal re-
spiratory acidosis is peculiar as the presence or absence of fetal
breathing has no relationship to fetal respiratory acid-base status.
The placenta acts as the “lung” for the fetus. Nonetheless, within
this text, the terms respiratory acidosis or alkalosis will be used
conventionally, i.e., to define the contribution of PCO: to the acid-
base status.

Umbilical Cord Blood Gases
Degree of Respiratory Acidosis
Venous Pco, | Arterial Pco,
(mmHg) (mmHg)
(kPa) (kPa)
No Respiratory Acidosis 27 - 49 32-66
(Normal Range) 3.57-6.56 | 4.29-8.77
50 - 65 67 — 80
Mild Respiratory Acidosis
6.67 - 8.67 | 8.80-10.67

Moderate Respiratory 66 — 80 81-95

Acidosis 8.80—10.67 | 10.80— 12.67

Severe Respiratory 81-95 96 — 110

Acidosis 10.80—- 12.67 | 12.80 — 14.67

Very Severe Respiratory 2 96 2 111

Acidosis >12.80 > 14.80
Table 2

Defining degree of respiratory acidosis in umbilical cord blood
gases

Rounded from Table 1

Umbilical Cord Blood Gases
Degree of Metabolic Acidosis
Venous BD Arterial BD
(mmol/L) (mmol/L)
No Metabolic Acidosis Oto 8 Oto 8
(Normal Range) © ©
Mild Metabolic Acidosis 9-12 9-12
Moderate Metabolic
. . 13-16 13-16
Acidosis
Severe Metabolic
. . 17 - 20 17 - 20
Acidosis
Very Severe Metabolic
. . =21 =21
Acidosis
Table 3

Defining the degree of metabolic acidosis in umbilical cord blood
gases Rounded from Table 1

It is of note that while an elevated arterial PCO: is associated with
increased cerebral blood flow in the term (14) and preterm human
newborn, this response to arterial PCO: is attenuated in seriously
asphyxiated term infants and in mechanically ventilated preterm
infants prior to intracranial hemorrhage.(15) For further discussion
of this topic, see Volpe JJ, Neurology of the Newborn, 5th edition.
(16)

Elevated values of PCO: in cord blood (low pH but normal base
deficit) have not been associated with poor neurological outcome.
When combined with metabolic acidosis (low pH and elevated
base deficit), the risk of neurological injury increases. (17) Respi-
ratory acidosis may be associated with a better outcome in the
absence of severe metabolic acidosis.(18,19)

Typically, arterial base deficit measured within the first hour of life
is approximately 3 mmol/L higher than in arterial cord gases, in-
cluding newborns who were not asphyxiated at birth. (20) There-
after, the values return to normal. The arterial base deficit may
increase by much more than this and persist longer in asphyxi-
ated newborns whose umbilical arterial blood flow has slowed
or stopped altogether, and no longer fully reflects fetal status. In
nearly all severely asphyxiated newborns, perfusion at the time
of birth is poor to nonexistent. Of course, poor perfusion includes
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the umbilical circulation as well. The umbilical arteries will only re-
flect fetal tissue status up until the time flow in them stops. Lactic
acid produced from hypoxia/anoxia at the tissue level will not be
cleared to the central circulation and subsequently to the umbilical
arteries. Therefore, in an asphyxiated newborn, an umbilical artery
cord blood gas sample may seriously underestimate the acidosis
in the fetus and newborn. As the infant is resuscitated, circulation
improves, and tissue lactic acid is cleared into the central circula-
tion (acid washout). Accordingly, a postnatal base deficit obtained
from an asphyxiated newborn within the first hour after delivery is
frequently found to be higher (worse) than in the umbilical arterial
cord blood gas and is among the most accurate prognosticators
of neurological outcome. (18)

Key Points

. Elevation of PCO:z has not been associated with poor neuro-
logical outcome unless combined with metabolic acidosis.

. Low pH, combined with an elevated base deficit, has been
associated with poor neurological outcome.

. Working definitions of respiratory and metabolic acidosis are
presented. Nothing is known to happen clinically as a value
crosses from one range of respiratory or metabolic acidosis
into another.

. Typically, arterial base deficit increases by approximately 3
mmol/L in follow-up blood gases taken within the first hour of
life, even in newborns who were not asphyxiated at birth.
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