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Interpreting Umbilical Cord Blood Gases
-HႇUH\�3RPHUDQFH��0'��03+

Introduction 

The purpose of this series is to assist clinicians in better understand-
ing the indications for testing umbilical cord blood gases, in recogniz-
ing the pitfalls involved in collecting and handling specimens, and 
incorrectly interpreting umbilical cord blood gas values.  Most of the 
text comes from my book: Interpreting Umbilical Cord Blood Gases: 
)RU�&OLQLFLDQV�&DULQJ� IRU� WKH�)HWXV�RU�1HZERUQ���QG�HGLWLRQ��SXE-
lished in 2012.  

Some areas have been altered for clarity, and not all of the book will 
appear in this or future installments. 

To illustrate these points, I use a series of clinical cases drawn from 
actual experience with patients. The information is presented by cat-
egory, and most often each successive case within the category is 
of increasing complexity. The care provided was not necessarily op-
timal or even acceptable. As with every endeavor, regular practice 
produces better results. In many situations, more than one interpre-
tation of umbilical cord gases is possible. Of critical importance is 
the reasoning behind the interpretations. In general, much additional 
information is provided, both antenatal and postnatal, along with the 
blood gas results. Of course, not all of this information is available 
as the baby is being delivered; however, the goal is the correct inter-
pretation of cord blood gas results. It is important to make sense of 
the data, not simply to note the presence of respiratory, metabolic, 
RU�PL[HG�DFLGRVLV��)DLUO\�RIWHQ��WKLV�UHTXLUHV�LQWHJUDWLQJ�LQIRUPDWLRQ�
about the fetal monitoring strip, details of the delivery, the follow-up 
blood gas results taken directly from the infant, and other post-deliv-
ery information.  

,Q�HDFK�H[DPSOH��WKH�FOLQLFDO�DQG�ODERUDWRU\�GDWD�DUH�SUHVHQWHG�¿UVW��
with my interpretation presented on the following page. This will al-
low readers to compose their thoughts prior to reading my conclu-
sions and, more importantly, to develop the reasoning behind them.  
Some of the clinical presentations occurred many years ago and, 
QRW�XQH[SHFWHGO\�� WKH�VWDQGDUG�RI�FDUH�KDV�HYROYHG��)RU�H[DPSOH��
initiating use of 100% oxygen as a standard part of resuscitation and 
XVH�RI�VRGLXP�ELFDUERQDWH� WR�FRUUHFW�D�EDVH�GH¿FLW�DUH�QR� ORQJHU�
recommended. Nonetheless, in many of the cases presented, these 
therapies were employed. Additionally, the clinical expertise of the 
care providers varied from excellent to poor. Therefore, one should 
not assume that the care provided represents the state of the art.  

The objectives of this text are to help the reader to:     

(1)  Become familiar with normal umbilical cord blood gas values;  

(2)  Understand the usual relationship between pH and blood gas 
values found in the umbilical vein and the umbilical artery;   

(3)  Recognize how best to interpret the results when technical 
problems have occurred;  

(4)  Recognize patterns of abnormal umbilical cord blood gas val-
ues and understand their pathophysiology;   

(5)  Recognize when asphyxia has been associated with delivery 
and when it has not;  

(6)  Be able to decipher even complex issues in the interpretation of 
umbilical cord blood gas results, and, 

(7)  To boldly interpret where no one has interpreted before. 

 Following each of the installments, “Key Points” will be listed. 

In my experience, clinicians often ignore the results of umbilical cord 
blood gas values or, at most, simply record them.  It is rare that a cli-
QLFLDQ�FRPPHQWV�RQ�WKH�UHVXOWV�RU�RႇHUV�DQ�LQWHUSUHWDWLRQ��1R�EORRG�
gas value, or other test result for that matter, is self-explanatory; ev-
ery test result requires clinical validation. I hope this text encourages 
readers to think about the results and then record their interpretations. 
This information will help clinicians on both the obstetric and neona-
tal sides understand the underlying physiology and pathophysiology 
that contribute to umbilical cord blood gas values. This understand-
ing may assist in improving the outcome of future pregnancies on the 
obstetric side while helping the immediate care of the newborn on the 
neonatal side, especially if i-STAT blood gases are run in the delivery 
room.  Although in the United States millimeters of mercury (mmHg) 
are used as the unit of measure for PCO2 and PO2, many other 
countries use kilopascals (kPa) as the unit of measure. Accordingly, 
both units are provided in all tables. 

When to Order Cord Gases

The frequency of umbilical cord blood gas sampling ranges from al-
most universal to almost never. Routine universal sampling will not 
miss any important abnormalities and has the advantage of providing 
maximal experience and enhanced skills to those who draw blood for 
cord gases. The cost for this approach is not great, likely represent-
ing only the cost of materials and reagents, as no additional person-
nel are necessary. A four-year observational study of universal cord 
blood gas and lactate analysis was conducted at the only Western 
Australian tertiary level obstetric hospital.  

Results suggest that the introduction of universal paired cord blood 
gas analysis may have resulted in improved perinatal outcomes in-
dependent of obstetric intervention. The authors postulate that regu-
lar, objective feedback via cord blood gas results close to the time 
RI�GHOLYHU\�PD\�SRVLWLYHO\� LQÀXHQFH�IXWXUH�REVWHWULF�PDQDJHPHQW��,�
favor this approach. 

If universal cord gas analysis is not adopted, a more modest ap-
proach is to establish criteria for drawing samples that are mutually 
agreed upon by the obstetrical and neonatal-pediatric services. The 
American Congress of Obstetricians and Gynecologists suggests 
that physicians should “attempt to obtain venous and arterial blood 
cord samples in circumstances of cesarean delivery for fetal compro-
mise, low 5-minute Apgar score, severe growth restriction, abnormal 
fetal heart rate tracing, maternal thyroid disease, intrapartum fever, 
or multifetal gestation.”  Very similar criteria used for many years at 
Cedars-Sinai Medical Center in Los Angeles are as follows:  

1)  All infants perceived to have had non-reassuring fetal heart rate 
tracings or other evidence of concern for fetal well-being, irre-
spective of Apgar score or other delivery room evaluation;  

2)  All infants with Apgar scores of 6 or less at any time; and 

3)  Any infant for whom anyone present at delivery deems cord 
blood gases necessary. 

If cord blood gases are drawn in the delivery room and run with i-
67$7��UHVXOWV�PD\�GLUHFWO\�DQG�SRVLWLYHO\�DႇHFW�LPPHGLDWH�FDUH�RI�WKH�
newborn. Additionally, results may be directive in the triage of the 
baby. 

Obtaining Cord Gas Samples 

A 10-20 cm segment of the umbilical cord is clamped immediately 
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following delivery with two adjacent clamps near the neonate and two 
adjacent clamps nearer the placenta.  Cutting between each of the 
two sets of adjacent clamps then separates this segment. Placing an 
additional clamp midway between the other two has been suggested 
VR�WKDW�D�VHFRQG�VHW�RI�JDVHV�PD\�EH�GUDZQ�LI�WKH�¿UVW�VHW�WXUQV�RXW�
to be unsatisfactory.    

Typically, blood for umbilical cord gases is obtained by inserting a 
short, small-gauge needle attached to a plastic syringe into the um-
bilical vein and a separate needle with a syringe attached into an 
umbilical artery. A short, small-gauge needle permits optimal control 
with minimal injury to the vessels.  There is a risk of RBC lysis if the 
needle gauge is too small or the syringe is drawn up too quickly. This 
PLJKW�OHDG�WR�DQ�DUWL¿FLDOO\�HOHYDWHG�ODFWDWH�OHYHO��$OWHUQDWLYHO\��XPELOL-
cal venous and arterial samples may be drawn from the vessels on 
the chorionic plate (see, Analyzing Cord Gases below, regarding the 
need for rapidly obtaining these samples). Drawing blood from this 
site is very simple as it is similar to starting an IV in a large vessel 
ZLWKRXW�DQ\�LQWHUYHQLQJ�WLVVXH�WKDW�PLJKW�PDNH�YLVXDOL]DWLRQ�GLႈFXOW��
'LVWLQJXLVKLQJ�YHLQV�IURP�DUWHULHV�LV�QRW�GLႈFXOW�DV�YHLQV�DUH�ODUJHU�
and less muscular than arteries. Additionally, arteries reliably cross 
over veins.    

A complete blood gas analysis can be performed on samples as 
small as 0.1 cc; however, 0.3 cc or more is optimal as it permits re-
testing, if necessary.  

Historically, there has been a discussion about the impact of exces-
sive heparin within the collecting syringe on cord blood gas values. 
The pH of heparin is about 7.0. As PCO2 and PO2 approach room 
air values,  approximately 0.4 mmHg  and 160 mmHg, respectively, 
excess heparin will result in decreasing pH and PCO2 values, wors-
ening base excess and increasing PO2 in umbilical cord blood. This 
issue has become moot, as syringes used for blood gas analysis 
today come pre-heparinized with powdered heparin. If the blood 
gases are to be analyzed immediately after being drawn, heparin is 
unnecessary. 

Analyzing Cord Gases 

Umbilical cord blood gases should be analyzed as soon as pos-
sible after birth. In practice, the attention required by the mother or 
newborn may preclude attention to the cord blood gas sample. No 
clinically important changes in blood gas values are seen in a doubly 
clamped ,  umbilical cord at room temperature, ,  or drawn into a 
plastic syringe and left at room temperature, ,  for 60 minutes follow-
ing delivery. Blood analyzed from vessels in the chorionic plate, how-
HYHU��PXVW�EH�GUDZQ�LQWR�D�V\ULQJH�TXLFNO\��DV�VLJQL¿FDQW�GHWHULRUD-
tion of values (increasing respiratory and metabolic acidosis) occurs 
when there is a delay of more than 15 minutes following clamping 
the cord.12 Presumably, blood in the chorionic vessels deteriorates 
more rapidly because it is in juxtaposition to a dense collection of 
metabolically active tissue in the placenta. The cord, in contrast, is 
mostly composed of the umbilical vessels themselves and metaboli-
FDOO\�LQDFWLYH�:KDUWRQ¶V�MHOO\��3HUOPDQ�HW�DO���KDG�UHSRUWHG�VLJQL¿FDQWO\�
³EHWWHU�´� DOWKRXJK� FOLQLFDOO\� LQVLJQL¿FDQWO\� GLႇHUHQW�� XPELOLFDO� DUWHU\�
values when samples were obtained from the cord within 10 cm of 
the newborn compared to specimens obtained within 10 cm of the 
SODFHQWD��7KHVH�GLႇHUHQFHV�DOVR�PD\�UHSUHVHQW�IDVWHU�VDPSOH�GHJ-
radation when in close proximity to the cell-rich site of the chorionic 
plate or perhaps actual contamination of cord blood with blood in the 
adjacent chorionic plate.  

Blood gases stored on ice and not analyzed for many hours are still 
capable of providing useful and relevant data. Chauhan et al.  studied 
umbilical arterial cord blood gas values from 23 infants stored in pre-
heparinized syringes kept on ice for up to 60 hours. Separate equa-
tions were derived that permit calculation of original pH and base 
excess values from the time of birth. As expected, over time, pH falls, 

and base excess becomes increasingly negative. 

:KHQ�&RUG�*DVHV�'R�1RW�5HÀHFW�)HWDO�&RQGLWLRQ�

It has been argued that a newborn with no signs of life, whose fetal 
heart rate had been at approximately 60 bpm for 15 minutes or more 
prior to delivery, has not been asphyxiated because umbilical cord 
blood gas values are normal or near normal. You should never ac-
FHSW�DQ�XPELOLFDO�FRUG�EORRG�JDV�DV�FRUUHFWO\�UHÀHFWLQJ�WKH�FRQGLWLRQ�
of an infant when your common sense tells you it does not. There 
are reasons for noncorrelation (especially of umbilical venous cord 
gases) including terminal fetal bradycardia secondary to either cord 
occlusion or fetal heart failure, and acute fetal hemorrhage. Some-
WLPHV�ZH�PD\�KDYH�VXႈFLHQW� LQVLJKW� WR�H[SODLQ�WKH�QRQFRUUHODWLRQ��
and sometimes we may not. However, even when we are unable to 
explain confusing data, this does not mean that no explanation ex-
LVWV��RQO\�WKDW�RXU�XQGHUVWDQGLQJ�RI�WKH�GDWD�DYDLODEOH�LV�QRW�VXႈFLHQW�
to do so.  

The best correlation between umbilical cord blood gas values and 
fetal acid-base status exists when blood is freely exiting the umbili-
cal vein and entering the umbilical arteries. In other words, the fetal 
blood pressure must be adequate to perfuse the umbilical arteries, 
and the cord must not be occluded. Umbilical vein occlusion occurs 
much more easily than umbilical artery occlusion. Typically, in cord 
occlusion, both vein and arteries are occluded initially. Occlusion of 
WKH�XPELOLFDO�DUWHULHV�UHVXOWV�LQ�DUWHULDO�K\SHUWHQVLRQ�DQG�UHÀH[�IHWDO�
bradycardia.  If the occlusion continues, arterial hypertension may 
overcome the occlusive force, resulting in a net transfer of blood to 
WKH�SODFHQWD�DV�WKH�XPELOLFDO�YHLQ�UHPDLQV�RFFOXGHG��)DLOLQJ�WR�UHOLHYH�
WKH�REVWUXFWLRQ�WR�ÀRZ��WKH�IHWXV�EHFRPHV�SURJUHVVLYHO\�DVSK\[LDWHG��
oxygen supply to the heart becomes inadequate to support forceful 
FRQWUDFWLRQV�� EORRG� SUHVVXUH� IDOOV� DQG� HYHQWXDOO\� EHFRPHV� LQVXႈ-
cient to perfuse the umbilical arteries. Once this occurs, an umbili-
FDO�DUWHU\�EORRG�JDV�VDPSOH�SURJUHVVLYHO\�IDLOV�WR�UHÀHFW�D�FRQWLQXLQJ�
deterioration of the acid-base status of the fetus.  

Umbilical cord venous blood gas samples should not be expected 
WR�DFFXUDWHO\�UHÀHFW�IHWDO�VWDWXV�IROORZLQJ�FRUG�RFFOXVLRQ�ZLWK�WHUPL-
nal fetal bradycardia. Additionally, umbilical cord arterial blood gas 
VDPSOHV�ZLOO�QRW�IXOO\�UHÀHFW�IHWDO�WLVVXH�DFLGRVLV�ZKHQ�IHWDO�FLUFXODWLRQ�
is poor or non-existent at birth. These potential causes of poor cor-
relation between umbilical cord arterial blood gas values and blood 
gas values at the fetal tissue level should not lead to the notion that 
umbilical cord blood gas values cannot be relied upon. The over-
whelming majority of newborns have both umbilical cord venous and 
DUWHULDO�EORRG�JDV�YDOXHV� WKDW�DFFXUDWHO\� UHÀHFW�XWHURSODFHQWDO�DQG�
uteroplacental-fetal status, respectively.   

An umbilical cord arterial blood gas represents the mixed venous 
return of all fetal tissues and does not indicate the acid-base status 
RI�DQ\�VSHFL¿F�WLVVXHV���,QGHHG��VHYHUH�LQWUDFHOOXODU�DFLGRVLV�RI�D�VSH-
FL¿F�IHWDO�VWUXFWXUH�PD\�QRW�EH�GHWHFWHG�LQ�WKH�XPELOLFDO�DUWHU\�VDPSOH�
if there is no venous return from that structure; an example would be 
an ischemic area resulting from a cerebral infarct.   

/DVWO\�� D� IHWXV� PLJKW� KDYH� VXGGHQ� YHQWULFXODU� ¿EULOODWLRQ� RU� RWKHU�
rapidly fatal arrhythmias. Blood in the umbilical cord would abruptly 
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FHDVH�ÀRZLQJ�DQG�FRXOG�UHVXOW�LQ�SHUIHFWO\�QRUPDO�XPELOLFDO�YHQRXV�
and arterial blood gas values and a clinically dead newborn.  Criti-
cally ill newborns who are already severely acidotic and moribund 
may have terminal arrhythmias. Most neonatologists have almost no 
IDPLOLDULW\�ZLWK�GH¿EULOODWRUV��VXJJHVWLQJ�WKH�H[WUHPH�UDULW\�RI�YHQWULFX-
ODU�¿EULOODWLRQ��7KHUHIRUH��WKLV�VFHQDULR�PXVW�FHUWDLQO\�EH�TXLWH�UDUH��

)HWDO�+HDUW�5DWH�3UHVHQW���1HRQDWDO�+HDUW�5DWH�$EVHQW

Practitioners who regularly attend high-risk deliveries will recognize 
the occasional scenario of a delivery in which the fetal heart rate was 
present prior to delivery, but the neonatal heart rate is absent after 
delivery. In the usual situation, there has been a “crash” cesarean 
section done for severe fetal distress. At delivery, the infant has an 
Apgar score of 0. Some of these infants are successfully resusci-
tated, and some are not. Yet all of these infants had a recorded heart 
rate shortly before delivery.   

The fetal heart rate is recorded by either a Doppler device or by a di-
rect fetal electrode. The Doppler device evaluates fetal heart rate by 
detecting motion of the fetal heart, especially the valves, and convert-
LQJ�WKH�GHWHFWHG�EHDWV�LQWR�D�FDOFXODWHG�KHDUW�UDWH��,W�GRHV�QRW�GLႇHU-
entiate a forceful heartbeat from a slight twitch. A minimal contraction 
ZRXOG�QRW�EH�H[SHFWHG�WR�JHQHUDWH�DQ\�VLJQL¿FDQW�FDUGLDF�RXWSXW��$W�
birth, the neonatal heart rate typically is evaluated by auscultation, 
palpation, or observation (seeing heart movement on a quiet chest). 
A very slow heart rate is frequently very soft or even inaudible.

)XUWKHUPRUH��RQH�PLJKW�QHHG�WR� OLVWHQ�FDUHIXOO\� LQ�D�TXLHW�HQYLURQ-
PHQW��QR�DUWL¿FLDO�YHQWLODWLRQ��QR�FKHVW�FRPSUHVVLRQV��RU�H[FHVVLYH�
QRLVH��IRU�������VHFRQGV�WR�EH�VXUH�RI�WKHVH�¿QGLQJV��,Q�WKH�HPHU-
gency atmosphere that exists in all such situations, this luxury is often 
unavailable. The stroke volume may easily be so low as to generate 
no palpable pulse at all. The very slight heart movement that might 
be visible on a quiet chest is not discernable on a chest that is moving 
ZLWK�HDFK�DUWL¿FLDO�EUHDWK��3UDFWLFDOO\��WKHUH�LV�OLNHO\�OLWWOH�SK\VLRORJLF�
GLႇHUHQFH�EHWZHHQ�D�QRQ�EHDWLQJ�KHDUW�DQG�RQH�LQ�ZKLFK�WKH�PRYH-
ment is so slight that it goes undetected by physical exam.  

A direct fetal electrode detects electrical activity generated by the fetal 
heart. However, there is no assurance that electrical activity is trans-
lated into mechanical activity.  Under severely hypoxic conditions, 

electromechanical dissociation (also known as pulseless electrical 
activity) is not rare.  Patients with this condition have an especially 
poor survival rate.   

Occasionally, the fetal monitor (especially if the tracing appears “nor-
mal”) may have been tracking the maternal heart rate. , ,  Helpful 
signs that the heart rate being tracked is maternal rather than fetal in-
clude: a maternal heart rate similar to the rate in the tracing, an abrupt 
change in the baseline rate or rhythm associated with a discontinuity 
in the tracing, or a rise in heart rate associated with maternal pushing. 
To distinguish maternal from fetal heart rate recordings, the mother’s 
pulse may be taken and compared with the electronic fetal monitor 
tracing. If they are very similar, the tracing may be maternal. 

Key Points 

• Blood from the umbilical vein is preferentially channeled 
through the foramen ovale providing better-oxygenated blood 
to the fetal heart and brain. 

�� 8PELOLFDO�YHQRXV�EORRG�UHÀHFWV�XWHURSODFHQWDO�VWDWXV��

�� 8PELOLFDO�DUWHULDO�EORRG�UHÀHFWV�IHWDO�DV�ZHOO�DV�XWHURSODFHQWDO�
status. 

• Leaving umbilical cord blood left double clamped in an umbili-
cal cord or a syringe at room temperature for up to 60 minutes, 
results in no clinically important changes in blood gas values. 

• Typically, umbilical cord venous blood gas samples would not 
EH�H[SHFWHG�WR�DFFXUDWHO\�UHÀHFW�IHWDO�VWDWXV�IROORZLQJ�WHUPLQDO�
fetal bradycardia associated with either cord occlusion. 

�� 8PELOLFDO�FRUG�DUWHULDO�EORRG�JDV�VDPSOHV�ZLOO�QRW�IXOO\�UHÀHFW�IH-
tal tissue acidosis when fetal circulation is poor or non-existent 
at birth. 

�� 6HYHUH�LQWUDFHOOXODU�DFLGRVLV�RI�D�VSHFL¿F�IHWDO�VWUXFWXUH�PD\�QRW�
be detected in the umbilical artery sample if there is no venous 
return from that structure. 

• The great majority of newborns have umbilical venous and ar-
WHULDO�EORRG�JDV�VDPSOHV�WKDW�DFFXUDWHO\�UHÀHFW�IHWDO�VWDWXV��

• You should never accept an umbilical cord blood gas as cor-
UHFWO\�UHÀHFWLQJ�WKH�FRQGLWLRQ�RI�DQ�LQIDQW�ZKHQ�\RXU�FRPPRQ�
sense tells you it does not. 

• Many infants with low Apgar scores have normal or near-nor-
mal umbilical arterial blood gas values.

• Occasionally, an infant is delivered without an apparent heart-
beat when a fetal heart rate was recorded just prior to delivery. 
Either an unobservable, feeble heart contraction or electrome-
chanical dissociation (pulseless electrical activity) explains this 
apparent non sequitur. Alternatively, the fetal monitor may have 
been tracking the maternal heart rate. 

Below are normal umbilical cord blood gases. These are the values 
that will be used in future umbilical cord blood gas examples. Please 
retain this page.
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Normal Umbilical Cord Blood Gases 

 
Venous Blood 
Normal Range 
(Mean ± 2SD) 

Arterial Blood 
Normal Range 
(Mean ± 2SD) 

pH 7.25 – 7.45 7.18 – 7.38 

PCO2 (mmHg)   
(kPa)** 

26.8 – 49.2 / 
3.57 – 6.56 

32.2 – 65.8 
4.29 – 8.77 

PO2   (mmHg)     
(kPa)** 

17.2 – 40.8 / 
2.29 – 5.44 

5.6 – 30.8 / 
0.75 – 4.11 

HCO3
� (mmol/L) 15.8 – 24.2 17 – 27 

 BD* (mmol/L) 0 to 8 0 to 8 

 
Table 
Reprinted with permission from Elsevier, in part from Yeomans ER, Hauth JC, Gilstrap LC III, Strickland 
DM. Umbilical cord pH, PCO2, and bicarbonate following uncomplicated term vaginal deliveries Am J 
Obstet Gynecol 1985;151:798-800. 
Data are mean values r 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 r two times the standard deviation (approximately 
95.4% of a normally distributed population). 
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'LVFORVXUH��7KH�DXWKRU�KDV�QR�GLVFORVXUHV�

NT

&RUUHVSRQGLQJ�$XWKRU� 

-H௺UH\�3RPHUDQFH��0'
(PHULWXV�3URIHVVRU�RI�3HGLDWULFV��
UCLA
)RUPHU�'LUHFWRU�RI�1HRQDWRORJ\��
&HGDUV�6LQDL�0HGLFDO�&HQWHU��/RV�$QJHOHV
-H௺UH\�3RPHUDQFH��MSRPHUDQFH#PVQ�FRP!


