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Interpreting Umbilical Cord Blood Gases: 
Technical Issues: Part I
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In order to interpret the results of umbilical cord blood gases cor-
rectly, one must have an understanding of technical problems that 
FDQ�PLVOHDG�RQ�RFFDVLRQ��,W�LV�LPSRUWDQW�WR�UHFRJQL]H��

1) When there is internal inconsistency within a blood gas sample,  

2) When two blood gas samples likely derive from the same 
vessel,  

3) When umbilical cord blood gas samples have been misla-
beled, i.e., the samples are reversed,  

4) When contamination of a blood gas sample with an air 
bubble(s) has occurred, and  

5) The need for obtaining a complete blood gas analysis ver-
sus a pH alone. 

These issues are all addressed within this section or will be within 
7HFKQLFDO� ,VVXHV�� 3DUW� ,,��$OWKRXJK� ELFDUERQDWH� YDOXHV� DUH� SUR-
vided, they will not be discussed until the following section on 
XWHURSODFHQWDO�LQVXႈFLHQF\��2QO\�WKH�EDVH�GH¿FLW�ZLOO�EH�XVHG�WR�
evaluate metabolic acidosis. 

Case 1: Internal Inconsistency within a Blood Gas Sample 
(1st example) 

The mother was a 22-year-old, gravida 1, para 0, aborta 0, with an 
LQWUDXWHULQH�SUHJQDQF\�DW��������ZHHNV�EDVHG�RQ�UHOLDEOH�GDWHV��
in active labor. (1) After six hours, her cervix was six cm dilated, 
FRPSOHWHO\�HႇDFHG��DQG�DW�PLQXV�RQH�VWDWLRQ��7KH�EDE\�KDG�FDSXW�
DQG�PROGLQJ��7KH�PRWKHU¶V�WHPSHUDWXUH�ZDV�����o C, and the fetal 
heart rate baseline was rising. Following full dilatation, the mother 
pushed for two hours without progress and ultimately underwent a 
SULPDU\�FHVDUHDQ�GHOLYHU\��$SJDU�VFRUHV�ZHUH���DQG���DW�RQH�DQG�
¿YH�PLQXWHV��UHVSHFWLYHO\���

&RUG�EORRG�JDV�UHVXOWV�ZHUH�DV�IROORZV��

Interpretation 

The umbilical venous pH, PCO๜��DQG�EDVH�GH¿FLW�DUH�QRUPDO��7KH�
PO๜ is marginally low. The umbilical arterial pH, PCO๜, and PO๜ 
DUH�QRUPDO��7KH�EDVH�GH¿FLW�RI����LV�PRGHUDWHO\�HOHYDWHG��+RZ-
HYHU��WKH�EDVH�GH¿FLW�LV�FDOFXODWHG�IURP�WKH�S+�DQG�WKH�3&2๜ (the 
KHPRJORELQ�FRQFHQWUDWLRQ�DOVR�SOD\V�D� UROH�DV�D�EXႇHU��EXW�XQ-
OHVV� LW� LV�XQXVXDOO\�KLJK�RU�XQXVXDOO\� ORZ�� LWV�HႇHFW� LV�FRPPRQO\�
ignored). If you are familiar with the usual relationship between 
the pH, PCO๜��DQG�EDVH�GH¿FLW��\RX�ZLOO� UHFRJQL]H� WKDW�D�S+�RI�
�����DQG�D�3&2๜�RI����PP+J�EHOLH�DQ\�VLJQL¿FDQW�PHWDEROLF�DFL-
GRVLV��\RX�ZRXOG�H[SHFW�D�QRUPDO�EDVH�GH¿FLW���,Q�P\�H[SHULHQFH��
the CSLI (Clinical and Laboratory Standards Institute) equations 
are the most commonly used by blood gas analyzers to calculate 
WKH�EDVH�GH¿FLW��,QGHHG��FDOFXODWLQJ�WKH�EDVH�H[FHVV�GH¿FLW�XVLQJ�
&6/,�ZLWK�WKH�HTXDWLRQ�IRU�H[WUDFHOOXODU�ÀXLG�EDVH�GH¿FLW��%'HFI� �
-(PCO๜����������
�S+�������UHYHDOV�WKDW�WKH�FRUUHFW�EDVH�H[FHVV�
GH¿FLW� LV�DSSUR[LPDWHO\���PPRO�/������7KLV� LV� WKH�YDOXH�WKDW�ZDV�
calculated and reported by the blood gas analyzer. However, the 
KDQGZULWWHQ�EDVH�GH¿FLW�SUHVHQWHG�WR�WKH�FOLQLFLDQ�ZDV����PPRO�/��
constituting an internal inconsistency. In this instance, a transcrip-
tion error occurred. Fortunately, the error was appreciated before 
the infant received any volume replacement. One must constantly 
be alert for such errors, and when they are suspected, you are 
HQFRXUDJHG�WR�FDOFXODWH�WKH�EDVH�GH¿FLW�IURP�WKH�&6/,�HTXDWLRQ����

It is of interest to note that unless the fetus is dead, fetal core 
temperature is always higher than maternal core temperature. If 
the fetus were inert, its core temperature would be identical to the 
PRWKHU¶V�FRUH�WHPSHUDWXUH��%LRFKHPLFDOO\��KRZHYHU��WKH�IHWXV�LV�D�
very active organism. Many biochemical reactions have heat pro-
duction as a byproduct. The fetal temperature rises until fetal heat 
loss to the mother equals fetal heat production. This point of equil-
ibration occurs at about 0.5o�&�����o�)��DERYH�WKH�PRWKHU¶V�FRUH�
temperature. (3) In this case, the maternal temperature is reported 
as 37.7o C, and the fetal heart rate baseline as rising. When body 
temperature rises above normal, oxygen consumption increases, 
(4) (in the adult by approximately 10% per degree centigrade). (5) 
Therefore, a fetus with an elevated temperature and a borderline 
oxygen supply may be at increased risk of hypoxia  (6) compared 
with a fetus with a normal temperature.  A febrile mother will al-
ways have a febrile fetus. As the placenta is the main method of 
KHDW�WUDQVIHU�EHWZHHQ�IHWXV�DQG�PRWKHU��KLJK�EORRG�ÀRZ�UHVXOWLQJ�
LQ�HႈFLHQW�FRQYHFWLRQ���HLWKHU�XWHURSODFHQWDO�LQVXႈFLHQF\�RU�FRUG�
compression initially results in elevation of fetal temperature by 
LQWHUIHULQJ�ZLWK�KHDW�ORVV������,I�XWHURSODFHQWDO�LQVXႈFLHQF\�RU�FRUG�
compression becomes severe enough, fetal metabolism will fail, 
and fetal temperature will begin to decline. 

Key Points

�� %DVH� GH¿FLW� �DQG� ELFDUERQDWH�� LV� FDOFXODWHG� IURP� S+� DQG�
PCO๜. If both pH and PCO๜� DUH� QRUPDO�� WKHQ�EDVH�GH¿FLW�
(and bicarbonate) must also be normal. 

Peer Reviewed

“In order to interpret the results of 
umbilical cord blood gases correctly, one 
must have an understanding of technical 
problems that can mislead on occasion.”

Umbilical Vein Umbilical Artery
pH 7.34 ����

Pඋ඗2 (mmHg) 
(kPa)

38

5.07

46

6.13

P඗2   (mmHg)   
(kPa)

16

2.13

14

1.87
HCO3 (mmol/L) 20 22
BD (mmol/L) 5 15
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• Fetal core temperature is about 0.5o�&�����o F) higher than 
the maternal core temperature. 

• When body temperature rises, oxygen consumption increas-
es, a fetus with elevated temperature and borderline oxygen 
supply may be at increased risk of tissue hypoxia.

Case 2: Internal Inconsistency within a Blood Gas Sample 
(2nd example) 

The mother was a 27-year-old, gravida 2, para 1, aborta 0, with 
DQ� LQWUDXWHULQH� SUHJQDQF\� DW� ��� ����ZHHNV� YHUL¿HG� E\� DQ� HDUO\�
obstetric ultrasound examination. The mother had one previous 
low-transverse cesarean delivery and now desired a vaginal birth. 
Delivery was by emergent cesarean delivery under general an-
esthesia following fetal bradycardia that ranged between 60 and 
���ESP�IRU����PLQXWHV��7KH�LQIDQW�ZDV�IRXQG�ÀRDWLQJ�IUHHO\�LQ�WKH�
abdomen due to uterine rupture. Apgar scores were 1, 3, 3, and 5 
DW�RQH��¿YH������DQG����PLQXWHV��UHVSHFWLYHO\����

&RUG�DQG�IROORZXS�EORRG�JDV�UHVXOWV�ZHUH�DV�IROORZV�������

Initial attempts at intubation were unsuccessful. The infant was 
ventilated by bag and mask with 100% oxygen. Chest compres-
VLRQV�ZHUH�DSSOLHG�EULHÀ\��7KH�LQIDQW�ZDV�VXFFHVVIXOO\�LQWXEDWHG�
at 15 minutes of age. An umbilical venous catheter was passed. 
The initial two sets of blood gas values from the infant were drawn 
through the umbilical venous catheter (UVC) and were obtained 
DW�DSSUR[LPDWHO\����DQG����PLQXWHV�RI�DJH��7HQ�P(T�RI�VRGLXP�
ELFDUERQDWH�ZDV�DGPLQLVWHUHG�IROORZLQJ�WKH�¿UVW�EORRG�JDV�VDPSOH�
and before obtaining the second blood gas sample. 

Interpretation 

Both umbilical cord blood gas samples demonstrate very severe 
respiratory and metabolic acidosis, as one would expect the fol-
ORZLQJ� ��� PLQXWHV� RI� VHYHUH� IHWDO� EUDG\FDUGLD�� 7KH� ¿UVW� LQIDQW�
blood sample, taken from an umbilical venous catheter, had a re-
SRUWHG�EDVH�GH¿FLW�PRUH�VHYHUH�WKDQ�WKH�XPELOLFDO�DUWHU\�FRUG�JDV��
7KLV� LV�QRW�VXUSULVLQJ��$W�WKH�WLPH�RI�ELUWK�� WKH�LQIDQW¶V�KHDUW�UDWH�
was low. As the fetal cardiac output is rate sensitive, (8) likely the 
LQIDQW¶V�EORRG�SUHVVXUH�ZDV�FRPSURPLVHG��UHVXOWLQJ�LQ�GLPLQLVKHG�
circulation. Lactic acid produced at the tissue level no longer is ef-
¿FLHQWO\�FOHDUHG�LQWR�WKH�FHQWUDO�FLUFXODWLRQ�DQG�VXEVHTXHQWO\�LQWR�
the umbilical arteries. Under these circumstances, the umbilical 
FRUG�DUWHULDO�EORRG�JDV�GRHV�QRW�IXOO\�UHÀHFW�WKH�PHWDEROLF�DFLGRVLV�
ongoing at the tissue level.  

The initial umbilical venous catheter blood gas reveals a PO๜ of 
���PP+J��5HJDUGOHVV�RI�WKH�FRQFHQWUDWLRQ�RI�LQVSLUHG�R[\JHQ�EH-
ing delivered to the infant, a central venous PO๜�RI����PP+J�LV�
not physiologically possible except under extraordinary conditions 
(congenital heart disease with an anomalous venous return be-
low the diaphragm and near the position of the umbilical venous 

catheter). Contamination of the blood sample with an air bubble is 
similarly unlikely, as the PCO๜ would be lowered. The PCO๜ value 
RI�����PP+J�LV�PDUNHGO\�HOHYDWHG��VXJJHVWLQJ�WKH�(77�PD\�QRW�
have been in the trachea). Almost certainly, the umbilical venous 
catheter extended into the right atrium of the heart and through 
the foramen ovale into the left atrium. Blood returns from the lungs 
through the pulmonary veins into the left atrium. This easily ex-
plains the elevated PO๜, which is present in the second umbilical 
venous sample as well.   

%RWK�WKH�¿UVW�DQG�VHFRQG�XPELOLFDO�YHQRXV�FDWKHWHU�VDPSOHV�UH-
SRUW� ODUJH�EDVH�GH¿FLWV�RI����DQG����PPRO�/��UHVSHFWLYHO\��1RWH�
WKDW�WKH�VHFRQG�VDPSOH�KDV�D�KLJKHU�S+�WKDQ�WKH�¿UVW�������YHU-
sus 6.67). Therefore, either the respiratory acidosis has improved 
(lower PCO๜), and/or the metabolic acidosis has improved (lower 
EDVH�GH¿FLW���,Q�IDFW��WKH�VHFRQG�VDPSOH�IURP�WKH�89&�KDV�ERWK�
a higher PCO๜������YHUVXV������DQG�D�ZRUVH�PHWDEROLF�DFLGRVLV�
�%'����YHUVXV�����WKDQ�WKH�¿UVW�89&�VDPSOH��:KHQ�QHLWKHU�KDV�
occurred, the only conclusion possible is that an internal (com-
SXWDWLRQDO��HUURU�KDV�RFFXUUHG��(OHYDWLQJ�WKH�3&2๜ by itself, i.e., 
increasing the respiratory acidosis, will result in a lowered pH. 
However, the pH has risen from 6.67 to 6.82. Therefore, we must 
FRQFOXGH�WKDW�WKH�PHWDEROLF�DFLGRVLV��DV�UHÀHFWHG�E\�WKH�EDVH�GHI-
icit, has become less severe. It is reported, however, that the base 
GH¿FLW�KDV�ZRUVHQHG�IURP����WR����PPRO�/��7KLV�LV�QRW�SRVVLEOH��
Using the CSLI equationii to calculate base excess when the pH 
is 6.67, and the PCO๜�LV�����UHVXOWV�LQ�DQ�H[WUDFHOOXODU�ÀXLG�EDVH�
GH¿FLW�RI����PPRO�/��6LPLODUO\��ZKHQ�WKH�S+�LV������DQG�WKH�3&2๜ 
LV�����UHVXOWV�LQ�D�FDOFXODWHG�%'HFI�RI����PPRO�/��

7KH�&6/,�HTXDWLRQ�UHVXOWV�FRQ¿UP�WKDW�WKH�PHWDEROLF�DFLGRVLV�LQ�
WKH�VHFRQG�VDPSOH�LV�LQGHHG�OHVV�VHYHUH�WKDQ�LQ�WKH�¿UVW�VDPSOH��
7KH�HTXDWLRQ�XVHG�WR�FDOFXODWH�EDVH�GH¿FLW� LV�QRW� LGHQWLFDO� IURP�
one manufacturer of blood gas analyzer to another. When either 
the pH or PCO๜ is severely abnormal, it is advisable to compare 
WKH�FDOFXODWHG�EDVH�GH¿FLW�ZLWK�WKH�&6/,�HTXDWLRQ��,I�LW�LV�QRW�UHD-
sonably close to the reported result, consider trusting the CSLI 
equation. 

Key Points

• When blood from an umbilical venous catheter appears well 
saturated, suspect the catheter has passed from the right 
atrium through the foramen ovale into the left atrium. 

�� %H� DOHUW� WR� WKH� SRVVLEOH�PLVFDOFXODWLRQ� RI� WKH� EDVH� GH¿FLW��
especially if either the pH or PCO๜ is severely abnormal. 
&RQVLGHU�XVLQJ�WKH�&6/,�HTXDWLRQ�IRU�WKH�H[WUDFHOOXODU�ÀXLG�
EDVH�GH¿FLW��WR�FDOFXODWH�D�YDOXH�DQG�FRPSDUH�LW�WR�WKH�YDOXH�
reported. If it is not reasonably, consider trusting the CSLI 
equation result.

Case 3: Contamination with an Air Bubble 

Umbilical
Vein

Umbilical
Artery

1st

UVC
2nd

UVC
pH 6.77 6.72 6.67 6.82

Pඋ඗2 (mmHg) 
(kPa)

122

16.37

143

19.07

136

18.13

���

18.53

P඗2   (mmHg)   
(kPa)

�

1.20

5

0.67

��

11.87

143

19.07
HCO3 (mmol/L) 17 18 15 22
BD (mmol/L) 21 21 24 26

“The equation used to calculate 
EDVH�GH¿FLW�LV�QRW�LGHQWLFDO�IURP�RQH�
PDQXIDFWXUHU�RI�EORRG�JDV�DQDO\]HU�WR�
another. When either the pH or PCO��
is severely abnormal, it is advisable to 
FRPSDUH�WKH�FDOFXODWHG�EDVH�GH¿FLW�ZLWK�
the CSLI equation.”
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The mother was a 38-year-old, gravida 5, para 3, aborta 1, with 
an intrauterine pregnancy at 40 3/7 weeks in active labor.  The 
mother had morbid obesity (272 pounds) and class A diabetes 
mellitus that was said to be well controlled on diet alone. Uterine 
contractions occurred every two to three minutes; her cervix was 
VHYHQ�FP�GLODWHG��FRPSOHWHO\�HႇDFHG��DQG�DW�]HUR�VWDWLRQ��3UHYL-
ous vaginal deliveries resulted in infants weighing 3850 g (8 lbs, 
��R]��������J� ��� OEV����R]���DQG������J� ��� OEV����R]���7KH�HVWL-
mated fetal weight was 4000 g (8 lbs, 13 oz). Three days before 
admission, a nonstress test was reactive. The membranes rup-
tured spontaneously, revealing trace meconium. One hour later, 
WKH�FHUYL[�ZDV�QLQH�FP�GLODWHG��FRPSOHWHO\�HႇDFHG��DQG�DW�SOXV�
one station. The mother was taken to the delivery room. Thirty 
minutes later, she delivered an infant with Apgar scores of 7 and 
��DW�RQH�DQG�¿YH�PLQXWHV��UHVSHFWLYHO\��'XULQJ�GHOLYHU\��WKHUH�ZDV�
EULHI� GLႈFXOW\� GHOLYHULQJ� WKH� DQWHULRU� VKRXOGHU�� %LUWK�ZHLJKW�ZDV�
4675 g (10 lbs, 5 oz).  

&RUG�EORRG�JDV�UHVXOWV�ZHUH�DV�IROORZV��

Interpretation 

The umbilical arterial sample is normal. In the umbilical venous 
sample, the pH is high, the PCO๜ low, and the PO๜ very high. 
Conceivably, severe maternal hyperventilation could cause fetal 
PCO๜ to be lowered to 20 mmHg and pH to be raised accordingly. 
A PO๜�RI����PP+J��KRZHYHU��LV�QRW�SRVVLEOH�DEVHQW�D�K\SHUEDULF�
chamber.   

In an expectant mother breathing room air, the PO๜ in the uterine 
vein is normally about 44 mmHg, and the PO๜ in the umbilical vein 
is normally about 28 mmHg. (10) If an expectant mother with nor-
mal heart and lung function were to breathe 100% oxygen, her ar-
terial PO๜ would likely exceed 600 mmHg, and her mixed venous 
PO๜ would be approximately 50 mmHg. (11) The umbilical venous 
PO2 will always be lower than the PO๜� RI� WKH�PRWKHU¶V� XWHULQH�
vein. The PO๜ in the intervillous space changes modestly in re-
sponse to supplemental oxygen given to the mother. Only if the 
mother were in a hyperbaric chamber with high ambient oxygen, 
would it be possible for the umbilical venous PO2 to be raised 
LQWR�WKH�UDQJH�RI����PP+J��DV�LQ�WKH�EORRG�JDV�UHVXOWV�SURYLGHG�

above.  

Normal barometric pressure averages 760 mmHg at sea level. 
The partial pressure of oxygen in dry air is approximately 160 
mmHg (21% oxygen; 0.21 x 760). Therefore, contamination of 
either an umbilical venous or arterial blood sample with an air 
bubble will raise the PO๜. The partial pressure of carbon dioxide 
in air is only about 0.3 mmHg  (0.041% carbon dioxide; 0.00041 
x 760). (12) Therefore, contamination with an air bubble will lower 
the PCO๜ in the sample and consequently raise the pH. PO๜ is 
the most helpful indicator to alert the clinician to a sample that 
has been contaminated with an air bubble(s), as a substantially 
elevated PO๜ is almost always secondary to such contamination. 
Minor increases in PO๜ over the upper end of normal in umbilical 
cord venous samples may occur in association with slowed um-
ELOLFDO�YHQRXV�EORRG�ÀRZ�

7KH�HႇHFW�RI�FRQWDPLQDWLRQ�ZLWK�DQ�DLU�EXEEOH�PD\�YDU\�RYHU�D�
ZLGH�UDQJH��0DQ\�VPDOO�DLU�EXEEOHV�DUH�IDU�PRUH�HႇHFWLYH�WKDQ�D�
single large air bubble in altering PCO๜, pH and PO๜. It is the sur-
face area of the interface between air bubbles and the blood that 
is important. In the extreme, room air may be mixed with a blood 
VDPSOH�VXႈFLHQWO\�WR�GULYH�WKH�S+�RYHU�����DQG�WKH�3&2๜ down 
to three mmHg. Many years ago, I did this using a tonometer, 
an instrument used historically for creating a blood gas sample 
with known PCO๜ and PO๜, to test the accuracy of a blood-gas 
DQDO\]HU��7KLV�GHYLFH� LV�H[WUHPHO\�HႈFLHQW�DW�PL[LQJ� WKRXVDQGV�
of tiny bubbles of a gas with a liquid substrate. Contamination 
ZLWK�DQ�DLU� EXEEOH� GRHV�QRW� DႇHFW� WKH�EDVH�GH¿FLW� EHFDXVH�S+�
ULVHV�DQ�DPRXQW�HTXDO�WR�WKH�UHVSLUDWRU\�HႇHFW�RI�WKH�GHFUHDVH�LQ�
the PCO๜. Contamination with an air bubble is purely a respira-
tory event. Therefore, in the presence of contamination by an air 
EXEEOH�V���RQH�PD\�UHO\�RQ�WKH�DFFXUDF\�RI�WKH�EDVH�GH¿FLW��EXW�
not the pH, the PCO๜, or the PO๜.   

The most reasonable interpretation of the umbilical blood gas 
values in the case presented above is the contamination of the 
YHQRXV�VDPSOH�ZLWK�DQ�DLU�EXEEOH��7KH�EDVH�GH¿FLW�PD\�EH�UHOLHG�
XSRQ�DV�EHLQJ�XQDႇHFWHG�DQG�LV�QRUPDO���)RUWXQDWHO\��VLJQL¿FDQW�
contamination of a blood sample with an air bubble resulting in 
confusing results appears to be less common than previously. 
Some current blood gas analyzers do not report results when air 
bubble contamination is detected.  

Key Points

• Contamination of an umbilical cord blood gas sample with 
an air bubble lowers the PCO๜ (consequently raising the pH) 
and raises the PO๜.  

• PO๜ is the most helpful indicator to alert the clinician to a 
sample that has been contaminated with an air bubble(s), as 
a substantially elevated PO๜ is almost always secondary to 
such contamination.  

• Minor increases in PO๜ over the upper end of normal in um-
bilical cord venous samples may occur in association with 
VORZHG�XPELOLFDO�YHQRXV�EORRG�ÀRZ��

�� 7KH�EDVH�GH¿FLW�LV�QRW�DOWHUHG�E\�FRQWDPLQDWLRQ�ZLWK�DQ�DLU�
bubble, as lowering PCO๜ is a respiratory event, not a meta-
bolic one.  

• In the presence of contamination with an air bubble(s), some 
blood gas analyzers report only “air bubble contamination,” 
rather than blood gas results, making obfuscation of the true 
blood gas values less likely. Also, those using older model 
blood gas analyzers will also encounter this problem.

“Conceivably, severe maternal 
K\SHUYHQWLODWLRQ�FRXOG�FDXVH�IHWDO�3&2��
WR�EH�ORZHUHG�WR����PP+J�DQG�S+�WR�EH�
UDLVHG�DFFRUGLQJO\��$�32��RI����PP+J��
however, is not possible absent a 
hyperbaric chamber.”

Umbilical Vein Umbilical Artery
pH 7.50 7.26

Pඋ඗2 (mmHg) 
(kPa)

20

2.67

50

6.67

P඗2   (mmHg)   
(kPa)

��

12.27

11

1.47
HCO3 (mmol/L) 15 22
BD (mmol/L) 4 5
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