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Interpreting Umbilical Cord Blood Gases: 
Blood Gas Components

-HႇUH\�3RPHUDQFH��0'��03+

'H¿QLWLRQ�RI�7HUPV

%ORRG�JDV�VDPSOHV�DUH�PHDVXUHG�GLUHFWO\�IRU�S+��3&2 (partial pres-
VXUH�RI�FDUERQ�GLR[LGH��DQG�32��SDUWLDO�SUHVVXUH�RI�R[\JHQ�������%L-
FDUERQDWH��+&2����EDVH�GH¿FLW��DOVR�UHSRUWHG�DV�D�QHJDWLYH�EDVH�
H[FHVV���DQG�R[\JHQ�VDWXUDWLRQ�YDOXHV�DUH�DOO� FDOFXODWHG� IURP� WKH�
PHDVXUHG�SDUDPHWHUV��7RGD\��WKH�EDVH�GH¿FLW�LV�PRVW�FRPPRQO\�UH-
SRUWHG�DV�H[WUDFHOOXODU�ÀXLG��%'ecf), although it is usually labeled only 
DV�EDVH�GH¿FLW�ZLWKRXW�D�VXEVFULSW� LGHQWL¿HU��7KH�H[WUDFHOOXODU�ÀXLG�
EDVH�GH¿FLW�LV�D�FRUUHFWHG�IRUP�RI�EORRG�EDVH�GH¿FLW�IRU�ZKLFK�DOORZ-
ance has been made for the fact that blood makes up only about 
����RI�WKH�H[WUDFHOOXODU�ÀXLG�YROXPH��%'ecf is sampled from blood, 
QRW�H[WUDFHOOXODU�ÀXLG��3OHDVH�EH�DZDUH�WKDW�WKH�EDVH�GH¿FLW�PD\�EH�
UHSRUWHG�DV�D�EORRG�EDVH�GH¿FLW��%'b). This can be an issue for any 
FHQWHUV�WKDW�UHSRUW�%'b��DV�GHFLVLRQV�DV�WR�ZKLFK�QHZERUQV�TXDOLI\�
IRU�FRROLQJ�DV�WKHUDS\�IRU�K\SR[LF�LVFKHPLF�HQFHSKDORSDWK\�DUH�SDUW-
O\�UHOLDQW�XSRQ�%'ecf. (2) Additionally, there are some web sites on 
WKH�LQWHUQHW�WKDW�FDOFXODWH�D�EDVH�GH¿FLW�ZKHQ�D�S+�DQG�D�3&2 are 
HQWHUHG��,I�WKH�EDVH�GH¿FLW�LV�QRW�LGHQWL¿HG�DV�HLWKHU�D�%'ecf�RU�D�%'E��
be hesitant about relying on such calculations.   

$OWKRXJK�EORRG�JDV�DQDO\]HUV�DUH�SUHVHW�WR�DVVXPH�D�VSHFL¿F�KH-
PRJORELQ�YDOXH���XVXDOO\�EHWZHHQ������DQG������J�G/���DQG�D�SDWLHQW�

WHPSHUDWXUH�RI�������&��LQ�D�SUDFWLFDO�VHQVH��YDOXHV�GLႇHULQJ�PRG-
HVWO\�IURP�WKH�SUHVHW�YDOXH�RI�KHPRJORELQ�RU�WHPSHUDWXUH�PDNH�OLWWOH�
FOLQLFDO�GLႇHUHQFH�LQ�LQWHUSUHWDWLRQ�RI�WKH�GDWD��&RUUHFWLQJ�IRU�DQ�HO-
HYDWHG�PDWHUQDO�WHPSHUDWXUH�RI�������&��IRU�H[DPSOH��GHFUHDVHV�WKH�
DQDO\]HG�S+�E\�DSSUR[LPDWHO\������IRU�S+�EHWZHHQ������DQG�������
����,QFUHDVLQJ�WHPSHUDWXUH�LQFUHDVHV�WKH�3&2�DQG�32 results, but 
ELFDUERQDWH� DQG� EDVH� GH¿FLW� UHPDLQ� XQDႇHFWHG��6RPH�DXWKRULWLHV�
EHOLHYH�WKHUH�LV�QR�VFLHQWL¿F�EDVLV�IRU�WHPSHUDWXUH�FRUUHFWLRQ�������,Q�
PRGHUQ�EORRG�JDV�DQDO\]HUV��SULRU�WR�SURFHVVLQJ�WKH�QH[W�EORRG�VDP-
SOH��RQH�PD\�HQWHU�D�KHPRJORELQ�YDOXH�DQG�RU�D�SDWLHQW�WHPSHUDWXUH��
and the analyzer will recalculate the results.   

Peer Reviewed

Figure 1. Factors shifting the oxygen dissociation curve of hemoglobin (Fetal hemoglobin is shifted to the left as compared with that of adult 
he¬moglobin.) Reprinted from Martin RJ, et al. Respiratory problems. In Klaus M, et al. [eds]: Care of the High-Risk Neonate. Philadelphia, 
WB Saunders Co; 1993, p 228, with permission from Elsevier.

“Additionally, there are some web sites 
on the internet that calculate a base 
GH¿FLW�ZKHQ�D�S+�DQG�D�3&2૰ are entered. 
,I�WKH�EDVH�GH¿FLW�LV�QRW�LGHQWL¿HG�DV�
either a BDecf or a BDb, be hesitant about 
relying on such calculations.”
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7KH�FRQFHQWUDWLRQ�RI� IUHH�K\GURJHQ� LRQ� �++) or titratable acid in a 
VROXWLRQ�LV�XVXDOO\�UHSUHVHQWHG�E\�WKH�WHUP�S+��7KH�S+�RI�D�VROXWLRQ�
LV�LQYHUVHO\�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ�RI�++ in that solution.  In 
RWKHU�ZRUGV��WKH�ORZHU�WKH�S+��WKH�KLJKHU�WKH�FRQFHQWUDWLRQ�RI�++ in 
VROXWLRQ������,W�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�S+�LV�D�ORJDULWKPLF�VFDOH��
DV� LV�WKH�5LFKWHU�HDUWKTXDNH�VFDOH��$Q�HDUWKTXDNH�RI�PDJQLWXGH���
KDV�DQ�DPSOLWXGH�WHQ�WLPHV�JUHDWHU�WKDQ�DQ�HDUWKTXDNH�RI�PDJQLWXGH�
���$�VROXWLRQ�ZLWK�D�S+�RI�����KDV�WHQ�WLPHV�PRUH�WLWUDWDEOH�DFLG�WKDQ�
D�VROXWLRQ�ZLWK�D�S+�RI������,Q�D�PRUH�SK\VLRORJLF�UDQJH��D�VROXWLRQ�
ZLWK�D�S+�RI�����KDV�DSSUR[LPDWHO\�����WLPHV�WKH�WLWUDWDEOH�DFLG�DV�D�
VROXWLRQ�ZLWK�D�S+�RI��������

,Q�DQ\�PL[WXUH�RI�JDVHV��WKH�SUHVVXUH�H[HUWHG�E\�D�VLQJOH�JDV�LV�GH-
WHUPLQHG�E\�LWV�FRQFHQWUDWLRQ�LQ�WKH�PL[WXUH�DV�ZHOO�DV�WKH�DWPRVSKHU-
LF�SUHVVXUH��'DOWRQ¶V�/DZ�RI�3DUWLDO�3UHVVXUHV���7KH�SUHVVXUH�H[HUWHG�
E\�DQ�LQGLYLGXDO�JDV�LV�FDOOHG�WKH�SDUWLDO�SUHVVXUH�RI�WKDW�JDV������

$OWKRXJK�UHVXOWV�RI�EORRG�JDV�DQDO\VLV�UHSRUW�SHUFHQW�R[\JHQ�VDWXUD-
WLRQ� LQ�QHZERUQV�� WKLV�YDOXH�VKRXOG�EH� LJQRUHG� �XQOHVV�VSHFL¿FDOO\�
VWDWHG�WKDW�WKH�YDOXH�KDV�EHHQ�PHDVXUHG��DV�EORRG�JDV�DQDO\]HUV�
DVVXPH�KHPRJORELQ�WR�EH�RI�WKH�DGXOW�W\SH��KHPRJORELQ�$��+E$���,Q�
WKH�SUHPDWXUH�EHWZHHQ����DQG����ZHHNV¶�JHVWDWLRQ��IHWDO�KHPRJORELQ�
�+E)��DFFRXQWV�IRU�PRUH�WKDQ�����RI�IHWDO�EORRG��ZKLOH�DW�WHUP��DS-
SUR[LPDWHO\�����RI�KHPRJORELQ�LV�+E)������)HWDO�KHPRJORELQ�VKLIWV�
WKH�R[\JHQ�GLVVRFLDWLRQ�FXUYH�WR�WKH�OHIW��DV�GR�VHYHUDO�RWKHU�IDFWRUV�
�VHH�)LJXUH�DERYH�������7KLV�VKLIW�UHVXOWV�SULPDULO\�IURP�WKH�IDFW�WKDW�
����GLSKRVSKRJO\FHUDWH��'3*��ELQGV�OHVV�ZHOO�WR�+E)�WKDQ�WR�+E$��
�����7KHUHIRUH��WKH�UHSRUWHG�R[\JHQ�VDWXUDWLRQ�IURP�D�EORRG�JDV�LQ�
QHZERUQV�ZLOO�EH�ORZHU�WKDQ�WKH�WUXH�R[\JHQ�VDWXUDWLRQ��$V�WKH�PLGGOH�
SRUWLRQ�RI�WKH�R[\JHQ�GLVVRFLDWLRQ�FXUYH�LV�TXLWH�VWHHS��WKLV�XQGHUHV-
timation may be large.

&RQYHUVHO\��SXOVH�R[LPHWHU�UHDGLQJV�LQ�WKH�QHZERUQ�DQG�\RXQJ�LQIDQW�
PD\�EH�KLJKHU�WKDQ�WKH�VDWXUDWLRQ�FDOFXODWHG�IURP�WKH�32 in a blood 
JDV��2YHU�WLPH��KRZHYHU��HVSHFLDOO\�LQ�WLQ\�LQIDQWV��FDOFXODWHG�EORRG�
JDV�R[\JHQ�VDWXUDWLRQV�DSSUR[LPDWH�R[\JHQ�VDWXUDWLRQ�DV�PHDVXUHG�
E\�D�SXOVH�R[LPHWHU��7KLV�KDSSHQV�EHFDXVH�RI�WKH�JUDGXDO�FRQYHU-
VLRQ�WR�WKH�SURGXFWLRQ�RI�+E$�RYHU�+E)�DQG�RU�D�PRUH�UDSLG�UHSODFH-
PHQW�RI�+E)�E\�+E$�WKURXJK�UHSHDWHG�SKOHERWRP\�DQG�VXEVHTXHQW�
WUDQVIXVLRQ�RI�35%&V�FRQWDLQLQJ�+E$����

,Q�KHDOWK\�DGXOWV�EUHDWKLQJ������R[\JHQ��DUWHULDO�32�H[FHHGV�����
PP+J� �WRUU���7KH� WRWDO� YROXPH�RI�R[\JHQ�FDUULHG� LQ�DUWHULDO�EORRG��
KRZHYHU��LQFUHDVHV�RQO\�PDUJLQDOO\�DV�DPELHQW�R[\JHQ�LV�LQFUHDVHG�
IURP�URRP�DLU�WR�������VHH�)LJXUH���7KLV�RFFXUV�EHFDXVH��DW�URRP�
DLU��KHPRJORELQ�LV�DOPRVW�HQWLUHO\�VDWXUDWHG�ZLWK�R[\JHQ��8QGHU�WKHVH�
FLUFXPVWDQFHV��LQFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�LQVSLUHG�R[\JHQ�DGGV�
RQO\� D� VPDOO� DPRXQW� RI� R[\JHQ� GLVVROYHG� LQ� SODVPD�� ([SHULPHQ-
WDOO\� LQ�IHWDO� ODPEV������DQG�LQ�WKH�KXPDQ�IHWXV�MXVW�SULRU�WR�FHVDU-
HDQ�GHOLYHU\�������XPELOLFDO�YHQRXV�32�ULVHV�VLJQL¿FDQWO\�ZKHQ�WKH�
PRWKHU¶V�DPELHQW�R[\JHQ�LV�LQFUHDVHG�IURP�URRP�DLU�WR������EXW�LV�
QHYHU�PRUH�WKDQ�DERXW����PP+J��'HVSLWH�IUHTXHQW�DGPLQLVWUDWLRQ�RI�
R[\JHQ�WR�WKH�PRWKHU�DW�WKH�WLPH�RI�GHOLYHU\��LW�LV�H[FHHGLQJO\�UDUH�WR�
VHH�DQ�XPELOLFDO�YHQRXV�FRUG�JDV�ZLWK�D�32�DV�KLJK�DV����PP+J��
:KHQ�WKH�PRWKHU¶V�DPELHQW�R[\JHQ�LV�UDLVHG�WR������LQ�WKH�DEVHQFH�
RI�XWHURSODFHQWDO�IHWDO�SDWKRORJ\��WKH�XPELOLFDO�FRUG�DUWHULDO�32 has 
EHHQ�UHSRUWHG�WR�ULVH�DV�KLJK�DV�DERXW����PP+J�����

,Q�WKH�IDFH�RI�XWHURSODFHQWDO�LQVXႈFLHQF\������PDWHUQDO�R[\JHQ�DG-
PLQLVWUDWLRQ�PD\�EH�EHQH¿FLDO����������+RZHYHU��LQ�FRUG�RFFOXVLRQ��
RQH�ZRXOG�H[SHFW�YHU\�OLPLWHG�EHQH¿W��LI�DQ\�DW�DOO��LQ�WKH�WRWDO�DPRXQW�
RI�R[\JHQ�GHOLYHUHG�WR�WKH�IHWXV��,W� LV�D[LRPDWLF�WKDW�PDWHUQDOO\�DG-
PLQLVWHUHG� R[\JHQ� ZLOO� EHQH¿W� WKH� IHWXV� RQO\� LI� WKH� IHWDO�SODFHQWDO�
FLUFXODWLRQ� LV� LQWDFW�� $FFRUGLQJO\�� WKH� PDLQ� DSSURDFK� WR� LPSURYLQJ�
IHWDO� R[\JHQDWLRQ�PXVW� FRPH� WKURXJK�DPHOLRUDWLRQ�RI� WKH�XQGHUO\-
LQJ�FRQGLWLRQ��VXFK�DV�FRUUHFWLQJ�PDWHUQDO�K\SRWHQVLRQ�RU�UHOLHYLQJ�
XPELOLFDO� FRUG� FRPSUHVVLRQ�� IRU� H[DPSOH�� ,Q� WKH� IDFH� RI�PDWHUQDO�
R[\JHQ�GHVDWXUDWLRQ� �PDWHUQDO�K\SRYHQWLODWLRQ��QDUFRWLFV��KLJK�VSL-
QDO��HWF����VXSSOHPHQWDO�R[\JHQ�ZLOO�OLNHO\�EH�RI�PDMRU�EHQH¿W�WR�WKH�
IHWXV�WKURXJK�LPSURYHPHQW�LQ�WKH�PDWHUQDO�DUWHULDO�32��3URSK\ODFWLF�
PDWHUQDO�R[\JHQ�DGPLQLVWUDWLRQ�GXULQJ�WKH�VHFRQG�VWDJH�RI�ODERU�UH-
VXOWHG�LQ�D�VLJQL¿FDQW�LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�DUWHULDO�FRUG�S+�
YDOXHV�OHVV�WKDQ������������

Relationship Between Umbilical Venous and Arterial Blood Gas Values 

,Q�YLYR��EORRG�IURP�WKH�XPELOLFDO�YHLQ�KDV�D�SUHGLFWDEOH�UHODWLRQVKLS�
ZLWK�EORRG�LQ�WKH�XPELOLFDO�DUWHULHV��7KH�³UXOHV´�JRYHUQLQJ�WKH�UHODWLRQ-
VKLS�EHWZHHQ�XPELOLFDO� YHQRXV�DQG�XPELOLFDO�DUWHULDO�EORRG�DUH�DV�
follows: 

�� %ORRG� IURP� WKH� XPELOLFDO� YHLQ� DOZD\V� KDV� D� KLJKHU� S+� WKDQ�
blood from the umbilical arteries. 

�� %ORRG�IURP�WKH�XPELOLFDO�YHLQ�DOZD\V�KDV�D�ORZHU�3&2 than 
blood from the umbilical arteries. 

�� %ORRG� IURP� WKH�XPELOLFDO�YHLQ�DOZD\V�KDV�D�KLJKHU�32 than 
blood from the umbilical arteries.  

�� 8VXDOO\�� EDVH� GH¿FLW� DQG� ELFDUERQDWH� DUH� DSSUR[LPDWHO\� WKH�
VDPH�LQ�XPELOLFDO�YHQRXV�DQG�DUWHULDO�VDPSOHV�

� R�,I�WKH�EDVH�GH¿FLW�RI�RQH�LV�VLJQL¿FDQWO\�ZRUVH��LW�PXVW�EH�
the arterial sample. 

� R�7KH�EDVH�GH¿FLW� LV�PRUH�UHOLDEOH� WKDQ�ELFDUERQDWH�DV�D�
measure of metabolic acidosis or alkalosis.   

If one to three of the four relationships are opposite to these rules, it 
LV�OLNHO\�WKH�VDPSOHV�FDPH�IURP�WKH�VDPH�YHVVHO��,I�DOO�IRXU�DUH�RS-
posite, consider the possibility of mislabeling of samples. The rules, 
DV�VWDWHG�DERYH��DSSO\�RQO\�WR�LQGLYLGXDO�SDLUHG�EORRG�JDV�VDPSOHV��
QRW�WR�SRSXODWLRQ�YDOXHV��LQ�ZKLFK�WKHUH�LV�TXLWH�D�ELW�RI�RYHUODS�LQ�WKH�
normal range.  The placenta acts as the lung for the human fetus. 
&RQVHTXHQWO\��LI�ZH�FRQVLGHU�WKDW�WKH�OXQJ��SODFHQWD��WUDQVIHUV�FDU-
ERQ�GLR[LGH�WR�WKH�SODFHQWD�DQG�WDNHV�RQ�R[\JHQ��WKHQ�LW�VKRXOG�FRPH�
DV�QR�VXUSULVH�WKDW�WKH�YHVVHO�V��EULQJLQJ�EORRG�WR�WKH�OXQJ��SODFHQWD��
ZLOO�DOZD\V�FRQWDLQ�PRUH�FDUERQ�GLR[LGH�DQG�OHVV�R[\JHQ�WKDQ�WKH�
YHVVHO�V��EULQJLQJ�EORRG�IURP�WKH�OXQJV��SODFHQWD��WR�WKH�EDE\��7KH�
S+�LQ�WKH�XPELOLFDO�YHLQ�ZLOO�DOZD\V�EH�KLJKHU�WKDQ�LQ�WKH�XPELOLFDO�DU-
WHU\�EHFDXVH�3&2 is lowered as blood passes through the placenta. 
&RQVHTXHQWO\��S+�PXVW�ULVH��

&2��+2�ļ�+&2��FDUERQLF�DFLG��ļ�+����+&2- 

$V�FDUERQ�GLR[LGH� IDOOV��VR�PXVW�K\GURJHQ� LRQ� �+���� WKH�SURWRW\SH�
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“Over time, however, especially in tiny 
infants, calculated blood gas oxygen 
saturations approximate oxygen 
saturation as measured by a pulse 
oximeter.”
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DFLG���7KH�UHODWLRQVKLS�EHWZHHQ�WKH�YDOXHV�LQ�XPELOLFDO�YHQRXV�DQG�
XPELOLFDO�DUWHULDO�EORRG�LV�H[DFWO\�RSSRVLWH�WR�WKDW�IRXQG�LQ�WKH�V\V-
WHPLF�YHLQV�DQG�DUWHULHV�RI�FKLOGUHQ�DQG�DGXOWV�EXW�LV�WKH�VDPH�DV�WKH�
UHODWLRQVKLS�EHWZHHQ�SXOPRQDU\�YHLQV�DQG�WKH�SXOPRQDU\�DUWHU\��7KLV�
is reasonable when we recall that the placenta acts as the fetal lung. 

 Key Points

�� �%ORRG�JDV�VDPSOHV�DUH�PHDVXUHG�GLUHFWO\�IRU�S+��3&2, and 
32���%LFDUERQDWH��EDVH�GH¿FLW��DQG�R[\JHQ�VDWXUDWLRQ�DUH�DOO�
calculated from the measured parameters. 

�� %ORRG� JDV� DQDO\]HUV� DVVXPH� KHPRJORELQ� WR� EH� RI� WKH� DGXOW�
W\SH�� 7KHUHIRUH�� LQ� QHZERUQV�� FDOFXODWHG� EORRG� JDV� R[\JHQ�
VDWXUDWLRQ�YDOXHV�DUH�JHQHUDOO\�XQGHUHVWLPDWHG��

�� %ORRG�IURP�WKH�XPELOLFDO�YHLQ�DOZD\V�KDV�D�KLJKHU�S+��D�ORZHU�
3&2��DQG�D�KLJKHU�32 than blood from the paired umbilical 
arteries.  

�� 7KH�EDVH�GH¿FLW� LV�PRUH�UHOLDEOH�WKDQ�ELFDUERQDWH�DV�D�PHD-
sure of metabolic acidosis or alkalosis. 

�� 8VXDOO\��WKH�EDVH�GH¿FLW�LV�DSSUR[LPDWHO\�WKH�VDPH�LQ�XPELOLFDO�
YHQRXV�DQG�DUWHULDO�VDPSOHV��EXW�LI�RQH�LV�VLJQL¿FDQWO\�ZRUVH��LW�
must be the arterial sample.  

• If one to three of these four relationships are opposite to the 
UXOHV��LW�LV�OLNHO\�WKH�VDPSOHV�FDPH�IURP�WKH�VDPH�YHVVHO��

�� %H� VXUH� \RXU� KRVSLWDO� LV� XVLQJ�H[WUDFHOOXODU� ÀXLG� EDVH�GH¿FLW�
UDWKHU�WKDQ�EORRG�EDVH�GH¿FLW��DV�GHFLVLRQV�UHJDUGLQJ�FRROLQJ�
IRU�K\SR[LF�LVFKHPLF�HQFHSKDORSDWK\�DUH�EDVHG�LQ�SDUW�RQ�WKH�
former.
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