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Case 4: Blood Gas Samples Drawn from the Same Vessel 

The mother was a 31-year-old, gravida 4, para 0, aborta 3, with 
an intrauterine pregnancy at 42 0/7 weeks by fair dates (20-week 
sonographic scan with uncertain last menstrual period). (1)         

She presented in active labor with ruptured membranes. The fe-
tus was in a breech position. The patient was taken for a primary 
cesarean section. At delivery, there was a problem delivering the 
DIWHUFRPLQJ� KHDG��$SJDU� VFRUHV�ZHUH� �� DQG� �� DW� RQH� DQG� ¿YH�
minutes, respectively.

Cord blood gas results were as follows:

Interpretation 

The umbilical vein sample’s pH is mildly depressed, the PCO๜ 
moderately elevated, the PO๜ mildly decreased, and the base 
GH¿FLW� LV�QRUPDO��7KH�XPELOLFDO�DUWHU\�VDPSOH�S+� LV�QRUPDO�� WKH�
PCO๜ mildly elevated, and the PO๜�DQG�EDVH�GH¿FLW�DUH�QRUPDO��
Therefore, there is moderate respiratory acidosis in the venous 
sample and a mild respiratory acidosis in the arterial sample. All 
the “rules” of the relationship  between umbilical venous and arte-
rial samples are met (the venous sample DOZD\V has a higher pH, 
a lower PCO๜, and a higher PO๜). Yet, it seems obvious that these 
two samples cannot represent samples of both the umbilical vein 
and the umbilical artery because the values are almost identical. 
7KH�RQO\�DGGLWLRQDO�¿QGLQJ�WKDW�FRXOG�KDYH�PDGH�WKLV�FRQFOXVLRQ�
even more apparent would be if one of the three measured pa-
rameters (pH, PCO๜, PO๜) disobeyed the “rules” of relationship. 
One does not need any formula or additional evaluation process 
to interpret this set of cord blood gases correctly. However, there 
are times that the correct interpretation is not as clear (see next 
case). 

Whenever umbilical venous and arterial pH values are close, but 
not identical, one also must consider the possibility that one sam-
ple consists of mixed venous and arterial blood (most commonly, 
the needle sampling the artery slips through into the vein behind 
it). However, the interpretation remains the same, i.e., and two 
vessels have not been successfully sampled.

In the example above, either an umbilical vein or an umbilical ar-
tery was sampled twice. As it is much easier to sample blood from 
the umbilical vein, it is more likely that both samples are venous, 
although the values are closer to normal for an umbilical artery 
sample. The question really becomes, “Was the easier to sample 
YHVVHO�VDPSOHG�WZLFH��RU�ZDV�WKH�PRUH�GLႈFXOW�WR�VDPSOH�YHVVHO�
sampled twice?” The betting odds are with the vein.

,Q� VRPH� KRVSLWDOV�� LQ� D� FRVW�FRQWDLQPHQW� HႇRUW�� RQO\� DQ� XPELOL-
cal artery sample is obtained. However, unless both umbilical ve-
QRXV�DQG�XPELOLFDO�DUWHULDO�VDPSOHV�DUH�REWDLQHG��RQH�FDQQRW�EH�
certain that the only sample obtained is indeed from an umbilical 
artery. Riley and Johnson (2) suggest looking at the color of the 
blood samples to ascertain that both venous and arterial samples 
have been obtained. If the color looks the same, the samples have 
probably been drawn from the same vessel. 

It has been suggested that an umbilical venous sample is a good 
proxy for an umbilical arterial sample as the relationship between 
these two samples is known and is within a certain range. For ex-
ample, one would expect the umbilical arterial pH to be between 
0.04 and 0.10 lower than the pH in the umbilical venous sample, 
(3,4) (see next case). This is true in normal, non-asphyxiated new-
borns and even in those newborns who are depressed secondary 
WR�XWHURSODFHQWDO�LQVXႈFLHQF\��+RZHYHU��ZKHQ�WKH�IHWXV�QHZERUQ�
has issues with cord occlusion and associated terminal brady-
cardia (5-9) (a relatively common problem … cord occlusion with 
terminal fetal bradycardia), or with fetal heart failure (10)  (a rela-
tively rare problem … fetal circulatory failure), an umbilical arterial 
sample may have values that are much worse than those in the 
umbilical venous sample.

Peer Reviewed

“One does not need any formula or 
additional evaluation process to interpret 
this set of cord blood gases correctly. 
However, there are times that the correct 
interpretation is not as clear (see next 
case).”

“In some hospitals, in a cost-containment 
H௺RUW��RQO\�DQ�XPELOLFDO�DUWHU\�VDPSOH�LV�
obtained. However, unless both umbilical 
venous and umbilical arterial samples are 
obtained, one cannot be certain that the 
only sample obtained is indeed from an 
umbilical artery.”

Umbilical Vein Umbilical Artery
pH 7.19 7.18

Pඋ඗2 (mmHg) 
(kPa)
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P඗2   (mmHg)   
(kPa)

14

����

13

����
HCO3

- (mmol/L) 25 25
BD (mmol/L) 5 5
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Key Points

• When umbilical venous and arterial blood gas samples are 
almost identical, or if some, but not all of the matched pHs, 
PCO๜s or PO๜s do not obey the “rules” of relationship, it is 
clear that the samples come from the same vessel. If all of 
the matched parameters are opposite to the “rules” of rela-
tionship, suspect the samples have been mislabeled (see 
Case 6). As the umbilical vein is much easier to sample than 
the umbilical artery, usually, the umbilical vein is the vessel 
that has been sampled twice. 

• Unless both umbilical venous and umbilical arterial samples 
are obtained, one cannot be certain that a single sample is 
from an umbilical artery.

• An umbilical venous sample may be a reasonable proxy 
for an umbilical arterial sample in normal, non-asphyxiated 
newborns or in newborns depressed secondary to uteropla-
FHQWDO�LQVXႈFLHQF\��

• In newborns depressed secondary to cord occlusion with 
terminal fetal bradycardia or fetal heart failure with terminal 
fetal bradycardia, the umbilical arterial cord gas values may 
be much worse than those in the venous sample.

Case 5: Blood Gas Samples from One Vessel or Two?

The mother was a 24-year-old, gravida 2, para 0, aborta 1, with 
an intrauterine pregnancy at 38 1/7 weeks. (1) The mother had 
VSRQWDQHRXV�UXSWXUH�RI�PHPEUDQHV�ZLWK�HJUHVV�RI�FOHDU�ÀXLG�DQG�
was in labor at the time of admission. The FHR showed non-repet-
itive, moderate variable decelerations with an occasional severe 
variable deceleration. After one hour, the mother was completely 
GLODWHG�� FRPSOHWHO\� HႇDFHG�� ZLWK� WKH� YHUWH[� DW� ��� VWDWLRQ�� 6KH�
pushed for one hour and was taken to the delivery room where 
the fetus had a deceleration to 60 bpm lasting for one minute. The 
infant delivered one minute later with Apgar scores of 8 and 9 at 
RQH�DQG�¿YH�PLQXWHV��UHVSHFWLYHO\��

Cord blood gas results were as follows:

Interpretation

Both cord blood samples are entirely normal. The issue is, “Are 
these two blood gas samples from the same vessel or from two 
GLႇHUHQW�YHVVHOV"´�0DNLQJ�WKLV�GHFLVLRQ�FRUUHFWO\�LV�D�YHWWLQJ�SUR-
cess.

,QLWLDO� HYLGHQFH� VXJJHVWV� WKH� WZR� VDPSOHV� FDPH� IURP� GLႇHUHQW�
YHVVHOV��$OO� RI� WKH�PHDVXUHG� YHQRDUWHULDO� GLႇHUHQFHV�DUH� LQ� WKH�
“correct” direction (pH higher in the vein, PCO๜ lower in the vein, 
and PO๜ higher in the vein).

Data published by Yeomans, Hauth, Gilstrap, and Strickland, (11)  

based on “uncomplicated term vaginal deliveries,” is a good data 
set with which to establish a normal range of pH and PCO๜�GLႇHU-
ences in cord gas analyses. As pH is the most reproducible of the 
measured parameters, it is taken as the primary determinant, and 
PCO๜ is used as the backup determinant. Using this data, assum-
LQJ�WKH�GLႇHUHQFHV�EHWZHHQ�XPELOLFDO�YHQRXV�DQG�DUWHULDO�S+�DQG�
PCO๜ have normal distributions, the 95th�SHUFHQWLOH�UDQJH�RI�GLႇHU-
ences for pH is from 0.04 to 0.10, and the 95th percentile range of 
GLႇHUHQFHV�IRU�3&2๜ is from 4 to 18 mmHg, (3,4) (see Table 1 be-
ORZ���7KLV�VXJJHVWV�WKDW�ZKHQ�WKH�S+�GLႇHUHQFH�LV�OHVV�WKDQ�������
the samples are probably from the same vessel. When the pH 
GLႇHUHQFH�LV�ERUGHUOLQH��L�H���������EHIRUH�FRQFOXGLQJ�WKH�XPELOLFDO�
venous and arterial samples came from the same vessel, check 
the PCO๜�GLႇHUHQFH��,I�WKH�3&2๜�GLႇHUHQFH�LV�OHVV�WKDQ���PPRO�/��
it is safe to conclude that the samples came from the same vessel. 

In this case, the pH is borderline, 0.03. However, the PCO๜�GLႇHU-
ence is 5 mmHg, towards the lower end of the normal range, but 
normal nonetheless. Therefore, one should conclude that these 
VDPSOHV�FDPH�IURP�GLႇHUHQW�YHVVHOV�� L�H���DQ�XPELOLFDO�YHLQ�DQG�
an umbilical artery. White et al.(12) and Westgate et al. (13) have 
VXJJHVWHG�VLPLODU�FXWRႇ�FULWHULD�IRU�HVWDEOLVKLQJ�VDPSOHV�IURP�WKH�
same vessel.

Apgar scores were quite normal, further suggesting that cord 
EORRG�JDV�VDPSOHV�ZRXOG�EH�QRUPDO��$OO�RI�WKHVH�¿QGLQJV�OHDG�WR�
WKH�FRQFOXVLRQ�WKDW�GLႇHUHQW�YHVVHOV�ZHUH�VDPSOHG��

For a discussion of widened umbilical cord venoarterial pH and 
PCO๜�GLႇHUHQFHV��SOHDVH�VHH�XS�FRPLQJ�VHFWLRQV�RQ�FRUG�RFFOX-
sion with terminal fetal bradycardia and cases of fetal circulatory 
failure.

Key Points

�� 7KH�QRUPDO�UDQJH�RI�S+�GLႇHUHQFHV�EHWZHHQ�XPELOLFDO�FRUG�
venous (higher) and arterial (lower) blood samples is 0.04 to 
������/DUJHU�GLႇHUHQFHV�PD\�EH�VHHQ�XQGHU�FHUWDLQ�FRQGL-
tions.

7DEOH��
'HULYHG�������LQ�SDUW�IURP�GDWD�SXEOLVKHG�E\�<HRPDQV�(5��+DXWK�-&��
*LOVWUDS�/&�,,,��6WULFNODQG�'0��8PELOLFDO�FRUG�S+��3&2૳��DQG�ELFDUERQ-
DWH�IROORZLQJ�XQFRPSOLFDWHG�WHUP�YDJLQDO�GHOLYHULHV������LQIDQWV���$P�
-�2EVWHW�*\QHFRO�����������������������

'HOWD��WKH�GL௺HUHQFH�EHWZHHQ�XPELOLFDO�YHQRXV�DQG�DUWHULDO�YDOXHV�

Umbilical Vein Umbilical Artery
pH 7.28 7.25

Pඋ඗2 (mmHg) 
(kPa)

47

����

52

����

P඗2   (mmHg)   
(kPa)

29

����

18

����
HCO3(mmol/L) 22 22
BD (mmol/L) 5 5

Umbilical Cord Venoarterial 
pH and Pർඈ2�'LႇHUHQFHV

pH
Pඋ඗2 (mmHg)

    (kPa)

Vein Artery Delta* Vein Artery Delta*

7.35 7.28 0.07
38

����

49

����

11

����

SD 0.05 0.05 0.0156
5.6

����

8.4

����

3.54

����

± 2 SD Range
0.039-0.101

 (~0.04-0.10)

3.9-18.1

���������
Borderline low 

delta* 0.03
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�� 7KH� QRUPDO� UDQJH� RI� 3&2��GLႇHUHQFHV� EHWZHHQ� XPELOLFDO�
cord venous (lower) and arterial (higher) blood samples is 
approximately 4 to 18 mmHg (0.52 to 2.41 kPa).

�� $�S+�GLႇHUHQFH�EHWZHHQ�XPELOLFDO�FRUG�YHQRXV�DQG�DUWHULDO�
VDPSOHV�RI�OHVV�WKDQ������VLJQL¿HV�WKDW�ERWK�VDPSOHV�FDPH�
from either an artery or a vein.

�� $� S+� GLႇHUHQFH� RI� ����� VKRXOG� EH� FRQVLGHUHG� ERUGHUOLQH��
,I��LQ�DGGLWLRQ��WKH�XPELOLFDO�YHQRDUWHULDO�3&2��GLႇHUHQFH�LV�
less than 4 mmHg, both samples should be considered to 
have come from either an artery or a vein.

• As the umbilical vein is much easier to sample than the ar-
tery when one concludes that both samples came from the 
same vessel, more likely it is the vein.

Case 6: Mislabeled Samples 

The mother was a 19-year-old, gravida 1, para 0, aborta 0, with 
an intrauterine pregnancy at 38 3/7 weeks. Membranes had rup-
WXUHG�VSRQWDQHRXVO\�ZLWK�HJUHVV�RI�FOHDU�ÀXLG��6KH�ZDV�LQ�ODERU�DW�
WKH�WLPH�RI�DGPLVVLRQ��7KH�DPQLRWLF�ÀXLG�ZDV�FOHDU�DW�WKH�WLPH�RI�
admission. The FHR showed intermittent variable decelerations 
that became more severe over time. After three hours, the mother 
ZDV�FRPSOHWHO\�GLODWHG��FRPSOHWHO\�HႇDFHG��ZLWK�WKH�YHUWH[�DW����
station. The mother pushed for 90 minutes and was taken to the 
GHOLYHU\�URRP��$PQLRWLF�ÀXLG�ZDV�QRZ�OLJKWO\�VWDLQHG�ZLWK�PHFR-
nium. The infant delivered 15 minutes later with Apgar scores of 6 
DQG���DW�RQH�DQG�¿YH�PLQXWHV��UHVSHFWLYHO\��

Cord blood gas results were as follows:  

Interpretation

7KH�YHQRXV�S+�DQG�EDVH�GH¿FLW�DUH�QRUPDO��ZKLOH� WKH�3&2๜ is 

mildly elevated, and the PO๜ depressed. The arterial sample is 

entirely within normal limits. However, the relationships between 
the “venous” and “arterial” blood gas samples, except for the base 
GH¿FLWV��ZKLFK�DUH�WKH�VDPH��DUH�SK\VLRORJLFDOO\�LPSRVVLEOH��7KH�
¿UVW�WKUHH�³UXOHV´�RI�WKH�UHODWLRQVKLS�EHWZHHQ�S+��3&2๜, and PO๜ 
have been broken. The umbilical venous pH is not higher, the 
PCO๜ is not lower, and the PO๜ is not higher than the umbilical ar-
tery pH, PCO๜, and PO๜, respectively. Therefore, the results have 
been mislabeled. The correct labeling is as follows:

Now, one can see that the venous values are all normal, except 
for a mildly elevated PCO๜. The arterial sample results are all en-
tirely normal.

Key Points

• The umbilical venous blood gas always has a higher pH, 
a lower PCO๜ and a higher PO๜ than the umbilical arterial 
blood gas. 

�� 7KH�EDVH�GH¿FLWV�LQ�WKH�XPELOLFDO�YHQRXV�DQG�DUWHULDO�VDP-
SOHV�DUH�XVXDOO\�DSSUR[LPDWHO\�HTXDO��EXW�LI�RQH�EDVH�GH¿FLW�
LV�VLJQL¿FDQWO\�ZRUVH� WKDQ� WKH�RWKHU�� LW�PXVW�EH� WKH�DUWHULDO�
sample. 

• When the data reported are in the opposite (non-physiolog-
ical) direction, suspect that the samples have been misla-
beled.

Case 7: pH Alone versus Complete Blood Gas Analysis

The mother was a 35-year-old, gravida 4, para 1, aborta 2, with 
an intrauterine pregnancy at 34 weeks’ gestation by poor dates. 
(14) Two years prior, the mother delivered an infant with intrauter-
LQH�JURZWK�UHVWULFWLRQ��6KH�ZDV�VHHQ�IRU�WKH�¿UVW�WLPH�GXULQJ�WKLV�
pregnancy when she came to the hospital with uterine contrac-
WLRQV�RFFXUULQJ�HYHU\�¿YH�PLQXWHV��7KH�IXQGDO�KHLJKW�ZDV����FP��
The cervix was long and closed. Ultrasound examination revealed 
an infant with an estimated fetal weight of 960 grams, a grade 
,,,�SODFHQWD��DQG�PDUNHGO\�GHFUHDVHG�DPQLRWLF�ÀXLG�YROXPH��1R�
fetal breathing or body movements were noted. The FHR monitor 
revealed moderate recurrent late decelerations. The mother was 
taken for an urgent primary cesarean section. A male infant was 

³7KH�EDVH�GH¿FLWV�LQ�WKH�XPELOLFDO�
venous and arterial samples are usually 
approximately equal, but if one base 
GH¿FLW�LV�VLJQL¿FDQWO\�ZRUVH�WKDQ�WKH�
other, it must be the arterial sample.”

1HZ�VXEVFULEHUV�DUH�DOZD\V�ZHOFRPH��
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Umbilical Vein Umbilical Artery
pH 7.29 7.25

Pඋ඗2 (mmHg) 
(kPa)

55

����

65

����

P඗2   (mmHg)   
(kPa)

21

����

14

����
HCO3(mmol/L) 26 28
BD (mmol/L) 1 1

Umbilical Vein Umbilical Artery
pH 7.25 7.29

Pඋ඗2 (mmHg) 
(kPa)

65

����

55

����

P඗2   (mmHg)   
(kPa)

14

����

21

����
HCO3(mmol/L) 28 26
BD (mmol/L) 1 1
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GHOLYHUHG�ZLWK�$SJDU�VFRUHV�RI�������DQG���DW�RQH�� ¿YH��DQG����
minutes, respectively. The birth weight was 920 g.

Cord blood gas results were as follows:

Interpretation

The information provided is inadequate. A pH of 7.22 is low if from 
an umbilical vein and normal if from an umbilical artery. When a 
single sample is drawn from an umbilical cord, without instruction 
as to the vessel from which it is to be obtained, the sample is fre-
quently venous, as the vein is much larger and easier to sample. 
Even when the goal is to sample the umbilical artery, some speci-
mens may still come from the umbilical vein. In this case, without 
paired samples, there is no reliable way to know which vessel was 
sampled. 

As stated above, if the sample is from the umbilical vein, the pH 
is slightly low. Is the pH low on a respiratory basis, on a metabolic 
basis, or a combination of both? Without a PCO๜��D�EDVH�GH¿FLW�
cannot be calculated. 

Cord occlusion with terminal bradycardia may result in a venous 
cord sample that is substantially better than its arterial counter-
part. Was that the situation in this case? We do know that the FHR 
GHFHOHUDWLRQV�ZHUH�GHVFULEHG�DV�³ODWH´� LQ�FRQ¿JXUDWLRQ��9DULDEOH�
decelerations, suggestive of cord compression, were not reported. 
7KLV�VXJJHVWV�XWHURSODFHQWDO�LQVXႈFLHQF\�UDWKHU�WKDQ�FRUG�FRP-
pression. Therefore, umbilical venous and arterial derangements 
should be similar. Additionally, this infant was extremely small for 

dates (probably asymmetric) with associated decreased amniotic 
ÀXLG�YROXPH��FRQGLWLRQV�WKDW�IUHTXHQWO\�UHVXOW�IURP�QXWULWLRQDO�DQG�

UHVSLUDWRU\�XWHURSODFHQWDO�LQVXႈFLHQF\�������7KH�GHFUHDVHG�DPQL-
RWLF�ÀXLG�YROXPH�IXUWKHU�SUHGLVSRVHV�WR�FRUG�FRPSUHVVLRQ������DQG�
prolonged decelerations. (17)

Measuring only the pH leaves so many unanswered questions 
that the information is of very limited value. In the infant described 
above, the clinical presentation at least suggests the infant may 
have been more acidotic than reported. To assist in management, 
it would be appropriate to obtain a blood gas directly from the in-
fant soon after transfer to the neonatal special care unit. 

When umbilical cord blood is analyzed for pH, both PCO๜ and PO๜ 
VKRXOG�EH�PHDVXUHG�DV�ZHOO��DQG�ELFDUERQDWH�DQG�EDVH�GH¿FLW�FDO-
culated from these results. This permits a much more meaningful 
analysis. Additionally, analyzing both umbilical venous and umbili-
cal arterial blood provides the best basis for correct interpretation. 

Key Points

• When only a single pH measurement is obtained from either 
an umbilical vein or artery sample, one cannot determine:

o Whether the sample is from the vein or artery, or

o Whether any acidosis present is respiratory, metabolic or 
mixed.

5HIHUHQFHV�
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��� %HDU�0��3HUVRQDO�FRPPXQLFDWLRQ�������
��� (GZDUGV�$/��([SHULPHQWDO�GHVLJQ�LQ�SV\FKRORJLFDO�UHVHDUFK��

�WK�HG��1HZ�<RUN��+ROW�5LQHKDUW�:LQVWRQ��������S������
��� �7HMDQL�1$��0DQQ�/,��6DQJKDYL�0��%KDNWKDYDWKVDODQ�$��HW�DO��

7KH�DVVRFLDWLRQ�RI�XPELOLFDO�FRUG�FRPSOLFDWLRQV�DQG�YDULDEOH�
GHFHOHUDWLRQV�ZLWK�DFLG�EDVH�¿QGLQJV��2EVWHW�*\QHFRO�
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Umbilical Vein or Artery
pH 7.22
Pඋ඗2 (mmHg) 

(kPa) Not Available

P඗2   (mmHg)   
(kPa) Not Available

HCO3
- (mmol/L) Not Available

BD (mmol/L) Not Available

“Cord occlusion with terminal 
bradycardia may result in a venous cord 
sample that is substantially better than 
its arterial counterpart. Was that the 
situation in this case?”
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Why PREMATURE INFANTS Need Access 
to an EXCLUSIVE HUMAN MILK DIET

 
 

In the United States, more than 
1 IN 10 BABIES ARE 
BORN PREMATURE. 
Micro preemies are born 
severely premature, weighing 
less than 1,250 grams. 

 

 

MICRO PREEMIES are 
at risk for Necrotizing
Entercolitis (NEC), which:
� Damages intestinal tissue 
� Causes distended abdomen, infection,
   low blood pressure and shock
� Threatens infants' lives
 

What is an Exclusive Human Milk Diet?

When a micro preemie can access an 
EXCLUSIVE HUMAN MILK DIET:

 NO cow’s milk 

Mortality is 
reduced by 

75%2

Feeding 
intolerance 
decreases4

Chances of 
NEC are reduced 

by 77%2

 NO sheep’s milk  NO goat’s milk  NO formula

mother’s milk
human donor milk
human milk-based 
fortifier

HOW TO HELP PREVENT NEC:
EXCLUSIVE HUMAN MILK DIET

Why Is An Exclusive Human
Milk Diet Important?

An Exclusive Human Milk Diet gives vulnerable infants the best chance 
to be healthy and reduces the risk of NEC and other complications.

NEC occurrence 
increases when a 
preemie consumes 
non-human milk 
products.

When that happens:
 

Micro preemies 
who get NEC 

5%

on Exclusive Human 
Milk Diet2

on Non-Human 
Milk Products

of micro preemies 
needing surgery 
will die from NEC330%

Micro preemies requiring 
surgery to treat NEC

12%

17%

1%

HUMAN MILK =  MEDICINE
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3  Hull  MA et al. “Mortality and management of surgical necrotizing enterocolitis in very low birth weight  
 neonates: a prospective cohort study.” J Am Coll Surg. 2014 Jun;218(6):1148-55.
4  Assad M, Elliott MJ and Abraham JH. "Decreased cost and improved feeding tolerance in VLBW infants 
 fed an exclusive human milk diet" Journal of Perinatology advance online publication 12 November 2015; 
 DOI: 10.1038/jp.2015.168
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