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he long-term outcome in surviving infants with Apgar zero at
0 minutes: a systematic review of the literature and
ospital-based cohort

eborah J. Harrington, MD; Christopher W. Redman, MD; Mary Moulden; Catherine E. Greenwood, MD
BJECTIVE: The purpose of this study was to investigate the outcomes
f infants who had Apgar scores of zero at 10 minutes and were resus-
itated successfully.

TUDY DESIGN: The literature was reviewed systematically to identify
he outcomes of cases; in addition, the perinatal database at the John
adcliffe Hospital, Oxford, was used to identify similar cases. Eligible

nfants were identified through hospital records, and outcomes of all
nfants with an Apgar score of zero at 10 minutes, who were born
etween January 1991 and December 2004, were reviewed.

ESULTS: Eighty-five cases were identified from the literature. With
he Oxford database, 9 of 83,065 infants (0.12/1000 births) met our
tudy criteria. Six of the 9 infants died before leaving hospital. One
mine the implementa
See related editorial, page 422
f age. One infant at follow-up examination at 5 years had severe spas-
ic quadriparesis with severe global delay. One infant with grade 2 hy-
oxic-ischemic encephalopathy, who was born with severe anemia that
as corrected promptly at birth, had mild disability at follow-up exam-

nation at 2 years. Thus, death or severe disability occurred in 8 of 9
nfants. Combining the results of metaanalysis of published data with
ur results of 94 infants, 88 infants (94%) either died or were handi-
apped severely; 2 infants (2%) were handicapped moderately, and 1
nfant (1%) was handicapped mildly. For 3 infants (3%), the long-term
utcome could not be determined.

ONCLUSION: The outcome of infants with an Apgar score of zero at
0 minutes is almost universally poor.
nfant with severe quadriparesis and microcephaly died at 11 months Key words: Apgar score, outcome, resuscitation, stillborn

ite this article as: Harrington DJ, Redman CW, Moulden M, Greenwood CE. The long-term outcome in surviving infants with Apgar zero at 10 minutes: a
ystematic review of the literature and hospital-based cohort. Am J Obstet Gynecol 2007:196:463.e1-463.e5.

he frequency of apparently stillborn
infants (Apgar zero at 1 minute)

ho are resuscitated ranges successfully
rom 0.5-1.26 per 1000 deliveries.1,2 The
ecision to resuscitate an infant who is
orn in this condition is usually straight

forward, but the decision to stop resus-
citation if the infant continues to be un-
responsive is more difficult. Prolonga-
tion of resuscitation may delay death or
result in the survival of a severely handi-
capped infant. Previous case series and
case reports have shown an Apgar score
of zero at 10 minutes to be an impor-
tant risk factor for subsequent death or
disability.1-7

Both the American Heart Associa-
tion8 and the United Kingdom Resus-
citation Council9 recently revised their
neonatal resuscitation guidelines in
this situation; it is now recommended
that if there are no signs of life after 10
minutes of adequate resuscitation then
withdrawal of resuscitation be consid-
ered. This is in contrast to previous
guidelines10,11 and was based on a se-
ries with relatively few cases,1,2 in
which it was not always clear whether
infants with congenital abnormalities
had been excluded. The limitations of
the supporting evidence may under-

lines. It is of the utmost importance
that the best evidence is available, both
to underpin the guideline to help
health professionals resuscitate appro-
priately and to avoid the creation of “a
fate worse than death.”12

The purpose of this study was to in-
vestigate the outcomes of all babies
with an Apgar score of zero at 10 min-
utes and were resuscitated successfully,
with both a systematic review and a 14-
year period of prospectively collected
records from the John Radcliffe Hospi-
tal, Oxford, UK.

METHODS
We searched Medline (1966-April 2005)
for publications that had examined the
association between low Apgar scores
and neonatal outcome. The MeSH head-
ings used were Apgar score, resuscitation,
and cardiopulmonary resuscitation; the
text key words searched for were Apgar,
resuscitation, ten minutes, and 10 minutes.
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e studied the eligible articles and their
eference lists. Only articles that pro-
ided the outcomes of infants with an
pgar score of zero at ten minutes were

ncluded in the analysis.
We identified all singleton and multi-

le infants with an Apgar score of zero at
0 minutes of age who were subse-
uently successfully resuscitated and
ere transferred to the neonatal inten-

ive care unit. All babies were delivered at
24 weeks of gestation at the John Rad-

liffe Hospital, Oxford, UK, during the
eriod January 1, 1991, to December 31,
004. Infants with congenital abnormal-
ties were excluded. The population was
dentified from the OXMAT (Oxford

aterials) database. In addition, all in-
ants with an Apgar score of zero at 5

inutes that were identified as 10-
inute Apgar scores were not always in-

luded when OXMAT was first intro-
uced. Cases were confirmed by an
xamination of the maternal and neona-
al clinical records. Data were abstracted
rom the maternal and neonatal notes.
ollow-up data were provided from the
ospital pediatric records.
For each woman, data on age, parity,

ntenatal complications, gestational age
t delivery, peripartum complications,
nd mode of delivery were collected. For
ach infant, data that included birth-
eight; Apgar scores at 1, 5, and 10 min-

TABLE 1
Summary of outcome studies of in
intensive care unit with an Apgar

Study Infants (n)

Patel and Beeby3 29 
...................................................................................................................

Jain et al2 27* 
...................................................................................................................

Haddad et al1 16† 

...................................................................................................................

Thornberg et al5 5
...................................................................................................................

Casalaz et al4 4
...................................................................................................................

Koppe et al6 3
...................................................................................................................

Socol et al7 1
...................................................................................................................

This study 9
...................................................................................................................

TOTAL 94
...................................................................................................................

* One survivor was reported with cerebral palsy, although th
† Two survivors were reported, both with hypoxic-ischemic e
53 days with bronchopulmonary dysplasia, meconium aspira
tes; arterial and venous cord pH and (

63.e2 American Journal of Obstetrics & Gynecol
ase excess; outcomes, and postmortem
ndings were collected.

ESULTS

ur literature search identified 33 stud-
es. After we screened abstracts, we read
5 papers that were found to be relevant
o this study. Eighteen papers were ex-
luded because the outcomes of infants
ith an Apgar score of zero at 10 minutes

ould not be determined from the data.
his left 7 studies in which the outcomes
f infants with an Apgar score of zero at
0 minutes were known. The results of
hese studies combined with our results
re shown in Table 1. Of the 94 infants,
8 infants (94%) either died or were se-
erely handicapped; 2 infants (2%) were
oderately handicapped, and 1 infant

1%) was mildly handicapped. In 3 cases
3%), the long-term outcome could not
e determined.
During the 14-year study period, there
ere 83,065 deliveries at �24 weeks of
estation. There were 416 stillbirths for
hich resuscitation was not attempted
ecause intrauterine death was antici-
ated, which provides a stillbirth rate of
.0 per 1000 births at �24 weeks of ges-
ation. During the study period, resusci-
ation was attempted for 62 infants with
n Apgar score of zero at 1 minute

nts who were resuscitated successf
ore of zero at 10 minutes

Death (n)
Severe
disability (n)

20 8 
.........................................................................................................................

26 0 
.........................................................................................................................

14 0 
.........................................................................................................................

5 0
.........................................................................................................................

3 1
.........................................................................................................................

3 0
.........................................................................................................................

0 0
.........................................................................................................................

7 1
.........................................................................................................................

78 10
.........................................................................................................................

erity and length of follow-up period were not described.

alopathy. One infant remained an inpatient at 3 months of age w
syndrome, and pulmonary hypertension.
Figure). p

ogy MAY 2007
Seventeen infants had an Apgar score
f zero at 10 minutes, and 11 other in-
ants had an Apgar score of zero at 5 min-
tes. Eight of the 17 infants who were

dentified with an Apgar score of zero at
0 minutes were excluded after and in-
pection of their medical records. In 5
nfants, there were major congenital ab-
ormalities (all died); 3 infants were
ventually stillborn after resuscitation
eyond 10 minutes; in 3 other infants,
esuscitation was not attempted or was
bandoned at �10 minutes because of a
ombination of being extremely prema-
ure and small for gestational age. One of
he 11 infants with an Apgar score of zero
t 5 minutes was found, after case note
eview, to have an Apgar score of zero at
0 minutes and was also resuscitated.
herefore, a total of 9 infants were in-
luded in the study; a summary of the
utcomes are shown in Table 2. Six of the
infants died before discharge from hos-
ital. One infant with severe quadripare-
is and microcephaly died at 11 months
f age. One infant at follow-up exami-
ation at 5 years has severe spastic
uadriparesis with severe global delay.
he single infant with mild motor de-

ay at 2 years of age was born with acute
nemia as a consequence of a vasa
raevia and was given a transfusion at
elivery during the immediate resusci-
ation. This infant had grade 2 hy-

y and admitted to the neonatal

Moderate
disability (n)

Mild
disability (n)

1 0
..................................................................................................................

0 0
..................................................................................................................

0 0
..................................................................................................................

 0  0
..................................................................................................................

 0  0
..................................................................................................................

 0  0
..................................................................................................................

 1  0
..................................................................................................................

0 1
..................................................................................................................

2 1
..................................................................................................................

ultiple bowel perforations, and the other was discharged at
fa ull
sc

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

e sev

nceph ith m
oxic-ischemic encephalopathy and
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ad periventricular leukomalacia and
as discharged from the hospital at 55
ays old.

OMMENT

e present the unique combination of a
ystematic review of the literature and a
rospective cohort study. Our purpose
as to evaluate the outcomes of infants
ho were resuscitated successfully after

n Apgar score of zero at 10 minutes.
his issue is of great relevance to all care-
ivers who are involved in intrapartum
are. The evidence for prolonged resus-
itation has been based mainly on exper-
mental work from the 1960s on fetal
ambs.13 This showed that terminal ap-
ea occurred 20 minutes after hypoxia
as induced, but recovery was still pos-

ible if resuscitation was undertaken at
his stage.14 However, this situation is
ot comparable to that of a baby who has
o response to systematic attempts at re-
uscitation after 20 minutes, where the
ypoxia is likely to have been more
rolonged.
Most of the existing literature has fo-

used on the outcome of apparently still-
orn babies (Apgar score of zero at 1
inute) or on the outcome after birth

sphyxia. There are 7 published studies
n which the outcomes after successful
esuscitation of infants with an Apgar
core of zero at 10 minutes can be ex-
racted,1–7 with a range of between 1 and
9 infant outcomes reported. One limi-
ation is that these are observational
tudies and therefore may be subject to
eporting bias. All of these studies cor-
oborate our findings. The 2 largest stud-
es report the outcomes of 29 and 27 in-
ants, respectively.2,3 However, it is not
lear whether infants with congenital ab-
ormalities were excluded in either. In a
opulation-based study by Patel and
eeby,3 infants of at least 36 weeks of ges-

ation with an Apgar score of zero at 10
inutes and who were resuscitated suc-

essfully were identified. The authors
tated that babies in this category in non-
ertiary hospitals who died before trans-
er would be lost to their study, which
herefore may have underestimated the
ortality rate. Twenty (69%) of the 29 b
nfants died before discharge from hos-
ital. Eight of the 9 babies who survived
ad severe disability, and 1 baby had
oderate disability, although the length

f the follow-up period was not stated.
ain et al,2 in a study of the outcome of
pparently stillborn infants, reported the
utcome of 27 infants who were resusci-
ated successfully after an Apgar score of
ero at 10 minutes. All except 1 baby
ied. The survivor has cerebral palsy, al-
hough the severity and length of the fol-
ow-up period were not described.

Two other studies reported on the out-
ome after unexpected apparent still-

FIGURE
Outcome of apparently stillborn in
between January 1991 and Decem

83,065 deliveries ≥ 24 weeks (January 1

16 stillbirths with no     
ttempt made at resuscitation 

Apgar score = 0 at 1 m
n = 62 

      
      
      

pgar score ≥ 1 at 1  
inute but 0 at 5 minutes 

 = 1  

Apgar score = 0 at 5 
n = 29

esuscitation stopped     
efore 10 minutes or excluded   
ue to extreme low birthweight or   
ongenital abnormalities 
 = 8 

pgar score ≥ 1 at 5  
inutes but 0 at 10 minutes 

 = 3  
                                                                                 

Apgar score 0 at 10 m
n = 12*

esuscitation beyond 10    
inutes unsuccessful     

 = 3       
irth. First, in a study by Haddad et al,1 C

MAY 2007 America
he outcomes of 16 infants who were re-
uscitated successfully after Apgar scores
f zero at 1, 5, and 10 minutes were ex-
mined. Fourteen infants (88%) died
efore discharge from hospital. One sur-
ivor had hypoxic-ischemic encephalop-
thy and multiple bowel perforations
nd was still an inpatient at 3 months of
ge. The other survivor was diagnosed
ith hypoxic-ischemic encephalopathy,
ronchopulmonary dysplasia, meco-
ium aspiration syndrome, and second-
ry pulmonary hypertension and was
ischarged at 53 days of age. No further

ollow-up evaluation was reported.

ts who were born in Oxford
r 2004
 – December 2004) 

te 

 Apgar score >1 at 
 5 minutes 
 n = 34 

utes 

 Apgar score ≥ 1 at 
 10 minutes 
 n  = 12 

                                                                                 

tes 

 Resuscitation successful 
 beyond 10 minutes 
 n = 9 
fan
be
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nfants who had an Apgar score of zero at
0 minutes. Three of the 4 infants died at
1 week of age, and 1 infant survived the

eonatal period severely disabled with
yskinetic spastic quadriplegia.
Three studies have looked at the out-

ome after birth asphyxia. Thornberg et
l,5 in a Swedish population study, fol-
owed 227 term infants with birth asphyxia
Apgar score, �7 at 5 minutes). Five in-
ants had an Apgar score of zero at 10 min-
tes. Four infants had seizures; all of the

nfants had severe hypoxic-ischemic en-
ephalopathy, and all of the infants died,
lthough the age at which death occurred is
ot reported. However, Apgar scores at 1,
, and 10 minutes are given only for those
nfants who died or had neurologic se-
uelae. Apgar scores are not given for the 1

nfant who had cardiopulmonary resusci-
ation but is reported as having a normal
utcome. Koppe and Kleiverda6 followed
4 severely asphyxiated infants, which was
ot defined, who were born at �37 weeks
f gestation with a birthweight greater than
500 g. They reported the outcome of 3

TABLE 2
Clinical details of infants with an
neonatal intensive care

Case
Gestation
(wk)

Birthweight
(g) Perip

1 32 1745 Abrup

...................................................................................................................

2 36 2097 Abnor
car

...................................................................................................................

3* 30 1400 Vasa

...................................................................................................................

4 39 3590 Abrup
...................................................................................................................

5 40 2759 Vasa

...................................................................................................................

6 37 2836 Failed

...................................................................................................................

7 39 3977 Group
me
abn
car

...................................................................................................................

8 39 2975 Meco
car

...................................................................................................................

9 41 2789 Brady
...................................................................................................................

* Severe anemia; received transfusion during resuscitation at
nfants with a zero Apgar score at 10 min- o

63.e4 American Journal of Obstetrics & Gynecol
tes and for whom spontaneous respira-
ion did not occur until �30 minutes after
irth. All 3 infants died. This study was car-
ied out in the Netherlands between 1965
nd 1975 and may not reflect modern neo-
atal management. The third study re-
orts the long-term outcome of 28 infants
ho were born at �34 weeks of gestation
ith a 5-minute Apgar score of � 3.7 One

nfant had an Apgar score of zero at 10
inutes and had newborn encephalopa-

hy, an abnormal computed tomography
can, and pulmonary dysfunction. Abnor-

al psychomotor function was reported at
ong-term follow-up evaluation.

The numbers in the present study are
mall compared with some others, be-
ause we excluded infants with congeni-
al abnormalities. Our findings show
hat the outcomes, even for congenitally
ormal infants with an Apgar score of
ero at 10 minutes, are very poor and
ven worse if infants with congenital ab-
ormalities are considered. Taken to-
ether, our data with those of all avail-
ble previous studies show that the

gar score of zero at 10 minutes who

m event Mode of delivery

Cord

Arter

Cesarean section 6.67

.........................................................................................................................

ocogram
Cesarean section 6.88

.........................................................................................................................

via Forceps 7.05

.........................................................................................................................

Ventouse 6.60
.........................................................................................................................

via Spontaneous vertex
delivery

6.84

.........................................................................................................................

ntouse Cesarean section 7.15

.........................................................................................................................

streptococcus,
ium,
al

ocogram

Cesarean section 6.67

.........................................................................................................................

, abnormal
ocogram

Cesarean section 6.76

.........................................................................................................................

ia Breech 6.84
.........................................................................................................................

ts.
utcomes for infants who do not re- c

ogy MAY 2007
pond to cardiopulmonary resuscitation
y 10 minutes of age are extremely poor,
ith a very low chance of surviving with-
ut severe disability. These findings
resent strong evidence that adequate
esuscitation beyond 10 minutes is not
ustified. f
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