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ucleated red blood cell counts in the first week of life: a
ritical appraisal of relationships with perinatal outcome
n preterm growth-restricted neonates
hmet A. Baschat, MD; Sadettin Gungor, MD; Michelle L. Kush, MD; Christoph Berg, MD; Ulrich Gembruch, MD;
hristopher R. Harman, MD
BJECTIVE: Nucleated red blood cells (NRBC) are fetal hematologic
arkers for placental dysfunction, hypoxemia, and asphyxia. NRBC

ount elevation at birth or persistence is linked statistically to adverse
utcome, but clinical predictive value is variable. We studied novel
ndices to better define overall magnitude of NRBC response.

TUDY DESIGN: Peripheral NRBC count was obtained from preterm
�34 weeks of gestation) growth-restricted neonates within 2 hours of
ife. Daily counts and duration of NRBC count �30/100 white blood
ells were determined. Mean counts (NRBC-mean), area under the
urve (NRBC-AUC), and declination (NRBC-slope) were analyzed over
eek 1. NRBC parameters were related to major morbidity (broncho-
ulmonary dysplasia, grade III/IV intraventricular hemorrhage, necro-
izing enterocolitis included) and neonatal death (NND).

ESULTS: Twenty-two of 176 patients (12.5%) had acidosis. Compli-
ations included bronchopulmonary dysplasia (n � 36; 20.5%), intra-
entricular hemorrhage (n � 18; 10.2%), necrotizing enterocolitis (n
oi: 10.1016/j.ajog.2007.06.020

86.e1 American Journal of Obstetrics & Gynecology SEPTEMBER 2007
orrelated most strongly with pH, birthweight, and gestational age
Pearson coefficien,t �0.45 to �0.18; all P � .001). NRBC-AUC var-
ed most between nonmorbid and morbid; NRBC-mean varied most
etween survivors and NND (all P � .001). NRBC persistence strongly
redicted NND: clearance by day 4 was achieved by 80% of survivors
nd only 35% of NNDs. Logistic regression identified prematurity and
ersistent NRBC counts as primary morbidity determinants (r2 � 0.56;
� .01). Although the importance of individual NRBC counts varied,

ay-4 NRBC counts of �70 predicted morbidity best (sensitivity, 82%;
pecificity, 96%). Presence of morbidity and birthweight were prime
eterminants of death (r2 � 0.42; P � .01).

ONCLUSION: Simple daily NRBC counts provide clinical information
hat is equivalent to more complicated methods. The importance of
rematurity and growth are emphasized, but elevated NRBC counts be-
ond day 3 are relevant independent predictors of adverse outcome.

ey words: fetus, growth restriction, nucleated red blood cells,

18; 10.2%), NND (n � 18; 10.2%). NRBC-AUC and NRBC-mean perinatal outcome

ite this article as: Baschat AA, Gungor S, Kush ML, Berg C, Gembruch U, Harman CR. Nucleated red blood cell counts in the first week of life: a critical
ppraisal of relationships with perinatal outcome in preterm growth-restricted neonates. Am J Obstet Gynecol 2007;197:286.e1-286.e8.

he identification of prognostic
markers for adverse perinatal out-

ome is a major focus of modern fetal
nd neonatal medicine. Among the
arkers that have been studied, those

hat reflect compromised metabolic sta-
us during the transition from fetal to
eonatal life have received special atten-

ion. Obstetric intervention and neona-
al resuscitation in this important period

are especially critical in the management
of fetal growth restriction. The perinatal
and long-term liabilities of fetal growth
restriction are due to the combination of
adverse intrauterine environment,
peripertum events, and postdelivery
complications that are manifested in
many organ systems.1-4 In this context,
fetal hematologic responses have re-
ceived great interest because they reflect

the chronic nature of the fetal condition
and the acutely superimposed distur-
bances in the transition to extrauterine
life.5-10

Fetal hypoxemia can trigger erythro-
poietin release that causes stimulation of
red blood cells, both at intramedullary
and extramedullary sites. In the human
fetus, erythropoiesis typically progresses
from erythroid commitment of colony-
forming stem cells to extrusion of nu-
clear material with concomitant reduc-
tion in cell size.11,12 This process yields a
mature red blood cell without a nucleus
that contains the highest concentration
of hemoglobin. Early stages of mature
erythropoiesis typically are confined to
the bone marrow, where capillary fenes-
trations limit the passage of large nucle-
ated red blood cell (NRBC) precursors
into the peripheral circulation.13 Con-
versely, extramedullary sites are believed
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aryland, Baltimore, MD (Drs Baschat, Gungor, Kush, and Harman), and the Department
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ermit the release of large NRBCs. Dur-
ng periods of high extramedullary pro-
uction, NRBC counts of up to 30/100
hite blood cells (WBC) are physiologic

t �30 weeks of gestation, although lev-
ls of 5-10/100 WBC are normal thereaf-
er.12 Isolated polycythemia in intrauter-
ne growth-restricted fetuses suggests
nhanced intramedullary erythropoie-
is; polycythemia with elevated NRBC
ounts is suggestive of chronic ex-
ramedullary hematopoiesis.8,10-13

The NRBC count in the peripheral cir-
ulation of growth-restricted neonates
as received special interest as a surro-
ate marker for the severity and chronic-
ty of fetal acid-base disturbance and a
rognostic factor for adverse out-
ome.5,6 Peak NRBC count at delivery
nd persistence of NRBC count eleva-
ion after delivery have been studied, but
rognostic value is limited because of
heir wide variability and the overriding
ffect of gestational age.6 Another limi-
ation of such an approach is that it em-
hasizes 2 isolated time points without
ccounting for the pattern of NRBC de-
line. The impacts of disease in the inten-
ive care setting on NRBC counts and the
ssociated prognostic value have been
ocumented in critically ill adults.27 In
hese patients, worsening of the clinical
ondition is associated with increasing
RBC counts. Similarly, growth-re-

tricted neonates may react to adverse
vents in the neonatal intensive care unit
ith their large extramedullary potential

or NRBC release. Therefore, neonatal
RBC counts may show a rapid drop,

TABLE 1
Calculation of various NRBC param
NRBC parameter

Peak NRBC count
...................................................................................................................

NRBC count persistence

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

Percentage NRBC count elevation

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

Mean NRBC count
...................................................................................................................

NRBC AUC
...................................................................................................................

NRBC slope of decline
ustained elevation, or a delayed decline n
n the basis of the clinical condition.
valuating the NRBC response by the

nitial count at birth and the persistence
n days therefore may be inadequate to
efine this response accurately. This
tudy was designed to quantify the
RBC response with more comprehen-

ive parameters. It was our hypothesis
hat these parameters describe the NRBC
esponse more accurately and provide an
ccurate prediction of outcome in pre-
erm growth-restricted neonates.

ATIENTS AND METHODS
e performed a prospective observa-

ional study at 2 tertiary referral centers
or fetal medicine from 2000-2005. Pa-
ients carrying a fetus with a sonographi-
ally measured abdominal circumfer-
nce of �5th percentile for gestational
ge and an elevated umbilical artery
oppler index as evidence of placental
ysfunction were asked to participate.
he study was approved by the institu-

ional review boards, and all patients
ave informed written consent at enroll-
ent. Only patients with accurate gesta-

ional dating were enrolled. The final
nalysis was restricted to neonates deliv-
red at �34.0 weeks of gestation. Exclu-
ion criteria were maternal diabetes

ellitus, fetal anomalies, abnormal
aryotype, chorioamnionitis, and twin
estation.
Birthweight, gestational age at deliv-

ry, Apgar scores at 1 and 5 minutes, and
rterial cord blood gas were recorded. A
eripheral blood sample from the neo-

ers
alculation

irst NRBC count/100 WBC at birth
..................................................................................................................

ersistence of NRBC count elevation of �30
NRBC/100 WBC in days

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

o. of days with NRBC count of �30 NRBC/
100 WBC/days alive during week 1

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

um of daily NRBC counts/7
..................................................................................................................

um (NRBC day 1-7 � day 1-7)/7
..................................................................................................................

irst NRBC count �30/100 WBC � NRBC
count at birth)/days of NRBC count of
�30/100 WBC
ate was obtained in an EDTA-tube c

SEPTEMBER 2007 America
ithin 2 hours of delivery. A manual
ount of NRBCs per 100 WBC after Pap-
enheim staining of the blood smear was
erformed in the hospital laboratory;
his constituted the delivery NRBC
ount. Peripheral blood samples were
nalyzed daily until day 7 of life.

Several NRBC parameters were ascer-
ained for the final analysis. These in-
luded the first NRBC count (y1) on the
ay of delivery (x1), persistence of NRBC
ount elevation, the percentage of days
ith NRBC count elevation corrected

or days alive, the mean NRBC count in
he first week of life, the area under the
urve (AUC) for the pattern of NRBC
ecline and the calculated slope of the
RBC count decline. Persistence was de-
ned as the number of days the NRBC
ount was �30/100 WBC, with y2 being
he first value below 30 and x2 being the
ay of life that this occurred. For neo-
ates with several daily blood draws,
ean NRBC count for each individual

ay was used in the analysis. In addition
o the persistence in days, the percentage
f days with elevated NRBC count was
alculated for the first week. This was
one to account for early neonatal
eaths. For example, if a neonate had el-
vated NRBC counts for 2 days but died
n the second day of life, then the persis-
ence would be only 2 days. However, the
RBC count was elevated 100% of the
ays that the neonate was alive. The AUC
as calculated with the trapezoid for-
ula as the average of the daily product

f NRBC count times the day of life. The
lope was calculated as � y2 � y1/x2 �
1. For neonates who died within the
rst week of life, the number of days alive
as taken as the denominator. The pa-

ameters used in the calculation are sum-
arized in Table 1.
On completion of the neonatal course

evelopment of bronchopulmonary
ysplasia (BPD), severe intraventricular
emorrhage (�grade 2, according to Pa-
ile et al15), and necrotizing enterocolitis
ere noted. The diagnosis of BPD was
ased on radiologic criteria. Intraven-
ricular hemorrhage was diagnosed by
ranial ultrasound scan that was per-
ormed routinely on postpartum days 2
nd 7, or more often if clinically indi-
et
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omplications and/or neonatal death
ere grouped as the composite variable

poor outcome.”
We restricted our study population to

ery preterm growth-restricted neonates
or several reasons. This population is at
ighest risk for adverse outcomes and is
reated in the neonatal intensive care set-
ing. Daily blood counts typically are
erformed as part of neonatal monitor-

ng and do not constitute a significant
eviation from the standard of care.
onversely, term- or near-term growth-

estricted neonates are at relatively low-
isk for major morbidities and typically
re treated in the nursery. Examination
f this subset of patients was not at the
ore of our research question, and the
nstitution of daily blood draws that
ould have been nesessitated by study

nclusion appeared unjustified.
The results were analyzed with SPSS

oftware (version 10.0; SPSS Inc, Chi-
ago, IL). Distribution of gestational age,
irthweight, cord artery blood gases, and
RBC parameters were related to indi-

idual complications and neonatal death
ith the use of the Mann-Whitney U test

fter the results failed tests of normality.
roportional distribution of Apgar score
7 at 5 minutes and cord artery pH
7.20 were also related to these outcome

ariables with the use of the chi-square
est. Parameters significantly different
mong neonates with individual adverse
utcomes were selected for further anal-
sis by logistic regression. In this regres-
ion analysis, the individual outcomes
ere selected as dependent variables. A
robability value of �.05 was considered
tatistically significant.

ESULTS
total of 186 patients agreed to partici-

ate in the study. Following 10 still-
irths, 176 neonates remained for final
nalysis. Placental dysfunction was doc-
mented in all cases by abnormal umbil-

cal artery Doppler findings in the form
f Doppler index elevation with pre-
erved end-diastolic velocity (n � 98;
5.7%), absent (n � 27; 15.3%), or re-
ersed end-diastolic velocity (n � 51;
9%). One hundred sixty-four (93.2%)

etuses received a complete course of be- c

86.e3 American Journal of Obstetrics & Gynecol
amethasone before delivery. In the re-
aining patients, the timing of the deliv-

ry decision allowed for only the
dministration of a single course of
teroids.

In this predominantly white popula-
ion, delivery at a median of 29.6 weeks
f gestation was mainly by cesarean sec-
ion for fetal indications (Table 2). Um-
ilical cord artery pH was �7.20 in
2.5%, and difficult resuscitation with a
ow 5-minute Apgar score occurred in
0.8% (Table 2). BPD was the most fre-
uently observed complication (36;
0.5%). Major morbidities were ob-
erved in 50 neonates (28.4%). Although
he neonatal mortality rate was 10.2%
verall, it rose to 26% (13/50) in the
resence of major neonatal morbidities
chi-square, P � .001). Five of the neo-
ates who died within the first week of

ife did not have any of the aforemen-
ioned complications but experienced
evere cardiorespiratory instability that
equired high-frequency ventilation and
ressor support.
A wide range of distribution in NRBC

ounts was observed from the day of de-
ivery through the end of the first week of
ife. Although a decline in NRBC counts
fter delivery was observed generally,
ome neonates had a rise reflected in a
ositive slope (Table 3). All NRBC pa-
ameters correlated most strongly with
he umbilical artery, pulsatility index,
mbilical artery base excess, birthweight,
nd gestational age at delivery (Table 4).
ore marked elevations of the Doppler

ndex were associated with higher NRBC
arameters; earlier gestational ages,
maller birthweights, and more decline
n the base excess were related to an in-
rease in NRBC parameters. These rela-
ionships remained significant through-
ut the first week of life. Overall
orrelations were strongest for the AUC
nd mean NRBC count elevation in the
rst week of life (Table 4). Similarly, an
bnormal biophysical profile score, de-
ivery for nonreassuring fetal status, a
ord artery pH �7.20, and a 5-minute
pgar score of �7 were all associated
ith significantly higher daily NRBC

ounts, longer persistence of NRBC

ount elevation, and higher calculated e

ogy SEPTEMBER 2007
RBC parameters (Mann-Whitney U,
ll P � .005).

All NRBC parameters were elevated
ignificantly in neonates who experi-
nced BPD and severe intraventricular
emorrhage, who died, and who had
omposite poor outcome. (Table 5). Ne-
rotizing enterocolitis was the only com-
lication that was not associated consis-
ently with in elevation of NRBC
arameters. Differences in the magni-
ude of NRBC response in neonates with
ostpartum complications were best il-

ustrated by the AUC (Figure 1). Mean
RBC count was the variable that best

eparated neonatal survivors from those
ho died (Table 5; Figure 2). Although
80% of survivors cleared their NRBC

ount elevation by the fourth day of life,
5% of neonates who died had a persis-
ent elevation beyond this point.

Next, the contribution of NRBC pa-
ameters to adverse outcome was ana-
yzed by logistic regression analysis. De-
pite significantly altered distributions of
RBC parameters with individual com-
lications, none of these were selected by
he regression model as independent
redictors of adverse outcomes. Overall,
estational age at delivery was the pri-
ary determinant for the development

f BPD (P � .005; r2 � 0.54) and intra-
entricular hemorrhage (P � .014; r2 �
.21). Birthweight was identified as the
rimary determinant for necrotizing en-
erocolitis (P � .05; r2 � 0.17). Gesta-
ional age and birthweight were signifi-
ant independent predictors of neonatal
eath (P � .005; r2 � 0.53). Receiver op-
rator curve statistics identified gesta-
ional age of 28 weeks and birth weight of
00 g as the best combination of sensitiv-
ty and specificity for the prediction of
eath. Accordingly, a subanalysis was
erformed to identify the contribution
f NRBC parameters to the mortality
isk after these cutoffs. This subanalysis
howed that, in neonates delivered at

28 completed weeks of gestation with a
irthweight of �600 g, the gestational
ge at delivery remained the primary de-
erminant of death, although the slope of
RBC decline was an independent pre-
ictor (P � .05; r2 � 0.35). After this ges-
ational age, persistence of NRBC count

levation beyond day 3 of life was the
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nly NRBC parameter that remained as
n independent predictor in addition to
estational age (r2 � 0.26). On day 4 of
ife, an NRBC count of �70/100 WBC
redicted major morbidity, with a sensi-
ivity of 82% and a specificity of 96%
odds ratio, 7.33; 95% CI, 2.4-22.4; chi-
quare, P � .001).

OMMENT
RBC counts at birth and persistence of
RBC count elevation have been studied

s prognostic indicators for poor neona-
al outcome and risk factors for poor
eurodevelopment. This interest is
ased on the assumption that the expan-
ion of hematopoiesis to extramedullary
ites is a prerequisite for the appreciable
eripheral release of these cells. Because
timulation of extramedullary sites and
elease of their less mature cells requires
period of time, an increase in periph-

ral NRBC counts implies chronic acid-
ase disturbance.6,13 Such chronic dete-
ioration of fetal acid-base status is
onsidered an important antecedent for
oor neurodevelopment.17-19 Cord ar-
ery pH at birth is an acute marker; it
oes not provide a good estimate of the
hronicity of acid-base derangement.
n the other hand, fetal/neonatal NRBC

esponses reflect both chronicity and se-
erity of acid-base disturbance and may
old promise as an independent prog-
ostic marker for short-and long-term
utcome. Previous studies have used the
RBC count at birth and the persistence
f NRBC count elevation with variable
esults. Because neonatal events may
ave additional impacts on the compli-
ated dynamics of the NRBC response,
his study used several novel indices to
valuate relationships with short-term
utcome in preterm growth-restricted
eonates.
We studied a selected population of

reterm neonates who had growth re-
triction because of early onset placental
ysfunction. Metabolic acidemia, deteri-
ration of biophysical parameters, eleva-
ion in placental blood flow resistance,
irthweight, and gestational age at deliv-
ry were the primary factors that deter-
ined the magnitude of NRBC response
TABLE 2
Perinatal characteristics
Characteristic N (%) Mean � SD (range)

Maternal age (y) 27.3 (14-40)
..............................................................................................................................................................................................................................................

Maternal race
.....................................................................................................................................................................................................................................

White 127 (72.2)
.....................................................................................................................................................................................................................................

African American 49 (27.8)
..............................................................................................................................................................................................................................................

Parity
.....................................................................................................................................................................................................................................

0 124 (70.5)
.....................................................................................................................................................................................................................................

1 36 (20.5)
.....................................................................................................................................................................................................................................

2 13 (7.4)
.....................................................................................................................................................................................................................................

3 3 (1.7)
..............................................................................................................................................................................................................................................

Gestational age at delivery (wk) 29.6 (24.0-33.6)
..............................................................................................................................................................................................................................................

Birthweight (g) 918 (360-1520)
..............................................................................................................................................................................................................................................

Mode of delivery
.....................................................................................................................................................................................................................................

Spontaneous vaginal 12 (6.8)
.....................................................................................................................................................................................................................................

Cesarean section 164 (93.2)
.....................................................................................................................................................................................................................................

Delivery indication
..............................................................................................................................................................................................................................................

Nonreassuring fetal heart rate 55 (31.5)
..............................................................................................................................................................................................................................................

Nonreassuring Doppler scan 30 (17.0)
..............................................................................................................................................................................................................................................

Nonreassuring biophysical profile score of �6 10 (5.7)
..............................................................................................................................................................................................................................................

Fetal distress* 6 (3.4)
.....................................................................................................................................................................................................................................

Placental abruption 4 (2.3)
.....................................................................................................................................................................................................................................

Severe preeclampsia/ hemolysis, elevated
liver enzymes, and low platelet count
syndrome (HELLP)

46 (26.1)

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

Spontaneous onset of labor 5 (2.9)
.....................................................................................................................................................................................................................................

Other 20 (11.4)
..............................................................................................................................................................................................................................................

Cord artery blood gas (mm Hg)
.....................................................................................................................................................................................................................................

pH 7.23 � 0.05
.....................................................................................................................................................................................................................................

pO2 16.1 � 5.5
.....................................................................................................................................................................................................................................

pCO2 54.5 � 7.4
.....................................................................................................................................................................................................................................

HCO3 22.3 � 2.0
..............................................................................................................................................................................................................................................

Base excess �5.1 � 2.6
..............................................................................................................................................................................................................................................

pH � 7.20 22 (12.5)
..............................................................................................................................................................................................................................................

5-Minute Apgar �7 19 (10.8)
..............................................................................................................................................................................................................................................

BPD 36 (20.5)
..............................................................................................................................................................................................................................................

Necrotizing enterocolitis 18 (10.2)
..............................................................................................................................................................................................................................................

Severe intraventricular hemorrhage 13 (7.4)
..............................................................................................................................................................................................................................................

Major morbidity 50 (28.4)
..............................................................................................................................................................................................................................................

Postnatal death 18 (10.2)
..............................................................................................................................................................................................................................................

Poor outcome 55 (31.3)
..............................................................................................................................................................................................................................................

* Bradycardia of the fetal heart rate or spontaneous repetitive late decelerations.
n this group of otherwise normal

n Journal of Obstetrics & Gynecology 286.e4
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rowth-restricted neonates. Although all
RBC parameters showed wide variabil-

ty their primary correlation with acid-
ase balance, placental blood flow resis-
ance, birthweight, and gestational age at
elivery were maintained over the first

TABLE 3
NRBC parameters
NRBC parameter

NRBC count
..........................................................................................................

At birth
..........................................................................................................

Day 1
..........................................................................................................

Day 2
..........................................................................................................

Day 3
..........................................................................................................

Day 4
..........................................................................................................

Day 5
..........................................................................................................

Day 6
..........................................................................................................

Day 7
...................................................................................................................

Days of NRBC persistence � 30/100 WBC (n
...................................................................................................................

Percentage of days with NRBC persistence (%
...................................................................................................................

Mean first week NRBC count
...................................................................................................................

NRBC-AUC
...................................................................................................................

NRBC slope of decline

TABLE 4
Correlations between NRBC and pe

NRBC parameter

NRBC count
..........................................................................................................

At birth
..........................................................................................................

Day 1
..........................................................................................................

Day 2
..........................................................................................................

Day 3
..........................................................................................................

Day 4
..........................................................................................................

Day 5
..........................................................................................................

Day 6
..........................................................................................................

Day 7
...................................................................................................................

Days of NRBC persistence � 10/100 WBC
...................................................................................................................

Percentage of days with NRBC persistence
...................................................................................................................

Mean first week NRBC count
...................................................................................................................

NRBC-AUC
...................................................................................................................

NRBC slope of decline
...................................................................................................................

Data are presented with the Pearson correlation coefficients f
of the umbilical artery blood gas at birth.

* Two-tailed, P � .001.
†
 Two-tailed, P � .05.

86.e5 American Journal of Obstetrics & Gynecol
eek of life. Composite neonatal mor-
idity and death were associated with
igher absolute NRBC counts and the
erived parameters. Necrotizing entero-
olitis was the only complication that
as not associated consistently with ele-

Median Range

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

67 0-2930
..................................................................................................................

27 0-2380
..................................................................................................................

9 0-1723
..................................................................................................................

2 0-1730
..................................................................................................................

0 0-851
..................................................................................................................

0 0-980
..................................................................................................................

0 0-372
..................................................................................................................

0 0-87
..................................................................................................................

1 0-7
..................................................................................................................

0 0-100%
..................................................................................................................

16.4 14-2244
..................................................................................................................

82 1-6167
..................................................................................................................

�15 �629 to 140

atal parameters

PI
Gestational age
at delivery Birthweight pH

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

0.38* �0.22* �0.36* �0
.........................................................................................................................

0.43* �0.20* �0.31* �0
.........................................................................................................................

0.46* �0.26* �0.26* �0
.........................................................................................................................

0.45* �0.20* �0.29* �0
.........................................................................................................................

0.48* �0.23* �0.27* �0
.........................................................................................................................

0.32* �0.16† �0.21* �0
.........................................................................................................................

0.47* �0.17† �0.21* �0
.........................................................................................................................

0.39* �0.10 �0.18† �0
.........................................................................................................................

0.56* �0.40* �0.48* �0
.........................................................................................................................

0.52* �0.45* �0.45* �0
.........................................................................................................................

0.37* �0.22* �0.33* �0
.........................................................................................................................

0.51* �0.25* �0.35* �0
.........................................................................................................................

0.27* 0.17† 0.25* 0
.........................................................................................................................

BC and perinatal parameters. UA PI, umbilical artery Doppler in
ogy SEPTEMBER 2007
ated NRBC parameters. Although the
agnitude of NRBC response is best de-

icted mathematically by the AUC,
imple daily draws provide identical
rognostic information. Although gesta-
ional age remains the primary determi-
ant of adverse outcome, an NRBC
ount elevation of �70/100 WBC on day
of life is a clincally useful independent
rognostic parameter.
Although multiple previous studies

ave reported associations between ele-
ated NRBC count and adverse perinatal
utcome and neurologic impairment,
he magnitude of the neonatal NRBC re-
ponse has not been studied in much de-
ail. Buonecure et al18 reported that the
RBC count was significantly higher in

nfants with abnormal cerebral artery
oppler scans at 48-72 hours after birth,

ompared with healthy neonates. Simi-
ar observations were made for
-month-old infants with sequelae of
ypoxic-ischemic encephalopathy and

n 3-year-old children with abnormal
evelopmental status. The authors con-
luded that the NRBC count at birth re-
ects not only a response of the infant to

pO2 pCO2 HCO3

Base
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TABLE 5
NRBC parameters and postpartum complications

Variable No BPD BPD
No intraventricular
hemorrhage

Intraventricular
hemorrhage

No necrotizing
enterocolitis

Necrotizing
enterocolitis No morbidity Neonatal morbidity Alive Neonatal death

NRBC count
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

At birth 54 (0-1600) 184 (0-2930)* 66 (0-2930) 269 (0-1660)† 69 (0-1660) 99 (2-2930) 49 (0-1600) 182 (0-2980* 57 (0-1660) 265 (0-2930)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 1 21 (0-2380) 95 (0-1800)† 24 (0-1400) 247 (0-2380)* 25 (0-2380) 52 (0-1394) 19 (0-1400) 102 (0-2380)* 22 (0-1800) 247 (8-2380)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 2 8 (0-1500) 79 (0-1723)* 9 (0-1723) 135 (0-1452)* 10 (0-1723) 121 (0-1022) 5 (0-1500) 90 (0-1723)* 6 (0-1723) 144 (4-1452)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 3 1 (0-1730) 17 (0-1502)* 2 (0-1502) 16 (0-1730)* 2 (0-1730) 21 (0-701)† 0 (0-1389) 17 (0-1730)* 2 (0-1502) 110 (3-1730)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 4 0 (0-851) 5 (0-779)* 0 (0-850) 4 (0-851)† 0 (0-851) 10 (0-107)* 0 (0-850) 9 (0-851)* 0 (0-850) 51 (0-851)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 5 0 (0-980) 3 (0-628)* 0 (0-648) 4 (0-980)† 0 (0-980) 6 (0-150)* 0 (0-648) 4 (0-980)* 0 (0-648) 10 (0-980)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 6 0 (0-372) 1 (0-300)* 0 (0-372) 2 (0-300)* 0 (0-372) 2 (0-23)* 0 (0-372) 2 (0-300)* 0 (0-372) 7 (0-300)*
.......................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Day 7 0 (0-87) 0 (0-69)* 0 (0-87) 2 (0-69)* 0 (0-87) 0 (0-10) 0 (0-87) 0 (0-69)* 0 (0-87) 2 (0-69)*
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

NRBC persistence 0 (0-7) 2 (0-7)* 0 (0-7) 2 (0-7)† 0 (0-7) 2 (0-5) 0 (0-7) 2 (0-7)* 0 (0-7) 4 (0-7)*
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

NRBC persistence
(%)

0 (0-100) 29 (0-100)* 0 (0-100) 29 (0-100)* 0 (0-100) 29 (0-71) 0 (0-100) 43 (0-100)* 0 (0-100) 100 (0-100)*

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

Mean first week
NRBC count

13 (0-2245) 64 (43-994)* 16 (0-995) 117 (43-2245)* 17 (0-2245) 59 (29-570) 11 (0-896) 107 (1-2245)* 14 (0-995) 211 (8-2245)*

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

NRBC-AUC 60 (1-6148) 357 (2-6167)* 76 (1-6167) 658 (29-6148)* 63 (1-6167) 331 (1-3586) 50 (1-5683) 595 (1-6167)* 70 (1-6167) 679 (38-6148)*
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

NRBC slope of
decline

�30.5 (�618 to 186) �71 (�824 to 19)* �31 (�743 to 102) �61 (�824 to 186) �33 (�824 to 186) �37 (�743 to 0) �27 (�618 to 103) �61 (�824 to 186)† �32 (�824 to 0) �48.7 (�743 to 186)

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

Data are presented as median and range (in brackets); all are Mann Whitney U tests.

* P � .001, compared with neonates without the respective complication.
† P � .05, compared with neonates without the respective complication.
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2

erinatal hypoxia but also is the risk for
erinatal brain damage. Growth-re-
tricted neonates have significantly
igher NRBC counts than adequately
rown counterparts,18,21,22 but elevated

FIGURE 1
NRBC area under the curve and
major morbidity

display of the AUC of the NRBC response in
he first week of life in relationship to major

orbidity.
aschat. Nucleated red blood cell counts in the first week of life:
critical appraisal of relationships with perinatal outcome in
reterm growth-restricted neonates. AJOG 2007

FIGURE 2
Mean NRBC counts and
morbidity

display of the distribution of mean NRBC
ounts in survivors and neonates that died in the
rst 28 days of life.
aschat. Nucleated red blood cell counts in the first week of life:
critical appraisal of relationships with perinatal outcome in
reterm growth-restricted neonates. AJOG 2007
v

86.e7 American Journal of Obstetrics & Gynecol
RBC counts and NRBC persistence
lso correlated with short- and long-
erm outcomes.6,7,23,24 The wide vari-
bility in these parameters has precluded
he identification of a discrete prognostic
utoff. Although this variability could be
xplained by variations in the severity of
he fetal condition, there is evidence to
uggest that neonatal factors may mod-
late NRBC dynamics equally.
Studies on adults in the intensive care

nit have shown that development of
omplications is associated with an in-
rease in NRBC counts in the peripheral
irculation.14 Although individual trig-
ers for NRBC release have not been elu-
idated fully, these findings suggest that
ostpartum events may be capable of
riggering additional NRBC release.
herefore, the wide variability of NRBC
ount and persistence in previous neo-
atal studies is more likely to be due to

he combination of fetal and neonatal
actors. In this setting, the magnitude of
RBC release will depend on the severity
f insult and the extent of extramedul-

ary hematopoietic sites. Because these
re already stimulated in growth-re-
tricted fetuses, significant new NRBC
elease with prolonged persistence of
RBC count elevation follows. This is

he first study that evaluates these NRBC
ynamics in greater detail. We have
hown that the AUC gives a better math-
matic description of the NRBC re-
ponse than delivery count and persis-
ence alone. This technique emphasizes
ailure to clear their NRBC counts �70/
00 WBC as a significant risk for adverse
utcome. Our analysis does not allow us
o conclude whether this prolonged per-
istence is due to delayed clearance or
ew release of NRBCs. If prolonged per-
istence is due to new release, it remains
o be determined whether continued ef-
ects of fetal metabolic disturbance or
eonatal neonatal complications are the
rincipal triggers.
The strengths of this study are a large

opulation of carefully defined neonates
ho were closely monitored with multi-
le antenatal and postnatal parameters.
he limitations of our findings arise

rom the complexity of red blood cell
roduction. The various previous obser-

ations on NRBC parameters and short- G

ogy SEPTEMBER 2007
nd long-term sequelae offer no clear ex-
lanation. This study clarifies the best
ay to depict NRBC characteristics, but

urther investigations are needed to de-
ne the dynamics of NRBC regulation as
eonatal life progresses. It may well be

hat both NRBC peak at delivery (as a
arker of chronic fetal impact) and
RBC persistence (as a marker of con-

inued and/or added neonatal impacts)
re separate predictors. When NRBCs
ersist at �70 beyond day 3 of life, new
ttention may need to be focused on
easures that are specific to growth-re-

tricted neonates, and a diagnostic
orkup for subclinical or clinical deteri-
ration may be initiated. Wide variabil-

ty and the complexity of the interactions
ean that NRBC count cannot be used

ot only in isolation but also as a part of
consortium of hypoxemic markers to

ptimize predictive accuracy. Previously
dentified risk factors for postpartum
omplications play a predominant role,
articularly in preterm growth-re-
tricted neonates. Further studies that
ill expand to other hypoxemia markers

re needed to clarify the associations
ith perinatal outcome in growth-

estricted and appropriately grown
eonates.16,17,19-24 f
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