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Nucleated red blood cell counts in the first week of life: a
critical appraisal of relationships with perinatal outcome
in preterm growth-restricted neonates

Ahmet A. Baschat, MD; Sadettin Gungor, MD; Michelle L. Kush, MDj; Christoph Berg, MD; Ulrich Gembruch, MD;

Christopher R. Harman, MD

OBJECTIVE: Nucleated red blood cells (NRBC) are fetal hematologic
markers for placental dysfunction, hypoxemia, and asphyxia. NRBC
count elevation at birth or persistence is linked statistically to adverse
outcome, but clinical predictive value is variable. We studied novel
indices to better define overall magnitude of NRBC response.

STUDY DESIGN: Peripheral NRBC count was obtained from preterm
(<34 weeks of gestation) growth-restricted neonates within 2 hours of
life. Daily counts and duration of NRBC count >30/100 white blood
cells were determined. Mean counts (NRBC-mean), area under the
curve (NRBC-AUC), and declination (NRBC-slope) were analyzed over
week 1. NRBC parameters were related to major morbidity (broncho-
pulmonary dysplasia, grade Ill/IV intraventricular hemorrhage, necro-
tizing enterocolitis included) and neonatal death (NND).

RESULTS: Twenty-two of 176 patients (12.5%) had acidosis. Compli-
cations included bronchopulmonary dysplasia (n = 36; 20.5%), intra-
ventricular hemorrhage (n = 18; 10.2%), necrotizing enterocolitis (n
= 18;10.2%), NND (n = 18; 10.2%). NRBC-AUC and NRBC-mean

correlated most strongly with pH, birthweight, and gestational age
(Pearson coefficien,t —0.45to —0.18; all P < .001). NRBC-AUC var-
ied most between nonmorbid and morbid; NRBC-mean varied most
between survivors and NND (all P < .001). NRBC persistence strongly
predicted NND: clearance by day 4 was achieved by 80% of survivors
and only 35% of NNDs. Logistic regression identified prematurity and
persistent NRBC counts as primary morbidity determinants (> = 0.56;
P < .01). Although the importance of individual NRBC counts varied,
day-4 NRBC counts of >70 predicted morbidity best (sensitivity, 82%;
specificity, 96%). Presence of morbidity and birthweight were prime
determinants of death (> = 0.42; P < .01).

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

Key words: fetus, growth restriction, nucleated red blood cells,
perinatal outcome

Cite 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
appraisal of relationships with perinatal outcome in preterm growth-restricted neonates. Am J Obstet Gynecol 2007;197:286.e1-286.€8.

he identification of prognostic

markers for adverse perinatal out-
come is a major focus of modern fetal
and neonatal medicine. Among the
markers that have been studied, those
that reflect compromised metabolic sta-
tus during the transition from fetal to
neonatal life have received special atten-
tion. Obstetric intervention and neona-
tal 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.'™ In this context,
fetal hematologic responses have re-
ceived great interest because they reflect
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the chronic nature of the fetal condition
and the acutely superimposed distur-
bances in the transition to extrauterine
life.>"'?

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.'"'? 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.'”> Con-
versely, extramedullary sites are believed
to have larger capillary fenestrations that
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TABLE 1

Calculation of various NRBC parameters

NRBC parameter

Calculation

Peak NRBC count

First NRBC count/100 WBC at birth

NRBC count persistence

Persistence of NRBC count elevation of >30
NRBC/100 WBC in days

Percentage NRBC count elevation

No. of days with NRBC count of >30 NRBC/
100 WBC/days alive during week 1

Mean NRBC count

Sum of daily NRBC counts/7

NRBC AUC

Sum (NRBC day 1-7 X day 1-7)/7

NRBC slope of decline

.

(First NRBC count <30/100 WBC — NRBC
count at hirth)/days of NRBC count of
>30/100 WBC

J

permit the release of large NRBCs. Dur-
ing periods of high extramedullary pro-
duction, NRBC counts of up to 30/100
white blood cells (WBC) are physiologic
at <30 weeks of gestation, although lev-
els 0of 5-10/100 WBC are normal thereaf-
ter.'? Isolated polycythemia in intrauter-
ine growth-restricted fetuses suggests
enhanced intramedullary erythropoie-
sis; polycythemia with elevated NRBC
counts is suggestive of chronic ex-
tramedullary hematopoiesis.®'"?

The NRBC count in the peripheral cir-
culation of growth-restricted neonates
has received special interest as a surro-
gate marker for the severity and chronic-
ity of fetal acid-base disturbance and a
prognostic factor for adverse out-
come.” Peak NRBC count at delivery
and persistence of NRBC count eleva-
tion after delivery have been studied, but
prognostic value is limited because of
their wide variability and the overriding
effect of gestational age.® Another limi-
tation of such an approach is that it em-
phasizes 2 isolated time points without
accounting for the pattern of NRBC de-
cline. The impacts of disease in the inten-
sive care setting on NRBC counts and the
associated prognostic value have been
documented in critically ill adults.”” In
these patients, worsening of the clinical
condition is associated with increasing
NRBC counts. Similarly, growth-re-
stricted neonates may react to adverse
events in the neonatal intensive care unit
with their large extramedullary potential
for NRBC release. Therefore, neonatal
NRBC counts may show a rapid drop,
sustained elevation, or a delayed decline

on the basis of the clinical condition.
Evaluating the NRBC response by the
initial count at birth and the persistence
in days therefore may be inadequate to
define this response accurately. This
study was designed to quantify the
NRBC response with more comprehen-
sive parameters. It was our hypothesis
that these parameters describe the NRBC
response more accurately and provide an
accurate prediction of outcome in pre-
term growth-restricted neonates.

PATIENTS AND METHODS

We performed a prospective observa-
tional study at 2 tertiary referral centers
for fetal medicine from 2000-2005. Pa-
tients carrying a fetus with a sonographi-
cally measured abdominal circumfer-
ence of <5th percentile for gestational
age and an elevated umbilical artery
Doppler index as evidence of placental
dysfunction were asked to participate.
The study was approved by the institu-
tional review boards, and all patients
gave informed written consent at enroll-
ment. Only patients with accurate gesta-
tional dating were enrolled. The final
analysis was restricted to neonates deliv-
ered at <34.0 weeks of gestation. Exclu-
sion criteria were maternal diabetes
mellitus, fetal anomalies, abnormal
karyotype, chorioamnionitis, and twin
gestation.

Birthweight, gestational age at deliv-
ery, Apgar scores at 1 and 5 minutes, and
arterial cord blood gas were recorded. A
peripheral blood sample from the neo-
nate was obtained in an EDTA-tube

within 2 hours of delivery. A manual
count of NRBCs per 100 WBC after Pap-
penheim staining of the blood smear was
performed in the hospital laboratory;
this constituted the delivery NRBC
count. Peripheral blood samples were
analyzed daily until day 7 of life.

Several NRBC parameters were ascer-
tained for the final analysis. These in-
cluded the first NRBC count (y1) on the
day of delivery (x1), persistence of NRBC
count elevation, the percentage of days
with NRBC count elevation corrected
for days alive, the mean NRBC count in
the first week of life, the area under the
curve (AUC) for the pattern of NRBC
decline and the calculated slope of the
NRBC count decline. Persistence was de-
fined as the number of days the NRBC
count was >30/100 WBC, with y2 being
the first value below 30 and x2 being the
day of life that this occurred. For neo-
nates with several daily blood draws,
mean NRBC count for each individual
day was used in the analysis. In addition
to the persistence in days, the percentage
of days with elevated NRBC count was
calculated for the first week. This was
done to account for early neonatal
deaths. For example, if a neonate had el-
evated NRBC counts for 2 days but died
on the second day of life, then the persis-
tence would be only 2 days. However, the
NRBC count was elevated 100% of the
days that the neonate was alive. The AUC
was calculated with the trapezoid for-
mula as the average of the daily product
of NRBC count times the day oflife. The
slope was calculated as = y2 — yl/x2 —
x1. For neonates who died within the
first week oflife, the number of days alive
was taken as the denominator. The pa-
rameters used in the calculation are sum-
marized in Table 1.

On completion of the neonatal course
development of bronchopulmonary
dysplasia (BPD), severe intraventricular
hemorrhage (>grade 2, according to Pa-
pile et al'®), and necrotizing enterocolitis
were noted. The diagnosis of BPD was
based on radiologic criteria. Intraven-
tricular hemorrhage was diagnosed by
cranial ultrasound scan that was per-
formed routinely on postpartum days 2
and 7, or more often if clinically indi-
cated. Presences of any of the neonatal
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complications and/or neonatal death
were grouped as the composite variable
“poor outcome.”

We restricted our study population to
very preterm growth-restricted neonates
for several reasons. This population is at
highest risk for adverse outcomes and is
treated in the neonatal intensive care set-
ting. Daily blood counts typically are
performed as part of neonatal monitor-
ing and do not constitute a significant
deviation from the standard of care.
Conversely, term- or near-term growth-
restricted neonates are at relatively low-
risk for major morbidities and typically
are treated in the nursery. Examination
of this subset of patients was not at the
core of our research question, and the
institution of daily blood draws that
would have been nesessitated by study
inclusion appeared unjustified.

The results were analyzed with SPSS
software (version 10.0; SPSS Inc, Chi-
cago, IL). Distribution of gestational age,
birthweight, cord artery blood gases, and
NRBC parameters were related to indi-
vidual complications and neonatal death
with the use of the Mann-Whitney U test
after the results failed tests of normality.
Proportional distribution of Apgar score
<7 at 5 minutes and cord artery pH
<7.20 were also related to these outcome
variables with the use of the chi-square
test. Parameters significantly different
among neonates with individual adverse
outcomes were selected for further anal-
ysis by logistic regression. In this regres-
sion analysis, the individual outcomes
were selected as dependent variables. A
probability value of <.05 was considered
statistically significant.

RESULTS

A total of 186 patients agreed to partici-
pate in the study. Following 10 still-
births, 176 neonates remained for final
analysis. Placental dysfunction was doc-
umented in all cases by abnormal umbil-
ical artery Doppler findings in the form
of Doppler index elevation with pre-
served end-diastolic velocity (n = 98;
55.7%), absent (n = 27; 15.3%), or re-
versed end-diastolic velocity (n = 51;
29%). One hundred sixty-four (93.2%)
fetuses received a complete course of be-

tamethasone before delivery. In the re-
maining patients, the timing of the deliv-
ery decision allowed for only the
administration of a single course of
steroids.

In this predominantly white popula-
tion, delivery at a median of 29.6 weeks
of gestation was mainly by cesarean sec-
tion for fetal indications (Table 2). Um-
bilical cord artery pH was <7.20 in
12.5%, and difficult resuscitation with a
low 5-minute Apgar score occurred in
10.8% (Table 2). BPD was the most fre-
quently observed complication (36;
20.5%). Major morbidities were ob-
served in 50 neonates (28.4%). Although
the neonatal mortality rate was 10.2%
overall, it rose to 26% (13/50) in the
presence of major neonatal morbidities
(chi-square, P < .001). Five of the neo-
nates who died within the first week of
life did not have any of the aforemen-
tioned complications but experienced
severe cardiorespiratory instability that
required high-frequency ventilation and
pressor support.

A wide range of distribution in NRBC
counts was observed from the day of de-
livery through the end of the first week of
life. Although a decline in NRBC counts
after delivery was observed generally,
some neonates had a rise reflected in a
positive slope (Table 3). All NRBC pa-
rameters correlated most strongly with
the umbilical artery, pulsatility index,
umbilical artery base excess, birthweight,
and gestational age at delivery (Table 4).
More marked elevations of the Doppler
index were associated with higher NRBC
parameters; earlier gestational ages,
smaller birthweights, and more decline
in the base excess were related to an in-
crease in NRBC parameters. These rela-
tionships remained significant through-
out the first week of life. Overall
correlations were strongest for the AUC
and mean NRBC count elevation in the
first week of life (Table 4). Similarly, an
abnormal biophysical profile score, de-
livery for nonreassuring fetal status, a
cord artery pH <7.20, and a 5-minute
Apgar score of <7 were all associated
with significantly higher daily NRBC
counts, longer persistence of NRBC
count elevation, and higher calculated
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NRBC parameters (Mann-Whitney U,
all P < .005).

All NRBC parameters were elevated
significantly in neonates who experi-
enced BPD and severe intraventricular
hemorrhage, who died, and who had
composite poor outcome. (Table 5). Ne-
crotizing enterocolitis was the only com-
plication that was not associated consis-
tently with in elevation of NRBC
parameters. Differences in the magni-
tude of NRBC response in neonates with
postpartum complications were best il-
lustrated by the AUC (Figure 1). Mean
NRBC count was the variable that best
separated neonatal survivors from those
who died (Table 5; Figure 2). Although
>80% of survivors cleared their NRBC
count elevation by the fourth day of life,
65% of neonates who died had a persis-
tent elevation beyond this point.

Next, the contribution of NRBC pa-
rameters to adverse outcome was ana-
lyzed by logistic regression analysis. De-
spite significantly altered distributions of
NRBC parameters with individual com-
plications, none of these were selected by
the regression model as independent
predictors of adverse outcomes. Overall,
gestational age at delivery was the pri-
mary determinant for the development
of BPD (P = .005; * = 0.54) and intra-
ventricular hemorrhage (P = .014; P =
0.21). Birthweight was identified as the
primary determinant for necrotizing en-
terocolitis (P = .05; ¥ = 0.17). Gesta-
tional age and birthweight were signifi-
cant independent predictors of neonatal
death (P < .005; * = 0.53). Receiver op-
erator curve statistics identified gesta-
tional age of 28 weeks and birth weight of
600 g as the best combination of sensitiv-
ity and specificity for the prediction of
death. Accordingly, a subanalysis was
performed to identify the contribution
of NRBC parameters to the mortality
risk after these cutoffs. This subanalysis
showed that, in neonates delivered at
<28 completed weeks of gestation with a
birthweight of <600 g, the gestational
age at delivery remained the primary de-
terminant of death, although the slope of
NRBC decline was an independent pre-
dictor (P <.05; 7 = 0.35). After this ges-
tational age, persistence of NRBC count
elevation beyond day 3 of life was the
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TABLE 2
Perinatal characteristics

Characteristic

N (%)

Mean = SD (range)

Maternal age (y)

27.3 (14-40)

Maternal race

White

African American

Parity

0

1

2

3

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

Nonreassuring Doppler scan

Nonreassuring biophysical profile score of <6

Fetal distress*

Placental abruption

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

Spontaneous onset of labor

Other

Cord artery blood gas (mm Hg)

pH

7.23 = 0.05

p0,

16.1 = 5.5

pCo,

54574

HCO,

22320

Base excess

—51x26

pH < 7.20

5-Minute Apgar <7

BPD

Necrotizing enterocolitis

2.5)
0.8)
0.5)
0.2)

Severe intraventricular hemorrhage

Major morbidity

)

Postnatal death

)

Poor outcome

22 (12.5
9(10.8
36 (20.5
8(10.2
3(7.4)
50 (28.4
8(10.2
55 (31.3)

* Bradycardia of the fetal heart rate or spontaneous repetitive late decelerations.

only NRBC parameter that remained as
an independent predictor in addition to
gestational age (©* = 0.26). On day 4 of
life, an NRBC count of >70/100 WBC
predicted major morbidity, with a sensi-
tivity of 82% and a specificity of 96%
(odds ratio, 7.33; 95% CI, 2.4-22.4; chi-
square, P < .001).

COMMENT

NRBC counts at birth and persistence of
NRBC count elevation have been studied
as prognostic indicators for poor neona-
tal outcome and risk factors for poor
neurodevelopment. This interest is
based on the assumption that the expan-
sion of hematopoiesis to extramedullary
sites is a prerequisite for the appreciable
peripheral release of these cells. Because
stimulation of extramedullary sites and
release of their less mature cells requires
a period of time, an increase in periph-
eral NRBC counts implies chronic acid-
base disturbance.>'? Such chronic dete-
rioration of fetal acid-base status is
considered an important antecedent for
poor neurodevelopment.'”'® Cord ar-
tery pH at birth is an acute marker; it
does not provide a good estimate of the
chronicity of acid-base derangement.
On the other hand, fetal/neonatal NRBC
responses reflect both chronicity and se-
verity of acid-base disturbance and may
hold promise as an independent prog-
nostic marker for short-and long-term
outcome. Previous studies have used the
NRBC count at birth and the persistence
of NRBC count elevation with variable
results. Because neonatal events may
have additional impacts on the compli-
cated dynamics of the NRBC response,
this study used several novel indices to
evaluate relationships with short-term
outcome in preterm growth-restricted
neonates.

We studied a selected population of
preterm neonates who had growth re-
striction because of early onset placental
dysfunction. Metabolic acidemia, deteri-
oration of biophysical parameters, eleva-
tion in placental blood flow resistance,
birthweight, and gestational age at deliv-
ery were the primary factors that deter-
mined the magnitude of NRBC response
in this group of otherwise normal
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TABLE 3
NRBC parameters
NRBC parameter Median Range
NRBC count

At birth 67 0-2930

Day 1 27 0-2380

Day 2 9 0-1723

Day 3 2 0-1730

Day 4 0 0-851

Day 5 0 0-980

Day 6 0 0-372

Day 7 0 0-87
Days of NRBC persistence > 30/100 WBC (n) 1 0-7
Percentage of days with NRBC persistence (%) 0 0-100%
Mean first week NRBC count 16.4 14-2244
NRBC-AUC 82 1-6167
NRBC slope of decline —15 —629 to 140

J

growth-restricted neonates. Although all
NRBC parameters showed wide variabil-
ity their primary correlation with acid-
base balance, placental blood flow resis-
tance, birthweight, and gestational age at
delivery were maintained over the first

week of life. Composite neonatal mor-
bidity and death were associated with
higher absolute NRBC counts and the
derived parameters. Necrotizing entero-
colitis was the only complication that
was not associated consistently with ele-

vated NRBC parameters. Although the
magnitude of NRBC response is best de-
picted mathematically by the AUC,
simple daily draws provide identical
prognostic information. Although gesta-
tional age remains the primary determi-
nant of adverse outcome, an NRBC
count elevation of >70/100 WBC on day
4 of life is a clincally useful independent
prognostic parameter.

Although multiple previous studies
have reported associations between ele-
vated NRBC count and adverse perinatal
outcome and neurologic impairment,
the magnitude of the neonatal NRBC re-
sponse has not been studied in much de-
tail. Buonecure et al'® reported that the
NRBC count was significantly higher in
infants with abnormal cerebral artery
Doppler scans at 48-72 hours after birth,
compared with healthy neonates. Simi-
lar observations were made for
6-month-old infants with sequelae of
hypoxic-ischemic encephalopathy and
in 3-year-old children with abnormal
developmental status. The authors con-
cluded that the NRBC count at birth re-
flects not only a response of the infant to

s ™
TABLE 4
Correlations between NRBC and perinatal parameters
Gestational age Base
NRBC parameter UA PI at delivery Birthweight pH p0, pCo, HCO, excess
NRBC count
At birth 0.38* —0.22* —0.36* -0.18 -014 -0.01 -0.41* -0.39*
Day 1 0.43* —0.20* -0.31* -0.27* —0.20* 0.06 —0.32* -—0.38*
Day 2 0.46* —0.26" —0.26* -0.25* -0.12 —-0.02 -0.34 -0.36*
Day 3 0.45* —0.20* -0.29* -0.30* -0.14 0.03 -0.33* -—0.36*
Day 4 0.48* —0.23" -0.27* —-0.25* —0.09 0.02 -0.28* —0.30%
Day 5 0.32* —0.16" -0.21* -0.23* —0.11 0.03 -0.23* -—0.28*
Day 6 047 —0.17" —-0.21* -0.16" —0.12 002 —0.19" —o0.20"
Day 7 0.39* -0.10 —0.18" -0.19" —0.15 007 -0.14 —0.19"
Days of NRBC persistence > 10/100 WBC 0.56* —0.40* —0.48* -0.39* -0.23* 011 —-0.33* —-043"
Percentage of days with NRBC persistence 0.52* —0.45* —0.45* =037 —-0.13 0.04 0.36* —0.44*
Mean first week NRBC count 0377 —0.22* -0.33* —0.28* —0.08 0.01 -040* -041~
NRBC-AUC 0.51* —0.25* —0.35* -0.30* —.017"  0.03 -0.37* -—041*
NRBC slope of decline —-0.27* 017 0.25* 0.05 0.19"  —0.02 0.24* 0.24*
Data are presented with the Pearson correlation coefficients for NRBC and perinatal parameters. UA P/, umbilical artery Doppler index z-score, pH, pC02, p02, HCO3, and BE are components
of the umbilical artery blood gas at birth.
* Two-tailed, P < .001.
T Two-tailed, P < .05.
\ J
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TABLE 5
NRBC parameters and postpartum complications

No intraventricular Intraventricular No necrotizing Necrotizing

Variable No BPD BPD hemorrhage hemorrhage enterocolitis 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)* 0(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) 6 (0-1730)* 2 (0-1730) 21 (0-701)F 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 (E/e)rsistence 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)*
o
Mean first week 13 (0-2245) 64 (43-994)* 16 (0-995) 117 (43-2245)* 17 (0-2245) 59 (29-570) 11 (0-896) 107 (1-2245)* (0-995) 211 (8-2245)*
NRBC count
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)*
NRBCdszla%qﬁeOf —30.5(—618t0186) —71(—824t019)* —31(—743t0102) —61(—8241t0186) —33(—824t0186) —37(—743t00) —27(—6181t0103) —61(—8241t0186)7 —32(—8241t00) —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.
TP < .05, compared with neonates without the respective complication.
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perinatal hypoxia but also is the risk for
perinatal brain damage. Growth-re-
stricted neonates have significantly
higher NRBC counts than adequately
grown counterparts,'®*"?* but elevated
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NRBC counts and NRBC persistence
also correlated with short- and long-
term outcomes.>”*>** The wide vari-
ability in these parameters has precluded
the identification of a discrete prognostic
cutoff. Although this variability could be
explained by variations in the severity of
the fetal condition, there is evidence to
suggest that neonatal factors may mod-
ulate NRBC dynamics equally.

Studies on adults in the intensive care
unit have shown that development of
complications is associated with an in-
crease in NRBC counts in the peripheral
circulation.'* Although individual trig-
gers for NRBC release have not been elu-
cidated fully, these findings suggest that
postpartum events may be capable of
triggering additional NRBC release.
Therefore, the wide variability of NRBC
count and persistence in previous neo-
natal studies is more likely to be due to
the combination of fetal and neonatal
factors. In this setting, the magnitude of
NRBC release will depend on the severity
of insult and the extent of extramedul-
lary hematopoietic sites. Because these
are already stimulated in growth-re-
stricted fetuses, significant new NRBC
release with prolonged persistence of
NRBC count elevation follows. This is
the first study that evaluates these NRBC
dynamics in greater detail. We have
shown that the AUC gives a better math-
ematic description of the NRBC re-
sponse than delivery count and persis-
tence alone. This technique emphasizes
failure to clear their NRBC counts <70/
100 WBC as a significant risk for adverse
outcome. Our analysis does not allow us
to conclude whether this prolonged per-
sistence is due to delayed clearance or
new release of NRBC:s. If prolonged per-
sistence is due to new release, it remains
to be determined whether continued ef-
fects of fetal metabolic disturbance or
neonatal neonatal complications are the
principal triggers.

The strengths of this study are a large
population of carefully defined neonates
who were closely monitored with multi-
ple antenatal and postnatal parameters.
The limitations of our findings arise
from the complexity of red blood cell
production. The various previous obser-
vations on NRBC parameters and short-

286.67 American Journal of Obstetrics & Gynecology SEPTEMBER 2007

and long-term sequelae offer no clear ex-
planation. This study clarifies the best
way to depict NRBC characteristics, but
further investigations are needed to de-
fine the dynamics of NRBC regulation as
neonatal life progresses. It may well be
that both NRBC peak at delivery (as a
marker of chronic fetal impact) and
NRBC persistence (as a marker of con-
tinued and/or added neonatal impacts)
are separate predictors. When NRBCs
persist at >70 beyond day 3 of life, new
attention may need to be focused on
measures that are specific to growth-re-
stricted neonates, and a diagnostic
workup for subclinical or clinical deteri-
oration may be initiated. Wide variabil-
ity and the complexity of the interactions
mean that NRBC count cannot be used
not only in isolation but also as a part of
a consortium of hypoxemic markers to
optimize predictive accuracy. Previously
identified risk factors for postpartum
complications play a predominant role,
particularly in preterm growth-re-
stricted neonates. Further studies that
will expand to other hypoxemia markers
are needed to clarify the associations
with perinatal outcome in growth-
restricted and appropriately grown
neonates,'®!719-2 ]
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