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Abstract

Objective: Elevated nucleated red blood cell (NRBC) count is introduced as a potential marker of intra-
uterine growth restriction (IUGR). To investigate the probable association regardless of any known
underlying disease, we aimed to study disturbances in NRBC count in infants experiencing idiopathic IUGR.
Materials and methods: Twenty three infants regarded IUGR without any known cause were chosen to
be compared to 48 normal neonates. Blood samples were collected instantly after birth and the same
measurements were done in both groups.

Results: NRBC count/100 white blood cells was significantly higher in the IUGR group (P value<0.001).
pH measurements did not reveal any significant difference.

Conclusion: Increased NRBC count in cases of idiopathic IUGR in absence of chronic hypoxia could
strengthen its predictive value suggested in previous studies. It could help early IUGR detection and
beneficial intervention.
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Introduction Ultrasound evaluations are among the most common
Intra-uterine growth restriction (IUGR) is knownas techniques (3,4). There are investigations studying
serious complication in pregnancy that couldthe changes occur in the cells type or their
dramatically affect the morbidity and mortality eat distributive pattern under circumstances leading to
Several conditions are known to be in associatiodUGR (1). Disordered shift of nucleated red blood
with IUGR and the causes are not exactly clarifiedcells (NRBCs) has been noticed in specific pregpanc
(2). Functional disturbance of placenta could be th complications (5-9).
underlying pathology (2). Elevated NRBC count is in relation with
There are many efforts to reach non-invasivecomplications like hypoxia (5), hypoxemia (8),
diagnostic methods to detect IUGR prior to birth (1 asphyxia, maternal diabetes, prenatal brain damage,
preterm infants (6), RDS (7), and preeclampsia (9).
Increased NRBCs could itself provoke progressive
Correspondence: ) ) growth restrictions (10). Therefore, NRBC count is
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and neonatal complications prior to birth (11). 17 (74%) weighed 1.5-2 kg and none of them was
This study intends to investigate the disturbancesibove 2 kg. While 47 (98%) of the cases in control

of NRBC count in IUGR infants who did not group (n=48) weighed above 2 kg, 1 (2%) 1.5-2 kg

experience any known underlying disease. This coulédnd none under 1.5 kg.

help to withdraw any other known causes leading to The average of the maternal age did not

IUGR and elevated NRBC count. demonstrate any significant contrast between two
. groups, 23.32+ 2.85 and 24.13+ 3.57 of years in
Materials and methods IUGR and control group respectively (p value= 0.3).

Twenty three newborns known to have experiencedNine of IUGR pregnancies (39.1%) had one
IUGR, born between the 30 and 36 weeks ofgravidity, 5 (21.7%) had two, remaining 9 cases
pregnancy, were chosen to be studied. Our study wd§9-1%) had three or more. In the control group, 20
carried out at the high risk ward of an Obsteteins ~ (41.7%) experienced the'gravidity, 16 (33.3%) the
Gynecology specialized center, affiliated to the2 and 12 (25%) the "8or more. No significant
Tehran University of Medical sciences. The association was found between IUGR and gravidity

methodology was ethically confirmed and patientshumbers (p value=0.41).

were asked to fill out the informed consent form NRBC count/100 WBCs was compared between

before any corporation. Forty eight cases werdWo groups. The average of NRBC count in IUGR

considered as the control group. Those were selectddroup ~was  35.8+ 11.7 versus 7.4+ 3

from neonates that experienced normal pregnancy\RBCs/100WBCs in the control group. Those values

All cases were born by cesarean section. revealed a Significant difference between two gsoup
Cases experiencing maternal hypertension(P value<0.001).

anemia, diabetes, cardiovascular diseases, or fetal PH was measured to investigate chronic hypoxia

abnormal karyotype, infection, and chronic hypoxiain newborns. We did not find any significant

during pregnancy were omitted due to their knowndifference in the number of cases who experienced

effect on IUGR (12). The gestational age waschronic hypoxia in both groups. In IUGR infants,

calculated referring to the last menstrual period8.7% (2 cases) had pH measurements lower than 7.2

(LMP) and the T trimester ultrasound evaluation. Whereas 4.2% (2 cases) in control group had the sam

The IUGR cases were chosen regarding th& 1ocondition (p=0.39).

percentile for the gestational age (12). A summary of our results is brought in Table 1.
Blood samples were collected instantly after birth

from the umbilical vessels. Weight of the neonateslable1. Comparison between Perinatal characteristics

and maternal age were registered. Fetal NRBC coungnd NRBC count

fetal total RBC and WBC count, and pH were Control IUGR ﬁ’
measured all in the same laboratory in which kitd a Maternal Age (years) 2 3 523 85 Ve
protocols were reliable. NRBCs were counted PeBirth Weight (grams) OEE3+ 423 1626+ 249 <0.001
100 WBCs in peripheral blood smear (PBS) afterGravidity 1.83+ 08 2+ 0.9 NS
staining the samples with Wright protocol. NRBC/100 WBC Coun  7.4+3  35.8+11.7 <0.001
SPSS software version 14 (SPSS Inc. Chicago, ILpH 7.33+0.06 7.33+0.07 NS

USA) was used for statistical analysis. Independentvalues are meant SD, NS: Not Significant
samples T test was utilized to compare differences

between parametric data groups and chisquare test, .

was employed wherever needed. We considered p'ISCUssIOn

value< 0.05 as significant. Neonates weight was expectedly lower in the IUGR
group (p< 0.001). We found that the NRBC count
Results was significantly higher in the IUGR group (p<

Weight of the neonates showed significant0.001). No other difference was found comparing the
difference between the IUGR and control group.other variables including maternal age, gravidity
The mean value of the IUGR group was 1626+ 2491umbers, and pH levels.

grams versus 2553+ 423 grams in the control group During pregnancy, NRBC count elevation is
(p value< 0.001). Of those in the IUGR group reflected in the maternal blood (13). Villous
(n=23) one (4%) was < 1kg, 5 (21%) were 1-1.5 kgtrophobalstic layers separate the maternal and feta
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blood circulation in placenta (2). Placental villus between NRBC count and nonreasuring fetal heart
development is disturbed in pregnancies with IUGRrates during labour (21). In 2003, Baschat also
which could be due to inconvenient oxygenation (14)introduced the association between NRBC and
In IUGR condition the cytotrophoblasts of villusear prenatal complications in IUGR. It was showed that
decreased and the exchange of extra cellular miatrix the presence of NRBCs in neonates is related to
intensified between the maternal and fetal circolat antenatal abnormal umbilical artery Doppler
That results in increased NRBC count in maternakvaluations. They also mentioned that the prolonger
blood (15). Maternal NRBC count is not reliable inthe NRBCs present, the more abnormalities has
the first trimester due to insufficient villous esion  occurred. Those may introduce the diagnostic value
process which is accomplished in the secondf NRBC countin IUGR fetuses (7). Their resulins
trimester (1). However, a significant increase incongruency with our and the aforementioned studies.
erythroblast proportion of transferred fetal cefiso ~ Therefore, NRBC count could have a potential role i
maternal blood in pregnancies with early onset IUGRpredicting IUGR and its complications.
was reported by Al-Mufti et al in 2002 (16). In case of asphyxia, NRBC count is correlated
Diseases causing severe IUGR elevate the NRB@ith umbilical vessels pH at birth. Chronic fetal
count in the second trimester which may remain highdistress causes higher counts compared to acute
days after birth (7). Some percentage of NRBCs igondition. It is reported that the cut-off value of
rooted from maternal origin (17). Those should bel4NRBC/100 WBC could be the predictor of severity
distinguished from the fetal hemoglobin expressingand duration of acidosis. (Sensitivity 89%, Spedyi
NRBCs (FHE-NRBC). It has been reported that81%) (5). However we could not find such
almost 23% of NRBCs are from the mother in normalassociation. Since we omitted neonates having IUGR
pregnancies and the rest are produced in fetus (18lue to any known asphyxia, it may have influenced
Increased NRBCs in pregnancies with IUGR showsour results. According to our study, in idiopathic
strong relation to positive Kleihauer-Betke stainedlUGR, no association exists between acidosis and
cells indicating true fetal NRBCs (19). Accordirgt NRBC count. That could strengthen the association
those findings, elevated NRBC count could befound between increased NRBC count and IUGR
remarkably referred to fetal erythropoiesis. under different conditions resulting in fetal growt
To investigate if NRBC count is a hypoxia maker retardation. It is showed that several patterns of
or not, Ravishankar V et al studied the effect ofunderlying diseases causing preterm delivery lead t
hypoxia and NO synthase inhibition (by L-Name) ondifferent results of NRBC count. This could be doe
NRBC count in a rat model of IUGR. Interestingly, different mediators of NRBC release, cytokines
they indicated that NRBC count could not serve as aersus erythropoietin (22).
hypoxia or erythropoietin elevation marker in IUGR  Other studies concluded that the increased NRBC
while it is related to nitric oxide inhibition (20) count in IUGR neonates is significantly higher than
However, Vatansever U et al reported significantsmall for gestation but healthy neonates (23). In
relation between NRBC count and neonatal relativel989, there was a comparison made between
hypoxia in IUGR, asphyxia, diabetic mothers, andappropriate for age (AGA) and small for age (SGA)
preterm infants. There was not such an association infants with very low birth weight (500-1500 g). dh
case the serum erythropoietin was measured. TheyRBC to WBC count in SGA was significantly
suggested that NRBC count could have predictivénigher in evaluations in their first hours. Commhre
value in short term neurodevelopmental outcome (6)findings associating hypoxemia with increased
There are many investigations confirming theNRBCs in umbilical blood samples of growth
elevation of NRBC count in IUGR and other retarded fetuses, they proposed NRBC count
circumstances ending in IUGR or several other fetaklevation is suggestive for chronic intrauteringuiits
abnormalities. Those data is always said to betdue (24). In 1997, Bernstein et al concluded that the
the increased erythroblasts in fetal circulatioereif  neonates small for gestation who had abnormal
placenta has normal perfusion (2). A significantDoppler studies in their gestational period hacdéig
difference of NRBC count in umbilical artery NRBC counts along with lower platelet count (3).
samples of normal pregnancies versus preeclamptiChose findings may indicate the reason of our
ones with and without IUGR was reported in 2010findings in IUGR cases without any known
(9). Kovalak suggested the significant relationunderlying cause. Since they suggested there ¢muld
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antenatal thrombotic events due to fetal respamesie t frequencies in pregnancies with intrauterine growth
results in such changes. restriction. Prenat Diagn. 2001; 21:31-5.
Predictive value 3. Bernstein PS, Minior VK, Divon MY. Neonatal

NRBC count could have predictive value in short nucleated red blood cell counts in small-for-gestet

. age fetuses with abnormal umbilical artery Doppler
term neurodevelopmental outcome (6) or in UGR oy iec A 5 Obstet Gynecol 1997; 177:1079-84.

Compll_catlons _(2_3)' Axt-fleidner et al shO\_Ned the 4 - axt-Fliedner R, Hendrik HJ, Schmidt W. Nucleated re
potential predictive role of NRBC count in SGA  pjood cell counts in growth-restricted neonateshwit
infants, to distinguish healthy infants from IUGR  apsent or reversed-end-diastolic umbilical artery
ones who may have complications (25). The high velocity. Clin Exp Obstet Gynecol 2002; 29:242-6.
sensitivity (94.4%) and specificity (80%) of NRBC 5. Saragoglu F, Sahin I, Eser E, Gol K, Turkkani B.
count to predict asphyxia in preec|ampsia is also Nucle_ated red b|00d. cells as a marker in acute and
reported (9) However Slnce |tS Weak relatlon th'h chronic fetal aSphyXIa. Int J GynaeCO| Obstet 2000,
and O2 pressure of umbilical artery, it is belieteat 71:113-8. . .
its predictive role is restricted (21). In 2007 Blaat 6. \E/al;mtansever U, AcuraB, Demir M, Karasalihoglu S,

. . . uklu G, Ener S et al. Nucleated red blood celints
et al, studied the predictive value of daily NRBC

: e and erythropoietin levels in high-risk neonatesdi&te
count in several neonatal complications. They |nt2002: 44:590-5.

concluded that elevated NRBCs beyond day 3 of7. Baschat AA, Gembruch U, Reiss I, Gortner L, Harman
birth could independently predict poor outcomes in  CR. Neonatal nucleated red blood cell count and
preterm growth restricted neonates. They believed postpartum complications in growth restricted fetus]
NRBC count provides information equivalent to  Perinat Med 2003; 31:323-9.

some more complicate methods (11). However thé. Axt-Fliedner R, Ertan K, Hendrik HJ, Schmidt W.
same group mentioned its limitations due to other Neonatal nucleated red blood cell counts: relatigms

: ; ; : to abnormal fetoplacental circulation detected by
prenalt_al t_varlak;les affecting and triggering those Doppler studies. J Ultrasound Med 2001; 20:183-90.
complications (7). 9

. Bayram F, Ozerkan K, Cengiz C, Devglio O,

. Cetinkaya M. Perinatal asphyxia is associated ith
Conclusion umbilical cord nucleated red blood cell count ire-pr
We found the average number of NRBC count/100 eclamptic pregnancies. J Obstet Gynaecol 20108363
WBCs was 35.8+11.7. This value is higher than thel0-Baschat AA, Gembruch U, Reiss |, Gortner L, Harman
cut-off levels other studies suggested (5, 11), iand CR, Weiner CP. Neonatal nucleated red blood cell

" . : counts in growth-restricted fetuses: relationship t
&gmﬂ(;:ant(ljy hlgtflj\er tha:nl the nognal mfantsl arterial and venous Doppler studies. Am J Obstet
considered as the control group. As previously Gynecol 1999; 181:190-5.

described this number could be reliably conside®d 17 gaschat AA, Gungor S, Kush ML, Berg C, Gembruch
fetal NRBC count (19). Increased NRBC count could  y, Harman CR. Nucleated red blood cell counts & th
have a predictive role in IUGR diagnosis and may first week of life: a critical appraisal of relatiships
help the clinicians to detect fetal distress in an with perinatal outcome in preterm growth-restricted
appropriate time before the birth and even before neonates. Am J Obstet Gynecol 2007; 197:286.e1-8.
ultrasonica“y diagnosis_ The outcome of a pregyanc 12.Mandruzzato G, Antsaklis A, Botet F, Chervenak FA,

could improve in case of early intervention. Figueras F, Grunebaum A et al; WAPM Intrauterine
restriction (IUGR). J Perinat Med 2008; 36:277-81.
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