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ABSTRACT

Predicting the outcome of neonatal critical patients remains elusive. The multiple factors of maternal
state of health (infections, diabetes, gestosis), the placental situation (premature rupture of membranes)
as well as multiple factors from the baby (small for gestational age, low Apgar score, low birth infections,
mechanical ventilation, hypoglycaemia hyperglycamiea) render the approach to treatment of each patient
individual and the outcome uncertain. Several approaches and scales are developed in order to assess the
mortality risk in those rather complicated situations.

We used the CRIB-II scale to assess the mortality risk in 80 patients delivered in a large tertiary level hos-
pital with more than 4,000 deliveries yearly. The patients were stratified according to all the neonatal risk
factors and comorbidities. The CRIB-II scale identified well the mortality rates, but not the outcomes. A
large and well-balanced cohort of patients followed for a longer period is required to discern in detail the
importance of CRIB-II scale in predicting outcomes in high-risk new-borns. This could serve as an assis-
tance to personalized approach to severely sick children. In addition, it is a valuable method in comparing
outcomes in different NICUs and outcomes in different times in the same NICU, thus rendering possible
improvements in the same unit and among several NICU departments.
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INTRODUCTION

Neonatal mortality is high in countries with
lower socioeconomic status (Burstein etal. 2019 [1],
Howell et al. 2018 [2]). One of the most important
factors is the prematurity: moderate to late preterm
babies (32-36 weeks), very preterm babies (28-31
weeks) and extremely preterm babies (<28 weeks).
Birth weight, especially children with low and very
low weight are also new-borns with increased risk.
The presence or absence of maternal factors of risk

(diabetes, maternal infections, eclampsia...) is also
influencing the outcome and mortality. The same
goes for hypoxic-ishaemic syndrome and various
types of infections in newborns. The way of delivery,
vaginal versus caesarean, is also of significance. The
neonatal mortality depends on sociodemographic,
obstetrical, psychological, and genetic factors. Pa-
ternal and environmental factors are also involved.
Pregnancy complications and the context of delivery
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also have an impact on the neonatal outcomes. All
those factors contribute not only for the high mortali-
ty rates in neonates but also for a significant numbers
of children with neurological problems and mental
retardation. Several scales — SNAPPE, SNAPPE-II
[3, 4, 5] and CRIB-II [6, 7, 8] have been developed
in order to determine the outcome and mortality in
high-risk babies. This would add to personalizing
their treatment and possibly improve the outcome.

PATIENTS AND METHODS

We investigated 80 newborns delivered
at the Clinic for Gynecology and Obstetrics
(~4,000 deliveries yearly). The institutional eth-
ics committee approved the study. We excluded
children with congenital malformations and poly-
cythemia. We assessed the gestational age, weight
and length, Apgar score, delivery mode, children
with infections (pneumonia, sepsis...), children
with hypoxic ischemic syndrome, children whose
mothers have toxemia, addictions, diabetes, or
chorioamnionitis. Blood biochemistry (electro-
lytes, blood glucose, liver probes and enzymes,
urea and creatinine), inflammatory markers (white
blood cell counts, CRP), acid-base balance were

Table 1. Patient characteristics

also recorded. Microbiological investigations (tra-
cheal swabs, urine and blood cultures), ultrasound
of the head and/or kidneys, X-rays of the chest
were also performed as indicated. The ABL700
analyzation (Radiometer Medical A/S, Copenha-
gen, Denmark) was used for blood biochemistry
analysis.

To assess the risk in newborns we used the
CRIB-II scale [3-8]. The scale uses five parame-
ters: gender, body weight, the worst basis excess,
body temperature and referral.

The statistical analysis through Excel and
SPSS with standard descriptive and analytical
methods was used. The paired samples statistics
and the paired samples test (T-test) assessed the
differences on the CRIB-II scale.

RESULTS

In this study we investigated 80 babies
(M:F=60:40) delivered at the Clinic of Gynecol-
ogy and Obstetrics in the period 2018-2020. Low
birth weight was found in all children. Very low
birth weight (<1,500gr) was found in 36 children
(45%), low birth weight (1,500-2,500 g) in 44

Birth weight

Very low birth weight (<1,500gr) 36 (45,00%)
Low birth weight (1,500-2,500gr) 44 (55,00%)
Appropriate birth weight None

High birth weight (>4,000 gr) None
Gestational week

20-25gn None

26-30gn 25 (31.25%)
31-35gn 52 (65%)
36-40gn 2 (2.5%)
Comorbidities

HIE 5 (6.25%)
HIC 5 (6.25%)
Sepsis, Pneumonia 22 (27.5%)
Delivery

Cesarean section 52 (65%)
Presenatio capitis 56 (70%)
Presentatio caudae 11 (13.75%)
Presentatio pedis 4 (5%)
Situs transverses (Cesarean section) 9 (11.25%)
Risk factors from mother

Colpaitis / infection 10 (12.5%)
DM gestational 1 (1.25%)
Preeclampsia/Eclampsia 8 (10%)
Placental factors

Placental abruption 6 (7.5%)
Umbilical cord draped around neck 8 (10%)
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(55%). There were no children born appropriate
for gestational age or large for gestational age.

Low birth age children dominated: twenty
five babies (31.25%) were born between 26-30
gestational week (GW), while 52 (65 %) were
born between 31-35 GW and two babies (1.6%)
between 36-40 GW. There were no babies deliv-
ered between 20-25 GW.

Caesarean section was observed in 52 (65%)
babies and vaginal delivery in 28 (35%). Ten
mothers (12.5%) had various infections during
pregnancy, while five of them (6.25%) had tox-
aemia and one diabetes mellitus (1.25%). There
were six placental abruptions (7.5%).

Comorbidities were also frequent: five ba-
bies (6.25%) had hypoxemic-ischaemic enceph-
alopathy, 22 (27.5%) had infections, 5 (6.25%)
intracranial bleeding, and 7 (8.75%) low calci-
um levels. Hypoglycaemia (HG) was found in
80 (100%) children, and symptomatic HG with
seizures in 3 (2.4%). Nine children (11.25%) died.

Neonatal mortality significantly correlated
with the gestational age (p>0.01), maternal co-
morbidities (p>0.05), but not with the birth weight
(p>0.05). The lowest Apgar score was in positive
correlation with the gestational age (p>0.01), but
not with the birth weight (p>0.05).

The initial mortality risk assessed with
CRIB II in low birth weight new-borns resulted in

ROC curve (Receiver Operating Charac-
teristic) with high sensitivity (true positives) and
specificity (false positives) (the hugging curve). In
contrast, curves with low sensitivity and specific-
ity should be near the 45 degrees line (Fig. 1) [9].
Therefore, CRIB II functions well in determining
which babies are going to succumb or survive the
critical state.

Figure 1. ROC curve (Receiver Operating
Characteristic) for CRIB I sensitivity and specificity
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The Area Under the Curve (AUC) is an indi-
cator of how well the model distinguishes between
positive and negative outcomes [ 10]. Our logistic
regression result of 0.861 points out that the CRIB
IT model functions well in foreseeing whether a
certain child is going to survive or not.

When looking at the gestational age as a
mortality risk in children with low birth weight
the AUC value is 0.923, which again points to-
ward the reliability of CRIB II as a prediction
tool. The form of the ROC curve confirms the
same conclusion.

Figure 2. ROC curve (Receiver Operating Charac-
teristic) for CRIB II for new-borns with low gesta-
tional age and low birth weight
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Table 3. Area Under the Curve (AUC) for CRIB II
and gestational age, birth weight and hypoglycaemia

Gestational age 0,923
Birth weight 0,904
Crib IT 0,861
Hypoglycaemia 0,545

Therefore, gestational age and birth weight
have an excellent mortality predictive value (AUC
0.923 and 0.904). They are better in predicting le-
thality than the CRIB II score which has, however
a good value of 0.861. Hypoglycaemia with the
AUC value of 0.545 has poor individual lethality
predictive value.

DISCUSSION

Several groups of new-borns are high-risk
babies [1, 2, 11]. They include large for gestation-
al age (LGA), small for gestational age (SGA),
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new-borns under the 10th percentile, neonates
with intrauterine growth restriction (23-32), ges-
tational age under 37 weeks, neonates with sepsis,
children of mothers with eclampsia or chorioam-
nionitis or diabetes.

There are several neonates sickness scores
for assessment of disease severity, outcome and
mortality [5]. Good predictive values of CRIB
IT were found in several studies in the neonatal
intensive care units [7, 12]. Among 3,268 infants
317 (9.7%) CRIB II (-T; without admission tem-
perature) had excellent predictive characteristics:
the overall p=0.53 [8]. In Kenia NICY 135 patients
with: birth weight < 1,500 g, base excess <-12
mmol/l, gestational age < 30 weeks, temperature
at admission > 37.5 or < 35 (all components of
CRIB II) — were all found to be significantly as-
sociated with neonatal mortality [13]. In this re-
port, the CRIB II score had a sensitivity of 80.6%,
specificity of 75.3%, and a predictive value of
77.7% [13].

In a systematic review and meta-analysis
[6] of six neonatal illness severity scores (CRIB,
CRIB II, SNAP, SNAP II, SNAP-PE, and SNAP-
PE II), birthweight (BW), and gestational age
(GA) the authors used PubMed, EMBASE, and
Scopus as data sources published before January
2019. It is of note that only 24 out of 1,659 stud-
ies satisfied the inclusion criteria (McLeod et al.
2020) [6]. The CRIB index was the most accurate
in predicting the pre-discharge mortality [AUC
0.88 (0.86—0.90)], while the GA was the least dis-
criminate [AUC 0.76 (0.72—0.80)] [6].

In 564 infants with extremely low birth
weight, the GA, BW, Apgar score, CRIB II score
and serum albumin levels were the best predictors
for mortality during < 7th and > 7th postnatal
days [14].

Buhrer et al. 2000 [15] found that for com-
bined poor outcome CRIB, the minimum and
maximum FIO2 were independent predictors.
Interestingly, out of 1,485 consecutive VLBW
CRIB-II did not result in improved estimation of
mortality risk in VLBW infants as compared to
the CRIB, gestational age or birth weight [16].

The CRIB II score is a valid tool of initial
risk assessment in LBW, predicting outcome more
accurately than birth weight or gestational age
alone [17[. The CRIB-II scores were also found
to have the advantage of being simpler to collect
and to calculate [18].

It is of note that scores are also useful in
comparative quality assessment when comparing
data in different NICU [3].

In our patients, the gestational age and birth
weight have an excellent mortality predictive val-
ue (AUC 0.923 and 0.904). They are better in
predicting lethality than the CRIB II score which
has, however a good value of 0.861. Although the
use of neonatal scores is still a subject of many dis-
cussions [ 19] CRIB II has a well-established value
in predicting neonatal outcomes. It is therefore
possible to use CRIB Il as a tool for following the
outcomes in one NICU and combining the same
tool in observing and ameliorating outcomes in
different NICUs.
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Pe3ume

BPEJJHOCTA HA CRIB-II (KIMHUYKH PU3UK KAJ BEBUIbA)
BO NIPEJUKIINJA HA MOPTAJIMTETOT KAJ HOBOPOAEHYUIHLATA

xuaeja CToMH ran JlJaHWwJIoBCKHU
(0] eja Cromuapockal, Iparan Ia OBCKH?

! VHuBep3uTeTCKA KIIMHUKA 32 THHEKOJIOTH]a U aKyIIEePCTBO, METUIIMHCKN (DaKyITeT,
Ckomje, PC Maxkenonuja

2 IHCTHTYT 3a eMUIeMHOJIOTHja U OrocTaTucTrka, Meauimucku ¢daxynret, Ckornje, PC Makenonuja

[IporuosaTta Ha MCXOJOT Kaj KPUTUYHO OONHUTE HEOHATAJIHU MAaMEHTH OCTaHyBa jaa Oune
nedunupana .MuoryopojHuTe pakTopHu, o1 CTpaHa Ha 3paBjeTo Ha Majkara (MH(peKkIuu, nujaderec,
recTo3M), MIaneHTapHuTe GakTopu (MpeaABPEeMEHO KHHEHE Ha MEMOPaHHUTE), KAKO U MHOTYOPOjHUTE
¢dakropu oz crpaHa Ha 6e0eTo (Maju 3a recTalucKaTa BO3pacT, HU30K ANrap-cKop, MeXaHH4Ka BEH-
TUJAlKja, XUMOTIIMKEeMHja, XUIIEPIIIUKEMHja, HHPEKINH) ja OTeKHYBaaT MpolieHaTa 3a UCXOJ0T Ha
OojecTa Kaj ManMeHTUTE.

[TocTojar HEKOIKY METOIH, CKAJlK 3a MIPOLIEHA Ha PU3UKOT Kaj O0IMHOTO HOBOpoAeHue. Hue ja
ncnenume ckamnara CRIB-II 3a ma ro mporieHuMe pU3HKOT 0] CMPT Kaj 80 MalueHTH HCIeeHN BO
ronemMa 6oxHUIA co okoiy 4000 parama romumiHo. [lanmenTute Oea cTpaTudUIMpPaHH CIIOPEN CUTE
(hakTOpH 3a pU3HK U KOMOPOUAUTET Kaj HOBopoaeHU aena. Anatkara CRIB-1I ce mokaxa mgexa qo0po
ro NpOLEHYyBa MOPTAIUTETOT. OUUINIEHO € JIeKa € MoTpeOHa CTyAMuja Ha MorojeM Opoj MalueHTH co
ypaMHOTEXeHa pacupenenda Ha pu3nLuTe U pakTopuTe Ha OojecTa 3a J1a ce yTBPAU KOPUCHOCTA Ha
anatkata CRIB-II Bo mpeTckaxyBameTo Ha MCXOIOT Ha pUSUYHUTE HOBOpOaeHU nena. OBoj mpucran
Ou OMa KOPUCTEH 3a MEePCOHANM3UPAH MpHUCTaN 3a CeKoj manueHt. Mcro Taka, Merogata Ou nMana
3HAYUTEJIHA BPEIHOCT 3a cropen0a Ha UCXOAUTE Ha JIEKYBabhEe BO HCTA SAMHNIIA HA NHTEH3UBHA HETa,
KaKo U 3a CIIOpeayBambe Ha pe3yJITaTuTe Mel'y pa3iMuH{ €IUHHUIM Ha HEOHATaJlHa MHTEH3UBHA Hera.

Kayunu 360poBu: HeoHATaIHA CMPTHOCT, 0e0nma co BuCOK pu3uk, CRIB



