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ABSTRACT

Objective: Perfusion index is a simple and easy tool to monitor hemodynamic compromise. This study aims to investigate the
correlation between perfusionindex and CRIB |1 scorein sick preterm neonates < 37-week gestation admitted to intensive care unit.

Methods: This observationa study was conducted over period of 18 monthsin atertiary care centre. All eligible preterm neonates
admitted to NICU wereexamined. The Pl and CRIB I1 scorefor each neonate were documented. The primary outcome of the study was
correlation between Pl and CRIB |1 scoresat admission.

Results: 383 neonateswere enrolled in the study. M ean gestati on of neonateswas 32 weeks. A strong correl ation between Pl and CRIB
11 scores at admission wasnoted (P = 0.01). We demonstrated strong associ ation between Pl at admission and predischarge mortality of
neonates with 92.9% sensitivity and 70% specificity. Lower Pl was associated with need of inotropes and invasive ventilation and
longer duration of hospital stay. Combined useof Pl and CRIB |1 predicted mortality with 83.3% sensitivity and 80.5% specificity.

Conclusions: Theperfusionindex isapotential bedside measurethat correlated well withthe CRIB 11 score, which isavalidated tool to
assesssick preterm neonates. Preductal Pl at admission was associated with pre-discharge mortality, length of hospital stays, inotrope
reguirement and the need for ventilator support in preterm neonates.
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INTRODUCTION Peripheral perfusion, cardiac output, and stroke volume
haveall been demonstrated to correlate with PI, making it
an objective marker of hemodynamic changes[4,5]. This
could facilitate the start of treatment early and lower the
illness's morbidity and death rate. Previous research has
demonstrated that Pl isapredictor of highillness severity
in infants [6] and may identify possible perinatal
inflammatory diseases such as subclinica chorio-
amnionitisearly on [7].

The early neonatal period is the most vulnerable time of
lifewhen most of the newborn desths occur. Themaximum
number of neonatal deathsare caused by birthinjuries, low
birth weight, infections, hypoxia, and preterm birth [1].
Theseverity of anewborn sickness must be determined to
identify it immediately and initiate medical interventions
ontime. Early detection of neonatal illness severity facili-
tatesresource allocation and triaging.

Several severity indices for newborn illnesses have
been validated in the literature as potential predictors of
predischarge mortality. Strong research comparing the
prognostic power of individual severity scores for pre-
discharge morbidity and death is lacking. When deter-
mined during thefirst hour of arrival, the CRIB 11 (Clinical
Risk Index for Babies) scoreisavalidated indicator of the
severity of theillness[8]. It helpsin the identification of
high-risk newbornsand thetriage. A study by Mareteet al

Perfusion Index (PI) isasimple, non-invasive method
that measures the ratio of infrared light absorbed by the
pulsatile elements like arterial blood to that absorbed by
non-pul satile elementslike the venous or capillary blood,
bone, and connective tissue [2]. It is derived from the
plethysmography signal generated by pul se oximetersand
reflectsthereal-time changesin peripheral blood flow [3].
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Clinical Risk Index for Babies Il (CRIB Il) strongly
predicted hospital mortality in very low birth weight
(VLBW) and very preterm neonates (< 32 weeks) [10].

The present study aimsto investigate the relationship
between Pl andthe CRIB 11 scorein sick newborns, aswell
asto ascertain the prediction accuracy of Pl with respect to
hospital mortality. Our goal is to deploy non-invasive
scoring systems, such as CRIB Il and PI, to improve
neonatal outcomes, prognosticate parents, and help
prioritize and use health resources in a resource-limited
settings.

METHODS

This prospective cohort study was conducted in atertiary
care centre over a period of 18 months after obtaining
approval fromtheinstitutional ethicscommittee. Preterm
neonates admitted to the NI CU between January 2020 and
June 2021 were evaluated for eligibility and enrolled after
obtaining informed consent from either of their parentsat
thetime of admission.

Preterm neonates between 28 and 36'® weeks of
gestation requiring respiratory support (continuous
positive airway pressure, non-invasive ventilation, or
invasiveventilation) for stabilization, circulatory compro-
mise necessitating inotropes, convulsions, and moderate
or severe hypothermia (<36°C) were included. Neonates
with major congenital malformations (including
congenital heart disease), those who left against medical
advice or who were morethan seven days postnatal age at
admission or whose gestational age was unknown, were
excluded.

Following admission, neonates who fulfilled the
eligibility criteriaunderwent a detailed evaluation to
ascertain whether they required prompt clinical inter-
vention. Baseline measurements such as blood pressure,
axillary temperature, heart rate, respiration rate, and
capillary refill time were noted. The first day of the last
menstrual period (LMP) or first-trimester scan wasused to
calculatethe gestational age; for motherswhowereunable
to recall their LMP, gestational age of the neonate was
determined using the Expanded New Ballard Scoring
(ENBS) for a period up to seven days neonatal age.
Arterial blood was drawn from the radial artery or
umbilical artery catheter wasanalyzed blood gasanalysis
using an automated blood gas analyzer; the sample was
promptly analyzed.

CRIB Il parameters were scored appropriately
(maximumscore 27) [11]. Levels1through4 wereusedto
categorise newborns according to the severity of their
illnesses. Scores of 0to 5, 6 to 10, 11 to 15 and > 16 are
considered as level 1, level 2, level 3 and level 4,
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respectively. Higher severity levelsweredefined aslevel 3
or more. A sensor was placed on the right wrist of each
neonate (Masimo set, Radical-7) and Pl was recorded at
thepreductd site. Pl valueswere obtained after asustained
pulse wave was observed for at |east twenty seconds, and
such five such values were recorded. An average of these
five values was taken into consideration for each
individual case. Data on demographic and general
maternal characteristics, the newborn’s gender, birth
weight, gestational age, and anthropometric datarecorded
at the time of birth were collected from clinical records.
Neonates were then followed up from admission until
discharge or death within the same hospitalization. For in-
hospital mortality, weconsideredfirst 28 daysof lifeasthe
cutoff. Vital parameters, general status and new events
wererecorded and followed up every day till outcome. The
pediatrician who followed up the cases till the outcome,
was unaware of the CRIB || scoresand Pl values.

The primary outcomewasthe correl ation between the
Pl and CRIB |l scoresin preterm sick neonates. Secondary
outcomes of the study were the predictive accuracy of Pl
and the combined use of Pl and the CRIB Il scorein sick
preterm neonatesregarding in-hospital mortality.

The sample size was calculated with reference to a
previoussimilar study which eval uated predictive value of
perfusion index for morbidity and mortality, and
association with CRIB Il score [12]. Considering the
specificity of 54.5% and sensitivity of 81.8%, thelevel of
precision was set at 0.05 and the level of confidence at
95%, the sampl e sizewas cal cul ated to be 383.

Satistical analysis. Data were entered in an Excel
spreadsheet (Microsoft Excel 2016) and analyzed by
SPSS version 25.0 (Armonk, NY; IBM Corp.).
Continuous variables were expressed as mean (SD), and
categorical variables as proportions (%). Independent t
test or Chi sguare test was used appropriately. Post-hoc
analysiswascarried out to determinethedifferencesin Pl
between CRIB |l levels. ROC curveswere constructed to
ascertain the cutoff valuesfor Pl for predicting morbidity
and mortality. P < 0.05 was deemed significant. Multiple
regression analysis was applied to evaluate the effect of
multiplefactorson the outcome.

RESULTS

Out of 433 admissionsin NICU during the study period,
383 wereincluded inthe study and analyzed for outcomes
as shown in Fig. 1. The baseline neonatal and maternal
characteristicsare shownin Tablel. Maleneonatesmade
up 59.3% of the entire study group. The median age of
enrollment was 2 days. The average birth wei ght was 1602
grams, and themean (SD) gestational agewas 32.41 (2.8)
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Total number of admissions to the NICU
during study period=433

Number of neonates excluded=40

»  Congenital malformations=22

*  Denial of consent=2

= Neonates >7 days of age a1 admission
or with unknown gestational age = 16

Number of neonates who satisfied
eligibility criteria=393

" Left against medical advice= 10
({Total number of babies excluded= 50)

Number of neonates analyzed for
resulis=383

Fig. 1 Flowchart depiction of enrolment of study participants

weeks. The mean (SD) CRIB score was 5.32 (3.18), and
themean Pl was0.81 (0.65).

We observed a statistically significant decline in Pl
valueswithanincreaseinthe CRIB Il levels(Tablell).On
further analysis, Pl varied significantly between CRIB |1
levelsland 2, and level 3, respectively. Post-hoc analysis
(Supplemental Table 1) was carried out to evaluate the
differences between each level, which reveal ed significant
differencesin Pl valuesbetweenvariousCRIB |1 levels. A
significant inverse correlation was observed between Pl
and CRIB | score (Spearman’srho =-0.604, P=0.01).

Inthe present study, asignificant correlation was noted
between the patient’s Pl at admission and their in-hospital
At athreshold of 0.5, the Pl predicted mortality with a
sensitivity of 92.9%, a specificity of 70%, a negative
predictive value (NPV) of 98.8%, a positive predictive
value (PPV) of 27.7%, and an areaunder curve (AUC) of
0.876 (95% Cl, 0.825, 0.926) (Table111). Fig. 2 depicts
the ROC curve for Pl for predicting mortality. Further-
more, Pl [mean (SD)] was significantly lower in infants
who needed inotrope support [0.37 (0.31) vs. 0.82 (0.65)],
ventilator support [0.49 (0.3) vs. 0.89 (0.68)], andan ICU
stay longer than thirty days[0.52 (0.24) vs. 0.88(0.7)] than

Tablell CRIB Il Levelsin Relation to Perfusion Index and
Mortality

Levelsof CRIBII No.ofinfants® Perfusionindex2 DeathP
1 206(59.01)  1.04(0.75) 10 (4.4)
2 122(31.85)  052(025)  16(13.11)
>3 35(9.14) 040(0.25)  11(3L42)
P < 0.001

Values expressed as@mean (SD) or °n (%)

INDIAN PEDIATRICS

Table | Baseline Neonatal and Maternal Characteristics
(n=383)

Characteristics Value
Neonatal characteristics
Day of enrolment? 2(1,5)
Males® 227 (59.27)
Gestation (weeks)P 32.41(2.79)
Birthweight (grams)P 1602 (475)
Apgar scoreat 1 min 6(6,7)
Apgar scoreat 5min? 8(7,9)
Hospital stays(days)? 18(10, 31)
Follow up duration for in hospital mortality (days)? 7 (5, 14)
Respiratory support
CPAP* 193 (50.39)
Ventilation® 89 (23.42)
Indication of blood gas
Hemodynamicinstability infirst 24 hours® 65 (16.54)
Ventilation® 89 (23.42)
Seizuresinfirst 24 hours® 86 (22.63)
M oderate hypothermia® 269 (70.23)
Severe hypothermia® 26 (6.79)
M ean temperature at admission (°C)° 35.50 (4.48)
Levelsof CRIBII
1 226 (59.01)
2 122 (31.85)
3 35(9.14)
Mean CRIB Il score? 5.32(3.18)
Mean PIP 0.81 (0.65)
Outcome
Discharge® 346 (90.3)
Death® 37(9.7)
Maternal characteristics
Ageof themother (years)? 25.30 (4.74)
Hemoglobin(g/dL )P 10.61 (1.44)
LSCSdelivery®© 200 (52.22)
Amnioticfluid characteristics
M econium-stained amniotic fluid® 50 (13.05)
Foul smellingliquor® 10(2.61)
Bleeding PV® 31(8.09)
Leaking PV > 24 hours® 29(7.57)
Fetal distress® 154 (40.21)
Antenatal steroids® 115 (30.02)

Values expressed as @median (IQR), Pmean (SD) or °n (%)

Pl Perfusion index, CRIB Clinical Risk Index for Babies, CPAP
Continuous positive airway pressure, LSCS Lower segment ceserean
section, PV Per vaginum

those who did not. After adjusting for potential
confounding factorsthat might affect PI, the CRIB |1 score
was found to have a statistically significant association
with Pl (TablelV).
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Tablelll PredictiveAbility of Perfusion Indexand CRIB || Scoresfor Mortality in Neonates

Parameters Cutoff (%) P (%) PPV (%) NPV (%)  Accuracy (%)
Pl <05 92.9 70.1 277 98.8 725
CRIBII 255 85.7 65.8 23.7 97.4 67.6
Combined (Pl + CRIB 1) <05and>55 833 80.4 34.3 97.5 80.6

CRIB Il Clinical Risk Index for Babies, NPV Negative predictive value, Pl Perfusion index, PPV Positive predictive value, Sh Sensitivity, S
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Fig.2 ROC curve illustrating the predictive accuracy of
Perfusionindex inrelation to predischarge mortality

Nevertheless, we noticed that, for the prediction of
mortality, the CRIB |l score cutoff of 5.5 resulted in an
AUC of 0.834 (95% ClI, 0.781-0.886), sensitivity of 85.7
percent, NPV of 97.4 percent, specificity of 65.8%, and
PPV of 23.7% (Fig. 3). A higher level of CRIB Il score
waslinked to lower Pl and higher mortality.

When the CRIB Il score and PI, with the cutoff
specified by the current investigation, were combined to
predict mortality, we observed a sensitivity of 83.3%, a
specificity of 80.4%, a PPV of 34.3%, and a NPV of
97.5% (Tablelll).

DISCUSSION

The current study found a strong association between
preductal Pl and CRIB Il scoresin sick preterm newborns
warranting NI1CU admission assessed within thefirst hour
of admission. Furthermore, there was a statistically
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Fig. 3ROC curveillustrating the predictive accuracy of CRIB |1
scoreinrelationto predischargemortality

significant differencein Pl between eachlevel of CRIB 1.
Additionally, the severity of illnessasdetermined by CRIB
Il scoreincreased with adeclinein PI. Even after adjusting
for potential confounding factors, alower Pl wasstrongly

Table IV Multiple Regression Analysis Illustrating
Relationship of VariousFactor sWith Perfusion I ndex

Pearson Sandardized  P-value”
correlation coefficients
Gestational age  0.264 -0.106 0.118
Birthweight 0.236 -0.114 0.074
Temperature 0.069 -0.007 0.883
CRIB |l score -0.429 -0.429 0.000

Dependent variable: Perfusion index (PI)

B Beta coefficients derived from binomial regression analysis after
adjusting for gestation, birth weight, temperatureand CRIB 11, P< 0.05
considered as significant.

SePTEMBER 24, 2024 [E-PuB AHEAD OF PRINT]



Angadi eta

hospital mortality

WHAT THIS STUDY ADDS?

« Combined use of CRIB Il score and Pl might aid in early detection of sick babies and improve the prediction of in-

associated with higher CRIB 11 scores. The present study
revealed that Pl and CRIB Il scoreswith cutoffsof 0.5and
5.5, respectively, were associated with a more precise
prediction of in-hospital mortality. When both were used
incombination to predict mortality, thiswasachieved with
83.3% sensitivity, 80.4% specificity, and NPV of 97.5%.
Furthermore, the Pl was significantly lower at admission
among neonates needing inotrope support, invasive
ventilation, and longer NICU stay.

A study by Mathews et a aso observed adecreasein
Pl valuesasthe severity of newborn sicknessincreased, as
determined by the CRIB |1 score[13]. Themean Pl values
corresponding to CRIB levels 1, 2, and 3were 1.5, 0.67,
and 0.67, respectively. Available data suggeststhat CRIB
Il is the most discriminating tool for predischarge
mortality prediction among all neonatal disease severity
assessment toolsstudied sofar [8,10,13].

Thecurrent study found that acutoff of 5.5for CRIB |
score had better prediction of in-hospital mortality,
although previously acutoff of 4 had been suggested[9].

Previous research indicated that, lower Pl valuesin
sick neonates was substantialy related to increased
mortality [6]. Inaddition, Ibrahim et al investigated Pl on
days1and 3insick neonatesand reported that lower Pl at
both time points showed a significant correlation with
inotrope need and predischarge mortality, whereas Pl on
day 3 showed a significant inverse correlation with the
duration of hospital stay [14]. It hasbeen demonstrated by
recent research that in both term and preterm newborns,
preductal perfusion is superior to postductal perfusion
[15,16]. This discrepancy was most likely caused by
circulatory alterationsduring transition. But after thefifth
postnatal day, this difference diminished, possibly asthe
preterm newborns' sympathetic nerve systemsmatured. In
our investigation, wetook the preductal Pl into account to
addressthese discrepancies.

In addition, differencesin prediction accuracy of the
combined useof Pl and CRIB |l ascomparedtoindividual
parameters regarding mortality may have resulted from
variability inthe definition of cutoff values. Theusefulness
of combining Pl and CRIB Il scoresin preterminfantshas
not been well studied so far. However, more robust
researchisadvised to provideclarification.
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The goal of the present study was to evaluate the
relationship between Pl and CRIB |l scores in preterm
neonates exclusively and to examine the potential
advantage of using Pl and CRIB |l together to predict
mortality prior to discharge. Prior to enroliment, we
excluded congenital heart disorders that substantially
could affect PI. The clinicians who followed up the cases
werenot aware of the Pl and CRIB |1 ratingsand therefore
thisdecreased any chances of observer bias. Our study did,
however, have certain shortcomings. M ost neonatesin the
present study had lower illness severityasdefined by lower
CRIB Il scores. We did not analyze the comorbiditiesthat
the study neonates devel oped during the course of NICU
stay which could have impacted mortality in our study
population. Furthermore, the impact of factors such as
extreme prematurity and its complicationson Pl could not
be investigated as our study population comprised less
extreme preterm neonates. Comparison of outcomeswith
matched control group to reducethebiaswasnot feasible,
asthisstudy was conducted during COV 1D pandemic.

Therefore, further research involving sicker preterm
and extreme preterm neonatesiswarranted to validate the
findings of this study. A combined use of Pl and CRIB II
scores can aid in identifying preterm neonates at risk of
dying toinitiate aggressive management strategies.
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Web Table | Post-hoc Test (Games-Howell Test) For
Comparison of Pl Between VariousL evelsof CRIB |1 Scores

Levelsof CRIB MD of PI between Pvalue
thelevelsof CRIB

Level 1and Level 2 0.491 <0.001
Level 1andLevel 3 0.611 <0.001
Level 2and Level 3 0.120 0.042

MD Mean difference, Pl Perfusion index
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