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ABSTRACT

Objective To describe the distribution of perfusion index
(Pl) in asymptomatic newborns at 24 hours of life when
screening for critical congenital heart disease (CCHD)
using an automated data selection method.

Design This is a retrospective observational study.
Setting Newborn nursery in a California public hospital
with ~3500 deliveries annually.

Methods We developed an automated programme

to select the Pl values from CCHD screens. Included

were term and late preterm infants who were screened
for CCHD from November 2013 to January 2014 and

from May 2015 to July 2015. Pl measurements were
downloaded every 2s from the pulse oximeter and median
Pl were calculated for each oxygen saturation screen in
our cohort.

Results We included data from 2768 oxygen saturation
screens. Each screen had a median of 29 data points (IQR
17 to 49). The median PI in our study cohort was 1.8 (95%
Cl 1.8 to 1.9) with IQR 1.2 to 2.7. The median preductal PI
was significantly higher than the median postductal (1.9 vs
1.8, p=0.03) although this difference may not be clinically
significant.

Conclusion Using an automated data selection method,
the median Pl in asymptomatic newborns at 24 hours of
life is 1.8 with a narrow IQR of 1.2 to 2.7. This automated
data selection method may improve accuracy and
precision compared with manual data collection method.
Further studies are needed to establish external validity
of this automated data selection method and its clinical
application for CCHD screening.

INTRODUCTION

Critical congenital heart disease (CCHD)
refers to a group of heart defects that require
surgery or catheter-based intervention within
the first year of life. Universal oxygen satu-
ration screening of all newborns at 24 hours
of life with pulse oximetry has been recom-
mended and is now standard of care in many
centres to improve recognition of CCHD
in asymptomatic newborns."® Despite this
current screening, we are still unable to
detect all CCHD cases prior to newborn

Strengths and limitations of this study

» This study describes a novel automated data
selection method to calculate the median perfusion
index (PI) from data downloaded directly from pulse
oximeter.

» The automated data selection method used in this
study potentially minimises data collection errors
and bias.

» This study describes the distribution of PI in
asymptomatic newborns at 24 hours during critical
congenital heart disease screen.

» In this study, the Pl data obtained from pulse
oximeter were deidentified and therefore not directly
linked to the clinical outcome of the infants.

» This was a single-centre study from a public hospital
that serves a primarily Hispanic population.

hospital discharge, especially in lesions with
left ventricular outflow obstruction. ™

Perfusion index (PI) reflects the ratio of the
pulsatile to non-pulsatile signal components of
blood flow in the peripheral tissue. It is derived
from the photoelectric plethysmographic
signal of a pulse oximeter. PI thus non-invasively
provides continuous real-time perfusion status
of the selected monitoring site.'” "' In recent
years, PI has been suggested to have use as an
adjunct to pulse oximetry screening to detect
non-cyanotic CCHD cases. 7 # Multiple
studies have described PI values in the first few
days of life in term and preterm infants.'? 71
Alower PIin neonates has been correlated with
lower superior vena cava flow® and shown to
be a predictor of illness severity and subclinical
chorioamnionitis.' **

Despite PI being a simple, non-invasive
objective measurement with potential clin-
ical applications, it has been underused. This
may in part be due to the inherent variability
in PI that is seen during a brief monitoring
period.19 Values with variability that need to
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be manually collected are difficult to standardise. Using
automated data selection methods may assist with stan-
dardised data collection. The objective of our study is to
describe the distribution of PI in asymptomatic newborns
at 24hours of life when they undergo CCHD screening
using pulse oximetry with an automated data selection
method.

METHODS
Design
This is a retrospective observational study.

Subjects and setting

Data were collected directly from pulse oximeters used
for CCHD screen in asymptomatic term and late preterm
infants in the newborn nursery at a public hospital with
~3500 deliveries annually. Data collection was Institu-
tional Review Board approved.

CCHD screen

All infants in the newborn nursery underwent CCHD
screen at 24 hours of age using two motion-tolerant pulse
oximeter monitors (Rad 7, Masimo Corporation, Irvine,
California, USA) with an 8s averaging time to measure
both preductal and postductal oxygen saturation (SpO,)
simultaneously.

Reusable probes with disposable wraps were placed
on the right palm or wrist for preductal and on either
foot for postductal saturation. Nursing staff continued
the pulse oximeter monitoring until they obtained stable
tracings of the SpO, and heart rate (HR) for the CCHD
screen. While the SpO, values were recorded by clinical
nurses manually when both preductal and postductal
pulse oximetry showed stable waveforms and the HRs
were correlating, the machine recorded the values contin-
uously. The screen was repeated if either the preductal
and postductal saturations was 90% to 94%, or there
was a>3% difference between the two values; SpO2 <90%
was considered a failed screen and required imme-
diate Neonatal Intensive Care Unit (NICU) evaluation.
Median age when CCHD screen occurred in the nursery
was 26.1 hours of life (IQR 24.8-28.3 hours). These pulse
oximeters were used for CCHD screening and for repeat
measurements done based on the screening protocol or
nurse’s clinical judgement in newborn nursery.

Data collection

Convenience sample was used based on the amount
of data stored in the pulse oximeters. The values of PI
measurements, SpO2, HR, signal quality indicators, date
and time of the screen were recorded every 2s. Deiden-
tified data were downloaded using Trendcom soft-
ware (Masimo Corporation, Irvine, California, USA).
The screening data from the two pulse oximeters with
identical time periods were used for analysis. Since the
duration of recording for each screen varies, the total
number of preductal and postductal screens recorded

in the same time period were slightly different. The first
screening dataset had recordings from November 2013
to January 2014 including both preductal and postductal
data because the pulse oximeters were not selectively
labelled as preductal or postductal. Pulse oximeters were
subsequently labelled for the second dataset. The second
dataset had non-paired preductal and postductal data
recordings from May 2015 to July 2015.

Data selection

Asapilotstudy, we manually selected a subset of the PI data
from the first dataset (222 screens; 7426 data values). For
each individual screening data, the values from the point
at which the HR and SpO, had stabilised were included.
Values with ‘low SpO, signal quality’ (as preprogrammed
in the pulse oximeter by the manufacturer) were elimi-
nated. Subsequently, we developed an automated Excel
program for data selection. The Excel program elimi-
nated data rows without any numerical values recorded
and then assigned unique dataset identifications based
on the time intervals separating individual screens. Data
points with a HR or a SpO, equal to zero were excluded.
Data points with low SpO, signal quality were eliminated
(figure 1). The Excel program was validated in the pilot
study subset and then used to select the data points in the
complete dataset for this study.®”

Data analysis

Median PI was calculated for each individual screening
data. The percentile distributions of the median PI values
and their 95% Cls were calculated for the unlabelled
first study dataset and for the preductal and postductal
PIs values in the second dataset separately. The median
preductal and postductal PI in the second dataset were
compared using the Mann-Whitney-Wilcoxon rank
sum test. Statistical data analysis software STATA V.14.2
(StataCorp LP, College Station, Texas USA) was used for
analysis.

RESULTS

The study dataset included data from 2768 screens. The
median recording time per individual screen was 72s
(IQR 42-126s). The data selection process is outlined
in (figure 1). Based on the automated program, 3.4%
of data points were eliminated for HR of zero, 0.3% for
SpO, of zero and 17.8% for low-signal quality. Of the 2768
screening data, only three screens (0.1%) were elimi-
nated based on the automated data selection process.
Each screen had a median of 29 data points (IQR 17 to
49) after the data selection process. The median PI value
in our whole study cohort was 1.8 (95% CI 1.8 to 1.9) with
IQR 1.2 t0 2.7.

The percentile distribution of the median PIs in the
first and second dataset are shown in (table 1). The distri-
bution of the median PI for the unlabelled first dataset is
shown in (figure 2). The second study dataset included
1352 screens, of which 682 and 670 were preductal and
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Dataset 1: Unlabelled

Dataset 2: Pre-Ductal

Dataset 2: Post-Ductal

| Downloaded data points and assigned unique ID based on time gap l

N = 1417 screens (65446 data points) N =683 screens (39

406 data points) N =671 screens (36260 data points) l

n =1 screen (3.8% data points)

Eliminate data points with HR =0
n =1 screen (3.3% data points)

n =1 screen (2.9% data points)

n =0 screens (0.3% data points)

Eliminate data points with oxygen saturation = 0

n =0 screens (0.3% data points)

n = 0 screens (0.3% data points)

Eliminate data points with
n = 0 screens (19.4% data points)

n =0 screens (18.3% data points)

low SpO2 signal quality”
n =0 screens (14.3% data points)

v v

v

N = 1416 screens (50046 data points)

N = 682 screens (30759 data points)

N = 670 screens (29929 data points)

Figure 1 Data collection and automated data selection method.

postductal measurements, respectively. The median
preductal PI was significantly higher than the median
postductal (1.9 vs 1.8, p=0.03) although this difference
may not be clinically significant. The distribution of the
preductal and postductal median PIs are shown in (figure
3).

DISCUSSION

Prior to identifying cut-off values for PI to improve the
detection of lesions with left ventricular outflow tract
obstruction during CCHD screening, it is necessary
to describe the normal PI distribution using a reliable
automated method in asymptomatic infants at the time
of screening. Although multiple studies have described
PI in preterm and term newborns with various newborn

conditions,7 121424 few have described the PI distribu-
tion in asymptomatic term and late preterm infants, at
24 hours of life when CCHD screening using pulse oxim-
etry is performed. Granelli et al described the distribution
of preductal and postductal PI in 10000 normal healthy
newborns prior to discharge, with a time of measurement
ranging from 1 to 120 hours.'? Despite the difference in
the age of measurement, the PI distribution in our cohort
measured at 24hours, median PI of 1.8 and IQR 1.2 to
2.7, is almost identical to the values reported by Granelli
et al, median PI of 1.7 and IQR 1.18 to 2.5. These two
studies show that PI distribution is relatively consistent
and stable in asymptomatic newborns during the CCHD
screening time period in the first few days of life.

Table 1 Distribution of median PI

Unlabelled PI (n=1416)

Preductal Pl (n=682) Postductal Pl (n=670)

Median (95% Cl)

Median (95% Cl) Median (95% Cl)

1st %ile 0.50 (0.40 to 0.60)
5th %ile 0.70 (0.65 to 0.70)
25th %ile 1.20 (1.20 to 1.30)
50th %ile 1.80 (1.80 to 1.90)
75th %ile 2.80 (2.65 to 2.91)
95th %ile 5.90 (5.46 to 6.93)
99th %ile 17.30 (12.4 to 20.00)

0.50 (0.37 to 0.54)
0.70 (0.70 to 0.80)
1.30 (1.20 to 1.30)
1.90 (1.80 to 2.00)
2.70 (2.55 to 2.90)
5.67 (4.80 to 7.15)

17.50 (10.11 to 20.0)

0.40 (0.40 to 0.50)
0.60 (0.60 to 0.70)
1.10 (1.10 to 1.20)
1.80 (1.70 to 1.90)
2.60 (2.50 to 2.80)
4.67 (4.20 to 5.33)
8.16 (6.25 to 14.24)

PI, perfusion index.
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(A) Histogram of the median perfusion index. (B) Distribution of median perfusion index of the unlabeled dataset. The

boxes represent the IQR from 25th-75th percentile (IQR). The marker within the box is the median and the ‘whiskers’ reach 1.5

times IQR.

A PI value of <0.44 has been shown to be indicative of
low superior vena cava flow of <40 mL/kg/min in very low
birthweight infants.*” In a case—control study, Granelli
et al suggested using a PI value of 0.7 as an adjunct to
oxygen saturation screening to evaluate whether a
newborn has left heart obstructive lesions.'” In our study,
the first percentile PI value was 0.5 (95% CI 0.40 to 0.60)
and the fifth percentile PI value was 0.7 (95% CI 0.65 to
0.70). A low PI value of <0.50r<0.7 can be considered as
a screening marker of hypoperfusion in the newborn,
however, the sensitivity and specificity of such values to
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detect CCHD or other conditions is yet to be determined.
A more recent study by Schena et al, in 42000 newborns,
using a combined pulse oximeter and PI screen to detect
CCHD, chose PI <0.9 as abnormal for their CCHD screen
done between 48 and 72hours of life."* The one case of
coarctation of aorta that was identified based on PI alone
had a PI value of 0.3. This study further showed that
adding PI to pulse oximeter screens still missed two cases
of left-sided obstructive CCHD. Hence, the clinical use of
lower limit of PI in screening for CCHD in asymptomatic
newborns needs further study.

Post-Ductal

Figure 3 Distribution of preductal and postductal median perfusion index. The boxes represent the IQR from 25th-75th
percentile. The marker within the box is the median and the ‘whiskers’ reach 1.5 times IQR.
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Our study demonstrates that at 24 hours postductal
PI is lower than the preductal PI by 0.1. Others have
reported that postductal PI is higher than preductal
PL."* Granelli et al showed that the postductal PI is
0.02 higher than preductal PI. Such small differences
in PI are not clinically significant in healthy newborns.
However, this difference was much greater in Hakan’s
study of 196 healthy term infants that described median
PI value and IQR for the paired preductal and post-
ductal as 1.35 (1.02-1.91) and 0.88 (0.62-1.22) in
the first day of life, and the difference was seen up
to 3days of life."® The reason for the discrepancy in
the preductal and postductal PI differences among
these three studies is unclear. There are differences
in methodology between our study and the other two
studies. We screened newborns at 24 hours, Granelli e/
al screened between 1 and 120 hours and Hakan et al
screened at ‘first day’ but the hour of life is unspecified.
While our study compared the overall distribution of
the preductal and postductal PI, the other two studies
used paired preductal and postductal data samples. We
should consider collecting and evaluating the preductal
and postductal PIs in a larger patient population to
further improve CCHD screening methodology.

Itis common to have PI values fluctuate as they reflect
a brief momentary measurement of one’s peripheral
perfusion at the site of the pulse oximeter. Peripheral
perfusion is dynamically affected by a variety of factors.
For this reason, a single transient measurement has
limited value because it may not accurately reflect one’s
true perfusion status. Instead, the median PI calcu-
lated from monitoring PI over a period of time after
the pulse oximeter tracing stabilises may provide a
more accurate depiction of true perfusion status.'” Our
study recorded PI for a median of 725s. As an additional
step to ensure measurement accuracy, we used an auto-
mated (Excel-based) data selection process to capture
only artefact-free PI values with correspondingly stable
SpO, and HR. Even though almost 20% (3%-4% due
to zero HR/saturation; 18% due to low signal quality)
of the data points were eliminated by this method, we
only lost 0.1% of the individual screening data. Other
studies have used a similar methodology of selecting the
median PI of artefact-free readings instead of using a
single PI value.”” ' Using electronic data output and
data selection methods to standardise practice and elim-
inate human transcription error is essential in evalu-
ating the efficacy of different PI values and their clinical
significance. The data selection methods used in this
and other studies will help to develop algorithms for
automated PI data selection and output for clinical use.

A limitation of our study is that it is a retrospective
single-centre study and the data were deidentified. We
do not have paired samples to evaluate the individual
preductal and postductal differences. We are unable to
link PI data directly to clinical outcome of these infants.
However, we have a prospectively maintained NICU
database which allowed us to confirm that during the

study period, there were no CCHD cases or early onset
bacterial sepsis or pneumonia identified in the newborn
nursery prior to discharge. The majority of infants
born in our hospital continue to obtain care within our
hospital system. Our hospital database provided suffi-
cient follow-up information to determine whether any
infant discharged during the study period was later diag-
nosed with CCHD. An exception would be if an infant
was later diagnosed with CCHD at a different hospital.
The generalisability of our study is limited to the avail-
ability of the software to download data from the pulse
oximeters. Once the data are downloaded, our automated
data selection process can be reproduced easily. It is now
standard of care to screen most newborns in the USA at
24 hours of life for CCHD. Centres using pulse oximeters
that have numerical PI capability should be able to repli-
cate our results. Generalisability for clinical use requires
development of an automated algorithm in the pulse
oximeters to provide the median PI value as output.

CONCLUSION

The median PI calculated using an automated data selec-
tion method in asymptomatic newborns at 24 hours of life
is 1.8, with a narrow IQR of 1.2 to 2.7. This distribution
of PI is consistent with the previously published Swedish
nomogram (median 1.7 and IQR 1.2, 2.5) described at
1-120 hours of life. This suggests that the PI values in
asymptomatic newborns have a narrow range of distribu-
tion during the time of CCHD screening. Further studies
are needed to establish external validity of this automated
data selection method and its clinical application for
CCHD screening.
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