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Introduction
	 Newborns, particularly preterm infants,  have  a number 
of characteristics that make them more vulnerable to  certain 
situations of clinical instability. One of them, and perhaps the most 
critical, is circulatory deterioration. The  physiological  responses  to 
such events  differ  from those of other population groups,  making 
them more vulnerable to tissue hypoxia and organ failure. This makes 
it imperative for  early recognition and therapeutic intervention  in 
situations that compromise cardiovascular function.

	 One of the measures that can be used to evaluate and monitor the 
hemodynamic status of a newborn is the perfusion Index (PI), which 
is a relative, indirect and non-invasive measure of the strength of the 
peripheral perfusion. The PI is the ratio between the pulsatile component 
during Arterial Inflow (AC) and the non-Pulsatile Component (DC) of 
the Photoplethysmogram (PPG) signal, which are both derived from 
the amount of absorbed infrared light (940-nm)emitted by a pulse 
oximeter [1,2]. Additionally, the PPG waveform can also be used to 
assess the microcirculation of neonates. The technological progress 
of pulse oximeters has enabled a reliable and safe monitoring of the 
PI for clinical analysis of blood flow. Furthermore, the literature has 
recently been focused on understanding the relationship between this 
new clinical monitoring tool and the complex neonatal cardiovascular 
physiology, as described in a 2014 review [1].

	 Thus,  PI shows the  relationship between heart function and 
peripheral vascular resistance, thereby assessing the pulsating force at 
a specific monitoring site (e.g. hand, finger or toe). PI depends mainly 
on the amount of blood at the site where it is measured, so it becomes 
an indirect, non-invasive measurement of the peripheral perfusion. In 
summary, it is a relative assessment of the strength of the arterial 
pulse at the monitoring site, which quantifies its amplitude and yields 
clinically useful information about the peripheral perfusion status.

	 A  low  PI  represents  less flow at the sensor site, 
which may be attributed to  local compression,  peripheral 
vasoconstriction,  hypovolemia,  or  reduced cardiac function; where 
as a  high  PI  suggests vasodilation.  The  PI  varies according to the  
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Abstract
	 The aim of this study was to determine the predictability of clinical 
complications by analyzing the perfusion index historical behavior 
patterns with polynomial group-based trajectory model. A longitudinal 
analysis was performed in 80 preterm newborns (gestational age 24 
to 36 weeks) in a neonatal intensive care unit. The perfusion index 
was measured continuously at the pre-ductal level in the upper right 
limb, using the Masimo Radical-7 pulse oximeter during the first 72 
hours of life. Measurements were made every two seconds, but for 
analysis purposes, these data were smoothed using the perfusion 
index mean per minute and the monitoring time was divided into 
6-hour periods. Logistic regression models were used to assess the 
perfusion index ability to predict a complication in each of the 6-hour 
periods. Additionally, polynomial group-based trajectory model 
was conducted to determine behavior patterns and to explore their 

association with each clinical complication that occurred during the 
first seven days of life. We found the perfusion index significantly 
reduced the likelihood of necrotizing enterocolitis at the 42-48 (OR 
= 0.16; CI95% 0.04-0.68) and 48-54 (OR = 0.17; CI95% 0.04-0.72) 
hours periods after birth. The trajectory analysis identified two 
trajectory profiles, so that membership to the trajectory 1profile was 
significantly associated with the presence of a clinical complication 
(OR = 8.85; IC95% 1.03-76.51). The use of a trajectory analysis 
with standardized individual trends of the perfusion index historical 
behavior allowed the identification of patterns that predict clinical 
complications in preterm infants.

Keywords: Arterial Inflow; Interquartile range; Neonatal intensive 
care unit; Photoplethysmogram
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monitoring area and the physiological and pathological conditions 
the patient has.  For instance,  situations such as vasoconstriction, 
vasodilatation and temperature variation at the monitoring site, 
administration of vasoactive drugs, tone of the sympathetic nervous 
system (pain, anxiety), changes in stroke volume,  compression  of 
the  extremities,  and  positional changes (prone/supine) [3-5], affect 
its value.  Similarly, other  studies  have reported that  circadian 
rhythm, feedings, intravenous treatments and jaundice  may also 
affect  the  reported value of  PI  in hemodynamically stable preterm 
newborns during the first week of life [6,7]. Additionally, various 
authors have shown that  PI  may change with racial and regional 
factors.

	 It has been also reported that PI  values  appear to reach 
equilibrium on the fifth day of life.  This might be  attributable to 
postnatal maturation  of the sympathetic nervous system, which 
plays a key role in the regulation of the peripheral perfusion 
in  premature  newborns.  This way, the established PI median  for 
preterm newborns in the first week of life is highly variable, ranging 
from 0.7% to 1.35%, with values between 0.29% and 2% depending 
on postnatal age and clinical stability of the patient [6,8-11]. To date, 
it is not possible to determine with certainty a reference value that 
serves as a cutoff point between healthy and sick newborns. 

	 The divergence  in reported values  and the  multiple  conditions 
that may affect their measurement  have limited the full use of 
such a valuable tool as PI in daily clinical practice, although the 
best recommendation is to individualize the results and to rely 
on the data trend, not on isolated measurements [1]. Some studies 
have shown associations between variations in the PI and some 
clinical alterations, such as ductus arteriosus with hemodynamic 
significance,  intracranial hemorrhage,  sepsis, Necrotizing 
Enterocolitis  (NEC), cardiorespiratory arrest, ventilatory support 
and death [12-20]. However, little has been extrapolated to clinical 
neonatal care.  In most studies, the  predictive ability of the  PI  has 
been studied considering its absolute values at a single point in time 
or its mean ​​over different periods of time. However, it has not been 
studied whether the full trajectory of PI predicts short-term clinical 
complications.

	 Early warning scoring systems are physiologic scoring systems 
for bedside patient assessment.  Early detection of changes in a 
patient’s vital signs can make a life-saving difference because 
it leads to early intervention, thereby helping to prevent critical 
events before they occur. Early indicators of serious illness may not 
be  recognized  or acted upon, leading to rapid subsequent clinical 
deterioration with important implications for critical care, morbidity, 
and mortality. Automatically acquiring and analyzing vital signs, in 
which observations are compared to a “normal” range,  can help to 
identify early patient deterioration, often hours before an adverse 
event, which makes the PI trend more important than an isolated 
PI value because it can reveal subtle changes in perfusion that are not 
as evident in variables from static screens. Moreover, these changes 
provide immediate feedback in real time about the perfusion state and 
the effectiveness of therapeutic interventions, thereby guiding clinical 
management.

	 The objective of the present study  was to determine  if 
certain  patterns  of historical PI behavior predict the occurrence 
of  clinical  alterations  or morbidity  in  preterm infants  cared  

for  in intensive care units.  To achieve this goal, we first describe 
graphically the behavior of individual PI trajectories, subsequently 
exploring the association between changes in PI standard deviations 
in various periods and the occurrence of clinical complications. 
Finally, we identify complete trajectory groups as predictors of these 
same morbidities.

Methods
Study population

	 A longitudinal and prospective study was conducted in the neonatal 
Intensive Care Unit (ICU) of Medicina Alta Complejidad (MACSA) 
of the Niño Jesús Hospital  in Barranquilla, Colombia.  Newborns 
with a gestational age of 24-36 weeks; who were admitted between 
September 2016 to October 2017; and whose PI monitoring, gestational 
age determination and complications occurrence vigilance started 
within the first six hours after birth were included. Newborns with 
confirmed or probable congenital heart disease,  major dysmorphic 
syndromes or malformations without favorable prognosis of life, and 
those with monitoring interruptions of more than six continuous hours 
were excluded.

Variables

	 The PI  was measured  continuously  at the pre-ductal level 
in the  right upper limb,  using  the pulse oximeter Masimo 
Radical-7®  (Irvine, California USA)  during the first 72 hours 
of life.  The device  measured  the PI  every two seconds  over  the 
monitoring  period and  automatically recorded it in a database for 
later use. The monitoring period (72 hours) was divided into six-hour 
segments, giving 12 periods in total. For analysis purposes, the data 
were smoothed using the PI’s mean per minute.

	 Gestational age was determined using the Ballard score at the 
time of admission to the neonatal ICU. Gender and initial diagnosis 
of complications during the first seven days of life were also evaluated. 
They included hemodynamically significant patent ductus arteriosus; 
sepsis; requirement for ventilatory support; cardiac arrest; NEC; and 
death.

	 Medical personnel  of the neonatal ICU were responsible for 
the patients’ recruitment and for the measurement of all  variables 
of interest after being informed about  the study protocol (inclusion 
and exclusion criteria, data collection and register procedures) 
and criteria standardization.  Nurses were also informed about the 
study protocol and were given instructions to ensure continuous PI 
monitoring during  patient  care.  These instructions comprised:  to 
not change the place of the  pulse oximeter;  in case of interruption 
of the PI measurement because of some routine procedure  (weight 
measurement or  sampling,  venous access placement,  among 
others), to ensure the interruption did not last longer than one hour; to 
prevent that situations such as positional changes or crying of the 
newborn interrupted the PI measurement for more than one hour; and 
to avoid blood pressure measurement and venous accesses in the 
upper right limb, where the pulse oximeter was placed. A written 
record was made if any of the previously listed issues were necessary 
due to medical needs and also of every complication that might have 
developed during the ICU stay and the given management.
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Statistical Analysis
	 A descriptive analysis was performed in which the quantitative 
variables were summarized with central tendency (mean and median) 
and dispersion (standard deviation and interquartile range) measures, 
while categorical variables were described using proportions and 
95% Confidence Intervals (CI95%). Additionally, we used graphical 
methods to assess the PI trend throughout the monitoring period and 
to compare participant-specific historical means to the global 
mean. Trends were also explored using spaghetti plots for each panel 
(individuals).  For the bivariate analysis, non-parametric tests were 
used because the PI did not display a normal distribution (Shapiro-
Wilk  test  p>0.10). Spearman’s correlation and the Mann-Whitney 
U test were used to explore the association of the median PI of the 
complete monitoring period of each patient with the gestational age, 
as well as with each categorical variable previously described (gender 
and complications), respectively.

	 Analyses were conducted to assess the predictive ability of the PI at 
the different six-hour periods. In each of the 12 monitoring periods, the 
PI was summarized with its mean for all individuals. Then, the PI mean 
of each period was standardized using the individual-specific mean and 
Standard Deviation (SD) in order to consider the change with respect 
to the own historical mean of each patient in a standardized way. Thus, 
12 measurements were obtained per patient, which corresponded to 
the Z score of the PI in each six-hour period. Subsequently, logistic 
regression models were constructed for each period, in which the 
response variable was each of the complications evaluated (yes vs. 
no). The main independent variable was the specific Z score of the 
period and the adjustment covariates to evaluate the PI’s ability to 
predict clinical outcomes in each period were gender and gestational 
age.

	 Additionally, all models were adjusted for the  PI means of the 
three previous periods (lags 1, 2 and 3), i.e., for each subject, the 
analyzed PI mean of each period was adjusted for the PI mean values 
of the three preceding periods, thereby constituting a third order self-
regressive structure. The aim of this analysis was to be able to identify 
the period in which the PI mean showed the best ability to predict the 
clinical outcomes.

	 Furthermore, a dichotomous variable of a composite outcome was 
constructed, so that it was 1 in newborns who had at least one of the 
evaluated complications and 0 in those who had no complications. This 
way, a model was constructed for each six-hour period, in which the 
response variable was the composite outcome and the predictors were 
the PI Z-score, gender and gestational age.

	 Also, a polynomial group-based trajectory analysis  (polynomial 
group-based trajectory model) [21] was conducted. These models 
facilitate classifying subjects into trajectory profiles by considering a 
specific sub-model for each group of different polynomial order. These 
models not only allow using polynomial models, but also having 
different distributions of the response variable. The model assumed 
a normal censored distribution of the PI with a maximum value of 10 
and allowed multiple polynomial orders for each group. We identified 
two trajectory profiles: one of quadratic order and other of cubic 
order. The order of each submodel was selected starting with sixth-
order models and consecutively reducing it, verifying the maintenance 
of the explanatory capacity through the Akaike (AIC) and Bayesian 
Information (BIC) criteria.  The polynomial predictors’ coefficients  

for each order by group and the probability of assignment to each 
group by subject were obtained, being assigned to those with a higher 
probability. The classification ability of the model with the identified 
profiles was ascertained by  comparing the predicted probabilities 
of membership to each group, which had a high discriminative 
capacity.  Finally, a distal outcome model was constructed in an 
equations system simultaneous with the trajectory model, in which 
the  main  predictive  variable  was the group membership (identified 
in the trajectory analysis); the final response was the  development 
of a complication and the adjustment covariate was the gestational 
age.  This allowed estimating the  adjusted Odds Ratio (aOR)  of 
presenting any complication.

	 The goodness of fit (χ2 of Pearson) and the appropriate specification 
of all models were evaluated and  all analyses were performed 
using Stata 15 (StataCorp, College Station, Texas, USA) and used 
a significance level of 0.05.  For the trajectory analysis, the  “traj” 
program designed by Bobby L. Jones for Stata was used [22].

Ethics Statement
	 The protocol of this research was submitted and approved by 
the Ethics Committee of the Health Division of the Universidad 
del Norte.  The medical care of the enrolled patients was not 
altered.  Routine clinical  management for  premature newborns 
includes continuous monitoring and recording of biological 
variables such as oxygen saturation, heart rate and PI, among 
others. Therefore,  the committee that reviewed the protocol did not 
consider necessary to obtain  informed  consent.  The PI data were 
extracted from the equipment used to measure it and analyzed without 
subject identification.

Results
	 During the study period, 86 infants were recruited, of which 
80  (93.02%)  conformed the analytical sample, since they had 
complete information for all the variables of interest. Out of all the 
participants, 55% were female. The PI global mean was 1.04 (SD= 
0.59) and the gestational age mean was 32.45 (SD= 2.92). Figure 1 
depicts the PI behavior of the included newborns.

Figure 1: Patients’ perfusion index behavior.
(A) Perfusion index trajectory during the study period. (B) Specific perfu-
sion index average of each preterm infant with respect to the index global 
average.
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	 The most frequent complications in the first seven days of life were 
the requirement of ventilatory support  (46.25%; CI95%: 35.45%-
57.42%), sepsis (27.50%; CI95%: 18.68%-38.51%) and patent ductus 
arteriosus (17.50%; CI95%: 10.53%-27.66%). NEC (13.75%; CI95%: 
7.68%-23.40%), death (7.50%; CI95%: 3.35%-15.95%) and cardiac 
arrest (6.25%; CI95%: 2.58%-14.39%) were less frequent.

	 Upon evaluating the PI and complications according to gender and 
gestational age (Table 1), it was seen that the PI median of the girls 
as well as its variability were slightly larger  (median= 0.94; IQR= 
0.71-1.30) than those of boys (median= 0.90; IQR= 0.67-1.20). When 
stratifying into older and younger than 28 weeks, it was found that the 
median was similar for both groups (0.92; IQR= 0.69-1.20 vs. 0.91; 
IQR=0.60-1.30, respectively), although there was greater variability 
throughout the complete monitoring period in infants with less than 
28 weeks. Additionally, the bivariate analysis only showed a marginal 
association between the PI and the presence of sepsis (p = 0.08).

	 In  the multivariable analysis, it  was found that  the  PI  was 
associated with  a  statistically  significant  reduction  of the  aOR of 
NEC in the 42-48 and 48-54 hour periods. Thus, for each increase 
in the SD of PI, the aOR of presenting NEC declined by84% ​​(aOR = 
0.16; CI95% 0.04-0.68) and 83% (aOR = 0.17; CI95% 0.04-0.72) in 
the 42-48 and 48-54 hour periods, respectively. Moreover, each SD 
increase in the PI was significantly associated with an 83% increase 
in  the aOR of requiring ventilatory support (aOR = 1.83%; CI95% 
1.02-3.27) in the 18-24 hour period after birth (Figure 2).

	 The estimates represent the percentage change in the 
adjusted odds ratio  (aOR) of presenting specific complications as a 
result of a 1 SD increase in the perfusion index for each subject.

	 Table 2 shows the model results for each complication and figure 
3 shows the trends of point estimates and of CI 95% at the time of the 
most frequent complications.

Male
n = 36 %
(CI95%)

Female
n = 44 %
(CI95%)

< 28 weeks
n = 7 %
(CI95%)

≥ 28 weeks
n = 73 %
(CI95%)

PI during monitoring1, 2 0.90 (0.67-1.20) 0.94 (0.71-1.30) 0.91 (0.60-1.30) 0.92 (0.69-1.20)

PI by hour2

0-24 0.95 (0.67-1.30) 1.10 (0.84-1.40) 1.20 (0.92-1.70) 1.00 (0.75-1.40)

24-48 0.83 (0.65-1.10) 0.85 (0.63-1.20) 0.73 (0.46-1.10) 0.85 (0.65-1.10)

48-72 0.91 (0.70-1.10) 0.89 (0.68-1.20) 0.80 (0.56-1.10) 0.91 (0.70-1.20)

Ductus (%) 19.44 (9.21-36.49) 15.91 (7.54-30.49) 71.43 (21.50-95.80) 12.33 (6.44-22.32)

Sepsis (%) 30.56 (17.28-48.10) 25 (14.08-40.41) 42.86 (9.06-84.95) 26.03 (17.08-37.54)

Ventilatory support (%) 58.33 (41.11-73.74) 36.36 (23.17-51.99) 85.71 (25.67-99.05) 42.47 (31.45-54.28)

Stop (%) 8.33 (2.56-23.93) 4.55 (1.08-17.25) 42.86 (9.06-84.95) 2.74 (0.66-10.62)

ECN (%) 22.22 (11.12-39.48) 6.82 (2.11-19.86) 14.29 (0.95-74.33) 13.70 (7.42-23.92)

Death Death (%) 11.11 (4.03-27.14) 4.55 (1.08-17.25) 42.86 (9.06-84.95) 4.11 (1.30-12.28)

Ductus aOR 
(CI95%)

Sepsis aOR 
(CI95%)

Ventilatory support 
aOR (CI95%)

Cardiac arrest aOR 
(CI95%)

ECN aOR 
(CI95%)

Death aOR 
(CI95%)

Z score of PI in each 6-hour period

0-6 0.58 (0.27-1.26) 1.07 (0.65-1.77) 0.95 (0.58-1.56) 1.11 (0.20-6.33) 0.91 (0.47-1.74) 0.92 (0.26-3.19)

6-12a 0.95 (0.46-1.95) 1.20 (0.74-1.94) 1.18 (0.74-1.88) 0.74 (0.16-3.48) 0.94 (0.50-1.76) 0.70 (0.22-2.21)

12-18b 1.76 (0.74-4.17) 0.95 (0.54-1.66) 1.19 (0.69-2.07) 0.55 (0.09-3.22) 2.01 (0.90-4.47)† 0.79 (0.23-2.70)

18-24 0.87 (0.38-1.99) 1.24 (0.72-2.14) 1.83 (1.02-3.27)* 2.02 (0.37-10.95) 1.75 (0.87-3.54) 2.30 (0.61-8.73)

24-30b 1.06 (0.48-2.34) 1.57 (0.93-2.63)† 1.19 (0.71-1.99) 1.75 (0.18-17.43) 1.73 (0.89-3.37) 4.88 (0.88-27.13)†

30-36 1.54 (0.67-3.54) 1.35 (0.75-2.45) 1.54 (0.83-2.84) 2.09 (0.28-15.37) 1.57 (0.69-3.59) 3.46 (0.68-17.54)

36-42 0.83 (0.35-2.00) 0.87 (0.48-1.58) 0.76 (0.42-1.39) 2.26 (0.39-13.17) 0.82 (0.38-1.78) 1.20 (0.34-4.28)

42-48 1.93 (0.78-4.81) 0.76 (0.39-1.48) 1.03 (0.55-1.95) 0.19 (< 0.01-8.39) 0.16 (0.04-0.68)* 0.18 (0.02-1.89)

48-54 1.03 (0.40-2.69) 0.67 (0.33-1.37) 0.59 (0.29-1.21) 0.06 (< 0.001-11.99) 0.17 (0.04-0.72)* 0.12 (0.01-2.39)

54-60 1.13 (0.45-2.84) 0.60 (0.31-1.18) 0.82 (0.45-1.50) 0.93 (0.11-8.00) 0.70 (0.31-1.58) 0.89 (0.19-4.12)

60-66 0.99 (0.44-2.23) 0.97 (0.56-1.68) 0.64 (0.36-1.14) 0.54 (0.08-3.64) 1.26 (0.63-2.52) 0.39 (0.07-2.17)

66-72b 0.62 (0.31-1.28) 0.82 (0.50-1.34) 0.74 (0.45-1.21) 1.64 (0.31-8.84) 0.86 (0.44-1.66) 1.06 (0.38-2.96)

Table 1: Descriptive analysis of perfusion index and complications according to sex and gestational age.
1The summary measure of the perfusion index is shown throughout the study period (72 hours).
2Median and Interquartile Range (IQR) are presented.

Table 2: Association between standard deviation (Z score) and the presence of complications evaluated over time in preterm infants of neonatal ICU in 
Barranquilla, 2016-2017.

Note: A model was constructed for each outcome using as predictors the standard deviation (z score) of each six-hour period and adjusting for gestational 
age and gender.
*α< 0.05; †α < 0.10; Periods with n = 80; a n = 78; b n = 79.
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	 The models for the composite outcome revealed that the aOR of 
presenting some complication gradually increased from the beginning 
of monitoring up until 30-36 hours after birth (reaching its maximum 
during this  period); then  progressively  decreased.  Nevertheless, 
statistical significance was only observed in  the 18-24 hour period, 
so each increase of 1 SD of the PI was associated with  a 93% 
increase  in  the aOR of presenting some complication (aOR = 1.93; 
CI95% 1.11-3.36). This trend is shown in figure 4.

	 For the trajectory analysis (Figure 5), two profiles were identified, 
one of quadratic order and one of cubic order.  The first profile 
included 76.4% of newborns; and the second, 23.6%. Furthermore, 
the trajectories had a clearly different behavior, with the second 
presenting greater variability but with average oscillations towards 
larger values.  To verify this correspondence,  the simultaneous 
equations model yielded  a statistically significant  positive 
correlation between the membership to the profile of trajectory 1 and 
the presence of a complication (aOR= 8.85; CI95% 1.03-76.51). This 
was not seen with trajectory 2, which suggests that having a profile of 
the trajectory 1 increases the probability of any clinical complication. 
All the results from the trajectories submodels and the simultaneous 
equations models (correspondence analysis) are presented in table 3.

Figure 2: Percentage change of presenting specific complications.

Figure 3: Adjusted odds ratios and CI95% of the most frequent complica-
tions in preterm infants.

Figure 5: Trajectory analysis.
(A) Identification of two profiles: One of cubic order (trajectory 1) and 
one of quadratic order (trajectory 2). (B) Correspondence analysis between 
membership to trajectory 1 and the presence of any clinical complication.

Figure 4: Adjusted odds ratios and CI95% of the composite outcome mod-
els in preterm infants.

Group Parameter Estimate Error Parameter = 0 Prob > T

Trajectory #1

Intercept 1.070 0.032 32.927 0.000

Linear 0.005 0.004 1.233 0.218

Quadratic −0.001 0.000 −4.400 0.000

Cubic 0.002 0.000 6.072 0.000

Trajectory #2

Intercept 1.500 0.042 35.604 0.000

Linear −0.003 0.003 −1.107 0.268

Quadratic 0.000 0.000 0.578 0.563

Sigma 0.491 0.005 106.445 0.000

Group membership

1 (%) 76.383 4.746 16.093 0.000

2 (%) 23.617 4.746 4.976 0.000

Outcome: logit model for any complication*

OR CI95% p value

Group/Trajectory #1 8.85 1.02-76.51 0.05

Group/Trajectory #2 2.45 0.24-25.48 0.45

Table 3: Trajectory analysis of the perfusion index and correspondence be-
tween the identified profiles and the presence of any clinical outcome.

Estimators for each submodel identified in the trajectory analysis of the per-
fusion index, for identified groups and for association of group membership 
with final outcome are presented.
*Adjusted by gender and gestational age.
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Discussion
	 This study was aimed at investigating the usefulness of PI when 
monitored continuously in preterm infants and when trends and 
changes are standardized and carefully evaluated. We found that 
each increase of the PI’s SD significantly reduced the likelihood of 
presenting NEC in the 42-48 and 48-54 periods after birth. Likewise, 
the membership to the trajectory 1 profile increased the likelihood of 
having any clinical complication.

	 The dissociation  between the macro and micro circulatory 
compartments  was defined by  Ince  as  “a loss of hemodynamic 
coherence” [23] and the authors suggested that this is the rationale 
for monitoring the microcirculation.  Peripheral tissue perfusion 
measured continuously using the PI could be used as triage tool 
in the early stages of neonatal complications in preterm newborns 
[24,25].  Individualized  and standardized assessment  as the one 
performed in our analyses may reduce the unnecessary use of invasive 
devices and vasopressors, both of which have potential side effects. 
Conversely,  preterm newborns with PI alterations  could  be good 
candidates for early therapeutic approaches targeting microcirculation.

	 Risk score scales have been shown of value in clinical 
medicine.  The  potential of standardized  systems of  early 
warning  scores that include  PI  from the moment of birth  could 
improve the  quality of data used to  anticipate complications in 
preterm  newborns.  However, most existing approaches are based 
on cross-sectional “snapshots” at distinct times, rather than taking 
advantage of the longitudinal behavior of the measurement.

	 In contrast,  trajectory analysis allows  predictions that consider 
all the information about  the combined behavior of repetitions of a 
response variable from a subject throughout time; in this case, the 
PI. These analyses differ from traditional longitudinal ones using linear 
generalized models with mixed effects based on the variance within 
and between subjects (during the whole monitoring time or in different 
periods) in that the analysis of the polynomial trajectory uses all the 
information from the full time series per subject, seeking to identify a 
pattern to which the patient may belong. This in turn reflects a complex 
physiological trajectory that does not necessarily have to be linear or 
monotonic, and that allows the incorporation of more information for 
the prediction of complications. 

	 In the trajectory analysis  used in this study, the prediction 
was based on more parameters than the PI’s historical mean  at 
different points in time. The identification of a polynomial function 
that best describes the temporal PI behavior, by grouping the subjects 
with profiles, is an effective basis for predicting the patients’ clinical 
behavior. The identified profiles facilitated classification of the subjects 
into risk groups, adding more clinical parameters. This analysis could 
be incorporated into an artificial intelligence system that makes non-
parametric predictions of clinical complications, making it a simple, 
but effective, means of alerting healthcare personnel about the future 
severity of the disease. 

	 The interplay between clinical methods, such as clinical skills 
of history taking, careful physical examination and judicious 
selection of diagnostic tests together with numerical methods like 
the one presented here, with careful assessment of PI trends, could 
be proven to be very worthwhile. Besides, it is consistent with the 
ongoing trend in medicine towards  evidence-based practice that  

emphasizes efficiency and algorithmic approaches toward diagnosis 
and treatment. Such approaches have a number of potential benefits 
including cost-saving, standardization of practice, and improvement 
in the quality of care [26].

	 Previous studies have reported an association between the state 
of sympathetic stimulation and a decreased PI [27-29]. We speculate 
that increases in sympathetic activity could be the explanation for the 
association between the increase of PI’s standard deviation and the 
decrease in the aOR for NEC.

Weaknesses and Strengths
	 To the best of our knowledge, there are no previous reports 
analyzing PI using polynomial group-based trajectory model in 
a similar manner to this one. Most studies have looked at a PI 
determination at a single point in time, except for two previous 
studies which looked at values during the first 24 hours and the first 
72 hours of life [24,25]. For analysis, those studies used longitudinal 
mixed-effects modeling and linear, quadratic, and cubic models but 
not polynomial group-based trajectory model. Therefore, we can 
make no comparisons to findings by others.

	 All data in our study were obtained at a single center and this is 
a limitation. Additionally, the findings in this study were obtained with 
a single monitor (Masimo, Irvine, California USA) and we do not 
know if they can be extrapolated to other monitors, because there is 
great variability in measurement between oximeters. According to our 
findings, the Masimo device may be a promising tool for evaluation 
and predictability.

	 Tuten et al.  recently showed that high lactate levels (> 4 mg/dl) 
and small PI (<0.5) during the first 24 hours of life could be used 
as early indicators for the prediction of retinopathy of prematurity 
and bronchopulmonary dysplasia in very low birth weight infants 
[30].  Lactate levels require blood samples and are determined 
intermittently. We believe that continuous non-invasive monitoring of 
PI could be more valuable. Based on our findings, we believe that the 
greatest value of the PI for sick premature infants is to continuously 
measure it and record any change.

	 Future research should be conducted at more than one center and 
focus on a larger sample size of newborns with different gestational 
ages and birth weights. It should also explore the value of our method 
of analyzing PI for other groups, such as hypertensive, anemic, 
infected, and postoperative neonates and evaluate whether drugs 
targeting microcirculation could improve the outcome for selected 
newborns with persistent peripheral hypoperfusion, as  this  could 
lead to less organ dysfunction and significant morbidities.

Conclusion

	 In conclusion, the PI can be continuously monitored non-invasively 
at the bedside. Trends and changes of the PI analyzed over time during 
the first 72 hours of life in preterm newborns with a polynomial 
group-based trajectory model improve predictability.  However, 
further studies are needed to reproduce this association and thus use 
it systematically in neonatal intensive care units for sick infants. 
Hopefully, the implementation of bedside continuous perfusion 
assessment will be shown to improve management and outcomes in 
the future.
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