
 1

Early postnatal perfusion index changes in term newborns with 
subclinical chorioamnionitis 

 
 
 
 

 
Claudio De Felice1, Antonio Del Vecchio3, Mario Criscuolo4, Antonia Lozupone4, 

Stefano Parrini2 & Giuseppe Latini3,5 
 
 
 
 
From the 1Neonatal Intensive Care Unit, and the 2Department of Odontostomatology, 
Azienda Ospedaliera Universitaria Senese, Siena, Italy; the 3Division of Neonatology 
and 4Pathological Anatomy Unit, Perrino Hospital, Brindisi, and 5Clinical Physiology 
Institute, National Research Council of Italy (IFC-CNR), Lecce Section, Italy 
 
 
 
 
Correspondence to:  
Giuseppe Latini 
Division of Neonatology, Perrino Hospital 
Clinical Physiology Institute (IFC-CNR) 
National Research Council of Italy 
Lecce Section, s.s. 7 per Mesagne 
72100 Brindisi, Italy 
Telephone: +39 0831 537471 
Fax: +39 0831 537861 
e-mail: gilatini@tin.it 
 

 

 
 
 
Abbreviations 
CA     Chorioamnionitis 
HCA     Histologic chorioamnionitis 
PI     Perfusion Index  
NTISS  Neonatal therapeutic intervention scoring system  
SNAP-PE Score for Neonatal Acute Physiology-Perinatal Extension  
 
 
 
 
Key words: Pulse oximetry; Perfusion Index; Chorioamnionitis/diagnosis; Placenta 
diseases; Apgar score.  

 ADC-FNN Online First, published on April 29, 2005 as 10.1136/adc.2004.068882

Copyright Article author (or their employer) 2005. Produced by BMJ Publishing Group Ltd (& RCPCH) under licence. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/adc.2004.068882 on 29 A
pril 2005. D

ow
nloaded from

 

http://fn.bmj.com/


 2

Abstract 
 
Background: Chorioamnionitis (HCA) at term gestation is frequently subclinical and 
linked to neonatal morbidity and mortality. We tested the value of pulse oximetry 
perfusion index (PI) in early prediction of subclinical HCA in term newborns.  
Methods: PI cut-off values were first identified in 51 HCA term newborns and 115 
matched controls, retrospectively categorised on the basis of placental histology (study 
phase 1). The obtained PI thresholds were subsequently tested on an unselected cases 
series of 329 prospectively recruited, term newborns (study phase 2). PI was evaluated 
during the first 5 minutes after delivery. Initial illness severity and short-term clinical 
outcomes were determined.   
Results: In the study phase 1, HCA newborns showed lower PI values at 1 and 5 
minutes (p<0.0001) after delivery, lower 1 minute Apgar score (p=0.017), lower cord 
blood base excess (p=0.0001), together with higher proportions of NICU admissions 
(p=0.0001), endotracheal intubation (p=0.017), SNAP-PE (p<0.0001) and higher 
NTISS (p<0.0001) score values than the HCA-negative infants. In the prospective 
validation phase of the study, the generated PI cut-off values (1-min PI≤1.74, 5-min PI 
≤2.18) showed 100% sensitivity, 99.4% specificity, 93.7% positive predictive value, 
and 100% negative predictive value in identifying subclinical HCA. An early 
identification of HCA was associated to a decreased admission rate to the NICU 
(p=0.012), as well as lower initial illness severity (p≤0.0001) and therapeutic intensity 
(p=0.0006) than the HCA newborns of the study phase 1.  
Conclusion: These findings suggest that an early PI monitoring is helpful in identifying 
HCA in term newborns.  
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Introduction 
 
Chorioamnionitis (CA) is a typical disease of the second trimester of gestation and has 
been related to preterm birth with increased fetal and neonatal morbidity and mortality, 
as well as higher risk for white matter brain damage and cerebral palsy (1,2). Little 
information on the effects of CA in the term fetus/newborn is available, although 
reported complications include depressed Apgar scores, and neonatal encephalopathy 
with increased risk of developing  cerebral palsy (2-6), infection, high risk of intubation 
in the delivery room (7), fetal death (8) and fetal growth restriction (9). A large fraction 
of CA remains subclinical (histologic CA (HCA) (1,10,11), without sufficiently 
accurate clinical signs at birth being known to date. The pulsatile signal indexed against 
the non-pulsatile signal and expressed in percent (AC/DC x 100) is commonly referred 
to as the perfusion index (PI) (12). Recently, the pulse oximeter PI has been linked to  
increased illness severity and outcome in both newborns (13) and adults (14). In the 
present study, we postulated that changes in pulse oximeter PI early in life might occur 
in term newborns with subclinical HCA.  
 
 
Methods 
To verify this hypothesis, the PI cut-off values were first identified in a cohort of 51 
term newborns (M:23, F:28; gestational age, M±SD: 39.8 ±1.3 weeks; birth weight: 
3128 ±457 g) with HCA , and a matched control population of 115 newborns (M:54, 
F:61; gestational age, M±SD: 39.5 ±1.5 weeks; birth weight: 3188±572 g) without 
HCA, retrospectively categorised on the basis of placental histology, selected from an 
initial population of 500 consecutively born term infants (study phase 1). The obtained 
PI cut-off values were subsequently tested on an unselected cases series of 329 
consecutively born, term infants (M:168, F:161; gestational age: 39.7 ±1.2 weeks; birth 
weight: 3320 ±415 g),  recruited prospectively (study phase 2).  
PI was evaluated during the first 5 minutes after delivery and initial illness severity and 
short-term clinical outcomes were recorded. None of the HCA infants’ mothers had 
clinical evidence of CA. The same methodology was applied to both phases (1-2) of the 
study. Given the specific study aim of identifying the subclinical forms of placental 
inflammatory disease, three neonatologists were simultaneously involved during the 
study in the delivery room. The newborn caregiver was in charge of the infant's clinical 
conditions and primary resuscitation manoeuvers, and gave the Apgar scoring 5 and 10 
min after birth. Independently,  a second operator recorded the pulse-oximetry signals 
during the first 10 minutes after birth, and the obtained values were stored in a laptop 
personal computer. PI was measured by applying the pulse oximeter's probe on either 
feet and artifact-free, pulse wave signals were obtained 15.0 ± 2.5 sec after birth. PI 
median values, recorded at 4-sec intervals during the time periods 0-1 min and 1-5 min 
were used for statistical analysis. Finally, a third operator independently measured skin 
and core temperatures, clamped the umbilical cord, sent the placenta for histologic 
examination, and performed the blood gas analyses. Initial illness severity was 
evaluated using the Score for Neonatal Acute Physiology-Perinatal Extension (SNAP-
PE) and Neonatal therapeutic intervention scoring system (NTISS) at 24 hours from 
admission (15,16). 
Infants were classified based on the results of the placental histology (HCA-positive vs. 
HCA-negative). Placental histological examination was performed as previously 
described (17), and a histological diagnosis of CA was made given the presence of at 
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least 10 polymorphonuclear leukocytes per field in 10 nonadjacent 400-power fields in 
membranes and/or placental chorionic plate. Pathologists were unaware of the results of 
neonatal clinical evaluations (inter-observer agreement in identifying histologic CA: κ 
value =0.96, SE=0.013, 95% CI 0.94-0.98). 
In pulse oximetry, a constant amount of light is absorbed by skin, other tissues and 
nonpulsatile blood, while a variable amount of light is absorbed by pulsating arterial 
inflow. PI is a scaled numeric value derived from the magnitude of the pulsations 
displayed on the plethysmographic waveform, and is calculated as the percentage of 
pulsatile signal to non-pulsatile signal. PI values were assessed using a Masimo SET 
Radical pulse oximeter (Masimo Corp., Irvine, CA, USA) (13) with the sensor placed 
randomly on either of the feet. After the pulse wave was verified artifact-free, the PI 
values were recorded for a duration of at least 5 minutes after delivery. SpO2, pulse rate, 
body (skin and core) temperature, and blood pressure were also measured. All the 
infants were examined under a radiant warmer and Apgar scores at 1 and 5 min were 
routinely assigned by the newborn caregiver. Core (rectal) and peripheral (skin) 
temperature were measured using a Datascope Passport YSI 700 series temperature set 
(Datascope Co., Mahwah, NJ, USA). The same procedure was applied to the study of 
the case-series representing the validation cohort (study phase 2). The caring physicians 
were immediately advised in the case of PI values during the first 10 minutes of life 
below the cut-off criterion.   
The study was approved by the local institutional review board, and informed consent 
was obtained from the parents of all the enrolled infants prior to the study. 
 
Data Analysis 
Data were expressed as means ± SD for continuous normally distributed  
data and medians with interquartile range [25th and 75th  percentiles]  
for non normal distributions. The t-test or Mann-Whitney U test, and chi-square test or 
Fisher's exact test were used to compare continuous normally distributed data, 
nonparametric continuous data, and categorical data, respectively. The predictive 
accuracy in identifying newborns with HCA for different PI cut-off values and 1-min 
Apgar scores was calculated using the receiver-operating characteristic (ROC) curve 
analysis. Predictive values were calculated on the basis of the observed frequencies of 
subclinical HCA. The MedCalc ver. 7.4.2 statistical software package (MedCalc 
Software, Mariakerke, Belgium) was used. A two-sided P value of <0.05 was 
considered to be statistically significant, and the Bonferroni corrected significance 
levels were used for multiple t tests.  
 
 
Results  
Significantly lower PI values at 1-min (p<0.0001) and 5-min (p<0.0001) after delivery 
were observed in the HCA group, together with a significantly lower 1-min Apgar score 
(p=0.017) (Table 1). The HCA infants showed significantly lower cord blood base 
excess (p=0.0001), higher NICU admission rate (p=0.0001), endotracheal intubation in 
the delivery room (p=0.017), SNAP-PE (p<0.0001) and NTISS (p<0.0001) scores than 
the HCA-negative newborns. On the other hand, cord blood pH, SGA prevalence, 5-min  
Apgar score, 1-min and 5-min SpO2, 1-min and 5-min pulse rate, 1-min  and 5-min skin 
temperature, as well as 1-min and 5-min core temperature  were not significantly 
different between the groups (p≥ 0.26). At this stage of the study, 1-min PI  ≤1.74 and 
5-min-PI ≤2.18 showed 100% sensitivity and specificity in discriminating HCA-
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positive from HCA-negative cases. The results of the prospective validation study, by 
applying the generated PI cut-off values (1-min PI≤1.74, 5-min PI ≤2.18) to the 
validation cohort, resulted in a total of 30 (9.12%) true positive, 2 (0.61%) false 
positive, 0 (0%) false negative, and 297 (90.27%) true negative results. The accuracy of 
the 1-min and 5-min PI screenings showed 100% sensitivity (95% CI: 88.3-100%), 
99.4% specificity (95% CI: 97.8-99.9), 93.7% positive predictive, and 100% negative 
predictive value in identifying a HCA. The two infants showing false positive results 
were subsequently diagnosed of having a congenital heart defect [Ebstein anomaly 
(median PI value in the first 5 minutes: 0.68; interquartile range: 0.53-0.83) and non-
ductal-dependent aortic coarctation (median PI value in the first 5 minutes: 0.75, 
interquartile range: 0.54-0.96)]. No specific differences between the PI evaluations at 1 
and 5 minutes were observed. The application of the PI screening to the study phase 2 
resulted in a significantly lower admission rate to the NICU of the newborns with HCA 
(p=0.01204, relative risk = 0.21, 95 % C.I.= 0.052 to 0.87), and significantly lower 
initial severity (p<0.0001) and therapeutic intensity (p=0.0006) than those observed in 
the HCA cohort from the study phase 1 (Table 2). In contrast, gender rate, gestational 
age, proportion of small for gestational age birth, birth weight, 1-min and 5-min Apgar 
scores, cord blood base excess, endotracheal intubation rate, 1-min and 5-min SpO2, 1-
min and 5-min pulse rate, 1-min  and 5-min skin temperature, as well as 1-min and 5-
min core temperature were comparable between the two HCA cohorts (p≥ 0.39). 
 

 

Discussion  
 
Our findings indicate that HCA-positive term infants with subclinical disease show 
lower PI values since the first minutes of life than control neonates, together with worse 
short-term outcomes. In addition, an earlier HCA detection was associated with a 
reduction in neonatal illness severity. These findings, while confirming the importance 
of PI monitoring in the high-risk newborn (13), provide for the first time an easily 
detectable and noninvasive diagnostic tool for the early screening of perinatal 
inflammatory disease, thus suggesting its use in newborn monitoring right from the 
delivery room. As a consequence, an early PI monitoring could be of help to physicians 
for the early detection of these high-risk newborns. The data from the validation arm of 
this study suggest that an early HCA screening leads to a significant reduction in the 
initial illness severity and therapeutic intensity at 24h. The decreased admission rate to 
the NICU, observed during the study phase 2, may be possibly explained by a higher 
degree of monitoring in these high risk newborns generated by the positivity of an early 
marker of perinatal disease, associated with an earlier, less invasive management of 
RDS. The decreased initial illness severity and therapeutic intensity values may also be 
explained by similar reasoning. On the other hand, it is conceivable that the lack of 
changes in the Apgar scores, cord-blood pH, and base deficit between the HCA-positive 
infants of the two study phases  may be due to their dependence on prenatal rather than 
postnatal factors. The mechanisms underlying the significantly lower PI readings 
observed in the HCA infants remain to be elucidated. However, HCA is associated with 
a fetal systemic inflammatory response (18,19), similar to that observed in sepsis 
(20,21). Systemic vasoconstriction has been reported in neonatal experimental models 
of sepsis (20), and an increased post-occlusive hyperemia in septic neonates, compatible 
with systemic vasoconstriction, has been previously described (21). Therefore, it is 
conceivable that local skin vasoconstriction and/or peripheral microcirculatory changes 
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may explain  the observed findings. The recent evidence of early postnatal skin colour 
changes in term newborns with subclinical HCA seems to support this hypothesis (22). 
Although the value of this measure in influencing longer term outcome has not yet been 
demonstrated, our study suggests that a low PI value allows an early and accurate 
identification of terms infants with HCA. 
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TABLE 1 . Results of the subclinical HCA screening using 1-min and 5-min by using 
PI monitoring in two selected term newborn populations (phase 1 of the study).  
 

 

VARIABLES 

 

HISTOLOGIC  CHORIOAMNIONITIS 

 

 

    

 YES NO  

Number of cases (N=51) (N=115)  
M:F 23:28 54:61  

Gestational age – weeks 39.8 ±1.3 39.5 ±1.5  

Birth weight – g 3128 ±457 3188±572  

1-min perfusion index 1.74 ± 0.32 4.50 ± 0.83 ***  
5-min perfusion index 2.18 ± 1.02 4.42 ± 2.10 ***  
1-min Apgar score 7 [5- 9] 9 [8-10]*  
5-min Apgar score 9 [8-10] 9 [9-10]  
1-min core temperature - °C 37.02 ± 0.15 37.05 ± 0.05   
1-min skin temperature - °C 34.50 ± 0.22 34.54 ± 0.25  
5-min core temperature - °C 37.01 ± 0.25 37.03 ± 0.31   
5-min skin temperature - °C 34.75 ± 0.40 34.81 ± 0.58  

Cord-blood pH 7.315 ± 0.145 7.346 ± 0.170  
Cord-blood base excess -5.6 ± 7.9 -1.7± 4.1**  
Admission to the NICU  15 (29.4%) 7 (6.1%)**  
SGA (birth weight <3rd percentile) 5 (9.8%) 9 (7.8%)  
Endotracheal intubation 5 (9.8%) 1 (0.9%)*  
SNAP-PE† 6 (3-10) 0 (0-1)***  
NTISS‡ 5 (1-10) 0 (0-1)***  
 
Significant pairwise differences, Bonferroni-corrected significance levels** 
0.01<p<0.0001; *** p<0.0001 
† Score for Neonatal Acute Physiology-Perinatal Extension.   
‡ Neonatal Therapeutic Intervention Scoring System. 
SGA: small-for-gestational-age. 
Plus-minus values are mean  ± SD. Non-normally distributed continuous variables are 
expressed as median [25th - 75th percentiles]. Categorical variables are expressed as case 
numbers with percentages in parentheses.  
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Table-2. Results of the subclinical HCA screening by applying the 1-min and 5-min 
PI cut-off values generated by the study phase 1 to an unselected term newborn 
population recruited prospectively 
 

 

VARIABLES 

 

1-min and 5-min  

PI < cut-off criteria 

 

 

    
 YES NO  

Number of cases (N=32) (N=297)  
M:F 19:13 149:148  
Gestational age 39.3 ±1.5 39.6 ±1.0  
Birth weight 3225 ± 375 3380±440  
1-min perfusion index 1.53 ± 0.98 3.95 ± 1.2 ***  
5-min perfusion index 1.98  ± 1.0 4.02 ± 2.14 ***  
Confirmative diagnosis of HCA  30 (93.7%) 0/297 (0%)  
1-min Apgar score 5 [4 -9] 9 [8-10]*  
5-min Apgar score 9 [7-9] 9 [9-10]  
1-min core temperature - °C 37.0 ± 0.20 37.1 ± 0.15   
1-min skin temperature - °C 34.4 ± 0.34 34.7 ± 0.25  
5-min core temperature - °C 37.0 ± 0.19 37.03 ± 0.31   
5-min skin temperature - °C 34.8 ± 0.31 34.8 ± 0.58  
Cord-blood pH 7.303 ± 0.185 7.335 ± 0.12  
Cord-blood base excess -6.1 ± 4.4 -1.2 ± 3.8***  
Admission to the NICU  2 (6.2%) 14 (4.71%)  
SGA( birth weight<3rd percentile) 2 (6.2%) 11 (3.34%)  
Endotracheal intubation 1 (3.3%) 1 (0.9%)  
SNAP-PE† 3 (3-8) 0 (0-1)***  
NTISS‡ 2 (1-5) 0 (0-1)***  

 
Significant pairwise differences, Bonferroni-corrected significance levels:  
* 0.05<p<0.01; ** 0.01<p<0.0001; *** p<0.0001 
† Score for Neonatal Acute Physiology-Perinatal Extension.   
‡ Neonatal Therapeutic Intervention Scoring System. 
Plus-minus values are mean  ± SD. Non-normally distributed continuous variables are 
expressed as median [25th - 75th percentiles]. Categorical variables are expressed as case 
numbers with percentages in parentheses.  
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