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ABSTRACT 

Background & objective: This study aimed to determine the accuracy of the perfusion index (PI) as a predictor of 
mortality in critically ill pediatric patients. 

Methodology: A prospective observational study was conducted from September 2023 to February 2024 in the 
Pediatric Intensive Care Unit (PICU) of the Sindh Institute of Child Health and Neonatology (SICHN). All patients aged 
1 month to 15 years who did not undergo any interventions were included. Perfusion index (PI) values were 
measured at 0, 1, and 6 hours using a Masimo Radical-7 pulse oximeter, along with documentation of hemodynamic 
parameters. 

Results: Among 296 critically ill children (median age: 9 months), 84 (28.4%) died. A total of 888 PI readings were 
recorded. At 0 hours, 47% had a PI < 1.0, which was significantly associated with mortality (p < 0.001). Perfusion 
Index (PI) at 0 hours showed 76.2% sensitivity and 64.6% specificity; at 6 hours, specificity rose to 87.3%. ROC analysis 
showed AUCs of 0.75 and 0.74 at 0 and 6 hours, respectively. Persistently low PI was linked with higher mortality.  

Conclusions: A persistently low perfusion index (PI) is associated with increased mortality in critically ill pediatric 
patients, supporting it as a non-invasive early risk stratification and triage tool in the PICU. 

Abbreviations: PI: Perfusion index, PICU: Pediatric Intensive Care Unit, SI: shock index, ScvO₂: central venous oxygen 
saturation, SET: Signal Extraction Technology 
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1. INTRODUCTION  

Hemodynamic monitoring is essential in managing 

critically ill children admitted to pediatric intensive care 

units (PICUs). Traditionally, clinical assessments have 

focused on macrocirculatory parameters such as blood  

 

pressure and cardiac output. Emerging research suggests 

that microcirculatory markers may offer a more accurate 

assessment of tissue perfusion and overall circulatory 

health than traditional macrocirculatory measures.1 

https://doi.org/10.35975/apic.v29i6.2891
https://www.apicareonline.com/index.php/APIC
mailto:khizrasaleem22@gmail.com
mailto:khalidsaleem2001@hotmail.com
mailto:khansheryafzal@gmail.com
mailto:Anwar2haque@gmail.com


Saleem K et al.                                                                                              Perfusion Index and Mortality in PICU 

www.apicareonline.com 913  Open access attribution (CC BY-NC 4.0) 

Invasive markers like serum lactate, central venous 

oxygen saturation (ScvO₂), and the central venous-to-

arterial PCO₂ gap are frequently employed in high-

income settings but remain impractical in many low- and 

middle-income countries (LMICs) due to the need for 

specialized equipment and personnel.2,3 As a result, there 

is growing interest in non-invasive tools that can be 

applied reliably in resource-constrained settings. 

The perfusion index (PI), derived from pulse oximetry, 

is a non-invasive and continuous indicator of peripheral 

perfusion. It reflects the ratio between pulsatile (arterial) 

and non-pulsatile (venous and capillary) blood flow, 

influenced primarily by stroke volume and vasomotor 

tone.4,5 Variations in PI have been associated with early 

shock, fluid responsiveness, and outcomes in critically 

ill patients. 6,7 

The PI serves as a useful triage tool, providing earlier 

prediction of mortality and ICU stay duration than 

traditional indicators such as lactate.8,9 Moreover, it may 

aid in evaluating fluid responsiveness, particularly in 

spontaneously breathing patients.10 Pathological values 

vary by age, with thresholds of <1.15 in children under 

3 years, <1.25 for ages 3–10, and <1.55 for ages 10–12 

years. 11 Perfusion Index has been increasingly 

recognized as a prognostic indicator of morbidity and 

mortality in pediatric critical care settings.12 Despite its 

advantages, its utility in predicting mortality in critically 

ill pediatric patients, particularly in LMIC settings, 

remains under-explored. 

It was hypothesized that lower perfusion index values are 

associated with higher in-hospital mortality among 

critically ill children. The present study evaluates the 

predictive accuracy of the perfusion index in 

determining in-hospital mortality, addressing the 

existing gap in pediatric-specific evidence for this non-

invasive hemodynamic marker. 

2. METHODOLOGY 

This single-center prospective, observational study was 

conducted over 6 months, from September 2023 to 

February 2024 at one of the largest pediatric Intensive 

Care Units of an academic hospital. The study was 

approved by institutional ethics review committee (IEC: 

SICHN/IRB-002/2023). 

A total of 296 critically ill children aged one month to 15 

years admitted to PICU. were included. Children with 

congenital heart disease, limb anomalies, or prior 

treatment at another healthcare facility were excluded. 

The collected data encompassed demographic, clinical, 

laboratory, and outcome-related variables. 

Hemodynamic variables, including heart rate, capillary 

refill time, systolic blood pressure, mean arterial 

pressure (MAP), and shock index (SI), calculated as 

heart rate divided by systolic blood pressure, were 

recorded at 0, 1, and 6 hours. 

The perfusion index (PI) was measured using Masimo 

Radical-7 pulse oximeters (2012 model) with Signal 

Extraction Technology (SET). Sensors were applied to 

the finger or toe, depending on optimal signal quality, 

and maintained at the same site throughout 

measurements unless repositioning was necessary due to 

signal interference. If difficulties arose, the site was 

changed. 

PI values were recorded after verifying an artifact-free 

plethysmographic waveform, with measurements taken 

for 20 seconds every minute over 3 minutes.13 The 

average of three readings was used. In the emergency 

department, ambient room temperature was used, 

whereas in the PICU, the environment was maintained at 

22–24°C. PI values remained consistent across finger 

and toe sites, with minimal intra-patient variability. 

Data were analyzed using SPSS version 23.0. 

Continuous variables were presented as means ± SD or 

as medians with interquartile ranges (IQRs) if not 

normally distributed. Categorical variables were 

expressed as frequencies and percentages. Comparisons 

between survivors and non-survivors, as well as between 

low PI and normal PI groups on admission, were 

performed using the t-test (or Mann–Whitney U test for 

non-normally distributed data) and the chi-square test, 

respectively, at a 5% significance level. Correlations 

between admission PI and clinical hemodynamic 

parameters were assessed using Pearson’s correlation 

coefficient (r). Receiver operating characteristic (ROC) 

curve analysis was performed to evaluate the predictive 

ability of the perfusion index (PI) and shock index (SI) 

at 0 and 6 hours for mortality. The area under the curve 

(AUC) was calculated, and the optimal cutoff for PI was 

determined using the Youden Index (J), defined as J  =  

Sensitivity + Specificity – 1. 

3. RESULTS 

Among the 296 children with sepsis, the median age was 

9 months (IQR: 18), and 53% were male. Malnutrition 

was present in 41.2% of cases, and 16.9% had comorbid 

conditions. Multiple organ dysfunction syndrome was 

observed in 14.5% of patients. The overall in-hospital 

mortality rate was 28.4%. 

The most frequently involved system was respiratory 

system (41.6%), followed by the nervous (13.2%) and 

cardiovascular (12.8%) systems. At admission, the mean 

perfusion index (PI) was 1.4 ± 1.2, with 47% of patients 

presenting with a low PI (<1.0). By 6 hours, the mean PI 

increased to 1.8 ± 1.1, and the proportion of children 

with low PI (<1.0) decreased to 22%, indicating possible 

hemodynamic improvement. 
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Baseline characteristics including age, gender, weight, 

malnutrition and presence of comorbidity were 

comparable in survivors and non-survivors. However,  

 

 

the prevalence of multiple organ dysfunction syndrome 

(MODS) was significantly higher in non-survivors 

compared to survivors (32.1% vs. 7.5%). Similarly, the  

Table 1: Demographic and clinical data of critically ill children admitted to PICU (N = 296) 

Characteristics Overall 

(N = 296) 

Survivors 

(n = 212) 

Non-survivors 

(n = 84) 

P-value* 

Age - months (median, IQR) 9, 18 8, 14 10.5, 19 0.283 

Gender – Male 157 (53) 119 (56.1) 38 (45.2) 0.090 

Weight (kg) 8.7 ± 6.1 8.4 ± 5.8 9.6 ± 6.6 0.129 

Malnutrition  122 (41.2) 83 (39.2) 39 (46.4) 0.251 

Any Co-morbid condition  50 (16.9) 38 (17.9) 12 (14.3) 0.451 

Multiorgan dysfunction Syndrome  43 (14.5) 16 (7.5) 27 (32.1) < 0.001 

Provisional System Involved 

Respiratory 

Cardiovascular 

Nervous system 

Miscellaneous 

 

123 (41.6) 

38 (12.8) 

39 (13.2) 

96 (32.4) 

 

107 (50.5) 

13 (6.1) 

30 (14.2) 

62 (29.2) 

 

16 (19.0) 

25 (29.8) 

9 (10.7) 

34 (40.5) 

 

 

< 0.001 

Perfusion Index at 0 hrs. 1.4 ± 1.2 1.6 ± 1.3  0.8 ± 0.9 < 0.001 

Low PI (< 1.0) at 0 hrs.  139 (47) 75 (35.4) 64 (76.2) < 0.001 

Perfusion Index at 6 hrs. 1.8 ± 1.1 1.9 ± 1.0 1.1 ± 0.9 < 0.001 

Low PI (< 1.0) at 6 hrs. 65 (22) 27 (12.7) 38 (45.2) < 0.001 

Data are presented as n (%) or mean ± SD; *t-test for mean comparison, Mann-Whitney U test for median comparison and 
chi-square test for comparison of categorical data. P < 0.05 is considered significant 

Table 2: Clinical parameters of sepsis in children (N = 296) 

Parameter Overall  

(N = 296) 

Survivors 

(n = 212) 

Non-Survivors 

(n = 84) 

P-value* 

Hear rate - 0 hrs 

                  6 hrs 

151.5 ± 26.8 151.8 ± 27.5 150.7 ± 24.6 0.748 

139.0 ± 25.2 137.4 ± 22.7 143.1 ± 29.2 .113 

Capillary Refill Time – --    0 hrs 

                                   -      6 hrs 

3.0 ± 1.0 2.8 ± 0.9 3.4 ± 1.1 < 0.001 

2.7 ± 0.7 2.6 ± 0.6 2.9 ± 0.9 0.005 

Systolic Blood Pressure – 0 hrs 

                                        - 6 hrs 

104.5 ± 17.3 106.6 ± 15.8 99.2 ± 18.8 0.002 

100.8 ± 14.7 101.7 ± 14.5 98.4 ± 14.1 0.072 

Diastolic Blood Pressure - 0 hrs 

                                        - 6 hrs 

62.3 ± 16.5 63.4 ± 15.8 59.3 ± 16.7 0.045 

58.5 ± 13.5 59.8 ± 13.6 55.0 ± 11.8 0.006 

Mean Arterial Pressure –  0 hrs 

                                      -   6 hrs 

76.0 ± 16.9 77.5 ± 16.4 71.9 ± 16.4 0.009 

72.8 ± 16.2 74.2 ± 15.7 69.5 ± 13.6 0.017 

Perfusion Index – 0 hrs. 1.4 ± 1.2 1.6 ± 1.3  0.8 ± 0.9 < 0.001 

Low PI (< 1.0)       0 hrs.  139 (47) 75 (35.4) 64 (76.2) < 0.001 

Perfusion Index – 6 hrs. 1.8 ± 1.1 1.9 ± 1.0 1.1 ± 0.9 < 0.001 

Low PI (< 1.0) 6 hrs. (Yes) 65 (22) 27 (41.5) 38 (58.5) < 0.001 

*Independent sample t-test, chi-square test for categorical comparison; Data are presented as n (%) or mean ± SD;  

P < 0.05 is considered significant 
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prevalence of respiratory illness was more common in 

survivors (50.5% vs. 19.0%) and cardiovascular disease 

was more common in non-survivors (29.8% vs. 6.1%) 

(Table 1).Heart rate showed a decreasing trend at 6 

hours. Capillary refill time remained stable at 3.0 ± 1.0 

seconds initially but improved slightly to 2.7 ± 0.7 

seconds by 6 hours. A decline was observed in systolic, 

diastolic, and mean arterial pressures over time. An 

improvement in perfusion index was 

observed from admission (1.4 ± 1.2) to 6 

hours (1.8 ± 1.1) indicating potential 

hemodynamic stabilization. The admission 

perfusion index (PI 0-hrs) in non-survivors 

was significantly lower compared to 

survivors (0.8 ± 0.9 vs. 1.6 ± 1.3, P < 

0.001). PI at 6 hours remained 

significantly lower in non-survivors (1.1 ± 

0.9 vs 1.9 ± 1.0, P < 0.001) (Table 2). 

At admission, low PI (<1.0) was more 

prevalent among non-survivors (76.2%) 

than survivors (35.4%), demonstrating its 

early association with mortality risk. At 6 

hours, the overall prevalence of low PI 

declined; however, it remained present in 

45.2% of non-survivors (38 of 84) 

compared to just 12.7% of survivors (27 of 

212), highlighting its continued 

association with adverse outcomes. 

Diagnostic accuracy of low PI (<1.0) for 

predicting mortality improved from 67.9% 

at baseline to 75.3% at 6 hours. At 

admission, the positive predictive value 

(PPV) of low PI was moderate (~46%), 

while the negative predictive value (NPV) 

was high, indicating that normal PI was 

strongly associated with survival (Table 3). 

The receiver operating characteristic 

(ROC) analysis was performed to evaluate 

the predictive ability of Perfusion Index 

(PI) and Shock Index (SI) at 0 hours for 

mortality. The area under the curve (AUC) 

for PI_0hr was 0.747 (95% CI: 0.682 – 

0.812, P < 0.001), indicating moderate 

diagnostic accuracy. In contrast, the AUC 

for SI_0hr was 0.389 (95% CI: 0.311 – 

0.468, P = 0.004), which is below 0.5, 

indicating poor discrimination and limited 

reliability as a prognostic marker.  The 

optimal cutoff for PI_0hr, determined using 

the Youden Index, was 0.59, yielding a 

sensitivity of 0.739 and specificity of 

0.592.(Figure 1) However, due to the poor 

AUC of SI_0hr, no meaningful cutoff could 

be determined. 

Similarly, the ROC analysis for PI and SI at 6 hours was 

conducted to assess their prognostic utility. The AUC for 

PI_6hr was 0.744 (95% CI: 0.676 – 0.812, p < 0.001), 

indicating moderate predictive accuracy. In contrast, the 

AUC for SI_6hr was 0.428 (95% CI: 0.345 – 0.512, p  =  

0.068), which remains below 0.5, suggesting poor 

discrimination and limited clinical utility for mortality 

prediction. (Figure 2) 
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4. DISCUSSION 

In this prospective observational study of the pulse 

oximetry-derived perfusion index, which included all 

patients admitted to the pediatric ICU during the study 

period, two major conclusions were drawn. First, the 

prognostic value of PI was demonstrated through the 

association of an initially low PI and failure to respond 

to resuscitative measures with high mortality. The 

second observation was the detection of occult shock 

using PI when clinical signs of shock were not present. 

In this study, 47% of patients had a low perfusion index 

on admission; improvement in the perfusion index was 

observed over time with treatment, and high mortality 

was noted in children with a low perfusion index at 

baseline and a persistently low PI after treatment. PI 

enhances the accuracy of hemodynamic assessment and 

perfusion status evaluation; its non-invasive nature 

makes it a convenient tool for continuous assessment of 

tissue perfusion and microcirculatory status.14 

Clinical studies in pediatric shock have assessed the 

correlation of PI with signs of peripheral perfusion such 

as capillary refill time, hemodynamic variables such as 

heart rate and blood pressure, and biochemical signs of 

shock such as lactate levels.15 Talay et al. (2023), 

reported a significant correlation of PI with capillary 

refill time (P < 0.05) in children with shock.16  Similarly, 

there was also a good correlation between PI and heart 

rate as well as systolic blood pressure in the reports of 

Sivaprasath et al. (2019),17 and Ullah et al.(2021).15  PI 

has emerged as a useful parameter in the early 

recognition of shock and monitoring response to therapy 

in critically ill children, especially in resource-

constrained settings. It has been widely used in many 

acute care settings, including emergency rooms, 

anesthesia, intensive care units, and trauma care.18 

Kockan et al. compared PI with age-specific SI and 

demonstrated that non-survivors had significantly lower 

perfusion index (PI) values and higher average shock 

index (ASI) compared to survivors. 19 

 

 

Alakaya et al. reported that PI is a valuable parameter to 

predict mortality in patients admitted in pediatric 

intensive care units. In their study, the specificity and 

sensitivity of low PI for mortality among 372 critically 

ill children were 90.1% and 75.9% respectively. 5 

Published reports have demonstrated a direct correlation 

between low PI and mortality, identifying it as a 

prognostic marker in children admitted to PICU with 

variable values of sensitivity, specificity and area under 

the curve.6,20 A secondary analysis of a multicenter study 

in children with severe malaria showed low admission PI 

associated with two-fold greater odds of in-hospital 

mortality (OR, 2.44 [1.02–5.88]; P = 0.045) and a 

sensitivity and specificity of 51.4% and 63.4%, 

respectively for mortality. 1 

There is no consensus on normal and pathological values 

of PI in children of different ages. The optimal cut-off of 

mean PI on admission in PICU was 0.91 for prediction 

of mortality in critically ill children in this study.  

However, Lalitha et al. observed a critical PI of <0.6 in 

their study including 50% of children with septic shock, 

and found a 42% improvement in PI at 6 hours.13 The 

sensitivity of a low PI for predicting mortality decreased 

from 76% at baseline to 45% indicating a lower ability 

to correctly identify non-survivors at 0-hour compared to 

the 6-hours measurements respectively. However, 

specificity improved significantly from 64% to 87, 

suggesting a stronger ability to correctly classify 

survivors. The negative predictive value remained 

relatively consistent over time, indicating PI as a strong 

predictor of survival supporting its use for risk 

stratification in pediatric sepsis.  

The ROC analysis in our study indicated that PI AUC of 

0.75 at 1 and 0.74 at 6 hours helps in predicting mortality 

among children with sepsis. This suggests that PI 

measurement at the thresholds used (low <1.0, normal 

≥1.0) can provide a fair indication of mortality risk, with 

low PI values being moderately associated with higher 

likelihood of mortality compared to normal PI values.  

Mortality was notably higher in patients with low PI at 6 

hours with 58.5%, who did not survive, compared to 

Table 3: Diagnostic accuracy of low PI at baseline and 6-hours in predicting mortality in children (N = 296) 

Perfusion Index* At Baseline At 6-hours 

Survivors Non-survivors Survivors Non-survivors 

Low 64 75 38 27 

Normal 20 137 46 185 

Sensitivity 

Specificity 

Positive predictive Value 

Negative predictive Value 

Accuracy 

76.2% (95% CI: 65.7% to 84.8%) 

64.6% (95% CI: 57.8% to 71.1%) 

46.0% (95% CI: 40.7% to 51.5%) 

87.3% (95% CI: 82.2% to 91.1%) 

67.9% (95% CI: 62.3% to 73.2%) 

45.4% (95% CI: 34.3% to 56.5%) 

87.3% (95% CI: 82.0% to 91.4%) 

58.5% (95% CI: 47.9% to 68.3%) 

80.1% (95% CI: 76.7% to 83.1%) 

75.3% (95% CI: 70.0% to 80.1%) 
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19.9% in the normal PI group. These findings suggest 

that persistent low PI at 6 hours is strongly associated 

with critical illness, increased severity, and a 

significantly higher risk of mortality in pediatric sepsis.  

The prospective design of this study, including a wide 

spectrum of clinical diagnoses in critically ill patients, 

strengthens its findings and highlights the perfusion 

index as a valuable tool for hemodynamic assessment 

and outcome prediction in the PICU. However, the 

moderate AUC value of PI indicates that it may not fully 

predict the outcome on its own and should ideally be 

used as an adjunct to other clinical indicators. 

5. LIMITATIONS 

This study has several limitations, including a relatively 

small sample size, its single-center design, arbitrary time 

points for measurements, and the inclusion of a wide 

range of age groups. These factors may influence the 

generalizability of the findings and warrant further 

multicenter studies with standardized protocols to 

validate the results. This study did not include a 

comparison of the perfusion index with other peripheral 

tissue perfusion indicators, such as capillary refill time, 

core-to-peripheral temperature gradient, or mottling 

score, nor with established disease severity scores as 

outcome predictors. Incorporating these comparisons 

could have further strengthened the findings and 

underscored the perfusion index as a valuable adjunct in 

critical care assessment. 

6. CONCLUSION 

Almost half of the children had a low PI on admission to 

the PICU, and one-quarter failed to improve after 

therapeutic interventions. Low PI at admission and after 

resuscitation were strong predictors of mortality. A 

large, multicenter prospective study with well-defined PI 

reference values for children of different ages admitted 

to the PICU is needed. 
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