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Abstract

Aim  Non-invasive measurement are used as standard methods in the hemodynamic follow-up of patients in the Pediatric Intensive Care Unit (PICU). The aim of this study is to investigate
the feasibility of use of the perfusion index (PI), a non-invasive marker, in critically ill patients followed up in the PICU, to compare it with other vital signs and to analyze its utility
in predicting mortality.

Materialand  Critically ill patients aged 1 month to 18 years with circulatory disorder, who were followed up in the intensive care unit between 01.June.2018 and 31.December.2019, were included
Method  in the study. PI, vital signs and mortality scores were compared within the first 6 hours after the patients were admitted to the intensive care unit.

Results ' When the values at the time of admission were examined, it was observed that the PI values were low, the capillary refill time was long, and the lactate levels were high in patients in the
dehydration-acute gastroenteritis and metabolic disease groups. The patients were grouped as those with or without signs of dehydration. A correlation analysis between 0th hour PI
and capillary refill time, systolic blood pressure and lactate levels in the patient group with signs of dehydration found; a moderately strong (r=-0.53/0.11/-0.36, respectively) negative
and significant (p<0.05) relationship. In the first 6-hour follow-up of patients who died after being admitted to the intensive care unit; the PI, systolic blood pressure and mean diastolic
blood pressure values were found to be lower (0.54/84.86/45.81, respectively) compared to the discharged patients. When a ROC analysis was performed for the PI values at the time
of admission of patients with signs of dehydration and death, it was found that a cutt-off value of 0.57 of PI could predict mortality with a sensitivity of 70% and a specificity of 67.9%.

Conclusion  In critically ill patients followed up in the pediatric intensive care unit, PI measurement, which can be easily made and is a standard feature in many bedside monitors and pulse
oximetry devices, can be used in the early detection of hemodynamic status, clinical follow-up, shock findings, and mortality estimatio, together when used with other vital signs.

Keywords ~ Mortality, pediatric intensive care, perfusion index, vital signs

Ozet
Amag  Cocuk Yogun Bakim Unite’sinde (CYBU) invaziv olmayan élciimler, hastalarin hemodinamik izlemlerinde standart yoy ler olarak kullanilmaktadur. Bu ¢al amact, CYBUinde takip edilen
kritik hastalarda non-invaziv bir belirteg olan perfiizyon indeksinin (PI) kullanilabilirligini aragtirmak, diger vital bulgularla karsilagtirmak ve mortaliteyi ongormede kullanilabilirligini analiz etmektir.

Geregve  01.Haziran.2018 - 31.Aralik.2019 tarihleri arasinda yogun bakimda izlenen 1 ay-18 yas arast dolasim bozuklugu olan kritik hasta calismaya dahil edildi. Hastalarin yogun bakima alindiktan sonraki ilk

Yontem 6 saat icinde P1 vital bulgulart ve mortalite skorlart karsilagtirilds.

Bulgular 0. saat degerleri incelendiginde dehidratasyon-akut it ve bolik hastalik grubunda olanlarin PI degerleri diisiik, kapiller dolum zaman: uzun ve laktat diizeyleri yiiksek izlendi. Hastalar de-
hidratasyon bulgusu olan ve olmayan seklinde gruplandirildi. Dehidratasyon bulgusu olan hasta grubunda 0.saat PI ile Kapiller dolum zamany, sistolik kan basinct ve laktat diizeyleri arasinda korelasyon
analizinde; orta diizeyde (sirastyla r=-0,53/0,11/-0,36) negatif yonde ve anlamli (p<0,05) iliski bulundu. Yogun bakima yatirildiktan sonra dlen hastalarin ilk 6 saatlik takibinde; taburcu edilen hastalara
gore PI, sistolik kan basinci ve diyastolik kan basinct ortalama degerleri daha diisiik (sirasiyla 0.54/84,86/45,81) bulundu. Dehidratasyon bulgusu olan ve eksitus olan hastalarn sifirinci saat PI degerleri
icin ROC analizi yapildiginda 0,57 Cutt off degerinde %70 sensitivite, %67,9 spesifite ile PI'nin mortaliteyi ongorebilecegi saptands.

Sonug  Cocuk yogun bakim iinitesinde takip edilen kritik hastalarda, kolayca élgiilebilen ve pek ok hasta bagt monitir ve pulse oksimetre cihazinda standart olarak bulunan pahali olmayan PI él¢iimii, diger vital
bulgularla birlikte hastalarin hemodinamik durumu, klinik izlemleri ve sok bulgularinin erken tespitinde ve mortalite tahmininde kullanilabilir.

Anaht

Kelr;:lnell:: Mortalite, ¢ocuk yogun bakim, perfiizyon indeksi, vital bulgular
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INTRODUCTION
Non-invasive measurements are currently used as stand-
ard methods in the hemodynamic follow-up of patients
in intensive care units. The perfusion index (PI) measures
changes in peripheral perfusion by attaching a pulse ox-
imeter to the finger. PI is a relative assessment of pulse
strength. It is expressed as the ratio of the pulsatile compo-
nent, which reaches the sensor in the probe with the infra-
red light signal and is reflected by the arterial blood, to the
non-pulsatile component reflected by the venous blood
and tissues. It is a measurement derived independently of
oxygen saturation.'? PI is an indicator of changes in mi-
crocirculation. It is a method frequently used by clinicians
and anesthesiologists to predict circulatory disorders.
However, it should be noted that these changes may affect

local vasoconstriction.>*

PI also reflects changes in peripheral blood flow, and val-
ues below 1.24 can be a marker for assessing the serious-
ness of a patient’s status.” Vasomotor tone, which plays a
role in the etiopathogenesis of various shock types and de-
termines pulse pressure, is directly related to PI. The type
and etiology of shock is affected by many factors such as
peripheral body temperature, measurement site, patient

age, use of vasoactive agents, and cardiac output.®

There are no clear data on normal or pathological values
of PI by age in children. Studies on subjects mostly include
newborn patients.”® Sivaprasath et al stated that the patho-
logical value of PI in children is below 1.15 under the age
of 3, below 1.25 between the ages of 3 and 10, and below
1.55 between the ages of 10 and 12. While its non-invasive
nature, ease of use and easy accessibility provide advantag-
es, the low temperature in the measured extremity and the
variability between the measurement regions limit the use
of this method.’ The aim of this study is to investigate the
usability of PI, a non-invasive marker, in patients followed
in the Pediatric Intensive Care Unit (PICU), compare it
with other vital signs, and analyze its effectiveness and fea-

sibility of use in predicting mortality.

MATERIALS and METHODS
In the study, 191 critically ill patients (severe dehydration,
metabolic acidosis, cardiac arrest, cardiovascular surgery,
postoperative follow-up, diabetic ketoacidosis, respiratory
failure, or those followed on mechanical ventilation) aged
between 1 month and 18 years, who were hospitalized
and treated in the tertiary PICU between 01.01.2018 and
31.12.2019, were included. By performing hemodynamic
monitoring immediately after hospitalization, vital signs
(body temperature, pulse rate, systolic blood pressure
[SBP], diastolic blood pressure [DBP], respiratory rate,
oxygen saturation (sPO2), and laboratory parameters in
the first 6 hours, as well as consciousness levels, Glasgow
Coma Scale (GCS) score, Pediatric mortality risk score III
(PRISM III) were prospectively determined. Demograph-
ic properties of the patients, PRISM III score, reason for
hospitalization, history of surgery, underlying disease,
mechanical ventilator monitoring, transfusion, perfusion
index values, hourly vital signs from 0Oth hour (at admis-
sion) to 6th hour, lactate measurements and turnover/dis-

charged information were recorded.

The perfusion index of the patients was measured using a
radical-7 pulse oximeter (Masimo Radical -Masimo Cor-
poration, Irvine, California, USA) device using Masimo
signal subtraction technology and a pulse oximetry probe
attached to it. The pulse oximeter was placed on the index
finger of the patients. All tests were performed by the same
investigator and PI data and all other data were recorded.
In order to reduce the effects of motion artifact, PI read-
ings were taken after 8-10 seconds of regular waves were

shown to the patients.

Statistical analysis
The written permission was obtained from the parents of
all patients. Frequency and mean criteria were used for de-
scriptive data. Student’s t test was used to compare normal-
ly distributed variables, Mann-Whitney U test for nonpar-
ametric variables and 2 test for categorical variables, and

Pearson or Spearman tests for correlation analyses. ROC
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analysis was used for sensitivity and specificity.

This study was approved by Diyarbakir Gazi Yagargil
Training and Research Hospital Good Clinical Practices
Ethics Committee with the date 05/10/2018 and number
155.

RESULTS
Of the 191 patients included in the study, 113 (59.1%) were
male and 78 (40.9%) were female. The median age was cal-
culated as 14 (2-211) months. the median Glasgow Coma
Scale and PRISM III scores at admission were 12 and 19,
respectively. The median length of hospitalization of the
patients in the PICU was 93 (6-1763) hours. Ninety-one
(47.6%) patients were followed on mechanical ventilation;

the median duration of mechanical ventilation was 36 (2-

888) hours. A total of 62 patients were followed up with
high-flow nasal cannula oxygen therapy (HNCOT) from
baseline or after weaning from mechanical ventilation. The
median duration of stay in HNCOT was 36 hours. Vaso-
active inotropic therapy was needed in 66 patients (34.5%)
and the median vasotropic inotropic score (VIS) calculat-
ed as 15 (Table 1).

Patients were divided into two groups as those having
diseases with signs of dehydration (sepsis, septic shock,
acute gastroenteritis, metabolic acidosis, metabolic dis-
ease, diabetic ketoacidosis, cardiac diseases, renal diseas-
es) and those having diseases without signs of dehydration
(pneumonia, post operative surgery patients, intoxication,
central nervous system diseases and others). Patients di-

agnosed with dehydration-acute gastroenteritis and met-

Table 1. Demographic data of the patients

Patients with signs of dehydration Patients without signs of dehydration
Mean#+Std. Deviation Median (IQR) Mean=+Std. Deviation Median (IQR)
Age, (months) 40.89+54.06 14(2-211) 40.94+51.83 21 (2-200)
Vasoactive inotrope score 16.26+6.51 17(5-33) 12.22+5.94 12 (5-27)
Glasgow coma score 11.10+3.54 12(3-15) 11.90+2.66 12 (3-15)
PRISM III score 21.76+9.61 19(9-59) 29.16+7.75 17 (9-55)
Length of stay on mechanical ventilator, 106.88+176.72 36(2-888) 78.33+125.71 18 (5-600)
(hours)
Time to receive high flow nasal cannula 41.81+19.49 36(12-114) 37.21£33.79 24 (4-208)
oxygen therapy (hours)
Intensive care hospital stay (hours) 166.94+244.52 93(6-1763) 112.83+102.16 84 (12-600)
n (%) n (%)

Male 61(62.2) 52 (55.9)
Gender

Female 37(37.8) 41 (44.1)

Yes 39 (39.8) 27 (29)
Inotrope

No 59 (60.2) 66 (71)
High flow Nasal Yes 31 (31.6) 32 (34.4)
cannula oxygen
therapy No 67 (68.4) 61 (65.6)
Mechanical ventila- | Yes 43 (43.9) 48 (51.6)
tor follow-up No 55 (56.1) 45 (48.4)
Intravenous Saline Yes 67 (68.4) 0(0.0)
(SF) No 31 (31.6) 93 (100)

Yes 20 (20.4) 5(5.4)
Exitus

No 78 (79.6) 88 (94.6)
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abolic disease had lower PI values, longer capillary refill
time and higher lactate levels at Oth hour compared to pa-
tients with other diagnoses. A total of 25 patients, 20 of
whom were in the group with signs of dehydration, died
(Table 2).

While the 0th hour PI value was positively correlated with
dehydration, it was negatively correlated with capillary re-
fill time. Likewise, while Oth hour capillary refill time and
lactate levels were positively correlated with the patients
who died; There was a negative correlation between PI,
systolic-diastolic blood pressures, and sPO2 values (Table
3).

In the first 6-hour follow-up of the patients, both PI and

capillary refill time values improved with interventions

(Figure 1).
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Figure 1. Perfusion index and capillary refill time changes in

the first 6 hours of patients

In 67 of 98 patients with dehydration, 0.9% NaCl (SF) was
loaded at a dose of 10 or 20 ml/kg. A significant improve-
ment was observed in the PI, capillary refill time, SBP,
DBP, pulse rate, sPO2, respiratory rate, and lactate levels
measured at Oth hour and the values measured at the first
hour (physiological saline solution) (p<0.05). In patients
without signs of dehydration, no loading was performed;
however, a significant improvement was observed in capil-
lary refill time, SBP, pulse rate and lactate values (p<0.05).
Surviving patients had a significant improvement in cap-
illary refill time, SBP, sPO2, respiratory rate, and lactate
level. When all patient groups were analysed, a significant

improvement was observed in capillary refill time, SBP,

respiratory rate, and lactate level (p<0.05) (Table 4).

When a ROC analysis was performed for Oth hour PI val-
ues of deceased patients with signs of dehydration, it was
found that a cut-oft value of 0.57 of PI predicted mortality
with a sensitivity of 70% and a specificity of 67.9% (Figure
2).

ROC Curve

' AUC: 0692
OR 95%: 0.573-0.811
p=0.008

Sensitivity

Sensitivity: 70%
Spesifity: 67.9%

T T
04 06
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Figure 2. ROC analysis in deceased patients with signs of

dehydration
Sensitiv- spesi
Risk AUC ity(%) "
faktora | (95%) | Cuttoff| P Duy- | A%
Ozgillik
arlilik
Exitus 0.69
olanlar (0.57- 0.69 0.008 70.0 28.2
0.81)
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Table 3. Correlation analysis between zero hour patient groups

Patients with signs of dehydration (n=98) and with-

out dehydration (n=93)

Deceased (n=25) and surviving
(n=166) patients

Spearman correlation p Spearman correlation P
Perfusion Index 0.53 0.000¢ -0.29 0.000°
(Cs?c’)ﬂlary refill time -0.36 0.000¢ 0.375 0.000¢
Systolic BP (mmHg) 0.11 0.143¢ -0.204 0.005°
Diastolic BP (mmHg) 0.04 0.603¢ -2.55 0.000¢
Pulse (min) -0.34 0.639¢ 0.68 0.347¢
sPO2 -0.53 0.468° -0.221 0.002¢
Lactate -0.36 0.624¢ 0.196 0.007¢

In the first 6-hour follow-up of the patients, both PI and capillary refill time values improved with interventions (Figure 1).

Table 4. Comparison of 0" hour values and first hour values in the patient groups

. Capillary refill Systolic BP Diastolic BP . .
Perfusion Index time (sec) (mmHg) (mmHg) Pulse(min) sPO2 Respiratory rate Lactate
Median Median Median Median Median Median Median Median
(IQR) P (IQR) p* (IQR) P (IQR) P (IQR) P (IQR) p* (IQR) P* (IQR) p*
0.64 99,0 141 98,0 2,63
Zero hour (0.20- 30 (38- 57 (64- (52- 34 (0,7-
Patients with 1.08) (-5 163) (17-89) 216) 100) (16-67) 26,2)
signs of <0,001 <0,001 <0,001 <0,001 0,03 0,06 <0,001 <0,001
dehydration Ist 0.8 1 78 3 138 98 3 2,1
(0.4- (45- (42- (66- 0,2-
hour(SF) 12) (1-5) 152) (15-97) 217) 100) (22-64) 213)
\ 12 5 107 58 138 97 32 2,7
Patients with- | Zerohour | (0.3 (1-5) (53- (26-97) (53- (63- (18-55) 0,7
out signs of 7.6) 146) 204) 100) 16,1)
dehydrati 0,72 <0,001 0,01 0,21 <0,001 0,21 0,07 <0,001
(e y ;amm- Ist 14 L 102 6 130 98 20 1.8
n=93 (0.2- (54- (63- (72- 0,7-
hour(SF) 9.3) (1-3) 139) (24-96) 213) 100) (19-63) 8.7)
0.53 88 146 92 4,05
5 47 34
Zero hour (0.29- (38- (63- (77- (1,1-
Deceased 1.1) (-5 138) (17-86) 193) 100) (20-48) 26,3)
patients <0,001 <0,001 <0,001 <0,001 <0,001 0,13 <0,001 <0,001
(n=25) 0.52 76 140 96 29
houlrs([SF) (02- (1?3) (45- (1:-057) (42 - (25-552) o1
3.1) 110) 196) 100) 21,3)
0.9 105 138 98 2,55
2 59 32
Zero hour (0.2- (53- (52- (35- (0,7-
Surviving 7.6) -5 171) (52-92) 216) 100) (@2471) 18,4)
Ppatients 0,19 <0,001 0,01 0,15 0,38 0,04 0,04 0,01
(n=166) Lt 13 . 91 s 135 98 30 182
0.2- (54- (63- (36- (0,5-
hour(SF) 9.3) (1-5) 162) 24 (94) 217) 105) (22-59) 9.7)

*Wilcoxon analizi uygulanmistir. (p< 0,05 anlamlihik degeri)
BP: Blood Pressure SpO2: Oxygen saturation SF:%0.9 NaCl saline
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DISCUSSION
In our study, we studied non-invasive PI measurement in
patients with circulatory disorders admitted to the PICU
during clinical follow-up, along with capillary refill time
and other vital signs. We sought to answer the question
whether it would aid in the early detection of circulatory
disorders and mortality prediction in pediatric patients
hospitalized in the PICU. We found that the PI value of
the patients at first admission predicted mortality with a
sensitivity of 70% and a specificity of 67.9%. In a litera-
ture review we could not find any clear data for normal
and/or pathological values of PI in the pediatric age group.
We have seen that in current studies, attempts are made to
establish normal values of PI mostly in the neonatal age

group.””.

In our study, the mean PI value at Oth hor was low in the
dehydration-acute gastroenteritis and metabolic disease
groups. A low 0Oth hour PI value and high capillary refill
time and lactate levels were considered significant. We
found that PI was negatively correlated with other vital

signs, especially capillary refill time.

A correlation analysis between Oth hour PI and capillary
refill time, PRISM III score, and lactate levels in the pa-
tient group with signs of dehydration revealed a moderate-
ly strong, negative, significant (p<0.05) relationship. The
PI value was lower in the SF-loaded group. In addition, a
moderately negative and significant (p<0.05) relationship
was found between the PI value and the capillary refill time
in the SF-loaded and non-SF-loaded groups. We think that
the mean PI value was 0.54 in the deceased patients and
1.51 in the surviving group, and that the low PI value in the
patients was due to peripheral perfusion disorder, circula-
tory failure, and increased vascular smooth muscle tone.
In a study conducted in newborns, lactate and PI were
evaluated, and it was found that high lactate (4 mg/dL)
and low PI values (<0.5) increased the incidence of early

retinopathy and bronchopulmonary dysplasia.'*!!

Choudhary et al. showed that PI is associated with low
blood pressure and is useful in the evaluation of hemody-
namic response.” In our study, a correlation was found be-
tween PI and capillary refill time. In addition, since PI can
be measured in patients who have not developed hypoten-
sion yet, it may be useful in the evaluation of hemodynam-
ic response and before the development of hypotension,

which is a late finding of shock.

Sivaprasath et al. reported that PI is an easy, non-invasive
and practical tool to predict shock in their study of 100
pediatric patients9. In a study by Van Genderen et al. in
25 healthy volunteers in adults, they monitored cardiac
output, heart rate, mean blood pressure, and PI with pulse
oximetry to detect changes in peripheral perfusion index
during hypovolemia. In conclusion, they found that PI can
be useful in detecting hypovolemia and shock long before
cardiovascular deterioration occurs."” Capillary refill time
is a useful and rapid measurement in determining the hy-
potension that occurs in patients and its potential conse-
quences, particularly by determining the intravascular vol-
ume status. In our study, capillary refill time and PI show
negatively correlation with perfusion status in patients

who needed fluids.

In a multicenter study by Hua Wei et al., it was argued that
the PI value was greater than 1.4 in adult healthy individu-
als and that the PI value 8 hours after resuscitation was as-
sociated with mortality within 30 days after resuscitation.'*
In a study by He et al. in adults, peripheral PI variability
was demonstrated in patients with postoperative septic
shock compared to the control group, and they reported
sensitivity and specificity values of 65% and 92.3%, re-
spectively, for a cut-off value of <0.2 for P1."* De Felice et
al. in their study in newborns, found the AUC, sensitivity
and specificity values for mortality to be 97%, 95.5% and
93.7%, respectively, for a cut-off value of 1.24 of PL.' In
another study, the authors reported that PI may be asso-
ciated with severe illness in newborns. They reported an
AUC value of 0.831for a cut-off value of 0.86 of 24-hour
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PI in the 60-day mortality estimate; they also reported a
sensitivity of 77.78% and a specificity of 78.79%. In the
same study, using the Kaplan-Meier analysis and the cut-
off value, they showed that mortality was higher in patients
with low PL"7 In our study, it was determined that PI could
predict mortality with an AUC of 69.2%, a sensitivity of
70%, and a specificity of 67.9% for 0.57 cut-off value in the
ROC analysis performed for Oth hour PI values in patients
with signs of dehydration and death. Our findings revealed
different results in terms of the cut-off value in our ROC
analysis to evaluate the PI value and mortality, and the re-
sults were less variable than the studies in the literature. In
addition, it was observed that there was no significant PI
value according to age. The PI values of the whole study
population and those without signs of dehydration were

1.41+1.32 and 1.63%1.55, respectively.

CONCLUSION
In patients admitted to the PICU, the easily measurable
and inexpensive PI measurement, along with other vital
signs, may be useful in predicting the mortality of the pa-
tients. It is clear that further studies are needed in certain
patient groups and/or more homogeneous patient groups
in order to recognize dehydration and to determine its re-

lationship with vital signs.

Limitations of the Study
Being a retrospective study and including data from a sin-
gle center, are the limitations of the study. The study was
conducted in a hospital in Diyarbakir province and can-
not be generalized to the whole population. There are very
few studies paediatric patients in terms of perfusion index.
Epidemiological studies with more extensive data on this

subject should be conducted.
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