(Al ORIGINAL RESEARCH

DOI: 10.4274/globecc.galenos.2023.25743
Glob Emerg Crit Care 2023;2(2):41-46

Correlation Between Age Shock Index and Perfusion Index with
Emergency Severity Index and its Predictive Value on In-hospital
Mortality
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® Melih Ugan

University of Health Sciences Turkey, Kanuni Sultan Siileyman Training and Research Hospital, Clinic of Emergency Medicine, istanbul, Turkey

Objective: Perfusion index (P1), shock index (SI), modified SI (MSI), and age SI (ASI) are valuable markers used to predict the clinical course and
mortality of patients in various intensive care units and emergency departments (ED). We investigated the relationship between these markers and
emergency severity index (ESI) and their value in predicting in-hospital mortality.

Materials and Methods: In this prospective, cross-sectional, single-centered study, the vital values of the patients and the Pl were measured and
categorized according to ESI. The correlation between SI, MSI, ASls, and Pl among the ESI categories and their predictive values for in-hospital
mortality were calculated.

Results: We established statistically significantly lower PI values and significantly higher values in the ASI in the group with in-hospital mortality
compared to survivors (p=0.001, <0.001, respectively). The area under curve score for in-hospital mortality of the Pl of 0.723 and ASI are 0.723 and
0.807, respectively. The specificity of Pl and the sensitivity of ASI are 91.62% and 91.67%, respectively, and negative predictive values of those are
98.66% and 99.67%, respectively.

Conclusion: Adding Pl and ASI to existing triage scores, such as ESI, may improve triage specificity in unselected patients who are admitted to the ED.
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Introduction

Emergency departments (ED) have the most important place for
the global health crisis worldwide due to their easy accessibility;
they have become the preferred admission points to healthcare
services. As a solution to this crowded environment of EDs,
triage practices have been developed to reduce crowding and to
ensure that critically ill patients receive accurate and effective
treatment on time. In triage systems, the patient’s history, vital
signs, and resource requirements take an important place in
scoring. Vital signs are the most crucial markers in identifying
critically ill patients. However, vital signs begin to change
whenever the compensation mechanisms are insufficient.
Studies have been performed that aim to test the state of tissue

perfusion in a non-invasive, rapid way, such as perfusion index
(P1), brachial index, and thoracic impedance, to establish tissue
perfusion state before the compensation mechanisms occur.
Therefore, rapid assessment of tissue perfusion status guides
the clinician in identifying critically ill patients.

Recently, the shock index (SI) has been used to predict the
prognosis of high-energy trauma, shock, sepsis, and pneumonia
with high mortality. Many studies have demonstrated that SI
is superior to only systolic blood pressure (SBP) or only pulse
measurement in predicting the prognosis [1,2]. Failure to take
into account the patient’s diastolic blood pressure (DBP) in
the calculation of SI was considered a deficiency; as a result,
a modified SI (MSI) was developed [3]. Later, age SI (ASI) was
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defined because comorbidities and medications used in
elderly patients affect the pulse and blood pressure values [4].

This study aimed to obtain information about the clinical
significance of SI, MSI, ASI, and Pl values in addition to standard
vital parameters and to determine their role in predicting
mortality in patients admitted to ED.

Materials and Methods

After the approval of the University of Health Sciences Turkey,
Kanuni Sultan Stileyman Training and Research Hospital Ethics
Committee no: 2022.02.37, subject no: KAEK/2022.02.37, a
prospective cross-sectional study was performed in the ED of
University of Health Sciences Turkey, Kanuni Sultan Siileyman
Training and Research Hospital between 10/02/2022 and
30/10/2022. Patients who were admitted outpatient or by
ambulance were evaluated by triage nurses and doctors who
had more than 10 h of practical and theoretical training, and
patients at the age of 18 and above who gave consent were
included in the study. Patients were accepted consecutively,
and participants in each ESI category were aimed to be in
similar numbers. Thirty-seven patients with uncertain clinical
outcomes (19 patients who left without permission and 18
patients who refused treatment) were excluded from the study
(Figure 1).

Heart rate, Sp0O,, and blood pressure were measured after 5min
of resting in the sitting position and avoiding patients’ speech.
Pl was measured non-invasively from the distal phalanx of the
second finger of the right hand until the value on the display
stabilized or by waiting for at least 10 s via Lifescope, BSM-
3562 device; by Nihon Koden, Tokyo, Japan. The respiratory
rate (RR) was measured by visual inspection of the patient’s
chest wall motion for 1 min. The patients were divided into
five groups based on their vital signs according to the ESI
classification. Pl data, patient’s age, gender, consciousness
status, comorbidities, Glasgow Coma score (GCS) value,
and vital signs (blood pressure, body temperature, pulse,
Sp0,, RR) were recorded in the study form. Then, with these
obtained values, SI, MSI, and ASI were calculated. The patients’
hospitalization status, emergency operation requirement,
discharge status, and in-patient and 1-month mortality were

1028 Patients — 18 Patients refused treatment

1010 Patients _, 19 Patients left without permission

991 Patients

Figure 1. Patient flow chart
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followed. Hospitalization was defined as the admission of
patients either to the inpatient service or to the intensive care
unit (ICU) after evaluation in the ED. The outcome measure for
mortality was defined as death from any cause within 30 days
of hospital admission and was determined based on hospital
records or, in some cases, telephone interviews.

Statistical Analysis

Categorical data will be displayed as number and percentages.
The Shapiro-Wilk or Kolmogorov-Smirnov tests will examine
the conformity of continuous variables to normal distribution.
Normally, distributed data will be shown as mean =+ standard
deviation, and non-normally distributed data as median (min-
max) or (interquartile range). In comparisons between groups
with and without in-hospital mortality, vital parameters,
perfusion index, SI, MSI, and ASI were calculated using the
Student’s t-test and ANOVA test for normally distributed
parameters and Mann-Whitney U test with Kruskal-Wallis test
for non-normally distributed parameters. The cut-off value is
determined according to the receiver operating characteristic
(ROQ) curve for the parameters found to be statistically
significant between the groups. The data were analyzed in the
SPSS Statistics 24.0 (IBM Inc., New York, USA) program. P<0.05
is considered statistically significant in this study.

Results

A total number of 991 patients, 525 (53.0%) female and 466
(47.0%) male, were included in our study. According to the
ESI classification, 191 (19.3%) were in the first category, 192
(19.4%) were in the second category, 198 (20.0%) were in the
third category, 210 (21.2%) were in the fourth category, and
200 (20.2%) were in the fifth category.

In the clinical follow-ups of the patients, 706 (71.2%) were
discharged, 173 (17.5%) were referred to the ICU, 98 (9.9%) were
admitted to the inpatient service,and 12 (1.2%) were undergone
emergent operation; 2 (0.2%) of them died in the operation
room. In-hospital and 30-day mortality rates in patients
were 2.4% (24) and 7.2% (71), respectively. The distribution
of age, vital parameters, and shock indices of the patients
according to the ESI categories are given in Table 1. According
to the results of the ANOVA test, which had been performed
depending on the ESI categories, statistical significance in age,
SBP, and PI values were estimated (p<0.001, <0.001, <0.001,
respectively). There is no statistically significant difference
estimated between the ESI categories and DBP, mean arterial
pressure, and pulse (p=0.190, 0.079, and 0.065, respectively).
In the results of the Kruskal-Wallis test conducted between the
ESI categories, there was statistical significance in RR, SpO,,
and ASI values (p<0.001, 0.001, 0.001, respectively), while
there was no statistical significance in temperature, SI, and MSI
values (p=0.169, 0.066, 0.333, respectively).
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A comparison of the variables according to the in-hospital
mortality status is shown in Table 2. Differences in the PI
and ASI scores between the mortal and survival groups are
statistically significant. Statistically significant lower Pl values
and statistically significant higher values in the ASI are found
in the group with in-hospital mortality compared with the
survival group. The age of the patients was higher in the in-
hospital mortality group, the RR was statistically significantly
higher, and the DBP and SpO, values were low in the in-

MSI in geriatric trauma patients admitted to ED [6]. In another
study, the ASI value in patients over 55 years of age may be
useful in predicting early mortality and increasing the need for
blood transfusion [7]. In a study by Agerskov et al. [8], which
included 1.338 patients who required emergent surgery, found
that those with a Pl <0.5 had a 19% mortality, and those with a
Pl >0.5 had a 10% 30-day mortality.

Er et al.’s [9] research studied the 60-day mortality of patients

receiving mechanical ventilation and found the mortality of
patients with a low Pl value at the 12" h to be high. Savastano
et al. [10] calculated the mean PI value of 346 patients who
had spontaneous respiratory return after cardiopulmonary
resuscitation. The mean Pl value was found to be high in

hospital mortality group.

ROC analysis is performed for the statistically significant
variables in patients grouped according to in-hospital mortality
status. For the perfusion and ASI, we calculated the area under
the curve, sensitivity, specificity, and positive and negative

predictive values (Table 3, Figures 2 and 3). ROC Curve
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with 535,045 patients admitted between 01/02/2022 and
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relationship between in-hospital mortality and ASI in patients
with stroke patients [5]. In a study conducted in Korea, ASI had
the power to predict in-hospital mortality better than SI or

Figure 2. ROC curve of age shock index

ROC: Receiver operating characteristic

Table 1. Analysis of age, vital parameters, and shock indices according to ESI

Parameters ESI categories p values
1(191) 2(192) 3(1998) 4(210) 5 (200)
Age 60.48+£19.83 56.27121.57 52.84+21.27 37.98£14.67 36.31£13.98 <0.001
SBP 133.19£36.62 139.68+33.43 132.42+24.41 128.33+£20.19 129.29+16.86 <0.001
DBP 75.531£19.67 78.68+£16.12 76.65£13.31 77.52£12.87 78.58£11.86 0.190
MAP 94.75£24.28 99.01£20.67 95.24£15.60 94.46£13.95 95.48£12.20 0.079
Pulse 93.14£24.13 89.23£17.50 88.80£17.78 89.02£10.86 89.71£10.04 0.065
Temperature 36.5 (36.0-39.2) 36.5 (36.0-39.4) 36.5 (35.0-40.0) 36.5 (34.5-38.4) 36.6 (35.7-38.8) 0.169
Respiratory rate 20 (10-40) 18 (12-34) 16 (12-30) 14 (11-25) 14 (12-20) <0.001
Spo, 92 (53-100) 97 (83-100) 98 (85-100) 98 (92-100) 98 (92-100) <0.001
GCS 15 (3-15) 15 (10-15) 15 (11-15) 15 (14-15) 15 (15-15) <0.001
Perfusion index 1.38£1.00 1.76£1.52 1.99£1.33 2.39+1.11 2.37%1.06 <0.001
Shock index 0.68 (0.22-2.39) 0.66 (0.29-1.26) 0.68 (0.29-1.29) 0.70 (0.33-1.15) 0.70 (0.42-1.14) 0.066
Modified shock index | 0.93 (0.32-3.35) 0.91 (0.45-1.89) 0.93 (0.43-1.85) 0.95 (0.52-1.52) 0.95 (0.60-1.53) 0.333
Age shock index 39.68 (12.18-165.97) 34.30 (9.50-104.21) | 32.39 (8.67-78.10) | 24.39 (9.80-56.37) | 23.69 (8.40-63.39) | <0.001
ANOVA test, Kruskal-Wallis test, parametric values shown as mean + SD; non-parametric data shown as median (min-max) (interquartile range). SD: Standard deviation, ESI:
Emergency severity index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure, GCS: Glasgow Coma score
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those who survived 30 days. Recent studies have shown that
Pl is a significant marker for mortality in trauma patients [11].
The findings of this study were found to be compatible the
literature. Although there is systemic vasodilation secondary
to sympathetic nervous system hyperstimulation in septic
patients, this is not the case for peripheral vessels. Thus, we
believe that the peripheral Pl value is estimated to be low [12].

Almost twenty-nine percent of the cases were hospitalized,
11.1% were admitted to inpatient service, and 17.5% were
admitted to the ICU. In the study of Rivers et al. [13], it has been
reported that 100 million ED admissions annually constitute

ROC Curve
10
1
o] ‘F
—
A
(_,
2 06 [
5 .
2
o [
LIPS
[
{
J
f
0,2 I
00 T T T T
00 02 04 06 08 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 3. ROC Curve of perfusion index

ROC: Receiver operating characteristic

Table 2. Analysis of variables with in-hospital mortality

Parameters In-hospital mortality

p values

Yes (24) No (967)

Perfusion index 1.13+£1.03 2.01+£1.27 0.001
Shock index 0.68 [0.30] 0.69 [0.22] 0.386
Modified shock index | 0.93 [0.45] 0.94 [0.28] 0.318
Age shock index 48.56 [24.53] | 29.68[18.98] | <0.001
Age 67.67+15.45 | 48.02+20.80 <0.001
SBP 123.13+42.32 | 132.71£26.92 | 0.281
DBP 71.33+20.16 | 77.55£14.81 0.044
MAP 88.60+27.14 | 95.94+17.51 0.200
Pulse 89.75+22.38 | 89.96+16.63 0.965
Fever 36.4 [0.48] 36.5[0.40] 0.026
RR 20 [2] 16 [5] <0.001
SpO2 921[9] 97 [3] <0.001
Independent sample t-test, Mann-Whitney U test, parametric values shown as
mean £ SD; non-parametric data shown as median [interquartile range]. SD:
Standard deviation, SBP: Systolic blood pressure, DBP: Diastolic blood pressure,
MAP: Mean arterial pressure, RR: Respiratory rate
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40% of hospitalizations, and 25% of these patients are critically
ill. In this study, in-hospital mortality was estimated at 2.4%,
and 30-day mortality was 7.2%; the rate of 30-day mortality
and hospitalization were low compared to other studies. This
is considered because this study is single-centered with a
limited number of patients.

In this study, PI, temperature, RR, DBP, SpO, value, and ASI were
found to be statistically significant variables for in-hospital
mortality. Studies showed a significant correlation between
Pl and the core-to-toe temperature difference [14]. Torabi et
al. [15] also examined patients in the ESI category three and
found that SBP and ASI values were better in determining
mortality than SI and MSI. In another study, a non-linear
correlation between baseline DBP and in-hospital mortality
in patients with acute myocardial infarction was found, and
a decrease in DBP within the first three days in patients who
had a mortal course [16]. Lee et al. [17] determined that the
SpO,/RR ratio is an independent prognostic factor for 28-day
mortality in patients with sepsis or septic shock. Another study
found that nocturnal RR measures in patients aged 65 and
over may be a risk marker for mortality [18]. Das et al. [19]
demonstrated that the SI value had a clear advantage over
some vital measures for estimating 30-day mortality but was
not useful in estimating hospitalization and showed that a
lower Pl value was associated with both hospitalization and
30-day mortality. In another study, conventional vital signs and
SI values were compared to determine acute critical illnesses
in ED, and they concluded that a more than 0.9 unit abnormal
increase in Sl values of 36 patients was closely associated with
hospitalization and intensive treatment after hospitalization
[20]. SI and MSI values are found to be potentially useful for
predicting in-hospital and out-of-hospital massive bleeding
and defining hemorrhagic shock [21]. Laaksonen et al. [22]
showed that it could be used to predict 30-day mortality by
dividing the ASI value by the GCS in seriously injured patients
in the pre-hospital setting. ASI and Sl are found to be valuable
in predicting mortality in acute heart failure [23]. The ASI value
is calculated to be high due to the decrease in physiological
reserve, metabolic and hormonal response with advanced
age, and the decrease in the body’s response to trauma [4,6].
In another study, they found that SpO, <90 in coronavirus
disease-2019 patients was a strong indicator of in-hospital
mortality [24]. Studies are conducted in variable patient
groups of different populations that explain the discrepancy
of findings.

Study Limitations

A limited number of patients were included, as it was a single-
centered, cross-sectional study conducted in a limited time
frame with a limited number of patients. These are considered
to be the limitations of our study.
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Table 3. ROC analysis of the perfusion index and age shock index

AUC p values 9% d Sensitivity | Specificity | PPV NPV Accuracy
Lower bond | Upper bond
Perfusion index <0.505 0.723 0.000 0.608 0.838 50% 91.62% 12.9% | 98.66% | 90.62%
Age shock index >34.21 0.807 0.000 0.728 0.887 91.67% 61.94% 5.64% | 99.67% | 62.66%
ROC: Receiver operating characteristic, AUC: Area under curve score, Cl: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value

Conclusion

We recommend using Pl and ASI with existing triage category
systems for easier recognition and early treatment of critically
ill patients in busy EDs.
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