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Abstract

Background: This study aims to evaluate the predictive performance of the shock index (SI), modified SI (mSI), and Simplified
Pulmonary Embolism Severity Index (sPESI) for intensive care unit (ICU) admission and 30-day mortality in patients presenting
to the emergency department (ED) with pulmonary embolism (PE).

Methods: A retrospective medical record review was conducted in the EDs of two hospitals in different cities. Records were
reviewed, and patients diagnosed with PE in the ED were included. Patients’ SI, mSI, and sPESI were calculated, and they were
divided into high- and low-risk groups based on their sPESI. The prognostic value of these parameters in predicting ICU admis-
sion and 30-day mortality was assessed using receiver operating characteristic (ROC) curves.

Results: This study included 135 patients with a median age of 71.8 (22-95) years, of which 68 (50%) were female. While 39 (%29)
were followed up in the ICU, 15 (11%) died within 30 days. Based on the sPESI, 38 were in the low-risk group and 97 in the high-
risk group. Mortality was higher in the high-risk group, and no deaths occurred in the low-risk group. The SI, mSI, and sPESI
were significantly higher among patients admitted to the ICU or who died.

Conclusion: While the SI, mSI, and sPESI appear similar in predicting ICU admission and 30-day mortality, the mSI was more
effective in predicting ICU admission, and the sPESI was more effective in predicting mortality.
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INTRODUCTION

Pulmonary embolism (PE) is a potentially life-threaten-
ing condition frequently encountered in emergency de-
partments (EDs), with a broad clinical spectrum ranging
from asymptomatic cases to hemodynamic collapse and
sudden death (1). Given this heterogeneity, early risk
stratification in patients diagnosed with PE is essential
for predicting the need for intensive care and guiding

timely treatment decisions.

Several prognostic models have been developed to sup-
portrisk stratification in patients with acute PE. The most
valid prognostic model is the PE Severity Index (PESI),
which was developed to predict 30-day mortality after
PE and calculated using 11 different variables to predict
high short-term mortality risk (2). Since calculating the
PESI is complex, its simplified version, simplified PESI
(sPESI), calculated with six different variables, is used
(3). However, even in its simplified form, the calculation
of sPESI requires multiple clinical variables, which may
limit its rapid application in time-critical ED settings. In
contrast, the shock index (SI) and modified shock index
(mSI), derived solely from vital signs, can be calculated
quickly at the bedside and have demonstrated prognos-
tic value in various acute conditions, including sepsis
and cardiovascular emergencies. The SI, calculated as
the ratio of heart rate (HR) to systolic blood pressure
(SBP), has been reported as a useful marker in the early
assessment of acute PE as well as other acute conditions
such as trauma, pneumonia, stroke, acute myocardial
infarction, and sepsis. It has also been studied as a pre-
dictor of massive transfusion in bleeding and trauma
patients (4). Because diastolic blood pressure (DBP) also
plays an important role in reflecting a patient’s hemod-
ynamic status, the mSI, calculated as the ratio of HR to
mean arterial pressure (MAP), was developed (5). Since
these indices increase the predictive value of vital signs,
they have been used to evaluate prognosis in many dis-

ease groups, especially sepsis.

Although these indices have previously been validated
and incorporated into clinical guidelines, data directly
comparing their performance in predicting both intensive
care unit (ICU) admission and short-term mortality with-
in the same patient population remain limited. Evaluating
these simple and practical indices in patients with PE pre-

senting to the ED may facilitate early risk stratification and
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support clinical decision-making. Therefore, this study
aimed to evaluate and compare the prognostic value of the
SI, mSI, and sPESI in predicting ICU admission and 30-day
mortality in patients with PE presenting to the ED.

MATERIALS AND METHODS
Study Design

This study retrospectively evaluated patients hospital-
ized with a diagnosis of PE in the EDs of Sel¢uk Univer-
sity Faculty of Medicine Hospital and Bilecik Education
and Research Hospital between July 1, 2019, and June 31,
2024. It included patients aged >18 years who presented
to the ED within one week after the onset of symptoms
and were diagnosed with PE by computed tomography
pulmonary angiography. Only patients diagnosed with
PE in the ED and subsequently admitted to the hospital
were included in the study. Patients discharged directly
from the ED (e.g., low-risk patients managed as outpa-

tients) were excluded.

Patients” electronic hospital records and printed files
were reviewed, and those who were diagnosed with PE
but were found to have deficiencies in the history, vital
signs, physical examination, and laboratory or radiologi-
cal examination results were excluded. Only the first pres-
entations within the study period were considered for
analysis, and recurrent presentations were identified and
omitted based on the medical record number. Additional-
ly, patients referred to another hospital, brought to the ED
due to cardiopulmonary arrest, or who received inotropic
support during presentation were excluded. Patients” SI,
mSI, and sPESI were calculated based on their age, sex,
cancer history, heart failure, chronic lung disease, pulse,
SBP, DBP, and oxygen saturation (SO2) in the epicrisis in-

formation in the hospital information records.

Indices

SI: The SI was calculated as the ratio of HR (beats per
minute) to SBP (mmHg):

SI = HR (beats per minute) / SBP (mmHg)

mSI: MAP was calculated using the following formula:
MAP = [(DBP x 2) + SBP] / 3

The mSI was then calculated as:

mSI = HR (beats per minute) / MAP
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sPESI: The sPES], a simplified version of the PESI used
to predict PE prognosis, is calculated as the sum of six
variables, each assigned 0 or 1 point [age (> 80 years, 1
point), presence of cancer (1 point), history of chronic
cardiopulmonary disease (heart failure or chronic lung
disease) (1 point), pulse = 110 beats / min (1 point), SBP
< 100 mmHg (1 point), and SO2 < 90% (1 point)] (3).
In the sPESI prognostic model, patients with a score of
0 are considered to be in the low-risk group, while pa-
tients with a score of 1 or more are considered to be in
the high-risk group (3).

Statistical Analysis

Data analysis was performed using SPSS (Windows,
Version 22.0, SPSS Inc., Chicago, IL). Descriptive statis-
tics were obtained to describe the patients” characteris-
tics. The data distributions were examined for normality
using the Kolmogorov-Smirnov test; for non-normally
distributed variables, the descriptive statistics are ex-
pressed as median (minimum-maximum). Continuous
variables were evaluated with Mann-Whitney U-test
for two groups. Frequency and percentage measure-
ments were made using frequencies, descriptives and
crosstabs features of SPSS. Categorical variables were
evaluated using the x2 test (Chi-square test). Area under
the receiver operating characteristics (ROC) curve anal-
ysis was performed for SI, mSI and sPESI to evaluate
their prognostic value in predicting ICU admission and
30-day mortality in PE patients. The threshold for statis-
tical significance was set as p < 0.05.

RESULTS

This study included 135 patients diagnosed with PE in
the EDs of the two study hospitals between July 2019
and June 2024 who met the eligibility criteria. The me-
dian age of the patients was 71.8 (22-95) years, and 68
(50%) were female. Among the study population, 15
(11%) patients had congestive heart failure, 36 (27%)
had chronic pulmonary disease, and 19 (14%) had ma-
lignancy. The median length of hospital stay was 5.3
(0-45) days. Based on the sPESI, patients were classi-
fied into low-risk (n = 38) and high-risk (n = 97) groups.
Overall, 39 (%29) patients required ICU follow-up, 13
(9.6%) died during their initial hospitalization, and 15

(11%) died within 30 days. The baseline demographic
and clinical characteristics of the study population are

summarized in Table 1.

When patients were analyzed according to ICU admis-
sion status, ICU admission status, SBP, MAP, pulse rate,
and SO2 were found to differ significantly between pa-
tients admitted to ICU and those who were not (p = 0.02,
0.02, 0.001, and 0.001, respectively). Similarly, the SI,
mS], and sPESI values were significantly higher among
patients admitted to the ICU (p = 0.001 for all). Notably,
90% of patients requiring ICU admission were classified
as high risk according to sPESIL Furthermore, 30-day
mortality was significantly higher in patients admitted
to the ICU compared with those who were not admitted
(26% vs. 5%, p = 0.001) (Table 2).

When patients were evaluated according to 30-day mor-
tality status, those who died were significantly older
than survivors (p = 0.001). In addition to age, SBP, MAP,
and SO2 were significantly lower in patients who died
compared with survivors (p = 0.002, 0.02, and 0.001, re-
spectively). By contrast, pulse rate and DBP did not dif-
fer significantly between the two groups. SI, mSI, and
sPESI values were all significantly higher in patients
who died within 30 days (p = 0.003, 0.01, and 0.001, re-
spectively). Importantly, all patients who died were clas-
sified as high risk according to sPESI, whereas no deaths
occurred in the low-risk group (p = 0.006) (Table 3).

ROC curve analysis demonstrated that SI, mSI, and sP-
ESI were all effective predictors of ICU admission, with
areas under the curve (AUCs) of 0.741, 0.749, and 0.731,
respectively (Figure 1). For SI, a cut-off value of 0.79
yielded a sensitivity of 72% and specificity of 66%. Like-
wise, an mSI a cut-off of 1.04 provided 72% sensitivity
and 66% specificity, while an sPESI cut-off value of 2
yielded 69% sensitivity and 62% specificity (Table 4).

ROC curve analysis for predicting 30-day mortality re-
vealed AUC values of 0.732 for SI, 0.701 for mSI, and
0.792 for sPESI (Figure 2). Among these indices, SI
demonstrated 80% sensitivity and 63% specificity at a
cut-off of 0.81. In comparison, an mSI cut-off value of
1.36 yielded 60% sensitivity and 83% specificity. Nota-
bly, sPESI showed the highest sensitivity for mortality
prediction, with a cut-off value of 2 providing 87% sen-
sitivity and 58% specificity (Table 5).
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Table 1. Baseline Characteristics of the Study Population*

All Patients (N = 135)

Sex (Female) 68 (%50)
Age (years) 71.8 (22-95)
History
CHF 15 (11%)
CPD 36 (27%)
Malignancy 19 (14%)

Vital parameters

SBP (mmHg) 116.1 (70-196)
DBP (mmHg) 70.6 (40-150)
MAP 87.3 (50-163.3)
Pulse (beats/min) 89.4 (60-170)
SO2 (%) 90.9 (60-99)
Indices
SI 0.76 (0.42-1.83)
mSI 1.01 (0.49-2.56)
sPESI 1.4 (0-5)
sPESI group
Low risk (sPESI = 0) 38 (28%)
High risk (sPESI > 1) 97 (72%)
LOS (day) 5.3 (0-45)
ICU admission 39 (29%)
In-hospital Mortality 13 (9.6%)
Mortality in 30 days 15 (11.1%)

LOS, Length of hospital stay; ICU, Intensive care unit.
*Data reported as number (%) or median (minimum-maximum).

Note: CHF, Congestive Heart Failure; CPD, Chronic pulmonary disease; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MAF, Mean
Arterial Pressure; SO2, Oxygen saturation; SI, Shock Index; mSI, Modified Shock Index; sPESI, Simplified Pulmonary Embolism Severity Index;

DISCUSSION

The present study suggests that the SI and mSI showed
comparable prognostic performance to the sPESI in pre-
dicting ICU admission and 30-day mortality in patients
with PE presenting to the ED. Previous studies have also
reported the prognostic value of SI and mSI in patients
with PE and other acute conditions (6-8). Although multi-
center prospective studies with larger patient populations
are needed to more clearly demonstrate the effectiveness

of SI and mSI compared with sPESI, our findings indicate

2

that these simple bedside indices may be useful tools for
early risk stratification in this patient population.

Acute right ventricular (RV) dysfunction, recognized as
the leading cause of death in patients with acute PE, of-
ten results in hemodynamic instability and may necessi-
tate ICU admission (9,10). A large-scale database study
conducted in Germany reported an ICU admission rate
of 19% among PE patients hospitalized between 2016
and 2020 (11). Similarly, a recent cohort study from Co-
lombia reported an ICU admission rate of 18.3% (12).

However, in the present study, 29% of patients required
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Table 2. Evaluation of Vital Signs, indices, and 30-day Mortality by ICU Admission Status®

No ICU admission (n = 96) ICU admission (n = 39) P
Age (years) 70.5 (22-95) 75 (24-93) NS
Vital parameters
SBP (mmHg) 118 (70-196) 108 (70-155) 0.02
DBP (mmHg) 73 (40-150) 66 (40-100) NS
MAP 89 (50-163) 81 (50-117) 0.02
Pulse (beats/min) 86 (60-164) 105 (69-170) 0.001
SO2 (%) 93 (68-99) 84 (60-99) 0.001
Indices
SI 0.69 (0.42-1.52) 0.99 (0.57-1.83) 0.001
mSI 0.95 (0.49-2.16) 1.36 (0.77-2.56) 0.001
sPESI 1.1 (0-4) 2.4 (0-5) 0.001
sPESI group
Low risk (sPESI = 0) 34 (35%) 4 (10%) 0.003
High risk (sPESI > 1) 62 (65%) 35 (90%)
Mortality in 30 days 5(5%) 10 (26%) 0.001

Note: ICU, Intensive care unit; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MAP, Mean Arterial Pressure; SO2, Oxygen saturation; SI,
Shock Index; mSI, Modified Shock Index; sPESI, Simplified Pulmonary Embolism Severity Index; NS, not significant.

*Data reported as number (%) or median (minimum-maximum).

Table 3. Evaluation of Age, Vital Signs, indices, and ICU Admission Status by 30-day Mortality Status*

Live (n = 120) Exitus (n = 15) P
Age (years) 70.4 (22-95) 85 (46-91) 0.001
Vital parameters
SBP (mmHg) 118 (70-196) 104 (70-170) 0.002
DBP (mmHg) 71 (40-150) 70 (40-90) NS
MAP 88 (50-163) 82 (50-117) 0.02
Pulse (beats/min) 89 (60-170) 94 (72-133) NS
SO2 (%) 92 (68-99) 78 (60-99) 0.001
Indices
SI 0.73 (0.42-1.83) 1.03 (0.42-1.71) 0.003
mSI 1(0.49-2.56) 1.44 (0.62-2.40) 0'01
sPESI 1.2 (0-4) 2.8 (1-5) 0.001
sPESI group
Low risk (sPESI = 0) 38 (32%) 0 (0%) 0.006
High risk (sPESI > 1) 82 (68%) 15 (100%)
ICU admission 29 (24%) 10 (67%) 0.001

Note: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MAP, Mean Arterial Pressure; SO2, Oxygen saturation; SI, Shock Index; mSI, Modi-
fied Shock Index; sPESI, Simplified Pulmonary Embolism Severity Index; ICU, Intensive care unit; NS, not significant.

*Data reported as number (%) or median (minimum-maximum).
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Table 4. Performance of the SI, mSI, and sPESI in Predicting ICU Admission in Patients with PE Based on the ROC

Curve Analysis and Sensitivity and Specificity for Possible cut-offs.

AUC Relative Risk
_ O] ifici
(95% CI) 95% CI) Cut-off Sensitivity Specificity

0.57 100% 12.5%

0.79 72% 66%
| 741 44—

S 0 (0,644-0,839) 128 23% 97%

1.55 8% 100%
0.75 100% 8%
1.04 72% 66%
mSI 0.749 (0,654-0,845) 1.64 31% 97%
1.82 21% 99%

2.28 8% 100%
1 90% 35%
2 69% 62%

PESI 731 —0,827
sPES 0.73 (0,636-0,827) 3 51% 87%
4 15% 97%
Note: AUC, The area under the ROC curve; CI, confidence interval; SI, Shock Index; mSI, Modified Shock Index; sPESI, Simplified Pulmonary Embo-
lism Severity Index.

ICU monitoring. This higher rate may be explained by
the fact that both hospitals included in the study are
tertiary care centers, where more complicated cases are
frequently referred from surrounding hospitals. In ad-
dition, our analysis included only hospitalized patients,
thereby excluding low-risk patients managed as outpa-
tients, which may also have contributed to the higher

ICU admission rate.

PE is a potentially life-threatening condition associated
with considerable short-term mortality, particularly in
patients presenting with hemodynamic instability. Pre-
vious studies have reported in-hospital mortality rates
ranging from 7.2% to 20.2% and 30-day mortality rates
of approximately 5.4-18.6% in patients with acute PE
(6,7,13-19). Mortality in PE is closely related to acute
RV dysfunction and circulatory failure, which are key
determinants of early clinical deterioration. The 30-day
all-cause mortality rate of 11.1% observed in the pres-
ent study is consistent with these reports and further
highlights the importance of early identification and
appropriate management of high-risk patients. In this
context, accurate and rapid risk stratification is essential

for guiding clinical management in patients with PE.

Scoring systems that can support treatment decisions

for patients with PE simplify the work of clinicians.
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Since some patients can be treated as outpatients while
others require ICU follow-up or thrombolytic therapy, it
is vital to distinguish them early. Low molecular weight
heparin may be safe and effective for outpatient treat-
ment of PE with proper patient selection. Reliable prog-
nostic models can help clinicians identify patients who
will receive outpatient treatment or are suitable for ICU
follow-up. The sPESI, which does not require an imag-
ing study, is calculated using six variables, each with a
different cut-off. In contrast, the SI and mSI, which are
calculated using only heart rate and blood pressure
parameters, can be easily applied at the bedside and
have been shown to be useful prognostic tools in pa-
tients with PE and other acute conditions (4-6,8). In our
study, none of the patients in the low-risk sPESI group
died; however, four patients (10%) classified as low risk
according to the sPESI were admitted to the ICU. Re-
view of medical records indicated that ICU admission
in these cases was based not solely on the sPESI score
but also on clinical considerations. These included the
need for close hemodynamic monitoring, presyncope or
syncope, suspected RV dysfunction, or the presence of

significant comorbidities requiring closer observation.

In a retrospective study evaluating the in-hospital mor-
tality of 181 patients with PE, the AUC for the sPESI was
calculated as 0.616, with a cut-off of 2 providing 56%
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Figure 1: The ROC analysis for ICU admissions of SI, mSI and sPESI
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Figure 2: The ROC analysis for 30-day mortality of SI, mSI and sPESI
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Table 5. Performance of the SI, mSI, and sPESI in Predicting 30-day Mortality in Patients with PE Based on the ROC

Curve Analysis and Sensitivity and Specificity for Possible cut-offs.

AUC Relative Risk e cpe s
(95% CI) 95% CI) Cut-off Sensitivity Specificity
0.42 100% 2%
SI 0.732 (0,594-0,870) 0.81 80% 63%
1.02 53% 86%
0.61 100% 2%
1.36 60% 83%
mSI 0.701 (0,550-0,852) 143 53% 887%
3.56 0% 100%
1
5 100% 32%
sPESI 0.792 (0,685-0,899) 3 87% 58%
4 53% 79%

lism Severity Index.

Note: AUC, The area under the ROC curve; CI, confidence interval; SI, Shock Index; mSI, Modified Shock Index; sPESI, Simplified Pulmonary Embo-

sensitivity and 69% specificity (7). The same study re-
ported the optimal SI cut-off as 1.52 (AUC = 0.602, sensi-
tivity = 36%, specificity = 94%) and the ideal mSI cut-off
as 0.989 (AUC = 0.739, sensitivity = 73%, specificity =
54%). Another study that retrospectively evaluated 602
patients with PE determined an SI cut-off of 0.82 (AUC =
0.721, sensitivity = 74%, specificity = 78%) and mSI cut-
off of 0.90 (AUC = 0.750, sensitivity = 76%, specificity =
73%) (6). While our study did not examine in-hospital
mortality, the AUCs for the sPESI and SI in predicting
30-day mortality were calculated as 0.792 and 0.732, re-
spectively, much higher than in the prior study. In our
study, a sPESI cut-off of 2 provided 87% sensitivity and
58% specificity, while an SI cut-off of 0.81 provided 80%
sensitivity and 63% specificity, and an mSI cut-off of
1.36 provided 60% sensitivity and 83% specificity, sim-
ilar to the previous study. The optimal mSI cut-off was

higher in our study than in the previous studies.

There are currently no objective criteria for ICU ad-
mission for patients with PE. This decision is primari-
ly made based on clinicians’ clinical experience or pa-
tients” vital signs. Keller et al. determined an SI cut-off
of 0.85 to be significant in predicting ICU admission in
a nonspecific patient group (20). They also stated that
cases had higher SlIs than controls and that the patient
group had higher hospitalization time and mortality
(20). Kurt and Bahadirli determined an SI cut-off of 0.73
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(AUC = 0.704, sensitivity = 61%, specificity = 78%) and
an mSI cut-off of 0.98 (AUC = 0.729, sensitivity = 66%,
specificity = 79%) in predicting ICU admission among
patients with COVID-19 (21). To our knowledge, there
are currently no studies evaluating the effectiveness of
the sPESI in predicting ICU admission specifically in
patients with PE. Notably, the only available evidence
addressing this outcome comes from a study by As et
al., who evaluated sPESI for predicting ICU admission
among patients with COVID-19 and reported a high
predictive performance (AUC: 0.948), with a cut-off val-
ue of 2 providing 84.6% sensitivity and 94.6% specificity
(22). In our study, the SI cut-off was determined as 0.79
(AUC = 0.741, sensitivity = 72%, specificity = 66%), the
sPESI cut-off was determined as 2 (AUC = 0.731, sen-
sitivity = 69%, specificity = 62%), and the mSI cut-off
was determined as 1.04 (AUC = 0.749, sensitivity = 72%,
specificity = 66%). These findings suggest that the mSI
may be useful for assessing PE severity and helping de-

cide ICU admission.

This study has some limitations. The primary limitation
of our study was its retrospective design. Our study
used patients’ vital signs at admission, and it could not
evaluate their potentially worse vital signs during the
ED follow-up because it was retrospective. Secondly,
despite the study being conducted at hospitals in dif-

ferent cities, the number of patients remains small due
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to the difficulty in obtaining reliable vital signs for pa-
tients. Thirdly, since our study evaluated patients who
presented to the ED, it could only evaluate 30-day mor-
tality. Cohort studies following patients with PE for a
longer period are needed to determine long-term mor-

tality.

In conclusion, when planning the follow-up and treat-
ment of patients with PE, predicting mortality risk and
the need for ICU admission early is crucial in determin-
ing the disease course and treatment protocols. The SI
and mSI have similar effectiveness to the sPESI in pre-
dicting mortality in patients with PE. Since the mSI is
more effective than the sPESI in predicting the need for
ICU admission, it should be used at the patient’s first
presentation. Our results suggest that the mSI, a simple
bedside tool, can be used to predict the need for ICU

admission in patients with PE.
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