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Abstract

Objectives: To investigate the predictive value of the shock index (Sl), reverse shock index (RSI),
and modified shock index (MSI) in determining the hospital outcomes of elderly patients with
gastrointestinal bleeding (GIB).

Design: A cross-sectional study.

Seyedpouya Paknezhad, Setting(s): The study was carried out in Tabriz, East Azarbaijan, North-west Iran.

Email: Pooya.paknejad@gmail. Participants: The study included patients aged over 75 years who were presented with acute
com upper GIB.

Outcome Measures: Specificity, sensitivity, positive, and negative predictive values were
calculated to assess the predictive capacity of these three indices in predicting mortality risk
among patients as their in-hospital outcome.

Results: Age distribution among the patients in this study did not follow a normal pattern.
Regarding the predictive value of the SI, RSI, and MSI for patient outcomes, the sensitivity and
specificity of these criteria were as follows: SI with 48.48% sensitivity and 86.84% specificity
(95% Cl: 79.23-92.44), RSI with 33.33% sensitivity and 92.04% specificity (95% Cl: 85.42-
96.29), and MSI with 30.30% sensitivity and 91.23% specificity (95% Cl: 84.46-95.71).
Conclusions: The findings of this study indicated that none of these criteria effectively predicted
mortality in patients with GIB. However, SI, RSI, and MSI exhibited high specificity in predicting
hospital outcomes for GIB patients, making them valuable tools for ruling out life-threatening
conditions. However, due to their low sensitivity, they are less reliable for diagnostic purposes
in determining the specific causes of GIB.
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Introduction discernible. For instance, approximately 15% of patients

Gastrointestinal bleeding (GIB) is a common medical
condition that often necessitates hospitalization, with a
mortality rate of approximately 10%. While GIB is typically
identified through symptoms such as hematemesis or
bloody stools, some cases pose diagnostic challenges when
patients present at the emergency room with atypical
symptoms such as hypovolemia or perfusion disorders.'
Diagnosed as a medical emergency, GIB demands early
evaluation and triage, particularly focusing on diagnosing
critically ill patients with life-threatening hemodynamic
disturbances and initiating appropriate resuscitation.
Notably, the precise source of bleeding is not always readily

with severe hematochezia have upper gastrointestinal
bleeding (UGIB), contrary to initial expectations of lower
GIB.? UGIB may manifest with a range of symptoms,
including hematemesis, melena, or severe hematochezia.
Prolonged bleeding, hypovolemia, and hemorrhagic
shock contribute significantly to patient mortality.! In a
study by Stanley et al in 2010, 23% of patients required
blood transfusions, while 14% necessitated surgical and
endoscopic interventions.’

While previous research has explored various
diagnostic parameters, including laboratory values, they
can be cost-prohibitive, time-consuming, and challenging
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to apply in outpatient settings.* Conversely, simpler
parameters such as heart rate and arterial blood pressure
have been identified as potential indicators of severe
bleeding.” Shock index (SI) is derived by dividing the
initial heart rate by the arterial systolic blood pressure
(SI=heart rate/systolic blood pressure). Modified shock
index (MSI) is also defined as dividing the heart rate by
mean arterial pressure (MSI=Heart rate/mean arterial
pressure), and reverse shock index (RSI) is defined as the
result of dividing arterial systolic pressure by heart rate
(RSI=Systolic blood pressure/heart rate).®

This study focused on evaluating the predictive value
of three easily assessable parameters, namely, SI, MSI,
and RS in predicting the outcome of GIB in hospitalized
patients over 75 years old. Given their cost-effectiveness,
these indices offer promise as valuable tools for assessing
GIB outcomes.

Methods

Study Design

This prospective descriptive study aimed to assess the
predictive value of SI, MSIL, and RSI in elderly patients
aged over 75 years with acute UGIB. It was conducted at
Imam Reza Hospital’s emergency department, a general
tertiary hospital in Tabriz, East Azarbaijan, north-west of
Iran.

Patient Selection

We used a total population sampling, and all eligible

patients were included in our study during 6 months.

Patients meeting the following criteria were included in

the study:

e Age over 75 years

e Diagnosis with acute UGIB
Presentation at the emergency department
Willingness to participate and provide informed
consent

Patients who met any of the following criteria were

excluded from the study:

e Non-hospitalized patients

Patients who did not undergo endoscopy

Trauma-related cases

Patients with lower GIB

Referrals from other medical centers (due to primary

treatment initiation)

Patients who declined to participate

e  Patients presented with cardiac arrest

e  Patients who leave the hospital against medical advice

Data Collection

After the approval of the Ethics Committee and
obtaining informed consent, demographic information,
including gender, age, and contact details was
recorded. Additionally, data related to endoscopic
interventions, endoscopy results (e.g., varicose veins,
ulcers, malignancies, esophagitis, gastritis, Mallory-
Weiss syndrome, and non-specific findings), surgical

requirements and their types, intensive care unit (ICU)
admissions, duration of hospitalization, packed cell
transfusion needs, and discharge and mortality outcomes
were collected. Furthermore, vital signs at the triage unit,
including systolic and diastolic blood pressure, heart rate,
and respiratory rate were documented for each patient.

Calculation of Indices

SI at the triage unit, MSI at the triage unit, and RSI at
the triage unit were calculated for patients as part of the
investigation.

Statistical Analysis

IBM SPSS Statistics version 18.0 software was used for
data analysis. The normality of data was determined
using the Kolmogorov-Smirnov test. Qualitative data
were analyzed using the chi-square statistical test, while
quantitative variables were assessed using the independent
t-test. Sensitivity, specificity, positive and negative
predictive values, and positive and negative likelihood
ratios (LR) were calculated to evaluate the predictive value
of the indices concerning hospital outcomes. Moreover,
a significance level of P<0.05 was considered statistically
significant.

Assessment of Diagnostic Values

The receiver operating characteristic (ROC) curve,
sensitivity, specificity, and area under the curve (AUC)
were utilized to assess the diagnostic value of the indices
for in-hospital outcomes. The Youden’s index (),
calculated as ]=sensitivity + specificity - 1 and ranging
between 0 and 1, was used to interpret the results. A
score of 0 indicated test ineffectiveness, while a score of 1
indicated test efficacy.

Results

Demographic and Clinical Characteristics

A total of 147 patients were included in the study, and
their ages were not normally distributed. The mean age
of the patients was 81.49 years (95% CI: 80.62-82.36) with
a standard deviation (SD) of+5.37 years. The median
age was 81 years, and the mode was 75 years. Of the
participants, 78 (53.1%) were male, and 69 (46.9%) were
female. The most common endoscopic findings were
clean-based ulcers, followed by normal endoscopy and
gastritis, and 10 patients presented with active bleeding
(Figure 1).

Clinical Interventions

A total of 8 patients (5.4%) required surgical intervention,
while 139 patients (94.6%) did not have surgical
indications. Twenty-eight patients (19%) required
hospitalization in the ICU, but 119 patients (81%)
did not require intensive care. The average length of
hospitalization was 6.41 days (SD+8.07 days), with a
minimum of 1 day and a maximum of 54 days, and the
median and mode hospitalization duration was 3 days.
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Figure 1. Frequency of Endoscopic Findings in Patients

Patient Outcomes

Regarding patient outcomes, 70% of cases achieved
remission, indicating the control of bleeding (remission
does not imply the absence of underlying disease, but
rather the resolution of GIB), while 30% of patients,
unfortunately, passed away.

Outcome Relationship

ICU admission and an increase in the duration of
hospitalization corresponded to a higher mortality rate (P
value=0.002). In the ROC curve analysis for SI, RSI, and
MSI, the AUCs were 0.339, 0.662, and 0.389, respectively
(Figure 2). Concerning the predictive value of these criteria
for patient outcomes, it was found that SI, with a cut-off
point of 0.9, exhibited a sensitivity of 48.48% (95% CI:
30.80-66.46), a specificity of 86.84% (95% CI: 79.23-92.44),
a positive LR of 3.68, and a negative LR of 0.59 (Table 1).
Using a cut-off point of 0.7, RSI showed a sensitivity of
33.33% (95% CI: 17.51-96.83), a specificity of 92.04% (95%
CI: 85.42-96.29), a positive LR of 4.19, and a negative LR
of 0.72 (Table 2). Moreover, MSI, with a cut-off point of
1.46, had a sensitivity of 30.30% (95% CI: 15.48-59.71), a
specificity of 91.23% (95% CI: 84.46-95.71), a positive LR
of 3.45, and a negative LR of 0.76 (Table 3).

Discussion

This study assessed the predictive value of SI, MSI, and
RSTin predicting hospital outcomes for patients with GIB.
SI, a measure of hemodynamic instability, has been used
since 1967 and has shown higher sensitivity in assessing
hemodynamic instability compared to heart rate or
systolic blood pressure alone.”® The normal range for
SI was initially established between 0.5-0.7, but various
thresholds have been used in different studies.'”'* This
study employed a cut-oft point of 0.9, which provides
higher specificity but lower sensitivity. Furthermore, SI
has found utility in various clinical contexts. For example,
it has been associated with increased mortality in septic
shock patients,” the need for massive transfusion and
emergency surgical procedures in trauma patients,™
and poorer outcomes in patients with acute myocardial
infarction *°. Additionally, it has been used as a triage tool

ROC Curve

o [ Source of the Curve
~— shock index
—reverse shock index
| modified shock incdex
0384 S

064

Sensitivity

T
o =
.\II

0.2 — /J

1 - Specificity

Diagonal segments are produced by ties

Figure 2. ROC Diagram for SI, MSI, and RSI. Note. ROC: Receiver operating
characteristic; Sl: Shock index; RSI: Reverse shock index; MSI: Modified
shock index

in the emergency department, indicating higher inpatient
mortality and hospitalization rates at certain cut-off
points.'® Moreover, SI has been associated with bleeding
severity in GIB patients.”

The current study revealed that SI, MSI, and RSI exhibit
low sensitivities (48%, 30%, and 33%, respectively), with
SI having the highest sensitivity. However, these criteria
demonstrated high specificities (86%, 91%, and 92%,
respectively), with RSI showing the highest specificity.
Consequently, none of these criteria proved reliable in
predicting poor outcomes for patients. Nonetheless, their
high specificities make them useful for ruling out poor
outcomes if a patient’s score (SI, MSL, or RSI) falls below
the cutoff values.

Interestingly, some studies have reported different
results. For instance, Bourque et al found SI to be accurate
in predicting 30-day mortality in GIB patients, with a
sensitivity of 79% and specificity of 56% at a cutoff point
of 0.7.!8 Terceros-Almanza et al also demonstrated high
sensitivity and specificity for SI and MSI in predicting
severe bleeding prognosis.® However, other studies have
reported varying results, emphasizing the need for further
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Table 1. Predicting Value of Shock Index

Statistics Value 95% ClI
Sensitivity 48.48% 30.80% - 66.46%
Specificity 86.84% 79.23% - 92.44%
Positive likelihood ratio 3.68 2.05 - 6.64
Negative likelihood ratio 0.59 0.42 - 0.83
Disease prevalence (¥) 22.45% 15.98% - 30.06%
Positive predictive value (¥) 51.61% 37.20% - 65.76%
Negative predictive value (*) 85.34% 80.59% - 84.61%
Accuracy (*) 78.23% 70.68% - 84.61%

Note. Cl: Confidence interval; * These values are dependent on disease
prevalence.

Table 2. Predicting Value of Reverse Shock Index

Statistics Value 95% Cl
Sensitivity 33.33% 17.96% - 51.83%
Specificity 92.04% 85.42% - 96.29%
Positive likelihood ratio 4.19 1.90-9.23
Negative likelihood ratio 0.72 0.57-0.93
Disease prevalence (*) 22.60% 16.10% - 30.25%
Positive predictive value (*) 55.00 % 35.66% - 72.94%
Negative predictive value (*) 82.54% 78.69% - 85.82%
Accuracy (¥) 78.77% 71.24% - 85.09%

Note. Cl: Confidence interval; * These values are dependent on disease
prevalence.

Table 3. Predicting Value of Modified Shock Index

Statistics Value 95% CI
Sensitivity 30.30% 15.59% - 48.71%
Specificity 91.23% 84.46% - 95.71%
Positive likelihood ratio 3.45 1.57-7.58
Negative likelihood ratio 0.76 0.61-0.96
Disease prevalence (¥) 22.45% 15.98% - 30.06%
Positive predictive value (¥) 50.00 % 31.30% - 68.70%
Negative predictive value (*) 81.89% 78.19% - 85.08%
Accuracy (*) 77.55% 69.94% - 84.02%

Note. Cl: Confidence interval; * These values are dependent on disease
prevalence.

investigation.

The present study did not reveal a significant
relationship between these indices and the duration of
hospitalization or ICU admission. Previous studies have
suggested associations between SI and clinical outcomes,
considering various confounding variables.!*%

It is important to note that SI and related indices can
be influenced by several factors such as pain, anxiety, and
measurement methods. Therefore, their use as prognostic
tools in UGIB patients remains uncertain. Hence, further
research, ideally with larger sample sizes and in multi-
center settings, is needed to clarify their prognostic utility.
Additionally, accounting for patients’ drug histories in
future studies could provide valuable insights.

Strengths and Limitations

Strength

Prospective design: This study utilized a prospective design,
allowing for the collection of real-time data on elderly
patients with acute UGIB. This design also enhances the
accuracy of data collection and minimizes recall bias

Focus on elderly population: Our study specifically
focused on patients over 75 years old, addressing a critical
gap in the literature regarding the predictive value of SI,
MS], and RSI in this vulnerable population.

Clinical relevance: This research addresses a clinically
significant issue, namely, the prediction of patient
outcomes in cases of GIB. Identifying effective predictive
tools can aid healthcare providers in making timely and
informed decisions for patient management.

Calculation of predictive indices: We rigorously
calculated SI, MSI, and RSI for all patients, enabling
a direct comparison of these indices in predicting
hospital outcomes. This standardized approach ensures
consistency in the evaluation of the indices.

Limitations

Small sample size: One of the primary limitations of
this study is the relatively small sample size. Although
147 elderly patients were included, a larger sample size
would enhance the statistical power and improve the
generalizability of the findings.

Single-center study: This research was conducted
exclusively at a single university hospital in Tabriz, Iran.
The use of a single-center design limits the generalizability
of the results to a broader population of elderly patients
with GIB. Future research should prioritize external
validation of these indices in larger and more diverse
patient populations to confirm their predictive value
across different healthcare settings.

Cutoff values: The study utilized predetermined cutoff
values for SI, MSI, and RSI to classify patients. These
cutoff values may not be universally applicable, and
different thresholds might yield different results.

Limited sensitivity: The findings of the study revealed
that SI, MSI, and RSI exhibit relatively low sensitivity
in predicting patient outcomes. This suggests that while
these indices demonstrated high specificity, they may
not be effective in identifying patients at risk of poor
outcomes.

Conclusions

First and foremost, the findings of the current study
unequivocally demonstrated that none of these indices
possesses the requisite efficacy to serve as reliable
predictors of mortality in cases of GIB. While SI, RSI,
and MSI exhibited remarkable specificity in predicting
the hospital outcomes for patients with GIB, their
performance falters when it comes to diagnosing the
condition and prognosticating unfavorable outcomes.
Despite their effectiveness in ruling out life-threatening
conditions, the limited sensitivity of these criteria renders
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them less effective for diagnostic and prognostic purposes.
It is imperative to acknowledge that our study uncovered
no conclusive relationship between these three indices
and the duration of hospitalization or the need for ICU
admission.
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