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ABSTRACT

Background: Trauma is a leading global cause of
morbidity and mortality, with hemorrhage being a highly
preventable cause of death. Delta SI (dSI), reflecting time-
dependent hemodynamic changes, shows promise, though
conflicting data necessitate comprehensive evaluation of its
predictive superiority. This study, therefore, aims to assess
the diagnostic accuracy of dSI in predicting clinical
outcomes among trauma patients.

Methods: This systematic review and meta-analysis
included eight studies (Jan 2015—-Jul 2025) on adult trauma
patients evaluating dSI (Emergency Department SI —
prehospital SI) for mortality, blood transfusion needs, or
Intensive Care Unit (ICU) admission. Searches were
conducted across ScienceDirect, PubMed, Scopus, and
Taylor & Francis. The risk of bias was assessed using the
QUADAS-2.

Results: Eight studies (931,954 patients) were included.
DSI consistently showed low sensitivity but high
specificity. For blood transfusion, sensitivity was 0.411
(0.313-0.517) and specificity was 0.873 (0.802—0.921). For
mortality, sensitivity was 0.350 (0.259-0.454) and
specificity was 0.821 (0.763—-0.867). ICU admission had a
sensitivity of 0.21 (0.144-0.298) and a specificity of 0.887
(0.843-0.919). Subgroup analysis of massive transfusion
and in-hospital mortality analyses also showed similar
trends.

Conclusion: Our findings highlight that while DSI
demonstrates consistently high specificity across key
clinical outcomes—including mortality, transfusion needs,
and ICU admission—it suffers from limited sensitivity.
However, its optimal utility lies in its integration with
comprehensive clinical assessment rather than standalone
use.

Keywords: Delta Shock Index; ICU admission; Mortality;
Outcomes; Transfusion.
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INTRODUCTION

Trauma is a major global health
issue, contributing significantly to
morbidity, mortality, and long-term
disability. According to the World Health
Organization (WHO), trauma affects an
estimated 20 to 50 million people annually
and was the third leading cause of death
globally in 2019, accounting for nearly
10% of all deaths.? The prognosis of
trauma patients presenting to emergency
departments is influenced by the severity
of injury and the timeliness of care

provided.?

Hemorrhage remains a primary
cause of early mortality in trauma patients,
particularly when it progresses to
hemorrhagic shock accompanied by the
lethal triad of coagulopathy, acidosis, and
hypothermia. Hemorrhagic shock
accounts for roughly 30-40% of trauma-
related deaths*. Despite its severity,
bleeding is one of the most preventable
causes of death if promptly recognized and
treated.> Therefore, early restoration of
hemostasis is needed to improve patients’
outcomes’.

Early identification of patients at

risk facilitates rapid blood product

mobilization, enhances survival, and
minimizes unnecessary transfusions®. To
support early risk stratification, various
scoring systems have been developed
using physiological parameters,
particularly vital signs recorded either
prehospital or upon emergency department
(ED) arrival. This is necessary, as it would
facilitate the implementation of aggressive
interventions, such as emergent surgery,
angiography with embolization, and early
activation of massive transfusion protocol
(MTP).

While vital signs alone are often
inadequate, SI variants have shown utility
in predicting hemodynamic deterioration
and poor outcomes in trauma patients The
shock index (SI), defined as the ratio of
heart rate to systolic blood pressure, has
been widely used in different forms:
prehospital SI, ED SI, and delta SI (the
difference between field and ED SI)7%.

Among these, the delta shock
index (dSI) has emerged as a promising
predictor of outcomes, capturing dynamic
hemodynamic changes between the field
and the ED. Although some studies favor
ED SI for its predictive accuracy’” others

support dSI as a simple, rapid, and

effective tool for predicting mortality,
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Intensive Care Unit (ICU) admission, and
resource needs—highlighting its
advantage in capturing time-dependent
changes in vital signs and reflecting
dynamic physiological deterioration *!%-1%

A recent meta-analysis found that
SI alone has limited value in predicting
massive transfusion or mortality, though it
may help identify low-risk®. Unlike SI, dSI
reflects dynamic changes over time rather
than a single point and, despite conflicting
findings, has shown potential as a more
reliable early predictor.

This systematic review aims to
evaluate the diagnostic accuracy of delta
shock index (dSI) in predicting key
clinical outcomes—mortality, need for
blood transfusion, and ICU admission in
adult trauma patients, with the goal of
clarifying its utility in guiding early
clinical decision-making to improve

patient outcomes.

METHODS

Protocol and guidance for conducting

and reporting

This protocol was developed in
accordance with the Preferred Reporting
Items for Systematic Review and Meta-

Protocols (PRISMA-P)

Analysis

guidelines.  The  methodology  for
conducting and reporting the systematic
review followed the PRISMA-DTA
(Preferred Reporting Items for Systematic
Reviews and Meta-Analyses of Diagnostic
Test Accuracy studies) guidelines. The
protocol has been registered in the
International Prospective Register of
Systematic Reviews (PROSPERO) under
the ID 1090482.

Eligibility Criteria

We included studies involving
adult trauma patients. The primary focus
was on evaluating the Delta Shock Index
(dSI), defined as the difference between
the Shock Index (SI) measured in the
emergency department (ED) and the
prehospital setting. Studies were eligible if
they reported dSI and its association with

clinical outcomes.

We included randomized
controlled trials, as well as prospective and
retrospective  observational  studies.
Studies that provided data from both the
prehospital and hospital settings were
eligible for inclusion. Exclusion criteria
were limited to pediatric populations and
study with unextractable outcome data.

Conference abstracts, case reports, and
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non-human studies were excluded. There

were no language restrictions.
Search strategy

We conducted a systematic search
of the ScienceDirect, PubMed, Scopus,
and Taylor & Francis databases for
relevant studies published between
January 2015 and July 2025. The reference
lists of all eligible articles and relevant
reviews were also screened to identify

additional studies.
Study selection and data extraction

Three reviewers independently
conducted title and abstract screening,
full-text assessment, and data extraction
using a standardized template. Any
disagreements were resolved through
consensus. Owing to variations in outcome
definitions and measurement methods, the
data were analyzed using a narrative

synthesis approach.
Risk of bias assessment

Following the Cochrane DTA
handbook, the risk of bias and

applicability concerns in diagnostic

accuracy studies were assessed using the
QUADAS-2  tool.  This included
evaluation of four key domains: patient
selection, index test, reference standard,
and flow and timing. Each domain was
rated as having low, unclear, or high risk
of bias, and the study’s overall risk was

determined based on the highest level of

bias identified in any domain.
Statistical analysis

All statistical analyses will be
carried out using R software version 4.2.
Following a qualitative assessment of the
included articles, data on sensitivity,
specificity, and area under the curve
(AUC) will be extracted. To assess
variability among studies, a heterogeneity

test will be conducted.

If significant heterogeneity 1is
detected (I> > 50%), a random-effects
model will be applied; otherwise, a fixed-
effect model will be wused. Pooled
estimates for sensitivity, specificity, and
AUC will be calculated along with their
corresponding 95% confidence intervals

(ClIs) and presented in a forest plot.
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RESULTS
Study Selection and Identification

Identification of studies via databases

Identification of studies via other methods

Records identified from:
Databases (n = 1365) Records removed before
ScienceDirect (n = 852) screening
Pubmed (n = 243)

Identification

Duplicate records removed

Records identified from
Websites (n = 2)

Scopus (n = 256) (n = 305)
Taylor & Francis (n = 16)
}
Records screened »| Records excluded
(n=1062) (n =940)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reparts nat retrieved
»| Repo
= (n=122) (n = 94) (n=2) " -0
£
i 1 I
Reports assessed for eligibility Reports assessed for eligibility
(n=28) Reports excluded: (n=2) ——| Reports excluded (n = 0)
Not reporting any clinical
outcome (n = 14)
Unextractable outcome data
(n=8)

Studies included in review
(n=8)

[ Included ] [

Figure 1. PRISMA 2020 flow diagram.

A total of 1,365 records were
identified through database searches:
ScienceDirect (n = 852), PubMed (n =
243), Scopus (n = 256), and Taylor &
Francis (n = 16). Two additional records
were identified through website searches.
After removing 305 duplicates, 1,062
records remained for title and abstract
screening. Of these, 940 records were
excluded based on title and abstract

review.

We assessed 122 full-text articles
for eligibility. Of these, 94 articles were
excluded because they evaluated different

scoring tools (e.g., Shock Index, Age

Shock Index, Reverse Shock Index, RSIG,
TRISS) rather than the index of interest.
Among the remaining 28 articles, 14 were
excluded for not reporting the primary
outcome (massive transfusion) or any of
the secondary outcomes (mortality or [CU
admission). Of the remaining 14 full-text
excluded due to

The 2

articles, 6 were
unextractable outcome data.
additional records identified through
website searches were assessed and
included as they met the eligibility criteria.
In total, 8 studies were included in the final
review. Included studies were published

between 2015 and 2025, and reported on

at least one of the outcomes of interest.
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Eight retrospective studies were
included, encompassing a total of 931,954
trauma patients from the United States,
Asia, and Europe. The majority of studies

involved adult trauma populations aged

Risk of Bias Assessment

>18 years, with a pooled male proportion
of 61.5%. Sample sizes ranged from 113
to 750,407 participants. Reported mean or
median ages varied between 33 and 53

years.

Risk of bias domains

| Qverall
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Figure 2. Risk of bias using the QUADAS-2 tool

The risk of bias assessment was
shown in Fig. 2 using the QUADAS-2
tool. Most studies had low risk of bias

across domains. However, high risk of bias

were shown in 50% of the index test

domain.
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Study Characteristics and Population

Table 1. Characteristic of Included Studies

Study Design Country Population N Age Mean £SD /
(Y%omale)  Med (IQR)
Hosseinpour et Retrospective, usS Adult trauma patients 750,407 53 +£21 years
al., 2023 [7] cohort analysis aged >18 years. (59.4%)
Kim et al., 2021  Retrospective, South Korea, Adult trauma patients 21,534 47 (29-64)
[9] cross-sectional ~ Malaysia, aged 18-85 years. (61.5%)
Taiwan
Chen et al., 2025  Retrospective, Taipei Adult trauma patients 13,132 NR
[12] cohort analysis aged > 18 years. (53.4%)
Joseph et al., Retrospective, (0N All trauma patients aged 95,088 46.2 £19.2 years
2016 [10] cohort analysis 18-85 years old and Injury  (72.6%)
Severity Score (ISS) >15
with complete data.
Juan et al., 2025  Retrospective, Spain Multiple trauma patients 113 53 +£20.36 years
[15] cohort analysis (82.3%)
Walker et al., Retrospective, (0N Adult trauma patients 30,511 dSI>0.1: 47 [30-
2024 [14] cohort analysis aged > 18 years. (67.8%) 66]
dSI<0.1: 52 [32-
69]
Wu et al., 2019 Retrospective, Taiwan All trauma patients aged > 7,957 MT (Yes): 53.9
[13] cross-sectional 20 years. (53.8%) +19.5
MT (No): 52.7
+19.1
Asim et al., 2024  Retrospective, Qatar All trauma patients. 13,212 33 + 15 years
[3] cohort analysis (91%)

dSI: Delta Shock Index; MT: Massive Transfusion; NR: Not Reported

A total of 8 studies were included, with
several reporting on multiple outcomes.
The predictive performance of dSI was
assessed across three major clinical
outcomes: mortality (n = 9 entries), blood
transfusion requirements (n = 6 entries),
and ICU admission (n = 3 entries). Most

studies used a dSI cutoff of > 0.1, with one

reporting performance at a

threshold (> 0.2) as shown in Table 1.

higher

We considered a total of 6 studies
for blood transfusion. DSI showed an
overall [0.313-
0.0.517] and an overall specificity of 0.873
[0.802-0.921] to predict blood transfusion.
The AUC was 0.671. A subgroup analysis

sensitivity of 0.411

to predict MT was done, , showing an
overall sensitivity of 0.413 [0.266-0.578]
and an overall specificity of 0.894 [0.806-
0.945] to predict MT with an AUC of 0.76.
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Table 2. Pooled review

e . - AUC/AUROC
Study Outcomes Sensitivity Specificity (95% CI) Cutoff
Mortality
Hosseinpour et al., 2023 24-h mortality 28.4% 83.4% 0.6 0.1
Hosseinpour et al., 2023 In-hospital mortality 28% 83.5% 0.56 0.1
Kim et al., 2021 In-hospital mortality 29.2% 86.1% NR 0.1
Chen et al., 2025 In-hospital mortality 19.33% 91.46% 0.594 0.1
Joseph et al., 2016 Mortality 474%  617%  030(0350- 4
0.563)
Juan et al., 2025 24-h mortality NR NR 0'73 2(32')64_ NR
Juan et al., 2025 In-hospital mortality NR NR 0'78 2(;(;)63- NR
Walker et al., 2024 28-d mortality 36.9% 78.5% NR 0.1
Asim et al., 2024 In-hospital mortality 62.1% 77.1% 0'71)173)6'?76_ 0.1
Blood transfusion
Hosseinpour et al., 2023 24_h. PRBC 37.9% 83.9% 0.55 0.1
requirement
Kim et al., 2021 Massive transfusion 46.6% 86% NR 0.1
Walker et al., 2024 4-h blood product 42.4% 79.9% NR 0.1
requirement
Wu et al., 2019 Massive transfusion 32.9% 90.8% NR 0.1
Wu et al., 2019 Massive transfusion 23.2% 96.1% NR 0.2
Asim et al., 2024 Massive transfusion 63.4% 77.3% 0'72057(50 8?92_ 0.1
ICU admission
Hosseinpour et al., 2023 - 28.5% 85.7% NR 0.1
Kim et al., 2021 - 23.8% 86.6% NR 0.1
Chen et al., 2025 - 13.28 % 92.60 % NR 0.1

NR: Not reported; PRBC: Packed Red Blood Cell
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SIJA

A)
Study Events Total
Hosseinpour et al., 2023 2566 9048
Hosseinpour et al., 2023 4883 17436
Kim et al., 2021 62 213 ——
Chen et al., 2025 75 388 ——
Joseph et al., 2016 5380 11335
Walker et al., 2024 775 2099 -
Asim et al., 2024 231 372 —

Random effects model 40891 —
Heterogeneity: /7 = 99.6%, v* = 0.3365, p < 0.0001
02 03 04 05 06

B) Sensitivity
Study Events Total
Hosseinpour et al., 2023 9405 24786 5
Kim et al., 2021 27 58 —
Walker et al., 2024 1447 3409 =
Wu et al., 2019 27
Wu et al., 2019 19
Asim et al., 2024 269 —=

Random effects model 28841 e
Heterogeneity: /2 = 96.4%, t* = 0.2546, p < 0.0001

02 03 04 05 06
o) Sensitivity

Study Events Total
Hosseinpour et al., 2023 36615 128310
Kim et al., 2021 315 1326
Chen etal,, 2025 433 3260 =

Random effects model 132896 —_—
Heterogeneity: I* = 99.4%, 1 = 0.1637, p < 0.0001
015 02 025
Sensitivity

Proportion 95%-Cl
0.284 [0.274; 0.293)
0.280 [0.273; 0.287]
0.291 [0.231;0.357]
0.193 [0.155; 0.236]
0.475 [0.465; 0.484]
0.369 [0.349; 0.390]
0.621 [0.570; 0.670]

0.350 [0.259; 0.454]

Proportion 95%-Cl
0.379 [0.373; 0.386]
0.466 [0.333;0.601]
0.424 [0.408; 0.441]
0.329 [0.229; 0.442]
0.232 [0.146; 0.338]
0.634 [0.587; 0.680]

0.411 [0.313; 0.517]

Proportion 95%-Cl

0.285 [0.283; 0.288]
0.238 [0.215; 0.261]
0.133 [0.121; 0.145]

0.211 [0.144; 0.298]

D

E)

F)

Study Events Total

Hosseinpour et al., 2023 617863 741359

Hosseinpour et al., 2023 611792 732971

Kim et al., 2021 18350 21321

Chen et al., 2025 11663 12744

Joseph et al., 2016 56720 83753

Walker et al., 2024 22302 28412

Asim et al,, 2024 9902 12840 i
Random effects model 1633400 _—

Heterogeneity: /% = 100.0%, v* = 0.2273, p = 0
07 075 08 085 089

Specificity
Study Events Total
Hosseinpour et al., 2023 608964 725621
Kim et al., 2021 18470 21476
Walker et al., 2024 21664 27102 i
Wuetal., 2018 7153 7875 H -
Wuetal., 2019 7565 7875 i
Asim el al., 2024 9884 12788 =
Random effects model 802737 ——

Heterogeneity: I = 99.7%, 1 = 04336, p = 0
08 085 09
Specificity

0.95

Study Events Total
Hosseinpour et al., 2023 532650 622097
Kim et al., 2021 17490 20208 =
Chen et al., 2025 9141 9872 E 3
Random effects model 652177 ————————
Heterogeneity: IZ = 99 5%, +* = 0.1096, p < 0.0001
086 088 09 092
Specificity

Proportion

Proportion

Proportion

95%-Cl

0.833 [0.833;0.834]
0.835 [0.834; 0.838]
0.861 [0.856; 0.865]
0.915 [0.910; 0.920]
0.677 [0.674; 0.680]
0.785 [0.780; 0.790]
0.771 [0.764; 0.778]

0.821 [0.763; 0.867]

95%-Cl

0.839 [0.838; 0.840]
0.860 (0.855; 0.865]
0.799 [0.795; 0.804]
0.908 [0.902; 0.915]
0.961 [0.956; 0.965]
0.773 [0.766; 0.780]

0.873 [0.802; 0.921]

95%-Cl
0.856 [0.855; 0.857]
0.865 [0.861; 0.870]
0.926 [0.921;0.931]

0.887 [0.843; 0.919]

Figure 3. Pooled sensitivity and specificity. Forest plot for dSI showing the individual
study sensitivity of (A) mortality, (B) blood transfusion need, and (C) ICU admission and
specificity of (D) mortality, (E) blood transfusion need, and (F) ICU admission.
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Figure 4. SROC curve for dSI in predicting (A) mortality, (B) ICU admission, and (C)
blood transfusion need among trauma patients.
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For mortality, 7 studies were
considered. DSI showed an overall
sensitivity of 0.350 [0.259-0.0.454] and an
overall specificity of 0.821 [0.763-0.867]
to predict mortality with an AUC of 0.673.
However, to reduce the potential source of
heterogeneity due to different time points
for mortality definition, we performed an
analysis  for  in-hospital  mortality
considering 4 studies. DSI showed an
overall sensitivity of 0.333 [0.198-0.503]
and an overall specificity of 0.853 [0.794-
0.897] to predict in-hospital mortality. The
AUC was 0.751. For ICU admission, we
considered 3 studies showing an overall
sensitivity of 0.21 [0.144-0.298] and an
overall specificity of 0.887 [0.843-0.919]
to predict ICU admission an AUC of
0.679. The pooled performance was
illustrated in Fig. 3 and Fig. 4.
DISCUSSION

Major bleeding, defined by
significant blood loss criteria, causes 30-
40% of trauma-related deaths, yet it's
largely = preventable  with  prompt
recognition and treatment*>1°,

The Shock Index (SI), a simple

calculation of heart rate divided by systolic

blood pressure, is a well-known predictor

in trauma. Normal adult SI ranges from

0.5-0.7, with higher values (e.g., above
0.7) indicating increasing severity of
hypovolemic shock and predicting
mortality more intuitively than heart rate
or blood pressure alone [3]. Recently, the
delta shock index (dSI) (dSI = ED SI —
Scene SI) has been studied and shown to
have a better predictive power for
outcomes in adult patients, which can be
explained by the fact that the dSI considers
time-dependent variations in vital signs
and SI. An increasing SI over time, driven
by a rising heart rate or falling systolic
blood pressure, indicates worsening
hemodynamic status and a higher risk of
poor outcomes>.

Consequently, a high (positive)
dSI indicates worsening hemodynamic
status, suggesting that initial resuscitation
efforts may be insufficient and the patient
is at higher risk of poor outcomes. Several
studies have recommended a dSI cutoff
value of >0.1, with values above this
threshold independently associated with
an increased risk of mortality in trauma
patients>>!°. Our meta-analysis assessed
dSI's diagnostic accuracy for mortality,
ICU admission, and blood transfusion
needs, specifically minimizing

heterogeneity by focusing on in-hospital

Solo Journal of Anesthesi, Pain and Critical Care | Vol 5 No 2 October 2025

Medical Faculty of Universitas Sebelas Maret - PERDATIN Solo



Cherryl Aurelia, Clara Alverina, Rezy Ramawan M, Pesta Parulian Maurid E

From Scene to Emergency Department: Is Delta Shock Index a Reliable Predictor in Trauma Care?

A Meta-Analysis

mortality and including a subgroup
analysis for massive transfusion. Across
all outcomes, dSI consistently
demonstrated limited sensitivity but high
specificity  in  predicting  clinical
deterioration. For mortality, dSI showed
low sensitivity (0.350 [95% CI: 0.259—
0.454]) and high specificity (0.821 [95%
CI: 0.763—-0.867]), with an AUC of 0.673,
suggesting its greater utility in ruling in
rather than ruling out patients at risk of
death.

This aligns with primary studies
demonstrating dSI's independent
association with increased mortality in
critically ill and trauma patients [3,8]. In
order to reduce the potential source of
heterogeneity due to different timepoints
for mortality definition, we performed an
analysis for in-hospital, but dSI still
showed the same result in predicting in-
hospital mortality. Similarly, for blood
transfusion needs, dSI exhibited low
sensitivity (0.411 [95% CI: 0.313-0.517])
and high specificity (0.873 [95% CIL:
0.802-0.921]), indicating its effectiveness
in identifying those likely to require blood
products, though a low dSI may not

reliably exclude the need. Creating the

same pattern, with a subgroup analysis in

predicting massive transfusion only, it
shows a low sensitivity yet high
specificity. This aligns with Asim et al.
(2024), who found increased transfusion
volume and massive transfusion activation
in patients with elevated dSI. Schellenberg
et al. (2017) further supported dSI’s value
in trauma settings, linking dSI >0.1 to
higher transfusion needs*!”.

For ICU admission, dSI again
showed low sensitivity (0.210 [95% CI:
0.144-0.298]) but high specificity (0.887
[95% CI: 0.843-0.919]), supporting that a
rising dSI reflects significant
hemodynamic deterioration warranting
intensive care and highlighting its value in
acute triage. This is consistent with studies
linking high dSI to increased ICU
admissions, intubation, and longer ICU
stays, even showing superiority over more
time-consuming severity scores like
TRISS or ISS*!.

DSI has emerged as a valuable
prognostic tool in both trauma and
critical care settings, owing to its ability to
reflect time-dependent hemodynamic
deterioration. Unlike static values such as

heart rate (HR) or systolic blood pressure

(SBP), dSI—defined as the difference in
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shock index between two time points—
captures dynamic physiological changes.
A positive dSI, indicating an
increase in SI over time, typically reflects
worsening cardiovascular status despite
initial resuscitation efforts, and therefore

6 Across all

warrants clinical concern
assessed outcomes; mortality, blood
transfusion needs, and ICU admission, our
meta-analysis consistently revealed that
the dSI demonstrated low sensitivity but
relatively high specificity.

This consistent pattern suggests
that while a significantly elevated DSI is a
strong indicator of impending severe
outcomes, its absence does not reliably
rule them out. The consistently low
sensitivity observed across these outcomes
is likely attributable to the body's robust
compensatory physiological mechanisms,
which can sustain seemingly stable vital
signs despite significant occult bleeding or
ongoing hypoperfusion.

The progression of relative blood
volume deficit depends on both the
severity and duration of hemorrhage. As
compensatory mechanisms maintain vital
signs within normal limits, early

significant blood loss may be masked,

delaying a noticeable rise in DSI until

decompensatory shock occurs'®,

Given
that dSI reflects dynamic hemodynamic
changes, this delay may account for 'false
negatives'—cases where patients
deteriorate despite initially unremarkable
DSI values. Building upon the observed
consistent pattern of low sensitivity and
high specificity, the multifactorial nature
of the outcomes under investigation
provides critical context for these
diagnostic characteristics. Each of these
endpoints is influenced by a complex
interplay of factors far beyond isolated
hemodynamic instability or its dynamic
change, which dSI primarily reflects®.

For instance, mortality in trauma
or critically ill patients can result from
severe traumatic brain injury, profound
metabolic derangements, or pre-existing
comorbidities that may not overtly
manifest as significant dSI changes in their
early or even terminal stages.

The utility of dSI is notably
challenged in older populations, those with
cardiovascular disease, and patients with
TBI. In these groups, reduced
physiological compensation and
medications like beta-blockers or calcium

channel blockers can significantly affect

HR and SBP measurements, thus
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obscuring shock signs and delaying
compensation®'?. Chen et al., 2025
similarly found dSI to be a less accurate
predictor among patients with
cardiovascular disease and TBI. However,
the limited number of cases in the extreme
dSI subgroups (dSI < -0.5 and dSI > 0.5)
within their cohort prevents definitive
conclusions on these specific sub-
populations'2.

The decision to transfuse is a
nuanced clinical judgment, integrating
factors like estimated blood loss, injury
mechanism, evolving laboratory values
(e.g., hemoglobin, lactate), and the overall
clinical context of ongoing bleeding and
hypoperfusion .

Consequently, while dSI serves as
an early indicator of hemodynamic
compromise, its low sensitivity suggests it
may miss patients whose deterioration isn't
primarily driven by a changing heart
rate/blood pressure ratio, or those whose
decompensation is subtle or prolonged
before becoming critically apparent.
Conversely, the consistently high
specificity highlights that when DSI does
register a substantial positive change, it
powerfully correlates with a true adverse

event.

This indicates that a marked
elevation in DSI is a highly reliable 'red
flag,' effectively identifying patients who
are experiencing critical physiological
deterioration requiring immediate
intervention. A study comparing dSI and
other shock indices found dSI had much
higher AUROC values for predicting
major injury (0.621 for dSI vs. 0.559/0.568
for static SI), prolonged ICU stays (0.568
vs. 0.514/0.512), and in-hospital mortality
(0.594 vs. 0.499/0.518)'2.

Although one study by
Hosseinpour et al. (2023) ED SI has been
reported to outperform prehospital SI in
predicting short-term outcomes, this study
did not account for prehospital
resuscitation and intervention. Failure to
account for prehospital interventions such
as fluid administration or bleeding control
can mask the true severity of shock,
especially in cases of obstructive or
neurological shock where SI may remain
within normal limits despite clinical
deterioration’.

This limitation may contribute to
the low sensitivity of delta SI observed in

our study. Supporting this, Yamada et al.
(2023) analyzed 89,495 major trauma

patients and found that those with
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abnormal prehospital SI but normal ED SI
had a higher risk of 24-hour mortality,
emphasizing  the importance of
considering prehospital physiology in
trauma assessment 2!,

This  further highlights that
tracking physiological change over time is
crucial and more effective than relying on
single measurements in the rapidly
evolving context of trauma care.

However, given that mortality,
transfusion needs, and ICU admission are
multifactorial endpoints influenced by a
complex interplay of injury severity,
comorbidities, and timely interventions
beyond isolated hemodynamic shifts, DSI
should be interpreted as a critical adjunct
rather than a sole determinant,
necessitating  its  integration  with
comprehensive clinical assessment and
other diagnostic modalities for robust
decision-making®?2.

Other than that, substantial inter-
study heterogeneity limits DSI’s utility as
a standalone predictor. This meta-analysis
offers several key strengths. It includes a
large cumulative sample size of over

900,000 trauma patients from diverse

geographical regions.

By focusing specifically on DSI
this study provides valuable insights into
its prognostic utility across multiple
clinically relevant outcomes, including
mortality, transfusion requirements, and
ICU admission.

By systematically synthesizing
evidence from multiple studies, we have
achieved increased statistical power and a
more generalizable estimate of dSI's
diagnostic accuracy for critical trauma
outcomes than individual studies alone
could provide.

Our meticulous methodology,
including the precise definition of
outcomes like in-hospital mortality to
minimize temporal heterogeneity and the
conduct of a subgroup analysis for massive
transfusion, ensures the reliability of our
pooled estimates.

Study Limitations and Future Research
Directions

However, this meta-analysis has
several  limitations  that  warrant
consideration. First, substantial inter-study
heterogeneity was present, stemming from
variations in outcome definitions, and
population characteristics.

The inclusion of only retrospective

studies may also introduce inherent biases.
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Furthermore, the reliance on
administrative or trauma registry data
limits the granularity of patient-level
variables, including the timing and extent
of prehospital interventions,
comorbidities, and ongoing treatments.
Additionally, the diagnostic performance
of DSI may be diminished in certain
subpopulations, such as elderly patients or
those on rate-controlling medications,
where physiological compensation is
blunted.

Future studies should aim to
overcome current limitations through
prospective, multicenter designs that
incorporate standardized data collection
protocols, including detailed information
on prehospital interventions, resuscitation
measures, and concurrent treatments.
Investigating the additive predictive value
of DSI when integrated with other clinical
scoring tools could also provide a more
comprehensive risk stratification model.

Moreover, subgroup analyses in
vulnerable populations, such as elderly

patients, those with cardiovascular

disease, or on beta-blockers are needed to

validate DSI's utility and refine its
thresholds.

CONCLUSION

Delta Shock Index (DSI) has
emerged as a valuable dynamic marker for
identifying trauma patients at risk of
adverse outcomes, particularly due to its
ability to capture time-dependent
hemodynamic changes. Our findings
highlight that while DSI demonstrates
consistently high specificity across key
clinical outcomes—including mortality,
transfusion needs, and ICU admission—it
suffers from limited sensitivity.

This limitation is likely due to
physiological compensation, variability in
resuscitation, and the multifactorial nature
of outcome determinants. Despite these
challenges, a significantly elevated DSI
remains a reliable indicator of clinical
deterioration and may still serve as a
useful adjunct in early trauma triage when
used in combination with other clinical
indicators or scoring systems.

However, its optimal utility lies in
its integration with comprehensive clinical
assessment rather than standalone use.
Continued refinement and validation of
DSI through prospective research are

essential to improve patient outcomes.
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