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ABSTRACT

Background: Haemorrhagic shock (HS) is a leading cause of preventable
trauma-related deaths worldwide. Timely recognition and rapid emergency
management significantly improve survival, but compensatory mechanisms
often mask early deterioration. Objective: To systematically review evidence
on early recognition strategies, biomarkers, diagnostic tools, and emergency
management of haemorrhagic shock in trauma patients.

Materials and Methods: We searched PubMed, Scopus, Web of Science, and
Embase (January 1993-September 2025) using keywords including

non

"haemorrhagic shock," "trauma," "biomarkers," "shock index," and "damage
control resuscitation." Inclusion criteria: Trauma-related HS addressing
diagnostic markers, prediction scores, imaging, or management strategies
(RCTs {randomized control trials}, cohort studies, meta-analysis, guidelines);
English language. Exclusion criteria: Non-English articles, studies lacking
extractable data, or those without clear outcome measures, editorials,
commentaries, conference abstracts excluded. Titles/abstracts and full texts
screened; data extracted on diagnostic accuracy, biomarker performance, and
treatment outcomes. Qualitative synthesis performed due to heterogeneity.
PRISMA 2020 guidelines followed.

Results: From 3,847 records found and twenty-four studies were included.
Clinical signs alone unreliable for early HS diagnosis. Key findings: shock
index >0.9, lactate >4 mmol/L, base deficit <-6, syndecan-1, and copeptin
enhance occult shock detection. POCUS (Point of care ultrasound), TEG
(thromboelastography), ABC score (assessment of blood consumption score).
TIC (trauma induced coagulopathy), SI (shock index) and TIC improve triage.
Management: permissive hypotension (SBP 80-90 mmHg), 1:1:1 transfusion
(PROPPR {pragmatic, Randomized Optimal Platelet and Plasma Ratios} trial),
whole blood, TXA (Tranexamic Acid) (CRASH-2), and haemorrhage control
reduce mortality.

Conclusions: Multimodal integration of biomarkers (lactate, base deficit,
syndecan-1), physiologic scores (SI, ABC), and point-of-care diagnostics
(POCUS, TEG) enables accurate early HS recognition. Damage control
resuscitation remains the evidence-based cornerstone.
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INTRODUCTION annually, with uncontrolled haemorrhage responsible

for 30-40% of trauma-related mortality, making it
one of the leading causes of potentially survivable
deaths (Sauaia et al.).[!

The early recognition of haemorrhagic shock is
difficult due to compensatory physiological
mechanisms that maintain blood pressure in spite of

Haemorrhagic shock (HS) remains one of the most
time-sensitive emergencies in trauma care and
contributes substantially to early preventable deaths.
Trauma accounts for nearly five million global deaths
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substantial blood loss. Reliance solely on clinical
signs, such as tachycardia and hypotension, leads to
delayed diagnosis, particularly in pre-hospital
settings. Patients with a GCS (Glasgow Coma Scale)
=15 presented normotensive and with a HR of
88/min, whereas patients with a GCS<12 showed a
slight reduced SBP of 117mmHg and HR was
unaltered. (Mutschler M et al.).l?]

This systematic review evaluates the evidence on
early recognition strategies—including
biomarkers—and emergency management of
haemorrhagic shock.

MATERIALS AND METHODS

Database Search

This systematic review was conducted and reported

in accordance with the PRISMA 2020 guidelines. A

comprehensive search of PubMed, EMBASE,

Scopus, and Web of Science was carried using

keywords including:  “haemorrhagic  shock,”

“trauma,” “occult shock,” “shock index,” “lactate,”

“syndecan-1,” “damage control resuscitation,”

“permissive hypotension,” and “massive

transfusion.”

Inclusion Criteria

e  Trauma-related haemorrhagic shock

e Diagnostic markers, prediction scores, imaging
tools, or management strategies

e RCTs, cohort studies, meta-analysis, guidelines

e Articles published in English

Exclusion Criteria

e Non-English articles, studies lacking extractable
data, or those without clear outcome measures,
editorials, commentaries, conference abstracts.

Titles, abstracts, and full texts were independently

screened by two reviewers, with disagreements

resolved by consensus. Data were collected on

diagnostic  accuracy, biomarker performance,

hemodynamic indices, imaging modalities, and

treatment outcomes. Due to heterogeneity, a

qualitative synthesis was prepared.

Records identified from datsbases (n = 3,847)
(PubMed n=1.456; EMBASE 1=1,023; Scopus 0=892; Web of Science n=476)
Records after duplicates removed (n = 2,.956)
SSreening
Records screened by tele’'shetract (n = 2.936)
Records excluded (n = 1.689)

Full-text assessment
Fullaext articles assessed for ehigibelity (n = 267)

Fulltexy articles excluded (n = 243)
Inclnded
Studies included m qualstative synthesis (1= 24)

Figure 1: PRISMA Flow chart of Study Selection
Process

RESULTS

1. Pathophysiology of Haemorrhagic Shock
Haemorrhagic shock results from acute blood volume
loss leading to impaired oxygen delivery and cellular
hypoxia. The progression occurs in three phases:

» Compensated Shock

e Activation of sympathetic nervous system

e  Tachycardia, vasoconstriction

Normal or near-normal blood pressure

Reduced skin perfusion
Decompensated Shock
Hypotension

Worsening tachycardia
Metabolic acidosis

Altered mental status

Endothelial  dysfunction and
shedding

» Irreversible Shock

e Persistent hypoperfusion despite resuscitation

e Lactic acidosis, coagulopathy, organ failure
Understanding these stages supports targeted early
intervention.

2. Early Recognition of Haemorrhagic Shock
Clinical Indicators

For hypotensive patients with penetrating torso
injuries, delay of aggressive fluid resuscitation until
operative intervention improves the outcome (Bickell
etal.).l’]

3. Biomarkers in Early Recognition of
Haemorrhagic Shock

Biomarkers have emerged as crucial components of
early diagnosis, especially in detecting occult shock
not apparent through vital signs.

.....V.

glycocalyx

Table 1: Biomarkers for Early Detection of Haemorrhagic Shock

Biomarker Evidence / Significance Clinical Utility

Lactate Elevated lactate correlated with organ failure and Early recoenition. prognostication
mortality (Manikis et al.)* Y S » Prog

Base Deficit (BD) ef]’lri(zlcts transfusion needs and depth of shock (Davis et Guides resuscitation

Copeptin Rapid rise in acute illness and shock (Nickel et al.) ® Early indicator of circulatory stress

Syndecan-1
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with severe shock
(Johansson et al. )’

Reflects endothelial glycocalyx degradation, associated

Predicts coagulopathy and massive
transfusion

Elevated in trauma
(Hazarika A et al.)®

D-dimer

good screening tool for coagulation
activation

IL-6 (interleukin-6) al)’

Correlates with injury severity and mortality (Frink et

Marker of systemic inflammatory
response

Haemoglobin variability
(HbV) (Figueiredo S et al.) '

Early dynamic change predicts ongoing bleeding

Useful in serial monitoring

3.1 Lactate

Lactate is a widely used early biomarker indicating
tissue hypoxia. Elevated levels (>4 mmol/L) predict
severe shock and mortality. Serial lactate clearance is
associated with improved outcomes (Manikis et
al.).[

3.2 Base Deficit

A Dbase deficit worse than —6 correlates with
increased transfusion needs, shock severity, and
mortality (Davis et al.).[")

3.3 Copeptin

As a surrogate for vasopressin, copeptin rises
dramatically in early shock states and is considered a
highly sensitive early physiological marker (Nickel et
al.).le]

3.4 Syndecan-1

Syndecan-1 indicates endothelial glycocalyx
degradation, a key event in shock-induced
coagulopathy. High levels are strongly predictive of
massive transfusion and mortality (Johansson et
al.).”

3.5 D-dimer and IL-6

These inflammatory and coagulation markers reflect
trauma-induced hyper fibrinolysis (Hazarika A et
al.),’®! and systemic inflammation (Frink et al.).”’]

4. Diagnostic Tools and Scoring Systems

4.1 Shock Index (SI)

With apparently stable vital signs, an abnormal
elevation of the SI to more than 0.9 was associated
with an illness that was treated immediately,
admission to the hospital, and intensive therapy on
admission (Rady et al.).['!]

4.2 Ultrasound

Ultrasound is rapid and reliable for detecting free
fluid in thoracic and abdominal cavities (Rozycki et
al.).l!

4.3 NIRS (Near-infrared spectroscopy)
Near-infrared spectroscopy (NIRS) can continuously
and noninvasively monitor tissue oxygen saturation
(StO2) in muscle and may be an indicator of shock
severity (Cohn SM et al.).['?]

4.4 ABC Score (assessment of blood consumption
score)

The ABC score, which uses nonlaboratory,
nonweighted parameters, is a simple and accurate in
identifying patients who will require MT as
compared with those previously published scores.
(Nunez TC et al.).l']

4.5 Machine Learning Tools

(Lee HS et al.) highlighted role of machine learning
tools to predict the risk of ICH (intracranial
haemorrhage) progression using initial CT scans and

identify clinical factors associated with this
progression.["!

5. Emergency Management of Haemorrhagic
Shock

Emergency management is guided by Damage
Control Resuscitation (DCR) principles.

5.1 Permissive Hypotension

It targets SBP 80-90 mmHg in patients without
traumatic brain injury. Reduces bleeding and
improves survival in penetrating trauma (Bickell et
al.).l®!

5.2 Haemostatic Resuscitation

Balanced Transfusion Ratio (1:1:1)

In severely injured patients with major bleeding, a
1:1:1 transfusion strategy did not reduce 24-hour or
30-day mortality compared with a 1:1:2 ratio, but it
improved early haemostasis and reduced deaths from
exsanguination. Despite greater plasma and platelet
use, no additional safety concerns were observed
(Holcomb et al.).!'¢]

Whole Blood Resuscitation

Warm fresh whole blood improves survival by
providing all clotting components simultaneously. It
is proven effective in US Military combat casualty
patients (Spinella et al.).l'”]

Restricting Crystalloids

Elements of volume resuscitation from haemorrhagic
shock, such as amount of blood product and
crystalloid administration, have been shown to be
associated with Multiple Organ Dysfunction (MOD)
may be reflecting overall resuscitation requirements
and burden of injury rather than independent
causation (Brakenridge SC et al.).['®]

5.3 Tranexamic Acid (TXA)

Early administration of TXA safely reduced the risk
of death in bleeding trauma patients and is highly
cost-effective (Roberts I et al.).["]

5.4 Calcium Supplementation

(Mehr et al.) underscore complex role of citrate in
massive transfusion, and the contribution of
hypocalcemia  to  mortality is  becoming
recognized."!

5.5 Coagulation Monitoring Tools

TEG (thromboelastography)

The use of TEG (or similar assays) aids the earlier
identification of defect of coagulation and TEG-
guided protocol appears to improve survival while
reducing overall product use; trials are in progress,
which will continue to inform the evidence base
(Howley IW et al.).[2!]

5.6 Pre-hospital Interventions

e  Tourniquets
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e Haemostatic dressings

e  Pre-hospital blood transfusion

These interventions significantly improve survival
(Berry et al.).?!

5.7 Definitive Haemorrhage Control

Damage Control Surgery (DCS)

It involves rapid bleeding control, temporary closure,
and staged repair.

REBOA (Resuscitative endovascular balloon
occlusion of the aorta)

The use of REBOA provides for temporary
haemorrhage control and improved hemodynamics
until definitive surgical or endovascular haemorrhage
control can be achieved (Osborn LA et al.).[*]

DISCUSSION

This review synthesizes evidence demonstrating that
early recognition of haemorrhagic shock must go
beyond traditional clinical markers. Biomarkers—
particularly lactate, base deficit, copeptin, and
syndecan-1—play a major role in detecting occult
shock, especially during the compensated phase
where vital signs may remain normal. The analysis
confirms fibrinogen, thrombin, and APC as
diagnostic blood markers that help identify and
determine the outcomes of TIC (Rashid NUA et
al.).l24]

Point-of-care modalities such as Ultrasound, NIRS,
and viscoelastic testing enhance diagnostic
performance. Scoring systems (ABC, SI, TIC) assist
triage and predict transfusion requirements.

Damage control resuscitation principles—including
permissive hypotension, balanced transfusion, whole
blood, early TXA, and minimal crystalloid use—
have shown consistent survival benefit.

Ongoing advancements such as Al-driven prediction
models and next-generation biomarkers hold promise
for further improvement.

CONCLUSION

Early recognition and emergency management of
traumatic haemorrhagic shock require a multimodal
approach integrating clinical assessment with
biomarkers, imaging, and physiologic scoring.
Damage control resuscitation is strongly supported
by evidence and remains the cornerstone of therapy.
Future research should focus on personalized
resuscitation using real-time physiologic monitoring
and biomarker-guided interventions.
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