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Prediction of Arterial Extravasation in Pelvic Fracture Patient with Stable
Hemodynamics Using Coagulation Biomarkers: A Prospective
Observational Cohort Study

Amit Kumar', Chetan Singhl, Harsh Pratap Singhl, Neeraj Kumar', Ashutosh Chaurasia’,
Anamika Bharti’

Learning Point of the Article:
Early measurement of FDP-to-fibrinogen ratio provides a reliable adjunct to CT angiography for predicting arterial extravasation in
hemodynamically stable pelvic fracture patients, enabling timely intervention and improved outcomes.

Intoduction: In patients who are hemodynamically stable, thrombosis indicators including fibrin degradation products (FDP), D-dimer,
prothrombin time-international normalized ratio (PT-INR), along with the FDP-to-fibrinogen proportion may be capable determine artery
escape as well asallow for timely treatment.

Objectives: The objective of the study was to explore the possible use of anticoagulation biomarkers as additional or additional tests for
diagnosis to computed tomography (CT) by evaluating their prediction accuracy for vascular invasion among people with pelvic fractures who
have stable hemodynamics.

Materials and Methods: Over the course of 20 months, prospective observational cohort research was carried out at the LLR Hospital, GSVM
Medical College, Kanpur. We excluded individuals with instability health or significant concomitant injuries and only considered those who
were adults (>18 years old) with broken pelvis with stable hemodynamics. Following CT angiography, patients were split into a couple of
categories: Extravasation (Group 1, n =24) along with non-extravasation (Group 2,n = 16). FDP, D-dimer, (PT), active partial thromboplastin
time, platelet count, fibrinogen, and the FDP-to-fibrinogen ratio were all measured in blood draws obtained during admittance. To evaluate the
predictive abilities of biomarkers, statistical studies were conducted using receiver operating characteristic (ROC) curves, Chi-square tests,
along with t-tests.

Results: The Extravasation group exhibited significantly higher FDP (14.31 pg/mL vs. 5.52 pg/mL, P < 0.001), D-dimer (789.17 ng/mL vs.
253.38ng/mL,P<0.001),PT (16.92svs.13.275,P <0.0001),INR (1.46 vs. 1.16,P =0.012), and FDP-to-fibrinogen ratio (0.0219 vs.0.0129, P
=0.0035) compared to the non-extravasation group. The FDP-to-fibrinogen ratio demonstrated the highest area under the ROC curve (area
under the curve [AUC] =0.92), followed by FDP (AUC = 0.85) and D-dimer (AUC = 0.83). Patients with elevated biomarkers were more likely
to require angiographic embolization (P < 0.05). Injury Severity Scores were higher in the Extravasation group (mean 17.5 vs. 10.5, P < 0.05).
Mortalitywaslow (2.5%, one casein Group 1).

Conclusion: Coagulation biomarkers, particularly the FDP-to-fibrinogen ratio, FDP, and D-dimer, are robust predictors of arterial
extravasation in hemodynamically stable pelvic fracture patients.
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Introduction

Pelvic fractures account for a significant proportion of
polytrauma cases and are associated with high morbidity and
mortality, primarily due to massive hemorrhage occurring
within the first few days after injury [1]. These injuries
comprise a small percentage of all fractures but are
predominantly caused by high-energy trauma such as road
traffic accidents, with mortality rates increasing substantially in
open pelvic fractures [2]. Arterial extravasation represents a
critical complication of pelvic fractures and requires rapid
identification, for which contrast-enhanced computed
tomography (CT) is traditionally considered the diagnostic
gold standard [3]. Despite its utility, CT imaging has
limitations, including reduced sensitivity, risk of contrast-
related complications, and inter-observer variability, which may
delay definitive hemorrhage control [4]. Coagulation
biomarkers such as fibrin degradation products (FDP), D-
dimer, prothrombin time-international normalized ratio (PT-
INR), and the FDP-to-fibrinogen ratio have been shown to
reflect trauma-induced coagulopathy and may serve as early
indicators of arterial bleeding [S]. These biomarkers offer
advantages over CT imaging, as they are rapidly available,
minimally invasive, and cost-effective, particularly in resource-
constrained settings [6]. Previous studies have demonstrated
that elevated FDP and D-dimer levels correlate with arterial
extravasation and increased need for transcatheter arterial
embolization in pelvic trauma patients [7]. However, most
prior research has included both hemodynamically stable and
unstable patients, despite differing diagnostic and management
strategies between these groups [8]. Current trauma guidelines
recommend immediate hemostatic intervention in unstable
patients, often bypassing diagnostic imaging, leaving a
diagnostic gap in stable patients with occult bleeding [9].

This study aims to evaluate the predictive accuracy of

Univariate ROC Curve Analysis for Blood Markers

coagulation biomarkers for arterial extravasation specifically in
hemodynamically stable pelvic fracture patients, thereby
improving early risk stratification and clinical decision-making
[10].

Materials and Methods
Study designand setting

From August 2023 to March 2024 (20 months), a prospective
longitudinal group research was carried out in the Department
of Orthopaedics, LLR Hospital, GSVM Medical College,
Kanpur, India. All subjects gave their written permission, while
the research had been approved by the GSVM Medical College
Institutional Ethics Committee (AppendixII).

Inclusion criteria
« Patients with age more than > 18 years
« Patient with a systolicblood pressure of more than 90 mmhg

« Patients with >13 Glasgow coma scale scores and abbreviated
injury scale (AIS) scoringin another region will be less

« Time of arrival afterinjury should be <24 h

« No Previous coagulation disorder.

Exclusion criteria

« Yet another region’s AIS score will be greater than the pelvic
AlSscore

o The trauma’sincidence timingisunclear

« Patients experiencing unstable hemodynamics (systolic blood
pressure levels <90 mmHg) who have suffered pelvic fractures

+ Age <18year.

Patient grouping

« Patients were categorized based on CT angiography
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Figure 1: ROC Graph ofblood markers

findings
« Extravasation group (Group 1): Evidence of arterial

extravasation (n=24)

« Non-extravasation group (Group 2): No extravasation

(n=16).

Datacollection
Clinical and radiological assessment
0.92})

« Demographics: Age, sex, and injury mechanism

.o +Injuryseverity: Assessed using the injury severity score
(ISS) and AIS for extremities and pelvis

« Fracture classification: Young-burgess classification
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Table 1: Demographic and injury characteristics

Group 1 Group 2 (non-
Variable (extravasation, extravasation, P-value
n=24) n=16)
Age (years, 35.2+11.9 343+12.8 0.81
mean+SD)
Male (%) 18 (75.0) 12 (75.0) 1
ISS (mean+SD) 17.5£7.2 10.5+4.1 <0.05
Road traffic
. 16 (66.7 11 (68.8
accident (%) ( ) ( )
Fall (%) -25 3 (18.8)
Other (%) 2(8.3) 2 (12.5)
ISS: Injury severity scores, SD: Standard deviation

Table 2: Coagulation biomarker levels
Group 1 Group 2
Biomarker (mean:ESD) (mean:lE)SD) P-value
FDP (ug/mL) 14.31+6.12 5.5242.34 <0.001
D-dimer (ng/mL) | 789.17+312.45 | 253.38498.76 | <0.001
PT (seconds) 16.92+3.36 13.27£1.95 <0.0001
INR 1.46+0.47 1.16+0.22 0.012
FDP'tOr'at;‘;rm"gen 0.0219£0.012 | 0.0129£0.006 | 0.0035
Fibrinogen (mg/dL)| 387.5+89.4 430.2+76.3 0.047
Hemoglobin (g/dL) 10.8+1.9 12.4£1.5 0.008
SD: Standard deviation, FDP: Fibrin degradation products, PT;
Prothrombin time, INR: International normalized ratio

« CT angiography: Performed using a 64-row CT scanner with
standardized arterial and venous phase protocols to detect
extravasation.

Biomarker analysis

« Fibrin degradation products (FDP, pug/mL)
« D-dimer (ng/mL)

« Hemoglobin, (g/dL)

« PT-INR

« Fibrinogen (mg/dL)

« FDP-to-fibrinogen ratio

« Analyses were conducted using automated analyzers (Sysmex
CS-5100 for coagulation parameters, Roche Cobas for D-dimer
and FDP).

Outcomes

o Primary: Presence of arterial extravasation on CT
angiography

« Secondary: Need for angiographic embolization, surgical
intervention, packed red blood cell (PRBC) transfusion, and
mortality (24-hand 30-day).

Statistical analysis

« Descriptive statistics: For variables that are continuous, these
include means, medians, standard deviations (SD), and ranges;
for qualitative variables, theyinclude occurrences of %.

« Comparative analysis: For ongoing variables, use unbiased t-
tests; for categories, use Chi-square or Fisher’s exact tests.

« Predictive accuracy: Using receiver operating characteristic,
or ROC, curves, one may ascertain the biomarkers’ sensitivity,
specificity, sensitivity, and the area under the curve (AUC).
Using Youden'sindex, optimal cutoffs were determined.

« Significance: A P <0.05 was considered statistically

significant.(Fig. 1).

Results
Demographics andinjury profile

Forty participants participated in the trial (24 in Group 1and 16
in Group 2).75% of the population was male, and the mean age
was 35 years (SD 12.3). The most frequent cause of injuries was
car crashes (67.5%), which were followed by falls (22.5%).
Group 1 had a substantially higher mean ISS (17.5 vs. 10.5, P <
0.05). Demographics as well as disability parameters are
summarizedin Table 1.

Biomarkerlevels

Group 1 exhibited significantly higher levels of FDP, D-dimer,
PT, INR, and FDP-to-fibrinogen ratio compared to Group 2.
Hemoglobin was reduced, indicating bleeding severity. Table 2
presents biomarker comparisons.

Diagnostic performance

ROC curve analysis revealed strong predictive accuracy for
multiple biomarkers. The FDP-to-fibrinogen ratio had the

Table 3: ROC curve analysis for biomarker predictive accuracy

AUC  Sensitivity

ifici
Specificity Diagnostic Odds ratio

Biomarker cutoff %) %)
FDPto- | 9x | 0015 83.3 87.5 32.5
fibrinogen ratio
FDP (ug/mL) | 0.85 8.5 79.2 81.3 15.6
D-dimer
(ng/mL) 0.83 400 75 81.3 12
PT (seconds) | 0.82 14 87.5 81.3 28
INR 0.81 1.2 79.2 81.3 15
FDP: Fibrin degradation products, PT: Prothrombin time, INR:
International normalized ratio, ROC: Receiver operating characteristic
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Table 4: Frequency of pelvic fracture types
Group 1 (n=24)

Group 2 (n=16)

Fracture type %) (%) P-value
LC1 11 (45.8) 8(50.0) 0.79
LC2 6(25.0) 4(25.0) 1
LC3 5(20.8) 3(18.8) 0.87

APC1 1(42) 0(0) 0.41
APC2 0(0) 3(18.8) 0.07
APC3 1(42) 0(0) 0.41
VS 1(4.2) 1(6.3) 0.77
Multiple 3(12.5) 2(12.5) 1
LC: Lateral compression, APC: Anaphase promoting complex

highest AUC (0.92), followed by FDP (0.85), D-dimer (0.83),
PT (0.82), and INR (0.81). Optimal cutoffs and diagnostic
metricsare shown in Table 3.

ROC curves demonstrating the diagnostic accuracy of
coagulation Biomarkersin predicting arterial extravasation.

Fracture typesandISS

Lateral compression (LC) Type 1 fractures were most common
(47.5%), followed by LC2 and LC3 (25% each). Multiple
fracture types occurred in 12.5% of patients, with no significant
group differences (P = 1.00). Table 4 details fracture type
distribution.

Treatmentand outcomes

Patients in Group 1 were more likely to require angiographic
embolization (12/24, 50.0% vs. 2/16, 12.5%, P = 0.016) and
PRBC transfusion (15/24, 62.5% vs. 4/16,25.0%, P = 0.022).
One 24-h mortality event occurred in Group 1 (2.5% overall, P
= 1.00), with no 30-day mortality. Table S summarizes
outcomes.

Discussion

The present study demonstrates that coagulation biomarkers,
particularly the FDP-to-fibrinogen ratio, FDP, and D-dimer, are
strong predictors of arterial extravasation in hemodynamically
stable pelvic fracture patients [11]. Significantly elevated FDP
and D-dimer levels in patients with arterial extravasation reflect
increased fibrinolytic activity and correlate with trauma
severity, consistent with prior trauma biomarker research [12].
The FDP-to-fibrinogen ratio exhibited the highest diagnostic
accuracy, suggestingits utility as a composite marker integrating
fibrinolysis and coagulation reserve depletion [13]. Prolonged
PT and elevated INR also demonstrated good predictive value,

indicating broader trauma-induced coagulopathy, although
their lack of specificity necessitates clinical correlation [14].
Patients with arterial extravasation exhibited significantly
higher ISS and a greater need for angiographic embolization,
reinforcing the association between extravasation and severe
pelvic trauma [15]. The predominance of lateral compression
injuries aligns with established pelvic fracture classification
patterns seen in hemodynamically stable patients [ 16]. The low
overall mortality observed in this study likely reflects early
identification and timely intervention, highlighting the
potential role of biomarker-guided triage in improving
outcomes[1].

Clinical implications
« Triage tool: Biomarkers like the FDP-to-fibrinogen ratio

(cutoff=0.015) can prioritize patients for CT or embolization,
especiallyin resource-limited settings where CT is delayed.

« Intervention guidance: Elevated PT (>14 s) or INR (>1.2)
may prompt hemostatic support (e.g., fresh frozen plasma,
tranexamic acid), particularly in severe cases (e.g, PT =36.3 s,
INR=3.21).

« Protocol integration: Incorporating biomarkers into trauma
protocols could reduce diagnostic delays, aligning with the
study’s aim to “enhance clinical decision-making” and “improve
patient outcomes” [17].

Limitations

« Sample size: The modest cohort (n = 40) limits
generalizability, necessitatinglarger, multicenter studies

« Non-specificity: Biomarker elevations (e.g, PT, INR) may
occur in non-traumatic conditions, requiring clinical
correlation

o Stable patients only: Findings may not apply to unstable

patients, where immediate intervention is standard

« Lack of kinetic data: Single-point biomarker measurements

Table 5: Treatment and mortality outcomes
Group 1 (2=24) Group 2 (n=16)
Out P-val
utcome %) %) value
Angiographic
embolization 12 (50.0) 2 (12.5) 0.016
 Surgical 8 (33.3) 4(25.0) 0.57
intervention
Packed red blood
cell transfusion 15 (62.5) 4(25.0) 0.022
24-h mortality 1(4.2) 0(0) 1
30-day mortality 0 (0) 0(0) -
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may miss dynamic changes, warranting serial testing studies.

Future directions

o Multicenter validation: Confirm biomarker cutoffs across
diverse populations and settings

« Kinetic analysis: Assess biomarker changes over time to
optimize measurement timing

« Machine learning: Integrate biomarkers with clinical and
imaging data for enhanced predictive models

« Guideline development: Establish evidence-based protocols
incorporating biomarkers for pelvic fracture management.

Conclusion

Coagulation biomarkers, particularly the FDP-to-fibrinogen
ratio, FDP, and D-dimer, are highly effective in predicting
arterial extravasation in hemodynamically stable pelvic fracture
patients. With AUCs ranging from 0.81 to 0.92, these markers

offer a supplementary diagnostic tool to contrast-enhanced CT,
addressing its limitations and enabling earlier intervention.
Their integration into trauma care protocols could reduce
mortality and improve outcomes, especially in resource-limited
settings. Future research should focus on validating these
findings in larger, diverse cohorts and exploring dynamic
biomarker profiles to solidify their role in evidence-based
practice.

Clinical Message

In hemodynamically stable patients with pelvic fractures, elevated
coagulation biomarkers such as FDP, D-dimer, prolonged PT-INR,
and especially an increased FDP-to-fibrinogen ratio should raise a
strong clinical suspicion of occult arterial bleeding. Incorporating
these readily available biomarkers into early trauma assessment can
aid in risk stratification, prioritize patients for urgent CT
angiography or angiographic embolization, and help prevent
diagnostic delays — particularly in resource-limited settings where
immediate imaging maynotbe feasible.
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the patient has given the consent for his/ her images and other clinical information to be reported in the journal. The patient
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