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Abstract
Background—Acute traumatic coagulopathy (ATC) predicts poor outcome following injury.
Females have been demonstrated to be hypercoagulable early in the post trauma period. It remains
unclear whether presence of ATC alters gender based outcomes post-injury. This study objective
was to characterize the gender dimorphism following severe injury in the presence and absence of
ATC.

Methods—Data were obtained from a multicenter prospective cohort study of blunt trauma
patients with hemorrhagic shock. ATC was defined as arrival INR >1.5. Cox regression was
utilized to determine the independent risks of mortality and multiple organ failure (MOF)
associated with gender in subjects with ATC and without (NON-ATC) while controlling for
important confounders. The gender mortality differences were characterized over time to
determine at what point post-injury any differential risks diverge.

Results—Of 2,007 enrolled subjects, 1,877 had an arrival INR with 439 (23%) having ATC.
There was no difference in incidence of ATC across gender (24% vs. 23%, p=0.95). In the ATC
group, no difference in ISS, arrival INR, base deficit, temperature or 24 hour blood requirements
were found across gender. Cox hazard regression revealed gender was not associated with
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mortality in NON-ATC patients (HR 0.94, 95%CI 0.6–1.5). Female gender was independently
associated with mortality only in the ATC group (HR 2.04, 95%CI 1.1–3.9, p=0.03). These
mortality risk differences across gender diverged within the first 24 hours post-injury.

Conclusions—An exaggerated gender dimorphism exists in patients with ATC, with females
demonstrating a 2-fold higher independent risk of mortality. These differential mortality risks
across gender diverge early post-injury suggesting they may be due to ongoing hemorrhage.
Females that present with ATC on admission have a significantly greater risk of poor outcome.
Further studies are warranted to explore the mechanisms responsible for gender dimorphism in the
setting of ATC.

INTRODUCTION
Acute traumatic coagulopathy (ATC) has become increasingly recognized as an independent
determinant of poor outcome following injury.1,2 Evidence suggests that early coagulopathy
in trauma occurs as a result of both endogenous coagulopathy immediately following injury
as well as acquired coagulopathy associated with resuscitation.3 Systemic activation of the
protein C pathway and hyperfibrinolysis associated with severe tissue injury and
hypoperfusion promotes endogenous coagulopathy. This tissue injury initiates a cascade of
humoral factors, resulting in significant perturbations in the coagulation and inflammatory
systems of the body in the immediate post injury period. Large volume resuscitation often
leads to hemodilution of circulating clotting factors and derangement of clotting enzyme
function from hypothermia, resulting in acquired coagulopathy.

Gender based differential outcomes in the setting of trauma have been well documented.4–8

The mechanisms responsible for this gender dimorphism following injury remain
controversial and are postulated to be due to differences in the hormonal response between
males and females or other alternative genetic mechanisms.4,9,10 It has been demonstrated
that females tend to be hypercoagulable when compared to males following trauma.11

Whether the presences of coagulopathy has an effect or alters the strength of the gender
dimorphism post-injury remains less than adequately characterized. The objective of the
current analysis was to evaluate the strength of any gender dimorphism in the presence or
absence of ATC to determine if their relationship has an effect on outcome. It was
hypothesized that females would be relatively protected when compared to males in the
setting of coagulopathy given the tendency toward hypercoagulability in the early post
trauma period.

METHODS
Data were obtained from the Inflammation and the Host Response to Injury Large Scale
Collaborative Program (www.gluegrant.org), supported by the National Institute of General
Medical Sciences (NIGMS), which is a multicenter prospective cohort study of blunt injured
adults with hemorrhagic shock designed to characterize the genomic and proteomic response
following injury.11 Patients admitted to one of seven institutions over a 8 year period (2003–
2010) were included in the current analysis. Inclusion criteria for the overall cohort study
included: blunt mechanism of injury, presence of pre-hospital or emergency department
hypotension (Systolic blood pressure [SBP] < 90 mmHg) or an elevated base deficit (> 6
meq/L), blood transfusion requirement within the first 12hrs, and any body region exclusive
of the brain with an abbreviated injury score (AIS) ≥ 2, allowing exclusion of patients with
isolated traumatic brain injury. Patients < 18 or > 90 years of age and those with cervical
spinal cord injury were also excluded from enrolment. Clinical data were entered and stored
in TrialDb, a web-based data collection platform, by trained research nurses.13 Integrity of
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the data was maintained through ongoing curation and external data review by an
independent chart abstractor.

Standard operating procedures were developed and implemented across all institutional
centers to minimize variation in post-injury care, including: early goal directed resuscitation,
strict glycemic control, venous thromboembolism prophylaxis, appropriate low tidal volume
ventilation, ventilator associated pneumonia management, and restrictive transfusion
guidelines.14–18 While patients were admitted to the ICU, multiple organ dysfunction scores
for renal, hepatic, cardiovascular, metabolic, hematologic, respiratory, and neurological
systems were determined daily.19–21 The diagnosis of MOF required a maximum Marshall
Multiple Organ Dysfunction score > 5.

For the current secondary analysis all cohort subjects with an initial International
Normalized Ratio (INR) were included in the study. Acute traumatic coagulopathy was
defined as an arrival INR > 1.5 and patients were stratified into ATC and NON-ATC groups.
Demographics, injury characteristics and severity, resuscitation requirements, and outcomes
were compared in univariate analysis first across the ATC and NON-ATC groups and then
across gender (female vs. male) in both ATC and NON-ATC groups.

The primary outcomes were 30 day in-hospital mortality and multiple organ failure (MOF).
Cox proportional hazards regression was utilized to determine the independent risks of
mortality and MOF across gender while controlling for differences in age, presence of
admission hypotension, admission tachycardia, lowest 24 hour temperature, injury severity
score (ISS), maximum abbreviated injury scores (AIS), severe head injury, Glasgow coma
score, initial based deficit, APACHE II score, 24 hour resuscitation requirements (blood,
plasma, platelet, and crystalloid), early laparotomy or thoracotomy within 48 hours of
admission, pre-existing comorbidities, and pre-hospital use of warfarin, aspirin, or anti-
platelet medications. Cox regression was first performed for both mortality and MOF on the
overall study population using the above covariates with the presence of ATC (yes/no)
included in the model and adjusted for. Subsequently, Cox regression was performed using
the same regression models stratified by the presence of absence of acute coagulopathy
(ATC vs. NON-ATC) to determine whether the strength of the gender dimorphism was
altered by the presence of ATC after controlling for important confounders.

To further characterize the relationship between gender and the presences of acute
coagulopathy of trauma, Cox-adjusted survival curves were constructed to determine the
time course over which any gender differences occurred. Additionally, to account for
potential differences in hormonal changes associated with age in females, models were
repeated to test for an interaction between gender and menopausal age related subgroups
corresponding to premenopausal age (< 48 years old) and postmenopausal age (>52 years
old) in females and similar aged males.

Data analysis was conducted using SPSS version 19 (Chicago, IL). For univariate analyses
Chi-square tests were used to compare categorical variables, and Mann-Whitney tests were
used to compare continuous variables. Continuous data are presented as median
(interquartile range [IQR]) unless noted. A p value of ≤ 0.05 was considered significant. The
institutional review board of each participating center approved the cohort study, while the
institutional review board at the University of Pittsburgh Medical Center approved this
current secondary analysis.

RESULTS
Of the 2,007 subjects enrolled in the prospective cohort, 1,877 (94%) had an arrival INR
available and represents the study cohort. There were 439 (23%) subjects with an arrival
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INR > 1.5 making up the ATC group. As expected, patients in the ATC group had higher
injury and shock severity, greater resuscitation requirements, and worse outcomes as
compared to the NON-ATC group. (Table 1.) However, there was no difference in gender
distribution between the ATC and NON-ATC groups. When gender differences were
assessed in the ATC group, males and females were similar in demographics, injury and
shock severity, presenting coagulopathy, and blood transfusion requirements (Table 2).
Males did receive significantly greater plasma, crystalloid, more frequently required early
operative intervention, while females also had a significantly lower unadjusted rate of MOF.

For in-hospital mortality, there was no difference across females and male gender in the
overall study cohort (HR 1.23; 95%CI 0.88 – 1.73, p=0.23), however, the presence of acute
coagulopathy was a significant independent predictor of mortality (HR 1.46; 95%CI 1.02 –
2.09, p=0.04) suggesting over a 40% higher risk of mortality in those with ATC. When
stratified by the presence of absence of ATC, female gender was associated with over a 2-
fold higher independent risk of mortality (HR 2.04; 95%CI 1.07 – 3.87, p=0.03) as
compared to males in the ATC group. Within the NON-ATC group, female gender was not
associated with the risk of mortality (HR 0.94; 95%CI 0.59 – 1.49, p=0.78) relative to males
(Fig. 1).

To characterize the timing of these differential outcome risks across gender relative to the
presence of coagulopathy, multivariate survival analysis was performed. Cox-adjusted
survival curve analysis for the ATC group demonstrated significant separation of male and
female curves (p<0.01), occurring early in the first 24 hours post injury with continued
separation over the first 30 days post injury (Fig. 2).

Female gender was independently associated with a significantly lower risk of MOF in the
overall study cohort (HR 0.74; 95%CI 0.58 – 0.95, p=0.02), as has been previously
demonstrated in this study population.4 As expected, the presence of ACT was associated
with an increased risk of MOF (HR 1.35; 95%CI 1.05 – 1.73, p=0.02). Interestingly, when
the regression models were stratified by the presence or absence of ATC, the protection
afforded to females from the development of MOF remained statistically significant and
robust in the NON-ACT group (HR 0.70; 95%CI 0.52 – 0.95, p=0.02). When assessed in the
ATC group, female gender was no longer associated with a lower risk of MOF (HR 0.79;
95%CI 0.50 – 1.28, p=0.34), suggesting the protection afforded to females from the
development of MOF is less robust or does not exist in patients with ATC (Fig. 3).

Interactions were tested between gender and menopause related age subgroups in the Cox
regression models to see if the associated differences in mortality risk across gender in the
ATC group were related to the age of the female patient. These interactions were not
significant in the overall cohort (HR 0.83; 95%CI 0.42 – 1.63, p=0.59), ATC group (HR
0.95; 95%CI 0.27 – 3.38, p=0.94), or NON-ATC group (HR 0.86; 95%CI 0.36 – 2.06,
p=0.73). Similarly, gender and age interactions for MOF were not significant in the overall
cohort (HR 1.17; 95%CI 0.72 – 1.90, p=0.53), ATC group (HR 1.33; 95%CI 0.56 – 3.11,
p=0.52), or NON-ATC group (HR 1.13; 95%CI 0.62 – 2.07, p=0.69). These results suggest
that the overall higher mortality risk for females in the ATC group were relatively uniform
across age and unrelated to any potential sex hormone levels relative to menopause in
females.

DISCUSSION
Several groups have documented the relative hypercoagulability of non-injured females
when compared to males at baseline, which is most often attributed to the effects of
estrogen.23–25 Schreiber and colleagues used thromboelastography (TEG) to show females
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were relatively hypercoagulable in the setting of trauma; a finding that developed in the first
24 hours from injury.11 Additionally, Engels et al. found that female gender was protective
against development of early coagulopathy of trauma in multivariate analysis.26 An analysis
of massive transfusion patients showed that males had an associated mortality benefit from
high plasma and platelet to blood ratios but not females.27 These authors and others have
suggested that the hypercoagulability of females post injury may result in improvements in
hemostasis following traumatic hemorrhage.11,27

Although studies have shown females to be less likely to develop ATC than their male
counterparts, it is unclear whether gender influences outcomes when ATC already is present.
The results of the current analysis demonstrate an exaggerated gender dimorphism exists in
injured patients with ATC. Female gender in the ATC group was associated with an over 2-
fold increased risk of mortality after controlling for important confounders. Further, the
protective effect of female gender seen in the overall cohort and the NON-ATC group from
the development of MOF no longer existed when examined in the ATC group. These
findings suggest that although females may be hypercoagulable compared to males
following injury, females with ATC have an increased risk of adverse outcomes. These
differential mortality risks across gender diverge early post-injury suggesting they may be
due to ongoing hemorrhage. Rowell and colleagues, in their study of gender differences in
the setting of massive transfusion found that females receiving a high ratio of blood products
had a higher mean INR than females with low ratios with no improvement in survival based
on ratio group.27 Although no gender comparisons were made specifically for patients with
ATC, this may indirectly hint at the difficulties encountered in coagulopathic female trauma
patients.

It remians unclear what mechanisms are responsible for these findings. A large amount of
experimental animal studies have substantiated the protective role of female sex hormones
following trauma and shock.28–31 Evidence for sex hormone mediated differences in human
trauma outcomes has been largely supported by studies demonstrating benefits in
premenopausal aged females. Mostafa et al. showed a lower incidence of MOF, mortality,
and shorter intensive care unit stays in females less than 45 years old, but not in those 45
years or older.7 A large National Trauma Databank study demonstrated improved survival in
females aged 13 to 64 when presenting with hypotension and an ISS ≥ 16.32 In a study of
more than 4,000 trauma patients, premenopausal aged females demonstrated lower lactate
levels and less blood requirements despite higher injury severity.33 Similarly, analysis of sex
hormone levels in trauma patients have shown higher estradiol to progesterone levels
correlate with higher survival, fibrin cross linking, and lower partial thromboplastin times,
but not related to differences in INR or platelet counts.9 Despite this large amount of prior
literature, the mechanisms responsible for the gender dimorphism post-injury remain
controversial and less than adequately characterized.34

As the interaction between gender and age specific subgroups across the spectrum of
menopause did not show significant associations with mortality or MOF, it is difficult with
the current cohort of patients to attribute the differences in outcome observed in this study
solely to sex hormone differences between males and females. Sperry and colleagues
examining the same dataset previously also demonstrated a female gender protective
association with MOF and nosocomial infection that were not age related.4 George et al.
demonstrated a protective association of female gender and mortality in blunt trauma
patients aged 50 and older but not premenopausal aged females in a large national cohort.35

Beyond sex hormones, genetic differences based on sex chromosomes may play a role. As
males possess only one X chromosome, they can only produce a single phenotypic response
related to genetic polymorphisms located on the X chromosome. Females, alternatively,
undergo inactivation of one X chromosome in each cell leading to functional mosaicism
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with a broadened response of X chromosome related polymorphisms. Many genes involved
in inflammation and the cellular response to injury are located on the X chromosome and
may influence the gender dimorphisms evident following trauma.36

The gender related adverse outcomes observed when ATC was present on admission may
represent a more severe derangement of the coagulation system in females to overcome their
innate hypercoagulability early in the post injury period. Thus, relative to their male
counterparts, when females reach the ATC threshold, their outcomes are significantly worse.
Importantly, these findings do not appear to be related directly in injury severity, as males
and females had similar injury severity across several measures in the ATC group. There is
evidence which suggests that endogenous estrogen, regardless of gender, is a marker of
severe injury and mortality, with serum estradiol performing as well as or better than the
Trauma and Injury Severity Score and ISS to predict death following trauma.37

This study has several limitations for consideration. The current study is a secondary data
analysis of the Host Response to Injury cohort, which was not designed to address the
specific issues analyzed here. This limits potential confounders that may be controlled for as
well as the outcomes available for analysis. The current dataset was prospectively collected
from several centers, and although standardized protocols were in place to minimize
between center variations in care, it is likely that variation between trauma center practices
existed over the study period. A small proportion of subjects was missing initial INR data
and was excluded. Further, authors have shown that routine coagulation parameters fail to
correlate with more detailed and sophisticated measurements of coagulation status such as
TEG analysis, which was not available in this dataset.11 Finally, this dataset did not include
measurements of sex hormones following injury, and any inference of sex hormone status is
based on average estimates of age across the spectrum of menopause.38

Despite these limitations, the cohort was designed to be homogenous at baseline as
evidenced by gender comparisons across coagulopathy groups, and a large number of
patients were available, strengthening the power of analysis. Despite limitations of an arrival
INR as the determinant of ATC in this analysis, this test is rapidly and widely available in
trauma centers, with differences in outcome observed based on standard coagulation
parameters in prior studies.1,2

It is clear that our understanding of both the cellular mechanisms of ATC and biology
underlying gender dimorphisms following injury continue to increase. This is the first study
to our knowledge that demonstrates adverse outcomes associated with female gender in the
setting of trauma. Females demonstrated a significantly higher mortality when ATC was
present on admission to the trauma center. This risk emerged early in the post injury period
and may be a result of ongoing hemorrhage. This may argue for more aggressive hemostatic
resuscitation in females presenting with ATC in the setting of traumatic hemorrhage;
however further study is needed to determine whether early intervention can mitigate this
increased risk. Finally, the apparent protective association of female gender against MOF
was lost in the setting of ATC. These findings underscore the need for further investigation
into the complex relationship of coagulation and gender following injury.
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Figure 1.
Hazard ratios from Cox regression for 30 day mortality in the overall study population, ATC
group, and NON-ATC group. Hazard ratios represent female relative to male gender. Bars
represent 95% confidence intervals. Bars that do not cross 1.0 are considered significant
(p<0.05).
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Figure 2.
Cox-adjusted survival curve analysis in the ATC group for females (dark line) and males
(light line) over 30 days post injury.
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Figure 3.
Hazard ratios from Cox regression for 28 day MOF in the overall study population, ATC
group, and NON-ATC group. Hazard ratios represent female relative to male gender. Bars
represent 95% confidence intervals. Bars that do not cross 1.0 are considered significant
(p<0.05).
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Table 1

Demographics, injury severity, and outcomes by coagulopathy

Median (IQR) ATC
N=439 (23%)

NON-ATC
N=1438 (77%)

p

Age 38 (22–57) 43 (28–55) <0.01*

Gender (% male) 66.3 66.6 0.95

ISS 38 (27–50) 29 (22–41) <0.01*

APACHE II 32 (28–36) 28 (24–33) <0.01*

Initial base deficit 9.7 (6.8–13.1) 7.6 (5.3–10.9) <0.01*

INR 1.9 (1.7–2.3) 1.2 (1.1–1.3) <0.01*

24hr blood requirement 10.5 (5.7–18.7) 5 (2.7–9.33) <0.01*

24hr FFP requirement 7.2 (3.5–11.8) 1.6 (0–4.8) <0.01*

24hr platelet requirement 0.9 (0–1.8) 0 (0–0.9) <0.01*

24hr crystalloid requirement 14.9 (10.4–20.8) 12.2 (8.9–16.6) <0.01*

Massive transfusion (%) 52.2 23.4 <0.01*

Early surgery (%) 53.5 40.8 <0.01*

Coumadin (%) 6.2 0.6 <0.01*

ICU days 9 (4–17) 12 (5–19) <0.01*

In-hospital mortality (%) 26.2 11.4 <0.01*

MOF (%) 38.7 27.7 <0.01*

*
p < 0.05
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Table 2

Demographics, injury severity, and outcomes by gender in the ATC group

Median (IQR) Females
N=148 (34%)

Males
N=291 (66%)

p

Age 39 (22–61) 37 (22–56) 0.32

ISS 35.5 (27–43) 38 (29–50) 0.37

APACHE II 32 (28–35) 33 (28–37) 0.11

Initial base deficit 9.5 (6.8–13.4) 9.8 (6.9–13.0) 0.94

INR 1.9 (1.7–2.3) 1.9 (1.7–2.3) 0.78

24hr blood requirement 9.3 (4.7–17.5) 10.5 (5.8–18.7) 0.14

24hr FFP requirement 6.0 (3.2–10.4) 7.5 (3.8–12.7a0 0.02*

24hr PLT requirement 0.9 (0–1.8) 0.9 (0–1.8) 0.60

24hr crystalloid requirement 12.7 (9.3–19.1) 16.4 (10.9–21.7) <0.01*

Massive Transfusion (%) 47.3 54.6 0.16

Early surgery (%) 46.0 57.4 0.03*

ICU days 10 (5–18) 12 (5–19) 0.33

In-hospital mortality (%) 29.1 24.7 0.36

MOF (%) 31.8 42.3 0.04*

*
p < 0.05
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