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Abstract

BACKGROUND—The pathophysiology and time course of coagulopathy after major burns are
inadequately understood. Our study objectives were to determine whether acute traumatic
coagulopathy (ATC) is seen in burn patients on admission and to determine the changes in
international normalized ratio (INR), activated partial thromboplastin time (aPTT), platelet count
(PLT), and hemoglobin (Hgb) in the first 7 days after injury.

METHODS—We conducted a retrospective study of patients with at least 15% total body surface
area (TBSA) burn who presented to the University of North Carolina. Data on patient
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demographics, injury characteristics, and laboratory data (INR, aPTT, PLT, and Hgb) on
admission and within the first 7 days after injury were recorded. We defined ATC as INR = 1.3,
aPTT = 1.5 times the mean normal limit, and normal PLT on admission.

RESULTS—We studied the hematologic profile of 102 patients with 15-100% TBSA burn, but
did not identify a single patient with ATC on admission. The screening hematologic profile on
admission was not influenced by burn severity. In the first 7 days after injury, the INR and aPTT
were relatively preserved, while the PLT quickly recovered to baseline after an early decline and
the Hgb remained stable at around 10 g/dL; all these changes occurred during the time when the
burn patients had received large amounts of fluid resuscitation.

CONCLUSION—The screening hematologic profile of burn patients on admission is normal and
the standard screening assays do not suggest the existence of ATC on admission. While this is a
relatively small study, it provides evidence to suggest that ATC is unique to trauma patients.

LEVEL OF EVIDENCE—III, Prognostic and Epidemiological
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Acute traumatic coagulopathy; burn injury; trauma; coagulation disorder

Recent observational studies in trauma have described a characteristic coagulopathy referred
to as acute traumatic coagulopathy (ATC). ATC is an endogenous impairment of hemostasis
that begins at the moment of injury and is seen in 20-30% of severely injured trauma
patients upon arrival to the emergency room prior to the onset of significant hypothermia,
hemodilution or acidosis. ATC is associated with a 4- to 5-fold increase in mortality and
transfusion requirement compared to patients without evidence of ATC. It is characterized
by systemic anticoagulation and hyperfibrinolysis that manifests as a bleeding phenotype.
Accompanying biomarkers include a prolonged prothrombin time (PT)/international
normalized ratio (INR) and activated partial thromboplastin time (aPTT) with relative
preservation of platelet count (PLT) and fibrinogen on screening coagulation assays.1~7

In the early post-burn period, the presence of an abnormal coagulation profile has been
reported to be a risk factor for increased morbidity and mortality.8-9 Given that burn
patients, who are sometimes considered a subset of trauma patients,10 have been
inconsistently reported to manifest perturbed hemostasis early after injury, the purpose of
this study was to evaluate whether a coagulopathy analogous to ATC exists after major burn
injury. If present, we wished to determine whether affected burn victims experience
excessive bleeding and/or excess mortality.

PATIENTS AND METHODS

Study design and objectives

At a single large volume American Burn Association (ABA)-verified Burn Center, we
conducted a retrospective cohort study in which we evaluated the hematologic profile of
burn patients on admission and for 7 days after injury. Patients were admitted between
January 1, 2008 and December 31, 2009. Patient demographics such as age, gender, medical
history, and injury characteristics were obtained from electronic medical records.
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Information regarding laboratory test results in addition to blood utilization and mortality
were extracted also from electronic medical records.

The primary study objective was to determine whether a clinically important acute
coagulopathy analogous to ATC exists in burn patients immediately or soon after injury, and
if present, to determine its association with blood utilization and mortality within the first 7
days after injury. The secondary study objectives were (1) to determine the association
between total body surface area (TBSA) burn and admission INR, aPTT, PLT, and
hemoglobin (Hgb); (2) to determine any changes in INR, aPTT, PLT, and Hgb values from
the time of admission until day 7 after injury; and (3) to estimate the effect of fluid
resuscitation that is given to mitigate burn shock on the INR, aPTT, PLT, and Hgb at
hospital day 2.

Management of burn patients is guided by well-defined principles of fluid resuscitation in an
effort to mitigate burn shock and multi-system organ failure as dictated by the Parkland
formula. Patients with large burns predictably develop burn shock that usually resolves
within the first 48—72 hours after injury. It is during this time period that burn patients
receive large amounts of fluid resuscitation.11-13 As part of resuscitation and acute
management of burn injuries, many patients underwent escharatomies and fasciotomies to
decompress areas in danger of developing compartment syndrome. These interventions were
often done at bedside and did not require transfusion of blood products. In this study, we
recorded surgical procedures performed in the first 7 days after injury that included
debridement, excision, and grafting. For those patients that had these procedures performed,
the administration of blood products, if any, was also recorded, since these patients may be
at risk of excessive perioperative bleeding requiring blood transfusions.14-18

Eligibility criteria

Subjects included adult patients (= 18 years old) with 15-100% TBSA burn. All
mechanisms of burn injury were included except electrical injury. Patients with and without
coexisting inhalation injury were included, while patients with associated traumatic injuries
who required medical attention, patients receiving therapeutic anticoagulation before injury,
and patients with known bleeding disorders were excluded. Burns exceeding 15% TBSA
were selected as the lower limit of burn size because burns of this magnitude are often
associated with increased activation of inflammatory and coagulation mediators that may
contribute to adverse clinical outcomes.8 Patients with elapsed time from injury of >12
hours to initial tests for INR, aPTT, and PLT were excluded. An interval of 12 hours was
chosen as the cutoff to capture the earliest possible hematologic changes directly induced by
burn injury, if any, and possibly reduce the iatrogenic effect of fluid resuscitation on these
baseline laboratory tests. Patients who subsequently received therapeutic anticoagulation
during the first 7 days were excluded due to possible effect of the medication on INR and/or
aPTT. This study was conducted after approval of the Institutional Review Board of the
University of North Carolina at Chapel Hill.
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Standardization of aPTT test results

While the standard definition of ATC in trauma literature is lacking, an association between
injury severity score, base deficit, and development of ATC has been observed. ATC
presents as slightly prolonged screening coagulation times (INR and aPTT) with
preservation of PLT and fibrinogen.#~ It was proposed that an INR > 1.2 be adopted as part
of its definition,8 but the degree of aPTT prolongation is yet to be defined. For the purpose
of this study, we defined ATC as INR of > 1.3, aPTT = 1.5 times mean normal, and normal
PLT (reference range: 150-440 x 10%/L) on admission. As a major burn center, several
patients were transferred from other medical facilities and many had laboratory tests that
were performed prior to transfer to our institution. While the INR is comparable between
laboratories, the aPTT is not, because of inter-laboratory variability of test reagents used to
perform the test; hence, we expressed the aPTT as an aPTT ratio by dividing the patient’s
actual aPTT result by the mean value of the reference range. In determining the hematologic
profile of burn patients in the first 7 days after injury, we recorded the INR, aPTT, PLT, and
Hgb values on a daily basis. For patients in whom laboratory studies were drawn more than
once per day, we chose the first set of test results.

Statistical analysis

RESULTS

The admission laboratory tests were summarized as median with range or inter-percentile
range due to skewness of the variables. The data distribution was shown by histograms and
compared to the reference ranges of healthy population. To test an observed proportion of
subjects against a pre-specified value, two-sided binomial tests against 95% were conducted
using the proportion of burn patients whose laboratory test results fell within the reference
range. Linear regression analyses were used to determine the association between admission
laboratory data and TBSA with adjustment for time from injury to the initial laboratory test.
The laboratory data for the first 7 days were plotted using boxplots to visualize the
individual trends over time. Wilcoxon signed-rank test was used to compare the laboratory
data on admission and those at day 2. The incidence of ATC on admission, i.e. the
proportion of burn patients who developed the predefined abnormal laboratory tests within
12 hours after injury was compared to 20%, which is the incidence of ATC in trauma
patients using a two-sided binomial test. Blood utilization was described as percentage of
patients who received blood products and as total number of units transfused. P values
smaller than 0.05 were considered statistically significant. Statistical analyses were
implemented using R 2.14.0.19

Patient characteristics

A total of 102 patients with 15-100% TBSA burn were identified and grouped arbitrarily
according to burn severity as 15-30%, 31-50%, 51-65%, and 66—-100% TBSA burn. There
were 89 patients with < 65% TBSA burn and 13 patients with 66-100% TBSA burn. The
majority of patients were younger than 65 years old (81.4%) and male (69.6%). The median
age of the cohort was 43.2 years (range: 18-90 years). The mechanism of injury was
categorized as flame-related injuries and others. Flame-related injuries included thermal (67
cases), explosion (14), motor vehicle collision (5), and grease burn (9), while others
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included scald (3), steam (1), and chemical (3) burns. The majority of patients experienced
flame-related injuries (93.1%). Coexisting inhalation injury was present in about a third of
patients. The median time to obtain the initial set of laboratory tests from the time of injury
was 150 minutes (2 hours and 30 minutes) (range: 30-672 minutes) (Table 1). A total of 15
patients (14.7%) died within the first 7 days after injury; 10 of these patients had > 65%
TBSA burn and after evaluation of the extent of injury and discussion with family, were
treated with comfort measures within 24 to 48 hours of admission rather than active
resuscitation due to poor estimated survivability.

Is ATC present after a major burn injury?

On admission, we did not identify a single patient who met our criteria for ATC. While the
majority of patients had normal PLT and a few patients had a slightly prolonged INR, there
were no patients with aPTT ratio = 1.5 times the mean normal on admission (Figure 1). A
two-sided binomial test against the 20% incidence of ATC in trauma patients was highly
significant (p value < 0.0001 and 95% confidence interval of 0 to 0.047), suggesting that the
incidence of ATC in burn patients is much less than in trauma patients. Given that an
analogous coagulopathy was not seen in our cohort, there is no evidence to suggest an
association with increased blood utilization and mortality in the initial 7 days.

Association of TBSA burn and admission INR, aPTT ratio, PLT, and Hgb

In evaluating the association between TBSA burn and admission laboratory data, we did not
find any significant correlation between TBSA and aPTT ratio, PLT, and Hgb, but found a
marginal association between TBSA and INR (r=0.22, p value=0.0518), which became
significant after controlling for elapsed time from the time of injury to the time of initial
INR (p value=0.0403). These findings suggest that the screening hematologic profile on
admission is not influenced by burn severity, except the INR, which becomes prolonged as
elapsed time increases (Figure 2). Patients had a median INR of 1.1, aPTT ratio of 0.9, and
PLT of 280 x 10%L on admission. The median Hgb on admission for males and females
were 14.5 g/dL and 13.7 g/dL, respectively. All the admission median values were within
the reference ranges.

Hematologic profile in the first 7 days after a major burn injury

During the first 7 days after injury, the INR slightly increased on the first day and remained
minimally elevated throughout at 1.2-1.3. While the aPTT ratio similarly increased on the
first day and stayed slightly elevated, it was generally < 1.5, except in three patients. PLT
showed a sharp decline in the first two days and gradually increased to almost baseline level
by day 7. Hgb showed a steady decrease and was approximately 10.5 g/dL by day 7. In
comparing the laboratory test results of INR, aPTT ratio, PLT, and Hgb on admission to
those at day 2, we found significant differences in all test results (p <0.0001). The INR and
aPTT ratio increased by + 0.27 (from 1.07 to 1.34) and + 0.34 (0.88 to 1.22), respectively,
while the PLT decreased by about =120 x 10%/L (from 287 to 167 x 10%L) and Hgb
decreased by — 2.2 g/dL for males (from 14.6 to 12.4 g/dL) and - 2.5 g/dL for females (from
13.4 t0 10.9 g/dL) (Figure 3).
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Blood utilization in the first 7 days after a major burn injury

Fifty-eight of 102 patients (56.8%) received a surgical debridement within the first 7 days
after injury, with the majority receiving at least one surgical debridement (z grafting) during
this time period. Amongst these 58 patients, a total of 60 procedures were performed. Many
patients received escharatomies and fasciotomies as part of their initial surgical
management. Forty four percent (26 patients) of those that had a surgical intervention
received blood products during their interventions. Of these, 46.2% (12 patients) received
packed red blood cells (PRBCs) alone, 42.3% (11 patients) received PRBCs and plasma, and
11.5% (3 patients) received PRBCs, plasma, and platelets. A total of 271 units of blood
products were transfused within 7 days— 192 units of PRBC, 65 units of plasma, and 14
doses of apheresed platelets.

DISCUSSION

There is limited literature describing the incidence, risk factors, and clinical outcomes of
abnormal coagulation profiles in burn patients. Current evidence suggests that the presence
of early coagulopathy after major burn injury is a risk factor for increased morbidity and
mortality.8=9 It has been hypothesized that burn injuries initiate an early coagulopathy via
activation of coagulation, fibrinolysis, and contact factors; and the presence of early
coagulopathy is proportional to burn severity.8:12.20

Recognizing that burn patients are often considered to be a subset of trauma patients, we
hypothesized that burn patients develop an acute coagulopathy analogous to ATC that is
present on admission. In a recent study of 99 burn patients, investigators identified that an
INR > 1.5and aPTT > 60 seconds was present in 3 patients upon initial presentation, but
these criteria identified a total of 37 patients when the observation period was extended to 24
hours from the time of injury. The investigators concluded that a very low proportion of
patients present with a coagulopathy but a substantial proportion develop coagulopathy
within 24 hours of injury, which was attributed to hemodilution from fluid resuscitation.® In
contrast to this study, we did not find a single case of coagulopathy on admission based on
our criteria. This difference may not only be due to differences in the definition of
coagulopathy but also the elapsed time until obtaining the initial sample. Since ATC occurs
within a few hours after injury, we set our time limit for admission samples to 12 hours from
the time of injury. In fact, the median time elapsed was 2 hours and 30 minutes, which is
similar to the timing of obtaining samples in articles discussing ATC in trauma patients. In
using our criteria to define ATC, we found that the incidence of ATC in burn patients is
significantly less than that in trauma patients, if present at all. We also found that TBSA is
not associated with any abnormalities of the screening hematologic profile on admission,
despite severity of injury.

While tissue trauma and systemic shock causing widespread activation of protein C have
been associated with the development of ATC in trauma,*~7 it is unclear whether these
factors are sufficient to result in early coagulopathy in burn patients. However, excessive
bleeding following immediate or early grafting is a well-recognized complication after burn
injury.21-22 In our cohort, 56.8% of patients received a surgical intervention within the first
7 days after injury, almost half of which required blood products. As we have previously
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shown, the predictors for increased PRBC and plasma transfusions in burn patients are large
TBSA burn and the use of systemic anticoagulation.18

In our study, the INR increased slightly throughout the 7-day period. In contrast, the aPTT
ratios were normal throughout the study period, and were actually on the lower end of
normal. It is possible that an acutely elevated post-injury factor VIII level serves to shorten
the aPTT.22.23 |t is surprising to find that the INR and aPTT ratio did not appear to be
appreciably affected by the large volume of fluid resuscitation received in the first 7 days.
The Hgb level gradually decreased over 7 days, suggesting that the decline might not be
only due to burn shock -- which should resolve within 48-72 hours after initiation of burn
resuscitation -- but additional factors that may contribute to anemia such as wound bleeding,
iatrogenic blood loss from repeated phlebotomies, operative blood loss from wound excision
and debridement, and possibly anemia of inflammation.24 PLT decreased until day 2, with
near return to baseline by day 7. This PLT trend suggests that the PLT might have also been
hemodiluted due to fluid resuscitation within the first 48 hours after injury. This PLT trend
was similarly shown in a previous study, which also demonstrated that the results of platelet
function studies were abnormally decreased when PLT was low and that platelets may
actually increase to abnormally high levels beyond the first week of injury.2 Other possible
factors contributing to transient thrombocytopenia include increased platelet consumption
and decreased platelet production.®-22

Our study has several limitations. This is a single-center, retrospective cohort study with a
small sample size. While an association between injury severity score, base deficit, and
development of ATC has been observed,1~7 we categorized our study patients based solely
on TBSA without regard to burn severity score or inflammatory biomarkers, which could
potentially improve categorization. While time elapsed from the time of injury until the
initial sample was less than 12 hours, we were unable to provide information about the
amount of fluid resuscitation, which could be an important variable modifying the results of
these hematologic parameters. We were also unable to determine the effect of surgery
especially in patients with larger burns who do not only require large amounts of fluids for
resuscitation but also are at risk for excessive perioperative bleeding requiring blood
transfusions.14-18 Lastly, while we were able to evaluate the laboratory tests of all patients
on admission to determine whether ATC is detectable within 12 hours after injury, not all
patients had daily laboratory studies to determine the hematologic profile of patients within
the first 7 days; therefore, the observed trends may only be reflective of the laboratory
values of patients who survived and had less severe injury rather than being a true
representation of the hematologic response to burn injury.

We conclude that the screening hematologic profile of burn patients on admission is normal
and the standard screening assays do not suggest the existence of an admission coagulopathy
analogous to ATC. However, the definition of ATC requires standardization, and screening
coagulation assays may not be appropriate to detect aberrations in the coagulation system of
burn patients. While this is a relatively small study, it provides a step towards a better
understanding of the hematologic profile of burn patients and further evidence to suggest
that ATC is unique to trauma patients.
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Figure 1.
Histograms of admission laboratory data
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