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Prehospital detection of traumatic coagulopathy

Jostein S. Hagemo

Increased focus on traumatic coagulopathy over the last
decade has led to more aggressive use of hemostatic
agents in resuscitation of the massively bleeding patient.
Novel formulations of plasma factors and other therapeu-
tics have opened for early intervention to prevent coagu-
lopathy and may even be utilized in the prehospital
setting. Careful selection of patients to receive hemostatic
agents early during the resuscitation is of great impor-
tance due to the potential detrimental effects of this
treatment.
Several studies have identified coagulation parameters
as reliable predictors of massive transfusion, even very
early after trauma. Prothrombin time international normal-
ized ratio (PT/INR), activated partial thromboplastin time
(aPTT), fibrinogen concentration, and viscoelastic tests
such as thrombelastography (TEG) and rotational throm-
belastometry (RoTEM) have proved to be of value
in predicting massive transfusion when performed
in-hospital. PT/INR appears to be slightly more accurate
than the other parameters, with a reported sensitivity of
84.8% and an area under the receiver operating curve of
0.87. Comparison studies on PT/INR, aPTT, and vis-
coelastic assays do suggest that caution should be taken
when point-of-care (POC) methods, as opposed to con-
ventional laboratory analyses, are used. Novel tech-
niques for POC measurement of fibrinogen levels are
currently being developed, and preclinical data suggest
acceptable agreement with conventional methods.
A number of factors should be considered regarding the
feasibility of POC tests in the prehospital environment. In
addition to environmental factors such as temperature,
altitude, and humidity, electromagnetic interference
issues and operators’ skills must be taken into account.
Coagulation parameters appear to be a useful tool in
identifying patients with increased risk of massive bleed-
ing at an early stage. Further studies are needed to deter-
mine if prehospital intervention based on POC analyses
improves outcome.

INTRODUCTION

Along with recent advances in the understanding of
acute coagulopathy, a number of hemostatic agents have
become subjects of interest in management of massive
hemorrhage.1-3 Aggressive transfusion of plasma factors in
the form of fresh frozen plasma is widely implemented in
modern hemostatic resuscitation guidelines.4-6 Specific
factor concentrate such as fibrinogen, factor XIII, and
recombinant factor VIIa, as well as factor combination
such as prothrombin complex concentrates, have so far
been less studied.5,7 Dried plasma formulations have
recently been developed,8 and are currently being used in
combat settings.9,10

An interesting aspect of utilizing factor concentrates
in acute bleeding is the circumvention of the logistical
challenges associated with the administration of fresh
frozen plasma. The possibility to administer coagulation
support closer to the time of injury in the prehospital
environment may be of importance. This would be of
particular interest in situations where transportation
times are long, patients are entrapped, or for any other
reason evacuation to a trauma center is delayed.
However, the potential of negative side effects from
hemostatic agents cannot be neglected, and a careful
selection of patients who should receive this treatment is
of great importance.

A number of scoring systems have been developed to
identify the patients that require massive transfusion.11-14

Even though these scoring systems perform relatively
accurately, they have limitations in that they require diag-
nostic instruments that are rarely available outside hospi-
tals. Moreover, they lack the ability to distinguish between
strictly surgical cause of bleeding, and bleeding worsened
by traumatic coagulopathy.
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The existence of coagulopathy in massively bleeding
patients has been known for decades. However, in 2003
Macleod and Brohi almost simultaneously described
coagulopathy very early after injury and found it to be an
independent predictor of mortality.15,16 Their findings
indicate that conventional coagulation tests such as pro-
thrombin time international normalized ratio (PT/INR)
and activated partial thromboplastin time (aPTT) may
give additional information about potential perturbations
in coagulation. One recent study confirms the existence of
early coagulopathy in samples collected in the prehospital
setting.17 On the basis of these findings, it is tempting to
try to identify early traumatic coagulopathy in order to
determine which patients need hemostatic support in
transit to a medical facility. The question is, however,
whether prehospital coagulation tests are suitable for this
purpose.

PREDICTING MASSIVE TRANSFUSION
FROM COAGULATION TESTS

Several studies confirm the prognostic value of coagula-
tion tests in predicting massive transfusion and mortality.
In a recent study Schöchl et al.18 reviewed the predictive
value of several coagulation tests, including rotational
thrombelastometry (RoTEM) analyses. The highest
area under receiver operating curves (ROC-AUCs) for
massive transfusion was found for PT/INR (0.87), aPTT
(0.85), and hemoglobin (0.87). With thresholds set for
best sensitivity and specificity, PT/INR showed a mark-
edly higher sensitivity than aPTT and hemoglobin, with
84.8% compared with 71.6% and 77.5%, respectively.
Fibrinogen concentration also proved to be a sensitive
test (84.2%) with ROC-AUC of 0.83. The RoTEM analyses
had comparable, but slightly lower ROC-AUCs than
PT/INR, with 0.84 for the maximum clot firmness (MCF)
in the FibTEM assay. Interestingly, base deficit as a
surrogate measure of amount of bleeding performed
markedly worse than most of the coagulation tests, sup-
porting the hypothesis that coagulopathy has a distinc-
tively different mechanism than simply blood loss and
acidosis.

Caution must be used though when interpreting data
where massive transfusion is used as a surrogate for
coagulopathy. The amount of units transfused is depen-
dent upon physician behavior, which frequently is influ-
enced by laboratory test results. The use of laboratory
parameters to predict massive transfusion is clearly con-
founded by this fact. Studies that analyze predictors of
death from hemorrhage would be a more valid approach.
Unfortunately, even those studies that have evaluated
values present upon admission for prediction of death
have not analyzed only patients with death secondary to
hemorrhage.15,16,19

RELIABILITY OF POINT-OF-CARE
(POC) TESTS

The reliability of POC analysis of coagulopathy has been
questioned when carried out by nonlaboratory personnel
in a stressful environment compared with the in-hospital
laboratory setting.

Our center has for the past 2 years been performing
POC PT/INR analyses in the trauma room by anesthetist
nurses. The analyses are performed on a handheld device
(Coaguchek XS Plus, Roche, Grenzach-Wyhlen, Germany),
giving the PT/INR value in a matter of a few seconds.
Agreement of these measurements compared with labo-
ratory measurements are similar to that reported by Dav-
enport et al.20 with 95% Limits of Agreement (LoA) of -0.20
to 0.17. Even though this seems to be an acceptable level
of agreement, some caution should be taken since the
agreement tends to worsen with lower hematocrit levels in
their study. The predictive value of POC PT/INR for
massive transfusion and death from hemorrhage is still to
be investigated.

POC aPTT measurements are not widely available.
Nevertheless, one study did compare the results from a
clinician-operated POC aPTT (Coaguchek Pro, Roche)
device to standard laboratory assay in surgical intensive
care patients.21 The results revealed poor agreement with
95% LoA of -83.2 to 49.2 seconds. Even in healthy controls,
agreement was considered to be too low for use in clinical
practice.

Viscoelastic tests for hemostatic function, such as
thrombelastography (TEG) and RoTEM have increasingly
been used in detection of traumatic coagulopathy over the
past few years. Even though they are both utilized as POC
devices, this would not be feasible in the prehospital envi-
ronment. However, modifications of the RoTEM device
have been developed to allow for use in the field. A proto-
type of a portable device also exists, and may be available
in the near future.

A few studies have examined the reproducibility
and agreement of viscoelastic tests such as TEG and
RoTEM.22-25 Venema and colleagues conducted repeatabil-
ity analyses for both TEG and RoTEM in healthy volun-
teers. They conclude that the clot reaction time and clot
kinetics parameters (denoted R-time and K-time in TEG,
CT and CFT in RoTEM) had a variability that rendered
them unacceptable for clinical purposes. Maximum
amplitude and MCF was found to be more consistent.
They even found this parameter to be interchangeable
between the two devices.

In a multicenter study on trauma patients including
our own institution, it appears that agreement between
TEG and RoTEM is reduced when the devices are operated
by clinicians rather than laboratory personnel (Hagemo
et al., unpublished data). This should be taken into con-
sideration in prehospital implementation of the assay.
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Fibrinogen may be the one factor that first falls to
critical levels in traumatic bleeding,26 and a POC test for
fibrinogen concentration may be very valuable. Since
fibrinogen concentration measurements is a plasma-
based analysis and requires centrifugation, the prehospi-
tal feasibility of its measurement is reduced. POC
fibrinogen measurement is, however, possible in a pro-
totype device utilizing lateral flow microfluidic tech-
nique, as described by Dudek and colleagues.27

Interestingly, the analyses by this technique may also be
performed on whole blood, and is therefore promising as
a prehospital utility. Preclinical data show very good
correlations with the conventional Clauss method
(r2 = 0.97).

Some studies show there is a significant relationship
between fibrinogen concentration measured by the
Clauss method and the TEG/RoTEM assays with correla-
tion coefficients ranging from 0.75 (Spearman rho) to 0.85
(Pearson) with the amplitude of the clotting trace.18,28 It is,
however, important to acknowledge the fact that the vis-
coelastic assays depend on several other factors (particu-
larly Factor XIII) and do not necessarily reflect fibrinogen
function specifically.

FEASIBILITY IN THE
PREHOSPITAL ENVIRONMENT

In addition to validity and reliability, the practical and
logistical aspects of POC tests must be carefully consid-
ered. Even a well-established use of a POC test in-hospital
does not necessarily mean it is suitable for prehospital
use. Size of equipment and weight is of importance. Power
supply and storage of reagents must also be taken into
consideration.

POC devices for measuring PT/INR have been devel-
oped for domestic use in patients taking oral anticoagula-
tion. PT/INR measurements are also available on systems
allowing multiple blood analyses aimed for use by health
professionals. Studies on the feasibility of these devices in
the trauma patients are still lacking. Recent advances have
paved the way for thromboelastometry in field hospitals,
and in the near future even portable devices may be avail-
able. As for PT/INR measurements, the feasibility of these
devices for prehospital use in trauma patients requires
study.

It is crucial also to consider the physical environment
in which the device is to be operated. Ambient tempera-
ture and humidity may in certain parts of the world be way
beyond what the equipment is constructed and certified
for. In air ambulance services, the equipment should be
tested for hypobaric conditions. Also, for in-flight opera-
tion of POC devices, one should make sure that the
equipment is thoroughly tested for electromagnetic inter-
ference, in order to maintain flight safety.

CONCLUSION

A number of hemostatic agents and plasma formulations
are available, many of which may be used in the prehos-
pital setting. Identifying the right patients for these treat-
ments is challenging. Current literature suggests that basic
coagulation tests predict massive bleeding and death sec-
ondary to traumatic injury accurately. Data also suggest
that coagulation changes are detectable early on scene.
Studies to document that early intervention based on POC
measurements improve outcome are still lacking. As tech-
nology improves, we may see possibilities in the near
future to identify even more accurately the specific type of
hemostatic intervention needed for the individual patient
in the prehospital setting.

CONFLICT OF INTEREST

The author has received support from TEM International GmbH,

Haemonetics, and Roche Diagnostics Ltd in the form of reagents

for research purposes as well as hire of laboratory equipment at

reduced prices.

REFERENCES

1. Dries DJ. The contemporary role of blood products and

components used in trauma resuscitation. Scand J Trauma

Resusc Emerg Med 2010;18:63-79.

2. Fries D, Innerhofer P, Schobersberger W. Time for chang-

ing coagulation management in trauma-related massive

bleeding. Curr Opin Anaesthesiol 2009;22:267-74.

3. Johansson PI, Stensballe J. Hemostatic resuscitation for

massive bleeding: the paradigm of plasma and platelets—a

review of the current literature. Transfusion 2010;50:701-

10.

4. Gaarder C, Naess PA, Frischknecht Christensen E, Hakala

P, Handolin L, Heier HE, Ivancev K, Johansson P, Leppäni-

emi A, Lippert F, Lossius HM, Opdahl H, Pillgram-Larsen J,

Røise O, Skaga NO, Søreide E, Stensballe J, Tønnessen E,

Töttermann A, Ortenwall P, Ostlund A. Scandinavian

guidelines—”The massively bleeding patient.” Scand J Surg

2008;97:15-36.

5. Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J,

Fernández-Mondéjar E, Hunt BJ, Komadina R, Nardi G,

Neugebauer E, Ozier Y, Riddez L, Schultz A, Stahel PF,

Vincent JL, Spahn DR; Task Force for Advanced Bleeding

Care in Trauma. Management of bleeding following major

trauma: an updated European guideline. Crit Care 2010;14:

R52.

6. Holcomb JB, Wade CE, Michalek JE, Chisholm GB, Zarza-

bal LA, Schreiber MA, Gonzalez EA, Pomper GJ, Perkins JG,

Spinella PC, Williams KL, Park MS. Increased plasma and

platelet to red blood cell ratios improves outcome in 466

massively transfused civilian trauma patients. Ann Surg

2008;248:447-58.

HAGEMO

50S TRANSFUSION Volume 53, January 2013 Supplement



7. Schöchl H, Maegele M, Solomon C, Gorlinger K, Voelckel

W. Early and individualized goal-directed therapy for

trauma-induced coagulopathy. Scand J Trauma Resusc

Emerg Med 2012;20:15-25.

8. Shuja F, Finkelstein RA, Fukudome E, Duggan M, Kheirbek

T, Hamwi K, Fischer TH, Fikry K, deMoya M, Velmahos GC,

Alam HB. Development and testing of low-volume hyper-

oncotic, hyperosmotic spray-dried plasma for the treat-

ment of trauma-associated coagulopathy. J Trauma 2011;

70:664-71.

9. Daban JL, Clapson P, Ausset S, Deshayes AV, Sailliol A.

Freeze dried plasma: a French army specialty. Crit Care

2010;14:412.

10. Martinaud C, Ausset S, Deshayes AV, Cauet A, Demazeau

N, Sailliol A. Use of freeze-dried plasma in French inten-

sive care unit in Afghanistan. J Trauma 2011;71:1761-4; dis-

cussion 1764-5.

11. Nunez TC, Voskresensky IV, Dossett LA, Shinall R, Dutton

WD, Cotton BA. Early prediction of massive transfusion in

trauma: simple as ABC (assessment of blood consump-

tion)? J Trauma 2009;66:346-52.

12. Yücel N, Lefering R, Maegele M, Vorweg M, Tjardes T,

Ruchholtz S, Neugebauer EA, Wappler F, Bouillon B,

Rixen D; Polytrauma Study Group of the German

Trauma Society. Trauma Associated Severe Hemorrhage

(TASH)-Score: probability of mass transfusion as

surrogate for life threatening hemorrhage after

multiple trauma. J Trauma 2006;60:1228-36; discussion

1236-7.

13. Mitra B, Cameron PA, Mori A, Maini A, Fitzgerald M, Paul

E, Street A. Early prediction of acute traumatic coagulopa-

thy. Resuscitation 2011;82:1208-13.

14. McLaughlin DF, Niles SE, Salinas J, Perkins JG, Cox ED,

Wade CE, Holcomb JB. A predictive model for massive

transfusion in combat casualty patients. J Trauma 2008;

64(Suppl.):S57-63; discussion S63.

15. Brohi K, Singh J, Heron M, Coats T. Acute traumatic coagu-

lopathy. J Trauma 2003;54:1127-30.

16. MacLeod JBA, Lynn M, McKenney MG, Cohn SM, Murtha

M. Early coagulopathy predicts mortality in trauma.

J Trauma 2003;55:39-44.

17. Floccard B, Rugeri L, Faure A, Saint Denis M, Boyle EM,

Peguet O, Levrat A, Guillaume C, Marcotte G, Vulliez A,

Hautin E, David JS, Négrier C, Allaouchiche B. Early coagu-

lopathy in trauma patients: an on-scene and hospital

admission study. Injury 2012;43:26-32.

18. Schöchl H, Cotton B, Inaba K, Nienaber U, Fischer H,

Voelckel W, Solomon C. FIBTEM provides early prediction

of massive transfusion in trauma. Crit Care 2011;15:

R265.

19. Borgman MA, Maegele M, Wade CE, Blackbourne LH,

Spinella PC. Pediatric trauma BIG score: predicting mortal-

ity in children after military and civilian trauma. Pediatrics

2011;127:e892-7.

20. Davenport R, Manson J, De’ath H, Platton S, Coates A,

Allard S, Hart D, Pearse R, Pasi KJ, MacCallum P, Stan-

worth S, Brohi K. Functional definition and characteriza-

tion of acute traumatic coagulopathy. Crit Care Med 2011;

39:2652-8.

21. Ferring M, Reber G, de Moerloose P, Merlani P, Diby M,

Ricou B. Point of care and central laboratory determina-

tions of the aPTT are not interchangeable in surgical inten-

sive care patients. Can J Anaesth 2001;48:1155-60.

22. Vig S, Chitolie A, Bevan DH, Halliday A, Dormandy J.

Thromboelastography: a reliable test? Blood Coagul Fibrin-

olysis 2001;12:555-61.

23. Chitlur M, Lusher J. Standardization of

thromboelastography: values and challenges. Semin

Thromb Hemost 2010;36:707-11.

24. Theusinger OM, Nürnberg J, Asmis LM, Seifert B, Spahn

DR. Rotation thromboelastometry (ROTEM) stability and

reproducibility over time. Eur J Cardiothorac Surg 2010;37:

677-83.

25. Venema LF, Post WJ, Hendriks HGD, Huet RCG, de Wolf

JTW, De Vries AJ. An assessment of clinical interchange-

ability of TEG and RoTEM thromboelastographic variables

in cardiac surgical patients. Anesth Analg 2010;111:339-44.

26. Fries D, Martini WZ. Role of fibrinogen in trauma-induced

coagulopathy. Br J Anaesth 2010;105:116-21.

27. Dudek MM, Lindahl TL, Killard AJ. Development of a point

of care lateral flow device for measuring human plasma

fibrinogen. Anal Chem 2010;82:2029-35.

28. Rugeri L, Levrat A, David JS, Delecroix E, Floccard B, Gros

A, Allaouchiche B, Negrier C. Diagnosis of early coagula-

tion abnormalities in trauma patients by rotation throm-

belastography. J Thromb Haemost 2007;5:289-95.

PREHOSPITAL DETECTION OF COAGULOPATHY

Volume 53, January 2013 Supplement TRANSFUSION 51S


