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Abstract

Background Hemorrhage is the leading cause of preventable death in pediatric trauma patients. In adults, goal-directed
thrombelastography (TEG) has been shown to reduce mortality when used to guide massive transfusion (MT) resuscitation.
There remains a paucity of data on the utility of TEG in directing resuscitation of pediatric trauma patients. We hypothesize
that abnormalities on admission TEG will differ in pediatric trauma patients who undergo MT, compared to those who do not.
Methods Pediatric patients (< 18 years) who were highest level trauma activations at two trauma centers from 2015 to 2018
were analyzed. We included patients who had admission TEGs and excluded those who did not. Patients were stratified
into two groups: those who received MT (>40 cc/kg total blood product within 6 h of admission) and those who did not.
We defined TEG abnormalities based on each institution’s normative values and compared TEG abnormalities between the
groups.

Results Of 117 children included, 39 had MT. MT patients had higher injury severity scores (30 vs. 23, p=0.0004), lactates
levels (7.0 vs. 3.5, p<0.001), base deficit levels (— 12.2 vs. —5.8, p<0.001), and INR values (1.8 vs. 1.3, p<0.001). MT
patients had significantly shortened alpha-angles (35.9% vs. 15.4%, p =0.023), maximum amplitude (MA) values (43.6% vs.
10.3%, p<0.001), and significantly lower platelet counts (165 vs. 281, p <0.001) compared to those who did not receive MT.
There was no difference in the trends in R-time, LY 30 (lysis or shutdown), or fibrinogen concentration between the groups.
Logistic regression identified a decreased MA as a significant predictor for MT [OR 3.68 (CI 1.29-10.52)]

Conclusions Pediatric trauma patients who undergo MT are more likely to have lower alpha-angles and MA values, as well
as lower platelet counts. These findings support the use of TEG to identify hemorrhaging pediatric trauma patients, who may
benefit from cryoprecipitate and/or platelet transfusions. TEG provides real-time information on coagulation status, which
may expedite the delivery of specific blood products during trauma resuscitation.

Level of evidence: Level lll Type of study: Retrospective comparative study.

Keywords Trauma-induced coagulopathy - Pediatric trauma - Thrombelastography - TEG - Goal-directed hemostatic
resuscitation
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Introduction

Trauma accounts for one million pediatric deaths glob-
ally each year, with over eighty percent of all preventable
deaths associated with hemorrhage [1]. Pediatric trauma
patients who require massive transfusion (MT) have a
mortality rate of over 40%, yet few studies aim to optimize
care for these children [2, 3]. Following publication of
adult data, there has been a gradual shift led by pediatric
trauma centers in the U.S., to restrict crystalloid admin-
istration and deliver early balanced blood product resus-
citation for children with evidence of hemorrhagic shock
[4]. Recent data from a multicenter civilian retrospective
analysis on pediatric patients-receiving transfusion vol-
umes of > 20 mL/kg of pRBC found a survival benefit with
more balanced blood product ratios [5].

It is important to recognize ongoing hemorrhage due
to trauma-induced coagulopathy, because up to 60% of
children have evidence of trauma-induced coagulopathy
on admission [6—8]. Traditionally, the degree of coagu-
lopathy is quantified by conventional coagulation tests
(CCTs), such as prothrombin time (PT), international nor-
malized ratio (INR), partial thromboplastin time (PTT).
Unfortunately, CCTs inadequately characterize the extent
of coagulopathy in severe trauma [9]. On the other hand,
there is a randomized control trial and emerging military
evidence in the adult literature that goal-directed transfu-
sions based on viscoelastic assays of hemostasis, such as
thrombelastography (TEG) not only improves survival but
reduces waste of blood product components [10, 11]. The
evidence for the use of viscoelastic assays [TEG or rota-
tional thromboelastometry (ROTEM)] is strong enough
that the American College of Surgeons (ACS) Trauma
Quality Improvement Program now recommends the use
of viscoelastic assays, if available, to guide resuscitation
for adult patients at risk for massive hemorrhage following
trauma [12].

TEG is a viscoelastic point-of-care test of whole blood
global hemostasis that measures the rapidity and strength
of blood clot formation followed by its degradation by
fibrinolysis [7, 8]. TEG provides data from initiation of
clot formation via platelet—fibrin interaction (demonstrated
by the R-time), through platelet aggregation and clot
strengthening (demonstrated by the alpha-angle), to the
maximal clot strength (maximal amplitude) [9]. The clini-
cal treatments of coagulopathy demonstrated by abnor-
malities in these values is generally accepted as: a pro-
longed R-time is treated with fresh frozen plasma (FFP), a
decreased alpha-angle is treated with cryoprecipitate, and
a low MA is treated with platelet transfusion.

Although goal-directed TEG has been shown to reduce
mortality in adult trauma patients [13], there remains a
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paucity of data on TEG’s utility in directing resuscita-
tion of pediatric trauma patients. We hypothesize that
abnormalities on admission TEG will differ in pediatric
trauma patients who undergo MT, compared to those who
do not. Such differences may have clinical implications
for guiding activation of MT among the pediatric trauma
population.

Methods
Study setting

The local Institutional Review Board approved this study.
The two study centers involved are an ACS verified Level 1
pediatric trauma center (PTC), and an ACS verified Level
IT PTC. The study was conducted from January 2015 to
December 2018. Pediatric patients (< 18-years old) who
met the highest-level trauma activation criteria and had a
TEG within two hours of arrival were included. Exclusion
criteria included blood product transfusion before arrival,
lack of coagulation studies within two hours after arrival,
and burn injuries.

Data collection

Two prospectively maintained trauma registries were used
to identify all patients < 18-years old, who had an admis-
sion TEG or r-TEG. The following demographic data points
were extracted from the registries: age, weight, gender,
mechanism of injury (blunt vs. penetrating), Glasgow Coma
Scale (GCS), and Injury Severity Score (ISS). Emergency
department (ED) vital signs and admission laboratory val-
ues were also collected. All included injured patients had
CCTs [defined as PT, INR, PTT, platelet count, D-dimer,
and fibrinogen] and other laboratory values [lactate and base
deficit (BD)].

The primary aim of the study was to identify and com-
pare TEG abnormalities between those who had activation
of a MT versus those who did not (non-MT group). MT was
defined as 40 cc/kg of total blood products within the first
six hours of arrival to either PTC or its activation was at the
discretion of the physician at the time of trauma based on
predicted volume loss and other clinical parameters inde-
pendent of TEG results. [2]. Secondary aims were to com-
pare the total number of ventilator days, intensive care unit
(ICU) length of stay (LOS), hospital LOS, and mortality.

TEG processing
The ACS verified Level I PTC utilizes kaolin TEG (k-TEG).

Whole blood specimens are obtained during the primary or
secondary survey at the request of the trauma team leader.
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The clinical laboratory at this institution utilizes a TEG 5000
analyzer (Haemonetics Corp, Braintree, Massachusetts). The
k-TEG parameters collected for each subject included the
R-time, alpha-angle, maximum amplitude (MA), and per-
cent clot lysis 30 min after MA is achieved (LY30). Institu-
tional normative values for the k-TEG are R-time of 4-9 min,
alpha-angle of 59-74 degrees, MA of 55-74 mm, and LY30
of 0.9-3%. The significance of each parameter has been
described previously [14].

The ACS verified Level II PTC utilizes rapid TEG
(r-TEG). This site also uses a TEG-5000 Analyzer (Hae-
monetics Corp, Braintree, Massachusetts). Whole blood is
collected in vacuum tubes with citrate added to prevent clot-
ting before analysis. This assay adds tissue factor plus kao-
lin reagents to the whole blood sample immediately before
test initiation to expedite the results. R-TEG yields the fol-
lowing variables: activated clotting time (ACT), R-value,
alpha-angle, MA, and LY30. The significance of each r-TEG
parameter has also been previously described [6, 8, 9].

At both PTC, TEG is utilized over ROTEM given its
availability. TEG values are available quickly. Results for
k-TEG can be viewed in real-time electronically in the
trauma bay, but full results take approximately 45 min.
Results for r-TEG, such as ACT, K-time and R-time are
available within minutes. Full results can take as quick as
15 min depending on how quickly a patient is clotting. How-
ever, neither institutions have guidelines in place for the acti-
vation of MT based on TEG values.

Statistical analysis

Patients were stratified into two groups for comparison:
those who had activation of MT and those who did not (non-
MT group). We defined TEG abnormalities based on each
institution’s normative values and compared TEG abnormal-
ities between the groups. Data are reported as frequencies
and percentages, means and standard deviations, or medians
and interquartile range (IQR) depending on their distribu-
tion. Univariate testing was performed with Student’s t tests.

Correlation of k-TEG and r-TEG values with relevant
coagulation tests were assessed using Pearson’s correlation
coefficients. ACT, R-time, and alpha-angle were correlated
with PT, INR, and PTT. Next, alpha-angle and MA were
correlated with fibrinogen concentration and platelet counts
using Pearson’s correlation coefficients. A logistic regres-
sion model was performed to determine if any significantly
abnormal k-TEG or r-TEG values were predictors of the
need for MT. Alpha-angle and MA were dichotomized as
abnormal and normal based on their respective institutional
normative values. The variables included in the final logistic
regression analyses were age, GCS, alpha-angle, and MA.
Significance was set at p < 0.05 for all analyses. R version
3.6.1 software (R Foundation for Statistical Computing,

Vienna, Austria, http://www.R-project.org/) was utilized
for data cleaning, analysis, and visualization.

Results
Patient admission characteristics

A total of 117 patients met highest level of trauma acti-
vation criteria and had a k-TEG or r-TEG result within
the first two hours of presentation to either PTC. Thirty-
nine patients had MT. In the non-MT group, 40% (31/78)
received at least one blood product transfusion. The base-
line demographics and injury characteristics are shown
in Table 1. Patients who received MT were significantly
younger (12.4 vs. 14.9-years old, p=0.016) and weighed
less (50 vs. 63 kg, p=0.013). We did not find a difference

Table 1 Demographic, injury, and outcome data by massive transfu-
sion status

Massive No massive p-value

transfusion transfusion

(n=39) (n=178)
Weight (kg) 50.1 (28.8) 63.7 (26.4) 0.013
Age, years 12.4 (7.3) 14.9 (3.9) 0.016
Male, n (%) 31 (79.5%) 61 (78.2%) 1.000
Blunt mechanism, n (%) 21 (53.8%) 43 (55.1%) 1.000
1SS 30.0 (13.3) 20.0 (16.6) 0.001
SIPA 1.4(0.7) 0.95 (0.3) 0.001
GCS 8.7(5.7) 11.3(5.2) 0.014
Admission laboratory values
INR 1.8 (0.8) 1.3 (0.32) <0.001
PT 20.8 (6.0) 16.1 (2.8) <0.001
Abnormal, n (%) 36 (94.7%) 42 (54.5%) <0.001
PTT 59.9 (49.7) 29.8 (8.7) <0.001
Abnormal, n (%) 20 (51.3%) 18 (23.4%) 0.002
Lactate 7.0 (4.9) 3529 <0.001
Base deficit -12.2(694) -58(4.1) <0.001
Platelet count 165.6 (107.22) 281.9 (107.36) <0.001
Fibrinogen 170.0 (152.7)  227.5(80.9) 0.203
Clinical outcomes
Ventilator, days 5.9 (7.4) 2.5(5.1) 0.004
Intensive care unit stay,  10.3 (11.6) 4.1(6.7) <0.001

days
Hospital length of stay, 16.9 (15.6) 8.8 (11.2) 0.001
days

Mortality, n (%) 7(17.9%) 7 (9.0%) 0.268

Bold values indicate statistical significance

kg kilograms, ISS injury severity score, SIPA age-adjusted shock
index, GCS Glasgow coma score, INR international normalized ratio

Continuous variables presented as mean (standard deviation), Cate-
gorical values presented as frequency (percentage)
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in gender (79% vs. 78% male) or mechanism of injury
(54% vs. 55% blunt injury). Pediatric trauma patients who
underwent MT had higher ISS (30 vs. 20, p=0.001) and
a lower GCS (8.7 vs. 11.3, p=0.014).

Admission INR values (1.8 vs. 1.3, p<0.001) and lactate
levels (7.0 vs. 3.5, p<0.001) were significantly higher in
patients who received MT. In addition, BD levels (—12.2
vs. —5.8, p<0.001) values were significantly greater in non-
MT patients. Those who received MT had significantly lower
platelet counts (165 vs. 281, p<0.001) on admission, but no
statistical difference was seen in their admission fibrinogen
concentration (227 vs. 170, p=0.203). A breakdown of the
clinical outcomes is shown in Table 1. The overall mortality
rate was 12%, with no significant difference between the MT
and non-MT cohorts (17.9% vs. 9.0%, p=0.268).

TEG abnormalities in those who received MT (n=39)

Out of a total of 39 patients who underwent MT, 23 (59%)
were treated at hospital I (k-TEG) and 16 (41%) were
treated at hospital II (r-TEG). In the MT cohort, 48%
(11/23) of patients had a k-TEG alpha-angle <59 and 19%
had a r-TEG alpha-angle < 65. There were 43% (10/23)
with a K-TEG MA <55 and 43% (7/16) with a r-TEG < 55.
A summary of the percentage of abnormal TEG values
for each center is shown in Table 2. Moreover, a break-
down of the median arrival k-TEG and r-TEG values for
the MT cohort are shown in Table 3.

TEG abnormalities in those in the non-MT cohort
(n=78)

Out of a total of 78 patients in the non-MT cohort, 19 (24%)
were treated at hospital I (k-TEG) and remainder were
treated at hospital II (r-TEG). Table 3 has a breakdown of
this cohort’s median arrival k-TEG and r-TEG values. A
summary of the percentage of abnormal TEG values for
each center is shown in Table 2 and the abnormal values for
this cohort are shown in Table 4.

Correlation between TEG/r-TEG and CCTs

We found a weak correlation between ACT with PT (r=0.04,
p=0.720), INR (r=0.03, p=0.810), and PTT (r=0.06,
p=0.589). There was a moderate correlation between R-time
with PT (r=0.33, p<0.001), INR (r=0.36, p<0.001), and
PTT (r=0.48, p<0.001). Similar to R-time and CCTs,
we also found a moderate negative correlation between
alpha-angle with PT (r=—0.45, p <0.001INR (r= —0.45,
p<0.001), and PTT (r= —0.45, p<0.001). In addition, there
was a weak correlation between the platelet count with alpha-
angle (r=0.25, p=0.007) and MA (r=0.19, p=0.042).

Combined percentage of TEG abnormalities
between those who received MT vs non-MT

All TEG values were dichotomized as abnormal and nor-
mal based on their respective institutional normative values.

Table2 Abnormal admission TEG parameters in pediatric patients who underwent massive transfusion

Normal k-TEG values

k-TEG cohort (n=23)

Normal r-TEG values r-TEG cohort (n=16)

ACT, s
Elevated NA NA >191s 12 (75.0%)
Decreased NA NA <74s 0 (0.0%)
R-time
Elevated >9 min 5121.7%) > 0.7 min 5(31.3%)
Shortened <4 min 4 (17.4%) <0.3 min 1(6.3%)
a-angle, degrees
Elevated >74° 1 (4.3%) >79° 0 (0.0%)
Shortened <59° 11 (36.8%) <65° 3 (19%)
MA, mm
Elevated >74 mm 0 (0.0%) >73 mm 0 (0.0%)
Shortened <55 mm 10 (43.4%) <55 mm 7 (43.7%)
LY30, % of clot lysis
Hyperfibrinolysis >3% 4 (25.0%)* >3% 5(31.2%)
Fibrinolysis shutdown <0.9% 10 (62.5%)* <0.9% 8 (50.0%)

Bold values indicate statistical significance

Data presented as n (%)

16 out of the 23 patients had LY30 values available

TEG thrombelastography, ACT activated clotting time, MA maximum amplitude, LY30, % of clot lysis at 30 min
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Table 3 Baseline TEG values
by massive transfusion status

and hospital location

Normal TEG Values

Massive transfusion (n=239)

No massive transfusion

(n=178)
Median IQR Median IQR

ACT, s

Hospital I NA NA NA NA NA

Hospital 11 74-191's 125 111-136 121 113-128
R-time

Hospital I 4-9 min 52 4.1-7.2 4.6 3.7-6.5

Hospital II 0.3-0.7 min 0.8 0.7-0.9 0.8 0.7-0.8
a-angle

Hospital I 59-74° 62 46.7-64.7 62.7 54.2-66.5

Hospital IT 65-79° 70.1 67.8-73.2 75.3 71.5-77.8
MA

Hospital I 55-74 mm 55.9 42.3-61.4 59.3 56.1-63.7

Hospital IT 55-73 mm 55.1 50.8-58 60.9 57.1-65.7
LY30, % of clot lysis

Hospital I 0.9-3% 0.6 0-3.0 0.75 0.3-1.5

Hospital 11 0.9-3% 1.05 0-4.3 1.6 0.4-3.1

Bold values indicate statistical significance

TEG thrombelastography, NA not applicable, ACT activated clotting time, MA maximum amplitude, LY30,
% of clot lysis at 30 min

Data are presented as median (first and third quartile (IQR))

Table 4 Abnormal admission TEG parameters in pediatric patients who did not undergo massive transfusion

Normal k-TEG k-TEG cohort (n=19) Normal r-TEG values r-TEG cohort (n=59)
values
ACT, s
Elevated NA NA >191s 12 (75.0%)
Decreased NA NA <74s 0 (0.0%)
R-time
Elevated >9 min 4 (21.1%) >0.7 min 11 (18.6%)
Shortened <4 min 7 (36.8%) <0.3 min 1(1.7%)
a-angle, degrees
Elevated >74° 1(5.2%) >79° 2 (3.4%)
Shortened <59° 7 (36.8%) <65° 5(8.4%)
MA, mm
Elevated >74 mm 0 (0.0%) >73 mm 1(1.7%)
Shortened <55 mm 4 (21.1%) <55 mm 4(6.7%)
LY30, % of clot lysis
Hyperfibrinolysis >3% 1(12.5%)* >3% 15 (25.4%)
Fibrinolysis Shutdown <0.9% 5 (62.5%)* <0.9% 23 (38.9%)

Bold values indicate statistical significance

Data presented as n (%)

TEG thrombelastography, ACT activated clotting time, MA maximum amplitude, LY30 % of clot lysis at 30 min

=8 out of the 19 patients had LY30 values available

Then, we combined as a total percent of patients with abnor-
mal and normal TEG values to compare difference between
the MT and the non-MT groups. When combining the total
percentage of abnormal values from both centers, more

MT patients had a lower alpha-angle (35.9% vs. 15.4%,
p=0.023) and MA (43.6% vs. 10.3%, p<0.001). Only one
patient who received MT had an elevated alpha-angle. Fur-
thermore, no patients who received MT had an elevated MA.
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There was no significant difference in percentage of abnor-
mal ACT (at the r-TEG center only) or R-time (combined
percentages) between those who received MT and those who
did not.

Overall, 20 patients (48%) at the k-TEG center did not
have LY30 values available. After excluding those patients,
we did not find a difference in the percentage of pediatric
patients presenting with hyperfibrinolysis or fibrinolysis
shutdown who received MT and those who did not. For the
entire population who had LY30 values, 73% (71/97) pre-
sented with a derangement in the fibrinolysis system (26%
with hyperfibrinolysis and 47% in fibrinolysis shutdown)
(Table 3).

For the logistic regression analysis alpha-angle and MA
were dichotomized as abnormal and normal based on their
respective institutional normative values. After adjusting for
age and GCS, on a univariable logistic regression model,
a decreased MA significantly predicted MT [OR 3.68 (CI
1.29-10.52)] (Table 5).

Discussion

Pediatric trauma patients who undergo MT are more likely
to have lower alpha-angles and MA values on TEG, as
well as lower platelet counts and function. These findings
support the use of TEG in pediatric trauma to help identify
and promptly treat low fibrinogen and abnormal platelet
function. These findings add to the growing body of the
literature regarding the usefulness of TEG to appropri-
ately guide blood product utilization in the management
of severely injured pediatric patients [6, 8]. Moreover,
TEG provides real-time information on coagulation status,
whereas, conventional coagulation studies can take up to
one hour to result. In fact, to speed the flow of coagula-
tion information during trauma resuscitations, both trauma
centers utilize TEG software to view the TEG tracing in
real-time in the trauma bay or the OR, as the sample is
run in the lab.

Table 5 Logistic regression predicting massive transfusion

Predictors Massive transfusion

Odds ratios CI p-values
Age 0.92 0.84-1.02 0.104
GCS 0.94 0.87-1.01 0.112
a-angle 1.02 0.32-3.28 0.970
MA 3.68 1.29-10.52 0.015

Bold values indicate statistical significance

CI confidence interval, GCS Glasgow coma score, MA maximum
amplitude
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Recently, our team developed the ABC-D score, to iden-
tify pediatric patients at risk for MT [2]. We showed that the
addition of abnormal base deficit/lactate to the adult ABC
score improved the sensitivity (>90%) in identifying chil-
dren who will need MT [2]. Considering the results from our
previous work combined with ability to view TEG in real-
time offers potential for the development of a more accu-
rate tool to identify and guide the resuscitation of pediatric
patients who undergo MT.

A recent Cochrane Review showed that TEG-guided
transfusion reduced overall mortality compared to transfu-
sion guided by any method; however, the authors graded
the evidence in pediatric patients as low-quality due to the
small number of eligible studies [15]. Nevertheless, this
review’s results lend credence to other studies, which have
shown that pediatric patients with traumatic coagulopa-
thy are at a higher risk for mortality [16, 17]. A study by
Ryan et al. evaluated coagulation abnormalities in pediat-
ric trauma patients compared to age and gender-matched
controls and found that pediatric trauma patients were
more likely to have increased R-times, K-times, and alpha-
angles [18]. In contrast, our cohort included only patients
who met highest level activation criteria. The patients in
our study were more severely injured and found to have
lower alpha-angles and MA values. Further work is needed
to better understand the spectrum of coagulopathy (from
hypo- to hyper- coagulopathy) in pediatric trauma patients
[19].

The mechanisms underlying the coagulopathy seen in
severely injured children with significant hemorrhage are
poorly defined but include continual thrombin generation,
which leads to platelet dysfunction [20-22]. In addition,
the patients in our study who received MT had lower
fibrinogen concentration on admission. Lower fibrinogen
has been associated with increased transfusion require-
ments, ventilator days, and overall mortality [23]. Fur-
thermore, the lower MA seen in MT patients demonstrates
the inadequacy of platelet function to achieve hemostasis
in these children with significant hemorrhage. Certainly,
some of these patients may demonstrate platelet counts
deemed acceptable during an acute trauma resuscitation,
but the lower MA seen by TEG highlights the important
of adequate platelet resuscitation for dysfunction (and not
simply for platelet count). Others have proposed a concept
of platelet exhaustion in trauma as an etiology of platelet
dysfunction (despite adequate number) [23, 24]. Our work
agrees with this concept of platelet exhaustion. It adds to
a growing body of evidence of TEG’s importance in the
management of pediatric trauma patients, specifically, the
importance of the MA portion of the tracing. Leeper et al.
identified an MA <55 as a trigger for transfusion in pedi-
atric trauma patients [17]. Vogel et al. found MA was inde-
pendently associated with increased mortality in pediatric
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trauma patients [8]. Our current data shows MA indicates
a patient at higher risk for undergoing MT. These studies
collectively support the ACS recommendation to use TEG
in pediatric trauma patients [12]. Unfortunately, only one
in five trauma centers report routinely incorporating point-
of-care TEG’s into their MTP policies [13].

Potential limitations to our study include its retrospec-
tive nature and the small number of patients. There is the
potential for bias because we evaluated TEG in a high-risk
patient population, which consists of the highest-level pedi-
atric trauma activations. Therefore, it is yet unclear if these
results are generalizable to all pediatric trauma patients.
We did not specifically examine the optimal thresholds to
guide hemostatic resuscitation in pediatric trauma patients
using TEG. Furthermore, each institution uses different TEG
devices with slightly different parameters. It is impossible to
compare the impact of the different technologies within the
constructs of a small retrospective study.

We conclude that severely injured pediatric patients
have unique TEG abnormalities upon admission. Specifi-
cally, those who undergo MT are more likely to have lower
alpha-angles and MA values, which suggest they may benefit
from earlier cryoprecipitate or platelet administration. The
need for real-time and ongoing monitoring of these patients’
coagulation status using k-TEG or r-TEG appears to be criti-
cal in reducing the morbidity and mortality of pediatric
trauma patients undergoing MT and warrants prospective
validation.
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