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Background: Rotational thromboelastometry (ROTEM; TEM International GmbH, Munich,
Germany) is a global coagulation test that guides evidence-based platelet transfusion in
trauma patients. We evaluated ROTEM parameters for predicting mid-term (five days)
platelet transfusion in trauma patients.

Methods: Maximum clot firmness and clot amplitudes after 5, 10, and 15 mins (A5, A10,
and A15, respectively) of fibrin-specific ROTEM (FIBTEM) and extrinsically activated ROTEM
(EXTEM) were retrospectively collected from 82 hospitalized, stable, non-bleeding trauma
patients after successful initial resuscitation. Platelet-specific ROTEM (PLTEM) was calcu-
lated by subtracting FIBTEM from EXTEM. Platelet transfusions were reviewed for five days
after ROTEM.

Results: The areas under the curve for FIBTEM, EXTEM, and PLTEM predicting platelet
concentrate transfusion of >12 U at mid-term were 0.915-0.923, 0.878-0.896, and
0.551-0.735, respectively. FIBTEM and EXTEM parameters were comparable to those of
fibrinogen, fibrin/fibrinogen degradation products, D-dimer, and antithrombin Ill. Strong
correlations (r>0.7) were noted between platelet count and EXTEM (A5, A10, and A15) or
PLTEM (Ab), platelet function (per platelet count) and EXTEM (A10 and A15), and fibrino-
gen levels and all FIBTEM parameters.

Conclusions: FIBTEM and EXTEM can reliably predict mid-term platelet transfusion in
trauma patients. FIBTEM, EXTEM, and PLTEM parameters correlate with conventional co-
agulation tests (platelets and fibrinogen).
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trauma patients without bleeding after initial resuscitation re-

quiring massive transfusion. The importance of patient blood

Trauma patients are critical patients who need massive transfu-
sions initially to prevent shock [1]. For trauma patients, quick
decisions regarding transfusions are paramount [2]. Laboratory
tests are essential for evidence-based care, especially for stable

management is further highlighted with the emergence of new
infectious diseases and an increasingly aging population [3-6].
In times of blood shortage, platelet products are the most diffi-
cult to manage because of their short shelf-life (five days). Donor
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recruitment, especially for apheresis- or whole blood-derived
platelets, is encouraged [6, 7]. In this context, predicting the
mid-term (five days) requirements for platelet transfusion may
be beneficial for the evidence-based care of trauma patients
and for appropriately allocating limited healthcare resources.

A platelet count with a cutoff between 50 and 100 x 10%/L is
an indication of platelet transfusion in trauma patients [1, 2, 8,
9]. A more stringent cutoff is recommended in patients with
traumatic brain injury [10]. As a sole marker in trauma patients,
the platelet count may be limited in indicating transfusion [11-
14]. According to the recent cell-based coagulation model [15],
comprehensive evaluation of multiple components (platelets,
red blood cells, and plasma coagulation factors) may account
for one hemostatic state (e.g., platelet insufficiency) [13, 16,
17]. As a complementary method to conventional coagulation
tests, viscoelastic tests, including thromboelastography (Hae-
monetics Corp., Braintree, MA, USA) and rotational thromboelas-
tometry (ROTEM; TEM International GmbH, Munich, Germany),
are global coagulation tests that provide more detailed informa-
tion about clot formation and lysis [18]. The use of citrated
whole blood allows multiple coagulation components to be eval-
uated simultaneously. With individualized goal-directed therapy,
most studies using viscoelastic tests have reported an associa-
tion between detection and the risk of coagulopathy [19-21] and
the prediction of massive transfusion and mortality [21]. Studies
on ROTEM parameters related to platelet transfusion are limited.
A few studies have shown that the use of ROTEM could be help-
ful in the prevention of unnecessary platelet transfusion and a

- Clinical information: sex, age and DIC

- Coagulation test: Hb, Hct, platelet counts,
PFA-100 (collagen/epinephrine) closure time, PT,
aPTT, fibrinogen, FDPs, D-dimer, antithrombin llI,

- ROTEM test: EXTEM, FIBTEM

- 24 hr transfusion requirements
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reduction in related transfusion reactions and hospital costs
[22, 23].

We evaluated ROTEM parameters for predicting mid-term
platelet transfusion in hospitalized trauma patients. We also
compared ROTEM parameters with those of conventional coagu-
lation tests.

MATERIALS AND METHODS

Patients and data collection

The clinical and laboratory data of patients admitted to the
Trauma Center of Chonnam National University Hospital (CNUH),
Gwangju, Korea, who underwent ROTEM testing from June 2021
to November 2022 were retrospectively reviewed. Patients aged
<18 yrs and those who died or received blood transfusion due
to surgery within five days after ROTEM testing were excluded. In
total, 82 trauma patients were included. Clinical data (sex, age,
disseminated intravascular coagulation [DIC], date of surgery,
and 24-hr transfusion requirements) were collected at the time
of conventional coagulation and ROTEM testing (Fig. 1). DIC was
defined according to the International Society on Thrombosis
and Hemostasis scoring system; a score of five or more was
considered to indicate overt DIC [24].

Platelet transfusion was determined using the following cutoffs:
50 x 10%/L for suspected ongoing bleeding or DIC [25]; 30 x 10°/L
for minor procedures (central line insertion or radiological inter-
vention) [26]; and 20 x 10°/L when a continuous decrease in
platelet count was expected. In patients with traumatic brain in-

Fig. 1. Data collection of clinical infor-
mation, laboratory results, and trans-

(—

D5 fusion requirements in this study.
Abbreviations: DIC, disseminated intravas-
cular coagulation; PFA-100, Platelet Func-
tion Analyzer-100; PT, prothrombin time;

A 4

aPTT, activated partial thromboplastin time;
FDPs, fibrin/fibrinogen degradation prod-
ucts; ROTEM, rotational thromboelastome-

Platelet transfusion requirements
(one apheresis platelet was considered as six PCs)

try; EXTEM, extrinsically activated ROTEM;
FIBTEM, fibrin-specific ROTEM; DO, day O;
D1, day 1; D5, day 5; PCs, platelet concen-
trates.
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jury, the target platelet count was set between 70 and 100 x
10°%/L according to intracranial hemorrhage and antiplatelet
medication history [10]. From the time of conventional coagula-
tion and ROTEM testing, the numbers of transfused platelet con-
centrates (PCs) and apheresis platelets over the mid-term were
reviewed. One apheresis platelet was considered to be six PCs
[8].

To compare platelet and non-platelet transfusion over the mid-
term, we classified 82 trauma patients based on platelet trans-
fusion for five days from the time of conventional coagulation
and ROTEM testing as follows: group A (non-platelet transfusion
for mid-term) and group B (platelet transfusion for mid-term).
This study was approved by the Institutional Review Board of
CNUH, Gwangju, Korea (CNUH-2022-010) and was conducted in
accordance with the Declaration of Helsinki.

Conventional coagulation and ROTEM test parameters
Conventional coagulation tests were performed at the Central
Laboratory of CNUH using automated complete blood count an-
alyzers XN-1000 (Sysmex, Kobe, Japan), XE-2100 (Sysmex),
DxH-800 (Beckman Coulter, Brea, CA, USA), or DxH-900 (Beck-
man Coulter) for Hb, Hct, and platelet counts; Platelet Function
Analyzer (PFA)-100 (Siemens, Deerfield, IL, USA) for platelet
function tests with collagen/epinephrine; and automated coagu-
lation analyzers CS-5100 (Sysmex) or CN-6000 (Sysmex) for pro-
thrombin time (PT), activated partial thromboplastin time (aPTT),
fibrinogen, fibrin/fibrinogen degradation products (FDPs), D-di-
mer, and antithrombin Ill.

ROTEM was performed at the discretion of the clinician, after
massive transfusion, as a point-of-care test at the Trauma Inten-
sive Care Unit of CNUH. Clot amplitudes after 5 (A5), 10 (A10),
and 15 (A15) mins of extrinsically activated ROTEM (EXTEM) and
fibrin-specific ROTEM (FIBTEM) were collected. The maximum
clot firmness (MCF) after EXTEM and FIBTEM was also reviewed.
Platelet-specific ROTEM (PLTEM) was calculated by subtracting
FIBTEM from EXTEM [27].

Statistical analysis

Continuous variables between groups A and B were compared
using the Wilcoxon rank-sum test or Student’s t-test according to
the Shapiro-Wilk normality test and F-test. Categorical variables
were compared using Fisher’s exact test. ROC analysis was per-
formed using conventional coagulation and ROTEM tests to pre-
dict PC transfusion of >12 U for the mid-term. The optimal cut-
off was determined by maximizing the Youden index (sensitivity+
specificity—1). The sensitivity, specificity, positive predictive
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value, and negative predictive value were calculated. DeLong’s
test was used to compare the area under the curve (AUC) [28].
For the correlation analysis between conventional coagulation
and ROTEM tests, the Pearson correlation coefficient (r) was cal-
culated. The absolute value of r was interpreted as follows:
0.00-0.30, weak correlation; 0.30-0.70, moderate correlation;
0.70-1.00, strong correlation [29]. In the correlation analysis, the
PFA-100 in patients with thrombocytosis (platelet count >450
x 10%/L) was excluded. All statistical analyses were conducted
using RStudio (version 2022.7.1.554; RStudio Inc., Boston, MA,
USA). A P<0.05 was considered statistically significant.

RESULTS

The clinical characteristics, 24-hr transfusion requirements, and
conventional coagulation and ROTEM test results are shown in
Table 1. The mean number of transfused PC units within the
mid-term was 17.5 in group B. There were no significant differ-
ences in age, sex, or DIC between groups A and B. Twenty-four
(29.3%) and 48 (58.5%) ROTEM tests were performed pre- and
postoperatively, respectively, with no significant differences be-
tween the groups. The 24-hr transfusion requirements for
packed red blood cells (PRCs) and fresh frozen plasma (FFP)
were significantly higher in group B. Based on the conventional
coagulation test, platelet count, PFA-100 (collagen/epinephrine)
closure time, PT, aPTT, fibrinogen, FDPs, D-dimer, and antithrom-
bin Il were significantly different between groups A and B. In the
ROTEM test, EXTEM and FIBTEM clot amplitudes were signifi-
cantly lower in group B than in group A (P<0.001). In the PLTEM
test, the values at A5, A10, and A15 were significantly lower in
group B than in group A (P<0.001, <0.01, and <0.05, respec-
tively). MCF was also lower in group B than in group A, although
the difference was not significant.

Fig. 2 shows the performance of each ROTEM parameter and
the conventional coagulation test in predicting mid-term PC
transfusion. The AUCs for FIBTEM, EXTEM, and PLTEM predict-
ing PC transfusion of >12 U for the mid-term were 0.915-
0.923, 0.878-0.896, and 0.551-0.735, respectively. The cut-
offs of FIBTEM, EXTEM, and PLTEM for A5 were <15, <35, and
<19 mm, respectively (Supplemental Data Table S1). In the
conventional coagulation test, the AUCs for fibrinogen, FDPs, D-
dimer, and antithrombin Il predicting PC transfusion of >12 U
for the mid-term were >0.8, with cutoffs of <249.3 mg/dL,
>89.6 pg/mL, >22.74 mg/L fibrinogen equivalent units, and
<67%, respectively. In predicting mid-term platelet transfusion,
FIBTEM, EXTEM, and PLTEM (A5) parameters were comparable

https://doi.org/10.3343/alm.2024.44.1.74
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Table 1. Clinical characteristics, 24-hr transfusion requirements, and conventional coagulation and ROTEM test results between groups

Variable Group A: No platelet transfusion for mid-term Group B: Platelet transfusion for mid-term p
(N=51) (N=31)
Male sex, N (%) 33(64.7) 23(74.2) 0.466
Age, yrs 58.7419.7 66.5+15.4 0.142
DIC, N (%) 1(2.0) 4(12.9) 0.065
ROTEM, N (%)
Preoperative ROTEM test 19 (37.3) 5(16.1) 0.074
Postoperative ROTEM test 30(58.8) 18 (58.1) 1.000
Previous 24-hr transfusion requirements
RBC, unit 05+1.0 32138 <0.001
FFP, unit 03+1.0 22129 <0.001
PC, unit 09131 25140 0.022
Conventional coagulation test
Hb, g/dL 10.1+1.6 95121 0.136
Het, % 303149 28.046.0 0.056
Platelet count, x 10%/L 273.8+267.2 84.1+519 <0.001
PFA-100 (collagen/epinephrine), sec 136.6+57.8 181.4+67.0 0.006
PT, sec 141+6.1 154+6.2 0.011
aPTT, sec 29.616.9 3704279 0.038
Fibrinogen, mg/dL 466.4+182.3 231.9+156.2 <0.001
FDPs, ug/mL 244+£31.3 1235+164.4 0.003
D-dimer, mg/L 82178 19.8+14.0 <0.001
Antithrombin I1l, % 90.4+24.5 741+21.8 0.009
EXTEM parameters
A5, mm 4961139 29.1+10.3 <0.001
A10, mm 59.0£12.5 3861121 <0.001
A15, mm 62.6+114 4331124 <0.001
MCF, mm 65.7+10.2 49.1+12.1 <0.001
FIBTEM parameters
A5, mm 2374117 10.2+6.0 <0.001
A10, mm 256+13.0 112165 <0.001
A15, mm 2654132 11.8+7.0 <0.001
MCF, mm 274+134 125479 <0.001
PLTEM parameters*
A5, mm 259474 189165 <0.001
A10, mm 334476 275+8.0 0.001
A15, mm 361178 315481 0.014
MCF, mm 382481 36.6+7.6 0.371

Data are expressed as number (%) or mean +SD.

*PLTEM was calculated by subtracting FIBTEM from EXTEM.

Abbreviations: ROTEM, rotational thromboelastometry; DIC, disseminated intravascular coagulation; PRC, packed red blood cell; FFP, fresh frozen plasma;
PFA-100, Platelet Function Analyzer-100; PT, prothrombin time; aPTT, activated partial thromboplastin time; FDPs, fibrin/fibrinogen degradation products; EX-
TEM, extrinsically activated ROTEM; A(N), clot amplitude after N mins; MCF, maximum amplitude/clot firmness; FIBTEM, fibrin-specific ROTEM; PLTEM, plate-
let-specific ROTEM.
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to those of fibrinogen, FDPs, D-dimer, and antithrombin IIl.
Among ROTEM parameters, only PLTEM had significantly differ-
ent AUCs between early (A5) and later (MCF) parameters for pre-
dicting mid-term platelet transfusions (P < 0.001).

Correlation analysis of the clot amplitude parameters of the
conventional coagulation and ROTEM tests revealed a strong
correlation between EXTEM (A5, A10, and A15) and platelet
count (r=0.704 to 0.781), EXTEM (A10 and A15), and PFA-100
(collagen and epinephrine) closure time (per platelet count) (r=
—0.712 to —-0.701), and all FIBTEM parameters and fibrinogen
levels (r=0.718 to 0.746) (Table 2 and Supplemental Data Fig.
S1). Early parameters (EXTEM and PLTEM at A5, A10, and A15)
showed a stronger correlation with platelet count than the later
parameter (MCF). Conversely, the later parameter (EXTEM and
FIBTEM [MCF]) showed a stronger correlation with fibrinogen
levels than the early parameters (A5, A10, and A15).

DISCUSSION

Using ROTEM results of 82 hospitalized trauma patients, we
demonstrated the reliability of clot amplitude parameters in pre-
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dicting mid-term platelet transfusion. FIBTEM, EXTEM, and
PLTEM (A5) parameters were comparable to those of fibrinogen,
FDPs, D-dimer, and antithrombin Ill. EXTEM (A5, A10, and A15)
and PLTEM (A5) parameters were highly correlated with platelet
count. All FIBTEM parameters were highly correlated with fibrino-
gen levels. EXTEM (A10 and A15) parameters were highly corre-
lated with platelet function (per platelet count).

This is the first study to predict mid-term platelet transfusion
using ROTEM parameters. With the blood shortage owing to the
recent pandemic, the importance of predicting transfusion has
increased, particularly for platelet transfusion due to the short
shelf-life (five days) [3, 4, 6, 30]. The prediction of mid-term
transfusion is difficult because transfusion depends on the co-
agulation state of the patient. To address this issue, we selected
a stable study population hospitalized after successful initial re-
suscitation. Patients who died within the mid-term period or who
received transfusion during surgery were excluded. In contrast
to unstable trauma patients who require rapid resuscitation with
massive transfusion [1], there are few guidelines for mid-term
platelet transfusion in stable non-bleeding trauma patients after
successful initial resuscitation [31]. Most PCs of 497 U (95.0%)

https://doi.org/10.3343/alm.2024.44.1.74
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Table 2. Pearson’s correlation coefficients between the clot amplitude parameters of ROTEM and conventional coagulation tests

PFA-100 (collagen/epinephrine)

ROTEM parameters Hils e closure time per platelet count Fibrinogen
r 95% Cl r 95% Cl r 95% Cl

EXTEM parameters

Abex 0.781 0.672; 0.856 -0.688 -0.802; -0.526 0.573 0.391;0.712

A10ex 0.733 0.606; 0.824 -0.701 -0.810; -0.543 0.603 0.429;0.734

A15ex 0.704 0.567; 0.803 -0.712 -0.818; -0.559 0.612 0.440; 0.740

MCFex 0.667 0.517;0.777 -0.695 -0.806; -0.535 0.626 0.459; 0.751
FIBTEM parameters

Abfib 0.719 0.583; 0.816

A10fib 0.718 0.581; 0.815

A15fib 0.725 0.590; 0.820

MCFfib 0.746 0.620; 0.835
PLTEM parameters

Abplt 0.757 0.640; 0.841 -0.608 -0.747;-0.419

A10plt 0.661 0.509; 0.772 -0.606 -0.745; -0.416

Albplt 0.583 0.409; 0.716 -0.577 -0.725; -0.379

MCFplt 0.490 0.295; 0.646 -0.475 -0.651; -0.252

Abbreviations: ROTEM, rotational thromboelastometry; Cl, confidence interval; PFA-100, Platelet Function Analyzer-100. See Table 1 for the abbreviations re-

lated to ROTEM parameters and the conventional coagulation tests.

were transfused at mid-term for preventive purposes (Supple-
mental Data Table S2). A low platelet count (or a tendency to-
ward a decreased platelet count) and intracranial hemorrhage
or antiplatelet medication history were the most common indica-
tions for preventive platelet transfusions. The target platelet
count was set to 50, 80, or 100 x 10%/L, according to the clinical
state of the patient [10]. Clinicians primarily consider bleeding
risk and clinical condition when deciding on preventive platelet
transfusions for stable trauma patients. Our results may help to
guide evidence-based decisions on mid-term platelet transfu-
sion in stable non-bleeding trauma patients after comprehen-
sively evaluating the coagulation status using ROTEM.

Most studies using ROTEM reported an association between
thrombocytopenia and the prediction of massive platelet trans-
fusion [21]. However, studies on ROTEM parameters directly re-
lated to platelet transfusion are limited. Decreased clot ampli-
tudes in viscoelastic tests are associated with thrombocytopenia
[27, 32] and transfusion, including other blood products [33,
34]. In this study, decreased FIBTEM clot amplitudes were espe-
cially good predictors of mid-term platelet transfusion (AUCs
>0.9). Clot amplitude reflects clot strength based on fibrin for-
mation [18]. The performance of FIBTEM parameters in predict-
ing mid-term platelet transfusion was comparable with that of

https://doi.org/10.3343/alm .2024.44.1.74

low fibrinogen levels, increased FDP and D-dimer levels, and de-
creased antithrombin Il levels. Fibrinogen plays a critical role in
clot formation and platelet aggregation during hemostasis [35,
36]. Fibrinogen depletion is observed in trauma-induced coagu-
lopathy and supplementation is recommended when it reaches
a specific level [1]. In coagulopathy, when PRC and FFP transfu-
sion for the mid-term were compared between groups A and B,
more units of PRC and FFP were transfused in group B than in
group A (Supplemental Data Table S3). A previous study [37] re-
ported that timely and aggressive ROTEM-guided correction of
coagulopathy—including fibrinogen concentrate-based therapy,
which contributes to fibrin clot firmness—can reduce the num-
ber of platelet transfusions. Because impaired clot formation
due to platelet insufficiency can be compensated for by fibrino-
gen supplementation [38], fibrinogen depletion also increases
the number of platelet transfusions, especially during the mid-
term, as shown in this study.

In contrast, decreased EXTEM clot amplitudes, in addition to
low platelet counts and platelet dysfunction, were good predic-
tors of platelet transfusion within 24 hrs (Supplemental Data Ta-
ble S4). As the sole marker in trauma patients, platelet count
may be limited in predicting transfusion because the decrease
in peripheral blood platelet count may be delayed during early
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traumatic coagulopathy [11, 12]. Platelet dysfunction and in-
creased platelet consumption were observed in patients at risk
for early traumatic coagulopathy and in patients with platelet re-
fractoriness, respectively [13, 14]. These conditions may in-
crease the need for additional platelet transfusions. In addition
to low platelet counts, numerical or functional platelet and fi-
brinogen defects, possibly detected by ROTEM, are also associ-
ated with platelet transfusion in trauma patients.

Among ROTEM parameters, clot amplitude reflects the
FIBTEM clot strength based on fibrin formation and reflects the
EXTEM platelet count, platelet function, and fibrin formation
[18]. To guide platelet transfusion in trauma patients using
ROTEM, previous studies proposed algorithms with arbitrary cut-
offs using a combination of EXTEM and FIBTEM clot amplitudes
(A5: <35 [EXTEM] and >9 mm [FIBTEM]; A10: <40 or 45 [EX-
TEM] and =10 or 12 mm [FIBTEM]) [18, 39, 40]. Similarly, we
used PLTEM, which was calculated by subtracting FIBTEM clot
amplitudes from those of EXTEM. Early PLTEM parameters (A5,
A10, and A15) showed moderate to strong correlations with
platelet count or platelet function (per platelet count), whereas
the later PLTEM parameter (MCF) showed only a moderate cor-
relation with conventional coagulation tests. This dependence
on the measurement time in PLTEM is consistent with the re-
sults of other studies [27, 41]. In ROC analysis, the performance
of PLTEM parameters showed significant differences between
A5 (AUC: 0.735) and MCF (AUC: 0.551). In contrast, EXTEM and
FIBTEM showed no significant differences in the time depen-
dence in predicting platelet transfusion. In this study, MCF was
determined by the mean of 30.3 mins for EXTEM (range: 11.1-
51.7 mins) and 23.9 mins for FIBTEM (range: 2.4-52.4 mins).
The better performance of the early PLTEM parameters is ad-
vantageous.

Although this was a single-center retrospective study with a
small sample size, our results in well-defined patients support
the use of ROTEM in predicting mid-term platelet transfusion in
hospitalized trauma patients after successful initial resuscita-
tion. One limitation is that the results can only be applied to sta-
ble trauma patients and not to all trauma patients due to the se-
lected population for this study. Larger prospective randomized
studies are required to confirm our results.

In conclusion, EXTEM and FIBTEM reliably predicted mid-term
platelet transfusion in stable non-bleeding trauma patients after
successful initial resuscitation. Low clot amplitudes for EXTEM,
FIBTEM, and early PLTEM parameters, which mainly reflect fi-
brinogen or platelet defects, are good predictors of mid-term
platelet transfusion. EXTEM, FIBTEM, and PLTEM parameters
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correlated with conventional coagulation tests (platelets and fi-
brinogen).

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.
org/10.3343/alm.2024.44.1.74
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