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Background: Coagulopathy (CP) is a modifiable factor linked with secondary brain damage and poor outcome of traumatic
brain injury (TBI). A shift towards goal-directed coagulation management has been observed recently. We in-
vestigated whether rotational thromboelastometry (ROTEM) based management could be successfully imple-
mented in TBI patients and improve outcomes.

Material/Methods: A prospective, case-control study was performed. Adult patients with isolated TBI requiring craniotomy were in-
cluded in this study. All patients underwent standard coagulation tests (SCT). Patients were identified as either
in control group or in case group. Patients in the case group were additionally tested with ROTEM to specify
their coagulation status. Management of the patients in the control group was based on SCT, whereas manage-
ment of patients in the case group was guided by ROTEM. Outcome measures were as follows: CP rate, pro-
tocol adhesion, blood loss, transfusions, progressive hemorrhagic injury (PHI), re-intervention, Glasgow coma
score (GCS) and Glasgow outcome score (GOS) at discharge, and in-hospital mortality.

Results: There were 134 patients enrolled (65 patients in the control group and 69 patients in the case group). Twenty-
six patients in the control group (40%) were found to be coagulopathic (control-CP subgroup) and 34 patients
in the case group (49.3%) were found to be coagulopathic (case-CP subgroup). Twenty-five case-CP patients
had ROTEM abnormalities triggering protocolized intervention, and 24 of them were treated. Overall ROTEM-
based protocol adhesion rate was 85.3%. Postoperative ROTEM parameters of case-CP patients significantly
improved, and the number of coagulopathic patients decreased. The incidence of PHI (control versus case
group) and neurosurgical re-intervention (control-CP versus case-CP subgroup) was in favor of ROTEM guid-
ance (P<0.05). Mortality and GCS and GOS at discharge did not differ significantly between groups.

Conclusions: ROTEM led to consistent coagulation management, improved clot quality, and decreased incidence of PHI and
neurosurgical re-intervention. Further studies are needed to confirm benefits of ROTEM in cases of TBI.
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Background

Traumatic brain injury (TBI) remains a major cause of prevent-
able death and disability [1]. Despite relatively low blood loss,
coagulopathy (CP) is a common finding in patients with blunt
isolated TBI. Its association with secondary brain damage and
poor clinical outcome has been reported [2-5]. Mechanisms re-
sponsible for the development of CP include increased tissue
factor release, disseminated intravascular coagulation, quan-
titative or qualitative platelet deficits, and activation of pro-
tein C pathways [2,6]. Traditionally, standard coagulation tests
(SCT) are used to identify CP. However, they often provide in-
sufficient information on global hemostasis. Viscoelastic tests,
such as rotational thromboelastometry (ROTEM), are becom-
ing increasingly implemented in clinical practice [7,8]. They
reflect functional coagulation status of whole blood in a real-
time manner from initiation to fibrinolysis, and they provide
the possibility of goal-directed therapy. Evidence from clini-
cal studies in trauma and cardiac surgery highlight decreased
perioperative bleeding and blood product use in patients man-
aged based on a goal-directed approach [9-11]. The interest
in whether such an approach could be applicable to neuro-
surgical patients is increasing [12-14]. Theoretically, targeted
optimization of coagulation could lead to improved outcome.
However, viscoelastic tests have not yet been tested in con-
trolled studies to confirm their possible benefit for targeted
hemostatic therapy in neurosurgical patients with TBI.

The aim of our study was to determine whether ROTEM guid-
ance could be reasonably implemented in perioperative coag-
ulation management of patients with isolated TBI undergoing
craniotomy, and lead to decreased incidence of progressive
hemorrhagic injury, lower need for re-intervention, and bet-
ter clinical outcome.

Material and Methods

A single-center, prospective case-control study was performed
at a tertiary neurosurgical center. Inclusion criteria were as fol-
lows: adult age, isolated severe TBI, acute period (<48 hours
from impact), and craniotomy to treat TBI. Exclusion criteria
were as follows: age <18 years, polytrauma, known hemato-
logic disease, and use of anticoagulants or antiplatelets. To our
knowledge, there have been no similar studies performed to
date. Therefore, we determined our sample size based on ep-
idemiological data. Approximately 130 craniotomies per year
are performed to treat TBI in our institution. We expected
50% to 60% of these patients to meet our inclusion criteria.
Population-based calculation identified that we needed to in-
clude at least 56 patients per group to make comparisons [15].
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Trauma to distinct body regions was assessed according to
Abbreviated Injury Scale (AIS) [16]. Isolated severe TBI was
defined as AlS for head (AIS, ) 23 and AlS_, . <3. Overall
trauma severity was assessed according to the Injury Severity
Score (ISS), which reflects the sum of AIS squares from 3 most
injured regions [16,17].

During the preoperative visit, patient demographic data, hemo-
dynamic parameters, administered infusions, injury character-
istics, and neurological status were registered. Rotterdam com-
puted tomography (CT) score was used to quantify intracranial
lesions described by the radiologist on preoperative head CT
scan [18]. All patients underwent standard preoperative he-
matological tests (full blood count, coagulation screen, and
blood cross-matching). Ethical approval was provided by the
Regional Ethics Committee of Biomedical Researches (number:
BE-2-17). The trial was registered with the Clinicaltrials.gov reg-
istry of clinical trials (ClinicalTrials.gov identifier: NCT03616808).
Written consent was obtained from all participants or their
responsible parties before any analysis of the available data.
The Ethics Committee required written consent before any ad-
ditional blood sampling. This significantly influenced patient
inclusion into the case group and made randomization im-
possible. On the other hand, this did not limit patient inclu-
sion into the control group as their testing was conventional.

Coagulation testing in the control group and the case
group

Coagulation testing of the control group was limited to stan-
dard coagulation tests (SCT): prothrombin time index (PTI),
international normalized ratio (INR), partial thromboplas-
tin time (APTT), platelet count (PLT), and fibrinogen concen-
tration (FIB). Management of the case group was run by an-
esthesiology staff familiar with ROTEM. These patients were
additionally tested with basic ROTEM assays (extrinsic coag-
ulation pathway thromboelastometry [EXTEM], intrinsic co-
agulation pathway thromboelastometry [INTEM], fibrin po-
lymerization thromboelastometry [FIBTEM]) (ROTEM® delta,
TEM International GmbH, Munich, Germany). EXTEM with
antifibrinolytic (APTEM) was performed in presence of abnor-
mal basic ROTEM assays. The first venous blood sample for
SCT (control and case groups) and ROTEM (case group only)
was taken into citrated blood collection tubes preoperatively,
before any blood product transfusions, following the decision
to perform urgent craniotomy, and sent to the laboratory for
analysis. Coagulopathy was defined as any abnormality on
SCT (PTI <70%, INR 1.2, APTT >38 seconds, FIB <2.0 g/L, PLT
<100x10%/L) and/or ROTEM (EXTEM: clotting time [CT] >80 sec-
onds, clot formation time [CFT] >159 seconds, clot amplitude
10 minutes after CT [A10] <45 mm, maximum clot firmness
[MCF] <55 mm; INTEM: CT >240 seconds, CFT >110 seconds,
A10 <45 mm, MCF <55 mm; FIBTEM: A10 <7 mm, MCF <9 mm;
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Figure 1. ROTEM-based algorithm for goal-
directed coagulation management in
traumatic brain injury [6,9,10,19-21].

l CT - clotting time; A10 — clot
PRECONDITIONS — AVOID and TREAT: amplitude 10 min after CT;

Hypothermia Acidosis Hypocalcemia Hemodilution Anemia ML — maximum lysis; MCF — maximum

clot firmness; PLT — platelets;

TXA - tranaxemic acid; FC — fibrinogen

ROTEM concentrate; Cryo — cryoprecipitate;

l PCC - prothrombin complex
concentrate; FPP — fresh frozen
plasma. * Depending on the
availability of coagulation factor
concentrates.

ACTIVE BLEEDING

HYPERFIBRINOLYSIS
TXA 15-20 mg/kg
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ML >15%-+(APTEM better than EXTEM)

LOW FIBRINOGEN
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+ (A10rgrew =7 mm and/or MCFegrew =9 mm)  ——>{ Apheresis or pooled PLT (1 U)
and/or PLT count <80x10°/L Target PLT =80-100x10°/L

LOW FACTORS
PCC (20 1U/kg) or
FFP (15-20 mi/kg)*

(Teqem >80 s and/or CTyren >240's
+ (CTeen =CTroren) >

signs of hyperfibrinolysis). Hyperfibrinolysis was defined as
maximum lysis [ML] >15% on EXTEM, INTEM or FIBTEM, and/or
better APTEM parameters in presence of pathologic EXTEM
readings. Subsequently, control and case groups were divid-
ed into subgroups: control-CP (abnormal SCT) and control-N
(normal SCT), as well as case-CP (abnormal SCT and/or ROTEM)
and case-N (normal SCT and ROTEM).

Intraoperative period

All patients underwent balanced general endotracheal anesthe-
sia according to the American Society of Anesthesiologists (ASA)
standards. Invasive hemodynamic monitoring was used and any
hypotension (systolic blood pressure <90 mmHg) was treated
promptly with fluids and/or vasopressors. Blood loss was es-
timated by clinical observation of the patient, surgical field,
gauzes used, and blood volume collected in the suction canister.
Point-of-care hemoglobin checks were performed to guide red
blood cell transfusions. Red blood cells were transfused in the
presence of hemoglobin <90 g/L. Coagulation management of
control group patients was not protocolized and was based on
SCT results and clinical judgement. Coagulation management
of case group patients was guided by thromboelastometry ac-
cording to a predefined protocol (Figure 1) [6,9,10,19-21] and
clinical judgement. The use of intravenous fluids, blood prod-
ucts, coagulation factor concentrates, antifibrinolytics, and es-
timated blood loss were registered.

Postoperative period

Following surgery, all patients were transferred to the special-
ized neurosurgical intensive care unit and treated according

to contemporary Brain Trauma Foundation guidelines [22].
Postoperative blood sampling was performed following the
completion of surgery. Postoperative head computed tomog-
raphy (CT) scans were performed within 6 hours following cra-
niotomy and evaluated by a qualified radiologist unaware of
the study. Further head CT scans were performed according to
patient‘s neurological condition. Progressive hemorrhagic, isch-
emic, and edematous changes were registered. Description of
any new, increased, or recurrent hemorrhagic lesions was con-
sidered as progressive hemorrhagic injury (PHI). Postoperative
neurological outcome was assessed by Glasgow coma score
(GCS) on postoperative days 3, 7, and at discharge, and Glasgow
outcome score (GOS) at discharge [23,24]. GOS of more than
3 was considered as favorable outcome.

Study outcomes

Primary outcomes were GCS and GOS at discharge, and in-
hospital mortality. Secondary outcome measures included the
prevalence of coagulopathy, ROTEM protocol adhesion, blood
loss, transfusions, the incidence of progressive hemorrhagic
injury, and re-intervention.

Statistical analysis

The normality of quantitative data was assessed using the
Kolmogorov-Smirnov test. Normally distributed variables were
compared using Student’s t-test. Nonparametric data were
compared using Mann-Whitney U and Wilcoxon tests. Chi-
square or Fisher’s exact test was used to analyze categori-
cal data. Two proportion Z test was used to compare propor-
tions. Binary logistic regression analysis was used to identify
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Table 1. Patient demographic and injury characteristics.

Control-N Case-N p Control-CP Case-CP p All controls  All cases p
(n=39) (n=35) value (n=26) (n=34) value (n = 65) (n=69) value
Age, years 56.38+16.08 52.2+14.61 0.247 58.12+14.95 58.35+18.03  0.956 57.08+15.54 55.23+16.56  0.508
Gender Male 28 (71.8) 26 (743)  0.810 17 (65.4) 26 (76.5)  0.345 45 (69.2) 52 (75.4)  0.428
Female 11 (28.2) 9 (25.7) 9 (34.6) 8 (23.5) 20 (30.8) 17 (24.6)
GCS on admission 7 (5-13) 9 (5-13)  0.493 10 (4-13) 7.5 (4-13)  0.781 8 (5-13) 9(4-13)  0.884
Trauma GCS 13-15 10 (25.6) 11 (31.4) 0.494 8 (30.8) 9 (26.5) 0.872 18 (27.7) 20 (29.0) 0.856
severity GCS 9-12 7 (17.9) 9 (25.7) 6 (23.1) 7 (20.6) 13 (20) 16 (23.2)
GCS 3-8 22 (56.4) 15 (42.9) 12 (46.2) 18 (52.9) 34 (52.3) 33 (47.8)
ISS 18 (17-21) 17 (17-20)  0.643 19 (17-21) 20 (17-21)  0.862 18 (17-21) 18 (17-21) 0.742
Rotterdam CT score 4 (3-5) 4(3-4) 0742 4 (3-5) 4(3-5)  0.492 4 (3-5) 4(3-5)  0.946
ASA class 4 (4-4) 4(3-4) 0362 4 (4-4) 4(3-4)  0.201 4 (4-4) 4 (3-4) 0.162
Skull fracture 26 (66.7) 16 (45.7)  0.069 14 (53.8) 18 (52.9)  0.944 40 (61.5) 34 (49.3)  0.154
Predomina-  ICH 5(12.8) 2 (5.7) 0.535 3 (11.5) 1(2.9) 0.100 8 (12.3) 3 (4.3) 0.162
nt injury SDH 24 (61.5) 24 (68.6) 21 (80.8) 24 (70.6) 45 (69.2) 48 (69.6)
EDH 8 (20.5) 9 (25.7) 1(3.8) 7 (20.6) 9 (13.8) 16 (23.2)
Contusion 1(2.6) 0 (0) 0 (0) 2 (5.9) 1(1.5) 2 (2.9)
Other 1(2.6) 0 (0) 1(3.8) 0 (0) 2(3.1) 0 (0)
Parenchymal lesion 26 (66.7) 22 (62.9) 0.732 21 (80.8) 24 (70.6) 0.367 47 (72.3) 46 (66.7) 0.479
Abnormal pupils 16 (41) 11 (31.4)  0.392 15 (57.7) 17 (50)  0.554 31 (47.7) 28 (40.6) 0.407
Midline shift, >0.5 cm 30 (76.9) 30 (85.7) 0.335 21 (80.8) 24 (70.6) 0.367 51 (78.5) 54 (78.3) 0.978
Craniectomy 12 (30.8) 8(229) 0444 11 (42.3) 15 (44.1)  0.889 23 (35.4) 23(333)  0.803
SBP on admission, mmHg 154 148 0.770 160 151.5 0.516 157 150 0.604
(134-177) (130-171) (136.5-180.5) (142.25-167.75) (134.5-177.5)  (138-169)
Preoperative fluids, mL 1000 1000 0.392 1000 1000 0.421 1000 1000 0.724
(500-1000) (500-1500) (875-1500) (500-1500) (500-1500) (500-1500)

Continuous variables are reported as mean+SD or median (interquartile range). Categorical variables are reported in terms of
frequency (percentage). N — normal; CP — coagulopathic; GCS — Glasgow coma score; ISS — injury severity score; CT — computed
tomography; ICH — intracerebral hematoma; SDH — subdural hematoma; EDH — epidural hematoma; SBP — systolic blood pressure.

variables associated with outcome. Data are presented as
meanzstandard deviation (SD) for normally distributed vari-
ables, median with interquartile range for nonparametric data
or number and percentage for categorical variables. P<0.05 was
considered statistically significant. Data were analyzed with
SPSS Statistics version 25.0 (IBM SPSS, USA).

Results

From 2018 until 2020, 1293 patients were admitted to the
Brain Trauma Department, and 256 craniotomies were per-
formed to treat TBI. During the recruitment period, a total of
134 patients with severe isolated TBI needing craniotomy and
matching the inclusion criteria, were enrolled (65 patients in
the control group and 69 patients in the case group). Patient
demographic and trauma characteristics were comparable

between the control and case group as well as subgroups of
normal and coagulopathic patients (control-N versus case-N,
and control-CP versus case-CP), and are presented in Table 1.

The prevalence of preoperative coagulopathy

Overall coagulation profile of study patients according to
SCT did not differ significantly between groups. The prev-
alence of SCT abnormalities was comparable between the
control group and the case group (40%, n=26 versus 36.2%,
n=25). Coagulopathic controls formed the control-CP subgroup
(n=26). The most common SCT abnormality was decreased
PTI. Selective analysis of separate SCT abnormalities revealed
that deviations from test reference values were mostly mild
to moderate (Table 2).
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Table 2. Patients with abnormal preoperative SCT and the extent of test abnormalities.

Controls
Variable Abnormal Abnormal L L Vatue Abnormal
(n,%) (n,%) abnormal abnormal (n,%) abnormal
i i (median, IQR) (median, IQR) i (median, IQR)
10 8 78.5 72.5 18 76.5
PLT (15.4) a1e) 2% (eass725) (6283  °7%? (134 (62-83.5)
13 10 60 63.5 23 61
Pl (20) 145  %3% (55564 57.25-66) °MC (17 (55-65)
11 9 1.30 1.23 20 1.28
INR (16.9) 13 %% 24133 221389 Y (a9 (1.23-1.33)
8 8 40.75 42.75 16 41.55
APTT b
(12.3) a1e) 08 (3gs55.5263) (3874895 °°%° (119 (38.93-47.1)
6 9 1.64 1.82 15 1.7
FIB (10.2) 132 %12 (1330102 sa189) %77 (g (1.49-1.89)
Any SCT . 26 25 0.653 51
abnormality (40) (36.2) (38.1)

Continuous variables are reported as median (interquartile range). Categorical variables are reported in terms of frequency
(percentage). SCT — standard coagulation tests; PLT — platelet count (10°/L); PTI — prothrombin time index (%); INR — international
normalized ratio (value); APTT — partial thromboplastin time (s); FIB — fibrinogen (g/L).

Table 3. Blood loss, blood product use and procoagulant interventions among the control and case group patients.

EBL (mL) 3:18 (>500) RBC! FFP Cryo PLT Any BLP PCC TXA
400 10 10 11 2 7 23 1 25
Mleomtrols 069 o050 (154) (54 (69  B) (0§ @54 05 (83
400 5 5 4 0 0 6 0 15
,,,,,,, ComMONM=3I 300500 (128 29 w03  © @ s © (85
400 5 5 7 2 7 17 1 10
,,,,,,, ComiobcP 129 300-500) (192 (92 (69) @) @e9 (54 (8 (85
All =69 400 15 13 9 7 8 24 61 25
,,,,,,,, cases(n=69)  Goo-soo) (17) (88 (3 (01 (16 (48 (4  (62)
400 6 5 1 1 0 4 0 7
N0 oo 71 a3 e @o9r O @4 © (oo
400 9 8 8 6 8 20 1 18
Camestr =2 (300-600)  (26.5) (23.5) (23.5)* (17.6)* (23.5)* (58.8)* 2.9) (52.9)*

! RBC’s were transfused if hemoglobin was <90 g/L. * Statistically significant differences between normal versus coagulopathic patient
subgroups within controls and cases, P<0.05. Continuous variables are reported as median (interquartile range). Categorical variables
are reported in terms of frequency (percentage). N — normal; CP — coagulopathic; EBL — estimated blood loss; RBC — red blood cells;
FFP — fresh frozen plasma; Cryo — cryoprecipitate; PLT — platelets; PCC — prothrombin complex concentrate, TXA — tranexamic acid;

BLP — blood product.

ROTEM abnormalities were present in 25 out of 69 patients
(36.2%) in the case group. Nine patients were coagulopathic
according to SCT, but not ROTEM. Another 9 patients had nor-
mal SCT despite abnormal ROTEM. Subsequently, any abnor-
mality on preoperative coagulation tests (SCT and/or ROTEM)
was found in 49.3% of the case group patients and formed
the case-CP subgroup (n=34). Coagulation profile agreement
(positive or negative) between SCT and ROTEM was found in
51 patients (73.9%) in the case group.
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Coagulopathy management

Out of 26 patients in the control-CP subgroup, 17 patients
(65.4%) received procoagulant intervention either with
tranexamic acid (TXA), blood products, or coagulation factor
concentrates. Nine patients (34.6%) in the control-CP subgroup
did not receive any procoagulant intervention despite observed
abnormalities in standard coagulation tests as the treating an-
esthesiologist considered them clinically insignificant.
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Table 4. Summarized hematologic parameters of the control group patients.

Control-N (n=39)

Control-CP (n=26)

Hematologic

parameter Preoperative Postoperative Preoperative Postoperative
femogbin g e o2y O sy iy 0%
ematort% gl oressn 0% gsiday  gesasy OO
mer T T T
i @y I sy OM
M ossion  aosia % oein otz O
AT ome easen O Guosssy  gasass O
el oy o5ty % agern pray O
SCT abnormal, n (%) (g) (31;5) <0.001 (12060) ég) 0.069

Continuous variables are reported as median (interquartile range). Categorical variables are reported in terms of frequency
(percentage). N — normal; CP — coagulopathic; SCT — standard coagulation tests; PLT — platelet count; PTI — prothrombin time index;
INR - international normalized ratio; APTT — partial thromboplastin time; FIB — fibrinogen.

Management of case-CP patients (n=34) was guided by our
ROTEM-based protocol. Nine patients (26.5%) did not need in-
tervention according to ROTEM. Another 25 patients (73.5%)
in the case-CP subgroup had ROTEM abnormalities triggering
protocolized treatment. All but one patient (24 out of 25 pa-
tients, 96%) received procoagulant intervention either with
TXA, blood products, or coagulation factor concentrates. Five
out of 7 patients with ROTEM signs of hypofibrinogenemia re-
ceived cryoprecipitate, and 2 were treated with fresh frozen
plasma (which was not first-line choice according to protocol).
One patient received platelets due to low platelet count de-
spite normal ROTEM traces. Two patients did not receive plas-
ma despite prolonged clotting times on ROTEM as there was
no significant intraoperative bleeding. TXA was given to 18 pa-
tients (52.9%) in the case-CP subgroup. All patients correspond-
ing with our definition of hyperfibrinolysis (n=9), received TXA.
Administration of TXA in patients without evidence of hyperfi-
brinolysis was not considered as protocol violation. Complete
adherence to our ROTEM-based protocol was found in 85.3%
(29 out of 34 patients).

Estimated blood loss, transfusions, and procoagulant inter-
ventions in the study groups and subgroups are summarized
in Table 3. As expected, coagulopathic patients received more
blood products as compared to patients with normal coagula-
tion profiles within both the control group and the case group.
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No significant between-group differences were found with re-

gard to transfusions.

Preoperative versus postoperative coagulation parameters

Summarized preoperative and postoperative hematologic pa-
rameters of the control group and the case group are present-
ed in Tables 4 and 5. Clear negative trends were observed in
postoperative versus preoperative SCT in both the control group
and the case group. However, significant improvements in post-
operative ROTEM parameters (INTEM CT and CFT, EXTEM CT,
CFT, A10 and MCF, FIBTEM A10 and ML) were observed among
the case-CP subgroup patients. The number of patients with
abnormal ROTEM, significantly decreased. In contrast to the
control group and the case-N subgroup in which postopera-
tive fibrinogen levels decreased as compared with preopera-
tive measures, we observed an increase in fibrinogen levels
and significantly improved FIBTEM A10 in the case-CP sub-
group, suggesting better recognition and treatment of fibrin-

ogen deficiency.

There were no significant differences in terms of preopera-
tive or postoperative SCT results between control and case
subgroups with and without coagulopathy (control-N versus
case-N, and control-CP versus case-CP).
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Table 5. Summarized hematologic parameters of the case group patients.

Case-N (n=35) Case-CP (n=34)
Hematologic

parameter

Preoperative

Postoperative Preoperative Postoperative

Hemoglobin, g/L 140 104 <0.001 133.5 98 <0.001
(133-147) (95-110) (120.75-143.75) (89-110.5)
Hematocrit, % 41 31 <0.001 38.55 29.4 <0.001
(38.6-43) (29-33.2) (35.15-41.63) (26.83-33.3)
SCT: PLT, 10°/L 233 168 <0.001 167 121 0.007
(184-269) (152-194) (108.5-223.25) (82-165.25)
PTI, % 95 73 <0.001 87 72 <0.001
(82-111) (67.5-84) (66-109) (62.5-82.5)
INR 1.02 1.14 <0.001 1.06 1.16 <0.001
(0.96-1.1) (1.08-1.2) (0.97-1.2) (1.09-1.24)
APTT, s 30 333 <0.001 32.15 35 0.143
(27.9-33) (30.65-35.55) (30.1-37.18) (31.25-37.2)
FIB, g/L 3.74 3.38 0.017 2.59 2.86 0.614
(2.88-4.18) (2.77-4.03) (1.96-3.78) (2.15-3.37)
SCT abnormal, n (%) 0 (0) 15 (45.5) <0.001 25 (73.5) 24 (72.7) 0.944
ROTEM: INTEM -CT, s 167 157.5 0.153 175.5 165.5 0.034
(149-178) (147-161.75) (153.25-199.25) (153.75-176.75)
CFT, s 76 70.5 0.069 109 92.5 0.031
(64-84) (62.25-82.5) (85.75-147.5) (80-123.75)
A10, mm 55 55 0.241 455 48.5 0.175
(52.75-57.5) (53-57.25) (39.75-51.25) (41.25-52)
MCF, mm 63 63 0.437 54 57 0.202
(61-65) (60.75-64.25) (51-60.5) (52-61)
ML, % 5 6.5 0.001 4 4 0.027
(3-8) (4.75-9.25) (1.75-6) (2.25-7)
ROTEM: EXTEM -CT, s 62 59.5 0.439 74 60 <0.001
(55-66) (53.5-64.75) (64.75-88.25) (53.25-68)
CFT, s 79 77.5 0.042 122.5 95 0.005
(66-91) (59.75-87.25) (91.75-150.75) (72.25-123)
A10, mm 56 56.5 0.323 45 48 0.012
(53.75-58.25) (53.75-59.25) (40.75-50.25) (45-55.5)
MCF, mm 64 64 0.837 55 57.5 0.006
(62-66.25) (61-66.25) (50-57.5) (55.25-63)
ML, % 5.5 6 0.045 5 4 0.806
(2-8) (4-9) (3-6) (2-6.75)
ROTEM FIBTEM —
A10, mm 19 17.5 0.829 14 15.5 0.034
(16-21.25) (14-22.5) (8-20) (12-20.75)
MCF, mm 21.5 19.5 0.410 16.5 17.5 0.197
(17-24.5) (15-23.5) (9-22.5) (13-22)
ML, % 1 1 0.118 1.5 0 0.018
(0-5) (0-2.25) (0-8) (0-2)
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Table 5 continued. Summarized hematologic parameters of the case group patients.

Case-N (n=35) Case-CP (n=34)
Hematologic
parameter
Preoperative Postoperative
ROTEM abnormal, n (%) 0 (0) 2 (5.9) 0.144 25 (73.5) 15 (46.9) 0.027
Hyperfibrinolysis, n (%) 0 (0) 2 (5.9) 0.144 9 (26.5) 2 (6.3) 0.028

Continuous variables are reported as median (interquartile range). Categorical variables are reported in terms of frequency
(percentage). N — normal; CP — coagulopathic; SCT — standard coagulation tests; PLT — platelet count; PTI — prothrombin time
index; INR — international normalized ratio; APTT — partial thromboplastin time; FIB — fibrinogen. INTEM — internal coagulation
pathway thromboelastometry; EXTEM — external coagulation pathway thromboelastometry; FIBTEM — fibrinogen polymerization
thromboelastometry; CT — clotting time; CFT — clot formation time; A10 — clot amplitude 10 min. after CT; MCF — maximum clot
firmness; ML — maximum lysis.

Table 6. Outcome parameters of the control and case group patients.

Controls

! Normal 4 Normal
(n=39) (n=26) (N=65) (n=35) (n=34)

Progres- Hemorrhagic 18 13 31 10 11 21 0.119 0.167 0.040*
sive (46.2) (50) (47.7)* (28.6) (32.4) (30.4)*

injury Ischemic 6 14 20 5 13 18 0.894 0.228 0.548
(15.4) (53.8) (30.8) (14.3) (38.2) (26.1)

Edematous 2 3 5 4 6 10 0.322 0.511 0.212
(5.1) (11.5) (7.7) (11.4) (17.6) (14.5)

Re-intervention 6 10 16 5 4 9 0.858 0.020* 0.091
(15.8) (40)* (25.4) (14.3) (12.9)* (13.6)

Length of hospital stay 17 25 22 17 19 17 0.683 0.101 0.277
(survivors) (10-27) (14-32) (10.75-27.25)(9.75-25.75) (11-24.5) (11-24)

GCS Day 3 12 9 11 13 11.5 12.5 0.483 0.292 0.289
(7-15) (5-14) (5-14) (6-15) (5-15) (5-15)

Day 7 13 10.5 12 15 13 13 0.294 0.271 0.205
(8.5-15)  (5-14.75) (5-15) (6-15) (5.5-15) (6-15)

At discharge 15 14 15 15 15 15 0.386 0.190 0.158
(12-15) (8-15) (10.75-15)  (13.5-15) (13-15) (13-15)

Clinical Favorable 19 4 23 19 13 32 0.632 0.052 0.196
outcome  (GOS 4-5) (48.7) (15.4) (35.4) (54.3) (38.2) (46.4)
Poor 20 22 42 16 21 37
(GOS 1-3) (51.3) (84.6) (64.6) (45.7) (61.8) (53.6)

Death 4 11 15 5 13 18 0.596 0.750 0.686
(10.3) (42.3) (23.1) (14.3) (38.2) (26.1)

Continuous variables are reported as median (interquartile range); categorical variables are reported in terms of frequency
(percentage). Superscript numbers (1 to 6) mark columns to clarify comparisons. * Statistically significant differences.
CP — coagulopathy; GCS - Glasgow coma score; GOS — Glasgow outcome score.
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Outcome measures

The incidence of progressive hemorrhagic injury was signif-
icantly lower when all the patients in the case group were
compared to all the patients in the control group (47.7% ver-
sus 30.4%, P=0.04). Lower need for neurosurgical re-interven-
tions was found in coagulopathic case subgroup (case-CP),
as compared to coagulopathic control subgroup (control-CP),
P=0.020. The chance of favorable outcome (according to GOS)
was higher (but not statistically significant) among the case-
CP subgroup as compared to control-CP subgroup (38.2% ver-
sus 15.4%, P=0.052). There were no significant differences re-
garding other outcome parameters (Table 6).

Binary logistic regression analysis identified age, higher ISS,
presence of brain parenchyma lesion, pupil abnormalities,
midline shift >5 mm, higher Rotterdam score, lower admis-
sion GCS, higher ASA class, and presence of progressive hem-
orrhagic or ischemic injury as factors significantly associat-
ed with poor GOS in the control group and the case group.
Aforementioned variables did not differ between the groups
significantly (Table 1). Interestingly, the presence of coagulop-
athy on standard coagulation tests was found to be associ-
ated with poor outcome in the control group only (odds ratio
[OR] 7.02 [95% confidence interval [Cl] 1.63-30.24], P=0.009)
whereas in the case group, there was no such association (OR
1.66 [95% Cl 0.56-4.95], P=0.193). Subsequent multivariate lo-
gistic regression analysis confirmed coagulopathy on SCT as
an independent risk factor for poor GOS in the control group,
but not in the case group.

Discussion

For many years, observational studies have linked brain trauma
with coagulation abnormalities and poor clinical outcome [2-4].
The lack of guidance to the clinician on the management of
these changes in the perioperative setting is widely recog-
nized, but there are no controlled trials to address this issue.

Our study is the first prospective controlled clinical trial that
aimed to determine possible benefits of a protocolized ROTEM-
based approach to coagulation management of brain trauma
patients during craniotomy. We chose a specific cohort of iso-
lated traumatic brain injury (TBI) patients who needed crani-
otomies to evacuate hematomas and/or to decompress brain
to prevent herniation. We considered them at high perioper-
ative bleeding risk and very high predisposition to possible
secondary brain damage. Aiming to specifically address coag-
ulation abnormalities directly associated with brain trauma,
we did not include patients with polytrauma, known use of
anticoagulants or antiplatelet use, or significant hematologic
or liver diseases.

CLINICAL RESEARCH

The overall coagulation profile of our TBI patients was good,
and this finding has been reported by other authors [3,25].
The prevalence of coagulopathy on preoperative coagulation
tests, depending on testing approach and definition, varied
from 36.2% to 49.3%, and was similar to the numbers report-
ed by other studies and systematic reviews [2,5,26]. The fact
that standard coagulation test result deviations from normal
values in selected patients with coagulopathy were mostly
mild to moderate, underlines the complexity of clinical deci-
sion-making in the neurosurgical setting associated with haz-
ards of bleeding into a closed compartment.

Our modified coagulation management protocol was based on
published algorithms and guidelines [6,9,10,19-21]. However, as
they were not specifically developed and tested with neurosurgi-
cal patients, we chose a higher target for MCF (55 mm). It should
be noted that optimal cutoff values for intervention in neurosurgi-
cal setting have not yet been defined neither for SCT nor ROTEM
except for recommendations to target test normalization and
platelet count higher than 80-100x10°/L, which is also debatable.

A pilot study by Gratz et al. [12] aiming to evaluate ROTEM-
based algorithm implementation success in TBI patients found
high protocol adherence rates of 88% to 91%. However, that
study did not include any clinical outcomes. Our ROTEM-based
protocol was also followed successfully (adherence rate: 85.3%)
and resulted in significantly improved clot quality as confirmed
by postoperative thromboelastometric results among the pa-
tients in the case-CP subgroup.

The fact that 96% of patients with ROTEM abnormalities trig-
gering protocolized intervention received treatment as com-
pared with 65% of patients treated in the control-CP subgroup,
confirms that clear guidance to the clinician results in more
consistent treatment. We believe that the ROTEM-based pro-
tocol enabled us to objectively differentiate between clinical
significance of SCT abnormalities, as well as identify patients
which would have been overlooked by conventional testing.
Furthermore, it enabled detection of hyperfibrinolysis and tar-
geted antifibrinolytic therapy.

A negative trend in standard coagulation tests despite improve-
ments of ROTEM results reflects that the whole blood visco-
elastometric tests represent patient coagulation status from
a different perspective and the overall clot quality in some
individuals may be adequate or even improved despite ab-
normalities found in standard coagulation tests. Clinical rel-
evance of thromboelastometric versus standard coagulation
test changes at different points in the perioperative course of
patients with isolated TBI is a complicated issue and requires
further investigations to identify which SCT and ROTEM alter-
ations, and to what extent, require prompt intervention, and
which can be tolerated.
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Lower incidence of progressive hemorrhagic injury and lower
need for neurosurgical re-intervention are promising findings.
However, in our study, statistically significant differences were
found among certain patient groups only. Primary outcomes
(GCS, GOS, and mortality), despite being in favor of the case
group, did not differ significantly.

Interestingly, logistic regression analysis revealed that the pres-
ence of coagulopathy according to SCT increased the odds of
poor GOS by 7 times in the control group whereas in the case
group, there was no such association, suggesting that goal-
directed coagulation management could affect (or even elim-
inate) coagulopathy as a factor leading to poor outcome of
TBI patients.

We have to admit that our clinical study was not randomized,
and the risk of bias could not be excluded. Epidural hema-
toma, as predominant injury, although not significantly, was
more frequent in the case group, and could have influenced
the results. Study groups were recruited irrespective of the
initial coagulation status and therefore, a fraction of patients
required no therapeutic interventions. Preliminary screening
for standard coagulation test abnormalities before inclusion
might have purified the study sample even further. However,
as anticipated, we found a considerable proportion of patients
who were not coagulopathic according to SCT, but who were
coagulopathic on ROTEM, and vice versa. Universal screening
with ROTEM would have resulted in loss of the control group,
as the investigators considered withholding of available and
potentially beneficial information unethical. We can only guess
how ROTEM could have influenced the management of pa-
tients in the control group. Ethical issues regarding the con-
sent to additional blood sampling for ROTEM also existed.
Our institution was only equipped with thromboelastometer
in the central laboratory, therefore thromboelastometry could
not be performed at bedside. The investigators were able to
connect to the laboratory and observe real-time development
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of thromboelastograms, but the need to send the sample to
the laboratory could have eliminated the possible benefits of
faster turnaround times as compared to standard laborato-
ry tests. On the other hand, the procedure handling was per-
formed by certified laboratory staff unaware of the study. As
aforementioned, the control group patients were not analyzed
with ROTEM, therefore between-group comparative analysis
of thromboelastograms was not available. During the recruit-
ment period of the study, fibrinogen concentrate was not avail-
able in our institution and prothrombin complex concentrate
was reserved mainly for vitamin-K antagonist reversal, there-
fore cryoprecipitate was considered the first-line choice for fi-
brinogen replacement, whereas fresh frozen plasma was used
when clotting initiation was delayed.

Conclusions

Implementation of a ROTEM-based protocol led to consistent
coagulation management, improved clot quality, and decreased
incidence of PHI and neurosurgical re-intervention in patients
with isolated TBI. However, our study failed to demonstrate
significant differences between the control group and the case
group in terms of GCS, GOS, and mortality. Further, well-orga-
nized studies are needed to confirm benefits of ROTEM in the
setting of brain trauma.
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