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OBJECT Major spinal surgery in adult patients is often associated with significant intraoperative blood loss. Rotational
thromboelastometry (ROTEM) is a functional viscoelastometric method for real-time hemostasis testing. In this study,
the authors sought to characterize the coagulation abnormalities encountered in spine surgery and determine whether a
ROTEM-guided, protocol-based approach to transfusion reduced blood loss and blood product use and cost.

METHODS A hospital database was used to identify patients who had undergone adult deformity correction spine
surgery with ROTEM-guided therapy. All patients who received ROTEM-guided therapy (ROTEM group) were matched
with historical cohorts whose coagulation status had not been evaluated with ROTEM but who were treated using a
conventional clinical and point-of-care laboratory approach to transfusion (Conventional group). Both groups were sub-
divided into 2 groups based on whether they had received intraoperative tranexamic acid (TXA), the only coagulation-
modifying medication administered intraoperatively during the study period. In the ROTEM group, 26 patients received
TXA (ROTEM-TXA group) and 24 did not (ROTEM-nonTXA group). Demographic, surgical, laboratory, and perioperative
transfusion data were recorded. Data were analyzed by rank permutation test, adapted for the 1:2 ROTEM-to-Conven-
tional matching structure, with p < 0.05 considered significant.

RESULTS Comparison of the 2 groups in which TXA was used showed significantly less fresh-frozen plasma (FFP)
use in the ROTEM-TXA group than in the Conventional-TXA group (median 0 units [range 0—4 units] vs 2.5 units [range
0-13 units], p < 0.0002) but significantly more cryoprecipitate use (median 1 unit [range 0—4 units] in the ROTEM-TXA
group vs 0 units [range 0-2 units] in the Conventional-TXA group, p < 0.05), with a nonsignificant reduction in blood loss
(median 2.6 L [range 0.9-5.4 L] in the ROTEM-TXA group vs 2.9 L [0.7-7.0 L] in the Conventional-TXA group, p = 0.21).
In the 2 groups in which TXA was not used, the ROTEM-nonTXA group showed significantly less blood loss than the
Conventional-nonTXA group (median 1 L [range 0.2-6.0 L] vs 1.5 L [range 1.0-4.5 L], p = 0.0005), with a trend toward
less transfusion of packed red blood cells (pRBC) (median 0 units [range 0—4 units] vs 1 unit [range 0-9 units], p = 0.09].
Cryoprecipitate use was increased and FFP use decreased in response to ROTEM analysis identifying hypofibrinogen-
emia as a major contributor to ongoing coagulopathy.

CONCLUSIONS In major spine surgery, ROTEM-guided transfusion allows for standardization of transfusion practices
and early identification and treatment of hypofibrinogenemia. Hypofibrinogenemia is an important cause of the coagu-
lopathy encountered during these procedures and aggressive management of this complication is associated with less
intraoperative blood loss, reduced transfusion requirements, and decreased transfusion-related cost.
http://thejns.org/doi/abs/10.3171/2014.12.SPINE14620
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AJor deformity correction spine surgery can be
Massociated with significant perioperative blood
loss.'>!¢ This blood loss is related to multiple
factors, including the number of surgically treated lev-
els and osteotomies performed, primary versus repeat
surgery, single versus staged procedures, and whether
an anterior and/or posterior approach is performed. The
risk of significant bleeding is further exacerbated in older
patients because of a thin periosteum and wide vascular
channels encountered in osteoporotic bone.” Norton et al.,
in a retrospective review of 423 adult patients, reported
major intraoperative blood loss (>4 L) in 24% of patients
undergoing 3-column resection osteotomies.'” In a study
of both pediatric and adult cases, Horlocker et al. dem-
onstrated a 16% incidence of significant intraoperative
bleeding, with the range of blood loss varying between 0.9
and 20 L.® Rapid, real-time evaluation of the coagulation
system is paramount during ongoing major blood loss.
Rotational thromboelastometry (ROTEM, TEM Interna-
tional GmbH) is a rapid viscoelastometric method for he-
mostasis testing in whole blood. The interaction between
coagulation factors and cellular components during the
coagulation and subsequent lytic phase can be evaluated
and reported in real time. By utilizing this dynamic func-
tional hemostatic test, abnormalities of the different co-
agulation pathways such as platelet adhesion/aggregation,
coagulation, clot strength, and fibrinolysis can be identi-
fied with minimal delay and treated with factor-specific
therapy. In multiple studies, thromboelastometry use has
been demonstrated to improve profiling of coagulation de-
ficiencies and reduce blood product utilization. However,
the majority of these studies have been restricted to car-
diac, trauma, and major visceral surgery.>823
In this study we hypothesized that use of ROTEM to
guide transfusion can identify specific coagulation abnor-
malities and reduce blood product use and cost in major
spine surgery.

Methods

Data Source

This study was approved by the University of Virginia
Institutional Review Board for Health Sciences Research.
The requirement for patient informed consent was waived.
We performed a retrospective analysis of all cases in which
patients had undergone major spine surgery with intraop-
erative ROTEM-guided therapy during a 1l-year period
(June 2012—July 2013). Historical controls were identified
through the University of Virginia’s Clinical Data Reposi-
tory, which maintains demographic, financial, procedural,
and length-of-stay data. Current Procedural Terminology
(CPT) codes were used to identify potential patients in
the database who had undergone major cervical, thoracic,
and/or lumbar spine surgery with instrumentation. There-
after a manual chart review for each identified patient was
performed to ensure that the surgical procedure matched
the CPT codes.

Matching Procedure and Group Definitions

Patients who had received ROTEM-guided therapy
(ROTEM group) were matched (by surgical site [cervical
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vs thoracic vs lumbar], number of surgically treated ver-
tebral levels, and osteotomies and interbody procedures
performed) with historical cohorts whose coagulation sta-
tus had not been evaluated with ROTEM but who were
treated using a conventional clinical and point-of-care
laboratory approach to transfusion (Conventional group).
The only coagulation-modifying medication administered
intraoperatively during the study period was tranexamic
acid (TXA). TXA was administered at the discretion
of the attending surgeon and anesthesiologist when sig-
nificant blood loss was expected. A predefined expected
blood loss for intraoperative TXA administration was not
set, but in all cases blood loss of more than 1 L was an-
ticipated. Contraindications for TXA administration in-
cluded previous ischemic stroke, chronic kidney disease,
and preexisting color vision changes. To reduce the con-
founding effect of TXA administration on intraoperative
blood loss, the ROTEM group was further divided into
2 subgroups: patients who received only ROTEM-guid-
ed therapy (ROTEM-nonTXA group) and those who re-
ceived ROTEM-guided therapy and TXA (ROTEM-TXA
group). The patients in the ROTEM-TXA and ROTEM-
nonTXA groups were matched, as described above, with
historical controls who were treated with a conventional
approach to the management of intraoperative blood loss
and either received TXA (Conventional-TXA group) or
did not receive TXA (Conventional-nonTXA group).

After matching, perioperative data were collected us-
ing the electronic health record. Preoperative demograph-
ic data included sex, age, American Society of Anesthe-
siologists (ASA) physical status, body mass index, and
preoperative coagulation parameters. Intraoperative data
included TXA dose and units of packed red blood cells
(pRBC), fresh-frozen plasma (FFP), and cryoprecipitate
administered. Total volume of crystalloid, colloid, au-
tologous blood transfusion, and blood loss was recorded.
Postoperative variables included coagulation parameters
for the day of surgery and postoperative day (POD) 1 and
blood and blood products administered.

Transfusion Algorithms

In the conventionally treated patients (Conventional-
TXA and Conventional-nonTXA groups) intraoperative
transfusion therapy was directed by the results of labora-
tory and point-of-care (POC) testing as well as clinical
observation (Fig. 1). Clinically guided therapy was based
on a subjective assessment of the quality of clot in the sur-
gical field by the attending surgeon and anesthesiologist.
POC testing was performed in the blood bank and includ-
ed prothrombin time (PT), international normalized ratio
(INR), and platelet counts. Intraoperative fibrinogen levels
were obtained by standard laboratory test. The frequency
of POC and formal laboratory testing was at the discretion
of the anesthesiology team.

In the patients receiving ROTEM-guided therapy
(ROTEM-TXA and ROTEM-nonTXA groups), function-
al assessment of the coagulation profile was performed
utilizing the EXTEM (external temogram) and FIBTEM
(fibrinogen temogram) assays. A predefined treatment al-
gorithm was used to manage the temogram abnormalities
(Fig. 2). Variables reported from these assays included
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FIG. 1. Transfusion algorithm used in the historical controls (Conventional-TXA group and Conventional-nonTXA group). FFP = fresh-
frozen plasma; INR = international normalized ratio; POC = point of care; PT = prothrombin time; PTT = partial thromboplastin time.

clotting time (CT), clot formation time (CFT), a angle,
amplitude at 10 minutes (A10), amplitude at 20 minutes
(A20), maximum clot firmness (MCF), and maximum
lysis (ML) (Figs. 3 and 4). ROTEM data were obtained
after induction of anesthesia, after 1-2 units of blood loss,
and at regular intervals thereafter at the discretion of the
anesthesiologist. Prolongation of the CT (> 82 seconds) on
the EXTEM is related to functionally low levels of fac-
tors II, VII, and X, which were treated with FFP.>* Low
A10, A20, and MCF on the EXTEM are indicative of poor
clot strength. This is related to either a platelet abnormal-
ity or a low fibrinogen level. The simultaneously assessed
FIBTEM was used to further delineate whether a primary
platelet or fibrinogen abnormality was responsible for the
low EXTEM MCF. A low EXTEM MCF (< 52 mm) in
combination with a normal FIBTEM MCF (7-24 mm) in-
dicates a platelet abnormality, which was treated with a
platelet transfusion (Figs. 5 and 6). A low EXTEM MCF
(< 52 mm) and FIBTEM MCF (< 7 mm) with a normal
POC platelet count was treated with cryoprecipitate (Figs.
7 and 8). Packed red blood cells (pRBC) were transfused
to maintain a hemoglobin level above 9-10 g/dl, at the dis-
cretion of the attending anesthesiologist.

Cost Analysis

A cost analysis was performed by first determining the
total number of specific blood products transfused in the
ROTEM groups. An average of the specific blood product
per case in the ROTEM groups was determined. The av-
erage specific blood component per case in the ROTEM
groups was then multiplied by the total number of cases
in the conventional group. The final result was multiplied

Brought to you by Duke University | Unauthenticated | Downloaded 07/20/23 05:39 PM UTC

with the hospital unit cost of the specific blood product
to determine total cost of specific component therapy, if
ROTEM had been applied in the Conventional groups.
The 2011 National Blood and Utilization Survey Report
was used to determine the unit cost of blood and blood
products.?

Statistical Analysis

Data analysis was performed with SPSS (IBM Corp.)
and R (The R Project, version 2.15.1). For continuous
variables, normality was assessed using the Kolmogorov-
Smirnov test. The Mann-Whitney U-test was used to com-
pare non-normally distributed data, and normally distrib-
uted data were assessed by the Student t-test for equality
of means. We compared each of the outcome variables in
the data set between the ROTEM groups and the Conven-
tional groups. For all variables a rank permutation test was
used. The rank permutation test is similar to the Wilcox-
on signed-rank test, except that it was adapted to the 1:2
ROTEM-to-Conventional matching structure. A 1-way
ANOVA was used to compare the mean differences of all
EXTEM and FIBTEM variables over time. A p < 0.05
was considered significant.

Results

Study Population

Between June 2012 and July 2013, 26 patients had
ROTEM-guided therapy with TXA and 24 patients had
ROTEM-guided therapy without TXA. The ROTEM-
TXA group was matched to historical controls in a 1:1
ratio. In the ROTEM-nonTXA group, 20 patients were
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FIG. 2. Transfusion algorithm used in the ROTEM groups (ROTEM-TXA and ROTEM-nonTXA). o = o angle; CFT = clot forma-
tion time; CT = clotting time; EBL = estimated blood loss; EXTEM = external temogram; FFP = fresh-frozen plasma; FIBTEM =

fibrinogen temogram; MCF = maximum clot firmness.

matched at a 1:2 ratio while 4 patients were matched 1:1.
The matching cohort was limited to patients who had un-
dergone surgery within the last 5 years to reduce the risk
of significant changes in anesthesia and surgical practice.
Variable matching in the groups was related to exclusion
of potential controls who were inappropriate matches and
patients with incomplete perioperative data.

Demographic Data

Patients in the ROTEM subgroups and their respective
controls were well matched for sex, age, ASA physical sta-
tus, and body mass index (Tables 1 and 2).

Surgical Parameters
TXA-Treated Patients

There was no significant difference between the
ROTEM-treated and conventionally treated patients with
respect to the number of surgically treated vertebral levels
(median 9 levels [range 518 levels] in the ROTEM-TXA
group vs 9 levels [range 7—17 levels] in the Conventional-
TXA group, p = 0.3). The proportion of patients who had
revision surgery was 54% in the ROTEM-TXA group and
62% in the Conventional-TXA group. Pedicle subtraction
osteotomy (PSO), vertebral column resection, and inter-
body procedures were performed in 23% (n = 6), 4% (n =
1), and 65% (n = 17) of the patients in the ROTEM-TXA
group, respectively. In the Conventional-TXA group, 19%
(n=5),19% (n =5), and 46% (n = 12) were treated with
PSO, vertebral column resection, and interbody proce-
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dures, respectively. Smith-Petersen osteotomies (SPOs)
were performed in 46% (n = 12) of the patients in the
ROTEM-TXA group and 42% (n = 11) of those in the
Conventional - TXA group.

Non-TXA-Treated Patients

The median numbers of surgically treated levels in the
ROTEM-nonTXA and Conventional-nonTXA subgroups
were 4 (range 2-15) and 4 (range 2-13), respectively (p =
0.7). Fifty percent of the patients in the ROTEM-nonTXA
group and 25% of those in the Conventional-nonTXA
group had revision surgery. PSOs, vertebral column resec-
tion, and interbody procedures were performed in 0% (n
=0), 13% (n = 3), and 38% (n = 9) of the patients in the
ROTEM-nonTXA group, respectively. In the Convention-
al-nonTXA group, 7% (n = 3), 0% (n = 0), and 66% of the
patients (n = 29) had PSOs, vertebral column resection, and
interbody procedures, respectively. SPOs were performed
in 13% of patients (n = 3) in the ROTEM-nonTXA group
and 16% (n = 6) of those in the Conventional-nonTXA
group. There was a trend toward more revision surgery
and vertebral column resection in the ROTEM-nonTXA
group with more interbody procedures performed in the
Conventional-nonTXA group.

Coagulation and Transfusion Parameters
TXA-Treated Patients

The preoperative PT, partial thromboplastin time
(PTT), platelet count, and hemoglobin level did not dif-
fer significantly between the ROTEM-TXA and Con-
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FIG. 3. Example of a normal EXTEM. A10 = amplitude at 10 minutes; A20 = amplitude at 20 minutes; LI30 = lysis index after 30
minutes; LI60 = lysis index after 60 minutes; ML = maximum lysis.
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FIG. 4. Example of a normal FIBTEM.
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FIG. 5. Example of an EXTEM showing thrombocytopenia.
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FIG. 6. Example of a FIBTEM showing thrombocytopenia.
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FIG. 8. Example of a FIBTEM showing hypofibrinogenemia.

ventional-TXA groups (Table 1). There was significantly
less intraoperative FFP administered with ROTEM-
guided therapy (median O units [range 0—4 units] for the
ROTEM-TXA group vs 2.5 units [range 0—13 units] for
the Conventional-TXA group, p < 0.05), whereas cryo-
precipitate use was increased (median 1 unit [range 0—4
units] for the ROTEM-TXA group vs O units [range 0-2
units] for the Conventional-TXA group, p < 0.05). There
was no difference in platelet use between the 2 groups.
There was also no significant difference in the quantity of
pRBC transfused (median 3 units [range 0—10 units] in the
ROTEM-TXA group vs 4 units [range 0—11 units] in the
Conventional-TXA group, p = 0.1) and blood loss (median
2.6 L [range 0.9-5.4 L] in the ROTEM-TXA group vs 2.9
L [range 0.7-7.0 L] in the Conventional-TXA group, p =
0.21). Autologous blood transfusion volume was signifi-
cantly lower in the ROTEM group (median 0.8 L [range
0.3-2.2 L] in the ROTEM-TXA group vs 1.2 L [0.47-3.74
L] in the Conventional-TXA group, p = 0.02). Postopera-
tive PT, PTT, platelet counts, and blood and blood product
use on the day of surgery and on POD 1 did not differ
significantly between the 2 groups.

Non-TXA-Treated Patients

The preoperative coagulation profile did not differ sig-
nificantly between the ROTEM-nonTXA and Conven-
tional-nonTXA groups (Table 2). With respect to intraop-
erative blood product administration, the level of use of
FFP and platelets was similar in the 2 groups, but more
cryoprecipitate was used in the ROTEM-nonTXA sub-
group. There was significantly less blood loss (median 1
L [range 0.2—6.0 L] in the ROTEM-nonTXA group vs 1.5
L [range 1.0-4.5 L] in the Conventional-nonTXA group, p
< 0.05) and less autologous transfusion volume (median O
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L [range 0-3.8 L] in the ROTEM-nonTXA group vs 0.5 L
[range 0-2.2 L] in the Conventional-nonTXA group, p =
0.05). Postoperative values for coagulation parameters did
not differ significantly between the 2 groups for measure-
ments obtained on the day of surgery or on POD 1, but
there was a trend toward more cryoprecipitate use in the
ROTEM-nonTXA group (median O units [range 0-2] in
the ROTEM-nonTXA group vs 0 units [range 0—1 unit] in
the Conventional-nonTXA group, p = 0.05).

ROTEM Subgroup Analysis

Patients in the ROTEM-TXA group had more ROTEM
testing performed than those in the ROTEM-nonTXA
group. In the ROTEM-TXA group, a significant diminu-
tion in clot initiation, propagation, and clot strength devel-
oped over time, which was not normalized despite transfu-
sion of FFP, cryoprecipitate, and platelets (Table 3). In the
ROTEM-nonTXA group, EXTEM a angle, and CFT were
the only variables significantly altered from baseline.

Cost Analysis

If ROTEM-guided protocols were applied in the his-
torical control cases, there could have been cost savings
of $7424 and $1851 in the Conventional-TXA and Con-
ventional-nonTXA groups, respectively (Table 4). The cost
savings were the result of a reduction in pRBC and FFP
use in the ROTEM-TXA and ROTEM-nonTXA groups.
Cryoprecipitate use increased in both groups to correct the
hypofibrinogenemia and reduced clot strength (A10, A20,
and MCF) demonstrated on the ROTEM temogram.

Discussion
The pathogenesis of the coagulopathy encountered in
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TABLE 1. Comparison of perioperative variables between the ROTEM-TXA and Conventional-TXA groups*

Group
Parameter ROTEM-TXA Conventional-TXA p Value
Baseline demographics
Female sex, % (n) 62 (16) 58 (15) 1
Age in years 65 (45-75) 69 (16-80) 015
ASA physical status 2(2-3) 2 (1-4) 0.73
Body mass index (kg/m?) 29 (20-46) 28 (19-39) 0.27
Preop lab results
INR 1(0.8-1.3) 1(0.9-1.4) 0.36
PTT (seconds) 30 (25-47) 29 (27-54) 0.35
Hemoglobin (g/dI) 13 (9.8-15.9) 12 (8.8-16.7) 0.27
Platelet count (/ul) 242 (122-473) 238 (121-393) 0.59
Intraop surgical variables
No. of spine levels 9(5-18) 9 (7-17) 0.33
Revision surgery, % (n) 54 (14) 62 (16) 0.78
SPO, % (n) 46 (12) 42 (1) 0.79
PSO, % (n) 23 (6) 19 (5) 1
Interbody procedure, % (n) 65 (17) 46 (12) 0.26
Vertebral column resection, % (n) 4(1) 19 (5) 0.19
Blood, blood products, & fluids
pRBC (units) 3 (0-10) 4 (0-11) 0.1
FFP (units) 0 (0-4) 2.5(0-13) 0.0002
Cryoprecipitate (units) 1(0-4) 0(0-2) 0.005
Platelet (units) 0(0-1) 0(0-2) 0.3
Autologous blood transfusion (L) 0.8 (0.3-2.2) 1.2 (0.47-3.74) 0.02
Blood loss (L) 2.6 (0.9-5.4) 2.9(0.7-7.0) 0.21
Crystalloid (L) 3.3 (2.0-5.5) 2.5(1.0-6.2) 0.03
Colloid (L) 1.5 (0-2.5) 1.5(0-2.8) 0.5
TXA (mg) 1261 (732-1954) 1030 (651-3000) 0.44
Postop lab results, day of surgery
INR 1.3(1.2-1.7) 1.3(1.1-1.9) 0.53
PTT (seconds) 28 (22-38) 27 (21-47) 0.5
Platelets (/ul) 131 (75-283) 126 (42-285) 0.7
Hemoglobin (g/dl) 10.3 (7-13.2) 10.2 (6.9-11.8) 0.4
POD 1 lab results
INR 1.3 (1.1-1.9) 1.3 (1.1-1.4) 0.3
PTT (seconds) 26 (20-33) 25 (23-85) 0.7
Platelet count (/ul) 118 (37-269) 140 (92-263) 0.2
Hemaoglobin (g/dI) 10 (7-13.2) 10.6 (8.4-12.7) 0.8
Blood & blood products transfused w/in 24 hrs postop
pRBC (units) 1(0-5) 0(0-2) 0.06
FFP (units) 0 (0-5) 0(0-2) 0.06
Platelet (units) 0(0-2) 0(0-2) 0.08
Cryoprecipitate (units) 0 (0-1) 0(0-1) 1

* Data are presented as medians and ranges unless otherwise indicated.

major spine surgery is multifold and includes hypother-
mia, dilution of coagulation factors, hypofibrinogenemia,
and activation of the fibrinolytic system through bone-
mediated tissue plasminogen activator and urokinase.>%!
In a study by Murray et al., significantly elevated PT and
PTT and a nonsignificant trend toward lower fibrinogen
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levels and platelet counts were seen in 32 patients under-
going posterior spinal fusion.”” In contrast, Carling et al.
reported that total bleeding volume was significantly cor-
related only with preoperative fibrinogen concentration
and not PT, PTT, or platelet counts in patients undergoing
correction of idiopathic scoliosis.? Standard and POC test-
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TABLE 2. Comparison of perioperative variables between the ROTEM-nonTXA and Conventional-nonTXA groups*

Group
Parameter ROTEM-nonTXA Conventional-nonTXA p Value
Baseline demographics
Female sex % (n) 33 (8) 52 (23) 0.2
Age inyrs 67 (49-79) 62 (24-74) 0.02
ASA physical status 2 (2-4) 2 (2-4) 0.9
Body mass index (kg/m?) 30 (21-56) 33 (20-46) 0.58
Preop lab results
INR 1(0.9-1.4) 1(0.8-1.2) 0.07
PTT (seconds) 30 (27-37) 30 (24-41) 0.9
Hemoglobin (g/dl) 13 (7.4-15.3) 14 (9-16.8) 0.59
Platelet count (/L) 224 (129-459) 214 (135-695) 0.96
Intraop surgical variables
Spine levels 4 (3-15) 4 (3-15) 0.77
Revision surgery, % (n) 50 (12) 25 (1) 0.06
SPO, % (n) 13(3) 16 (6) 1
PSO, % (n) 0(0) 7(3) 0.55
Interbody procedure, % (n) 38 (9) 66 (29) 0.04
Vertebral column resection, % (n) 13 (3) 0(0) 0.04
Blood, blood products, & fluids
pRBC (units) 0(0-4) 1(0-9) 0.09
FFP (units) 0(0-5) 0(0-7) 0.6
Cryoprecipitate (units) 0(0-3) 0(0) 0.02
Platelets (units) 0(0-1) 0(0-1) 0.4
Autologous blood transfusion (L) 0(0-3.8) 0.5(0-2.2) 0.05
Blood loss (ml) 1(0.2-6.0) 1.5 (1.0-4.5) 0.0005
Crystalloid (ml) 2.8(0.7-6.0) 3.9 (1.4-9.5) 0.0008
Colloid (ml) 0.6 (0-4.0) 1.0 (0-3.5) 0.3
Postop lab results, day of surgery
INR 1.2 (1-1.8) 12(11-2) 0.5
PTT (seconds) 28 (25-35) 28 (22-38) 1
Platelets (/L) 177 (68-329) 157 (79-311) 0.4
Hemoglobin (g/dl) 11(9-13.2) 10.8 (8.4-15.3) 0.5
POD 1 lab results
INR 1.2 (1-1.6) 1.2(11-2.7) 0.4
PTT (seconds) 26 (22-35) 26 (23-92) 0.9
Platelets (/uL) 147 (76-316) 148 (52-268) 1
Hemoglobin (g/dI) 10.3 (8.5-12.4) 10.7 (7.9-12.9) 0.2
Blood & blood products transfused w/in 24 hrs postop
pRBC (units) 0(0-2) 0(0-3) 0.5
FFP (units) 0(0-2) 0(0-5) 0.06
Platelets (units) 0(0-2) 0(0-2) 0.6
Cryoprecipitate (units) 0(0-2) 0(0-1) 0.05
* Data are presented as medians and ranges unless otherwise indicated.
ing may not be accurate during major blood loss such as mostasis test that utilizes whole blood. Blood is placed
traumatic coagulopathy. Davenport et al. reported median in a cuvette within which a cylindrical pin is immersed."
laboratory reporting times of 78 minutes (range 62—-103 There is a I-mm distance between the pin and cuvette,
minutes) for PT, with a 29% false-negative rate for POC which is bridged by blood. When the pin is initially rotated
PT values.* after blood is added to the cuvette, there is minimal resis-
ROTEM offers a rapid real-time assessment of the tance to the rotation. With increasing clot formation, there
coagulation pathway. ROTEM is a viscoelastometric he- is increased resistance to rotation, which is detected by the
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TABLE 3. Intraoperative changes in EXTEM and FIBTEM variables*

Assay
Variable Baseline 1st 2nd 3rd p Value
ROTEM-TXA group
EXTEM CT (seconds) 48 +2 63+4 62+4 55+8 0.014
EXTEM CFT (seconds) 96 +7 133 +£10 144 £ 11 176 + 20 <0.001
EXTEM a (°) 72+ 1 66+2 64 +2 59+3 <0.001
EXTEM A10 (mm) 54 +1 47 £2 45+2 41+2 <0.001
EXTEM A20 (mm) 61+1 55+ 2 52+2 39+2 <0.001
EXTEM MCF (mm) 62+ 1 56 + 2 54 +2 51+2 0.002
EXTEM ML (%) 6+1 62 4+1 5+1 <0.001
FIBTEM A20 (mm) 17 £1 12+1 101 8+2 0.005
FIBTEM MCF (mm) 17 £1 13+2 10+2 812 0.005
ROTEM-nonTXA group

EXTEM CT (seconds) 53+4 56+4 0.626
EXTEM CFT (seconds) 95+6 131+15 0.013
EXTEM o (°) 72+ 1 65+3 0.005
EXTEM A10 (mm) 54+2 48+3 0.085
EXTEM A20 (mm) 60+1 55+3 0.063
EXTEM MCF (mm) 611 57+3 0.090
EXTEM ML (%) 5+1 73 0.620
FIBTEM A20 (mm) 16+1 122 0.122
FIBTEM MCF (mm) 16+1 1312 0.125

* Data are presented as mean + standard error; p values are based on 1-way ANOVA.

optical sensor and reported as both a functional parameter
and a representative curve. To mimic traditional coagula-
tion pathways, different reagents are added to the cuvette
to initiate the hemostatic process. For the extrinsic path-
way, calcium and tissue factor are used (EXTEM assay).
Adding a reagent with direct platelet inhibition activity,
such as cytochalasin, produces a representative temogram
of fibrin formation and polymerization (FIBTEM assay).
The technical aspects of ROTEM are summarized in a re-
view by Keene et al.l!

TABLE 4. Predicted cost savings with ROTEM-guided therapy

Predicted Cost if
Actual Costin ROTEM Were Used

The aim of this study was to determine whether apply-
ing an allogeneic product transfusion strategy based on
ROTEM in complex multilevel spine surgery is associ-
ated with decreased blood and blood component therapy
use. Our study supports the usefulness of the technique by
reporting lower pRBC and FFP usage in cases in which
ROTEM therapy was used, even in cases in which it was
used in conjunction with antifibrinolytic therapy. In cases
in which ROTEM-guided therapy was used without an-
tifibrinolytic therapy with TXA, allogeneic product sav-
ing was limited to pRBC only. This dichotomous effect
is most likely related to the selection of TXA for more
complex spine cases, for which the anticipated blood loss
is large. This is supported by the median number of surgi-

Conventional  in Conventional cally treated vertebral levels (median 9 for TXA-treated

Blood Product Group Group Difference patients vs 4 for non—-TXA-treated patients) and blood loss

: in the TXA-treated patients (median 2.6 L in the ROTEM-

TXA-treated patients TXA group and 2.9 L in the Conventional-TXA group)

pRBC $25,650 $20,025 -$5625 compared with the non-TXA-treated patients (1 L in the

FFP $2175 $400 -$775 ROTEM-nonTXA group and 1.5 L in the Conventional-

Cryoprecipitate $558 $1674 +$1116 nonTXA group). In the ROTEM-nonTXA group, bleeding,

Platelets $4815 $2675 -$2140 coagulopathy, and transfusion therapy were limited, miti-

Total cost $33198 $25.774 ~§7424 gating the beneficial effects of ROTEM-guided therapy.

: ’ ' Furthermore, our cost analysis demonstrated significant

Non-TXA-treated patients health care dollar savings when ROTEM is applied in this

pRBC $10,330 $9900 -$430 manner (Table 4). In centers performing a high volume of

FFP $1344 $896 -$448 spine procedures with large amounts of blood loss, the po-

Cryoprecipitate $0 $682 +$682 tential cost savings from allogeneic transfusions are likely

Platelets $2675 $980 ~$1695 to outweigh the capital and consumables cost of ROTEM.

T - Spalding et al., in an analysis of pre- and post-ROTEM
otal cost $14,309 $12,458 $1851
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costs of cardiac surgery, demonstrated a 32% ($28,000/
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month) reduction in all blood product use with a monthly
ROTEM cost of $2166.%°

In our study the reduction in blood and component
therapy intraoperatively was not associated with any detri-
mental effects in the immediate postoperative coagulation
profile. Hemoglobin level, PT, PTT, and platelet counts on
admission to the inpatient floor after surgery did not differ
significantly between the patients in the ROTEM and Con-
ventional groups. Among TXA-treated patients, there was
a trend toward slightly more pRBC and FFP use within
the first 24 hours in the ROTEM-TXA group than in the
Conventional-TXA group (pRBC: median 1 unit [range
0-5 units] vs O units [range 0-2 units], respectively, p =
0.06; FFP: median O units [range 0—5] vs O units [range
0-2 units], p = 0.06). Among patients who did not receive
TXA, there was a trend toward more cryoprecipitate use
in the ROTEM-nonTXA group than in the Conventional-
nonTXA group (I unit [range 0-2 units] vs O units [range
0—1 units], p = 0.05). Increased transfusion with nonsignif-
icant differences in coagulation parameters is likely reflec-
tive of nonstandardized postoperative transfusion triggers
at our institution.

Finally, an important observation from our study was
the difference in blood loss between the ROTEM-TXA
and the Conventional-TXA groups (median 2.6 L [range
0.9-54L] vs 29 L [range 0.7-7.0 L], p=0.21) and between
the ROTEM-nonTXA and Conventional-nonTXA groups
(median 1 L [range 0.2-6.0 L] vs 1.5 L [range 1.0-4.5 L],
p = 0.0005), with greater blood loss in the patients without
ROTEM-guided therapy despite no significant differenc-
es in the postoperative coagulation profiles of the patient
groups. These results highlight the limitations of the INR,
PTT, and quantitative platelet count with respect to the
assessment of functional in vivo clotting and planning of
transfusion treatment, while supporting the use of throm-
boelastogram values, contrary to the findings of Horlocker
etal?

Avoiding unnecessary allogeneic transfusions reduces
the risk of transfusion-related complications. The risk
of death associated with a transfusion is approximately
1:322,580, while the risk of major morbidity is 1:21,413.!
The most common causes of death associated with an al-
logeneic transfusion are transfusion-related acute lung in-
jury, followed by hemolytic transfusion reactions. The risk
of transfusion-related acute lung injury is estimated to be
between 0.08% and 15% following a transfusion.”? Risk
factors for developing transfusion-related acute lung injury
include mechanical ventilation, massive transfusion, and
increased plasma use, which was significantly lower in the
patients treated with the ROTEM-guided approach.???
These factors are common denominators in major spine
surgery.

Analysis of the different coagulation pathways by
ROTEM in our study highlights the importance of func-
tional hypofibrinogenemia in major spine surgery. A signif-
icant reduction of the MCF in the EXTEM and FIBTEM
from baseline—indicative of a reduction in qualitative fi-
brinogen and/or platelet function—is evident (Table 3). The
normal postsurgery platelet counts in our study point to the
important contribution of low fibrinogen to the reduced
MCEF seen on the EXTEM. The FIBTEM MCF has been
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shown to correlate well with laboratory fibrinogen values,
with a FIBTEM MCEF of less than 7 mm, approximating
150 mg/dl of plasma fibrinogen.!” In trauma-induced coag-
ulopathy, a FIBTEM MCEF of less than 7 mm is associated
with profuse bleeding.!' FFP is a poor choice for the correc-
tion of hypofibrinogenemia, as it has a low concentration
of fibrinogen compared with cryoprecipitate or fibrinogen
concentrate. Standard preparations of FFP and cryopre-
cipitate have approximately 2g/L (0.6 g in a typical 300-
ml bag) and 15 g/L of fibrinogen In our study the mean
intraoperative fibrinogen values in the ROTEM-TXA and
Conventional-TXA groups were 258 + 164 mg/dl and 175
+ 37 mg/dl, respectively, as a result of more cryoprecipitate
use in the ROTEM-TXA group.

Fibrinogen concentrate is a purified concentrate of fi-
brinogen derived from human plasma using the Cohn/On-
cley cryoprecipitation procedure.” Each ampule provides 1
g/L of fibrinogen, which is reconstituted in 50 ml of water.
Therefore, the same amount of fibrinogen as FFP can be
administered in one-sixth of the volume. Although primar-
ily indicated for prophylactic and therapeutic treatment of
hemorrhagic diathesis with congenital afibrinogenemia or
hypofibrinogenemia, there are studies reporting its use in
acquired hypofibrinogemia during major blood loss sur-
gical procedures.®! Mittermayr et al. reported improved
ROTEM clot polymerization and strength with the use of
fibrinogen concentrate in patients undergoing spine sur-
gery (involving more than 3 segments) with a dilutional
coagulopathy.' In the US, fibrinogen concentrate (Haemo-
complettan P 1g, CSL Behring) is approved by the FDA
only for the treatment of acute bleeding episodes in pa-
tients with congenital fibrinogen deficiency (afibrinogen-
emia or hypofibrinogenemia).

Multiple studies have demonstrated reduced blood loss
with prophylactic antifibrinolytic use in spine surgery.!3
However, in our study there was no evidence of hyperfi-
brinolysis (EXTEM ML > 15%) in the ROTEM-nonTXA
group. A limited number of ROTEM temograms were
performed in this group, as a result of the lower blood loss,
and late fibrinolysis could potentially have been missed.

Limitations of our study include a small sample size
with potential variability in transfusion practice in the his-
torical controls due to varying anesthesia providers. We
attempted to limit this variability by restricting the match-
ing period to a 5-year period so that significant changes in
transfusion practices and staffing were reduced. Further-
more, there was no standardized surgical measure to quan-
tify the degree of spine surgery being performed. Match-
ing based on the number of surgically treated levels may
result in inappropriate matching.

Conclusions

We have demonstrated that the application of a goal-
directed hemostatic approach with functional coagulation
testing increases cryoprecipitate but reduces FFP use.
This is due to hypofibrinogenemia as a major contribu-
tor to the ongoing coagulopathy. Early identification and
management of hypofibrinogenemia is critical in major
spine surgery as demonstrated by a reduction in blood loss
with cryoprecipitate use. ROTEM offers a new, safe, and



cost-effective method to allogeneic blood product manage-
ment in major spine surgery. Furthermore, by applying a
ROTEM-guided algorithm, variance of transfusion prac-
tice can be reduced with increased standardization of care
among different providers.
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