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bleeding management on the need for allogenic blood transfusion, prohemostatic medication, and
clinical outcomes in lung transplantation patients.

METHODS: This single-center retrospective cohort study compared patients receiving bilateral lung
transplantation between 2010-2014 and 2017-2020. The first cohort was treated with a clinically
guided bleeding strategy and the second cohort with a ROTEM-guided bleeding strategy. Multivariable
regression analyses were performed to determine the effects on primary outcomes.

RESULTS: A total of 167 (66 clinically guided vs 101 ROTEM-guided) patients were included for analysis.
Baseline, intraoperative, and postoperative characteristics were mostly similar, but differed regarding the
number of patients with cystic fibrosis, use of cardiopulmonary bypass, and surgical technique. The ROTEM-
guided group received significantly less median red blood cells (7 [3; 13] vs 4 [1; 9] units, p < 0.01), platelet
concentrate (2 [0; 3] vs O [0; 2] units, p = 0.01), and plasma volume (2,310 [1,320; 3,960] vs 800 [0; 1,600]
ml, p < 0.01). In multivariable regression analysis, implementation of the ROTEM strategy only remained
significantly associated with a decreased use of plasma volume. Cardiopulmonary bypass significantly in-
creased allogenic blood transfusion needs. Moreover, more prothrombin complex concentrate, fibrinogen
concentrate, and less tranexamic acid were used in the ROTEM-guided group.

CONCLUSIONS: ROTEM-guided bleeding management reduces plasma transfusion in bilateral lung
transplant surgery and cardiopulmonary bypass seems to increase transfusion needs.
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Background

During and after lung transplant (LTx) surgery, blood
transfusion is often necessary. However, blood products are
scarce resources and blood transfusion carries risk, such as
transfusion-related acute lung injury, primary graft dys-
function (PGD), transfusion-related immunomodulation, and
transfusion-associated circulatory overload (TACO). " PGD
is associated with negative short- and long-term patient
outcomes. This emphasizes the need to limit blood loss and
blood transfusion in patients undergoing LTx.

Point-of-care (POC)-guided bleeding management have
shown to reduce blood transfusion in cardiovascular sur-
gery.”'" However, studies regarding the effect of POC-
guided transfusion strategies during LTx are scarce.'”'”
Nevertheless, limited evidence suggests that POC-guided
bleeding management using rotational thromboelastometry
(ROTEM) reduces perioperative bleeding and decreases red
blood cell (RBC), platelet, and plasma transfusion.'>'* The
limited literature on this topic necessitates further research
on the effects of POC management during LTx surgery.
Therefore, we conducted a study to evaluate ROTEM-guided
transfusion in patients receiving bilateral LTx with and
without extracorporeal support.

The objective of this study was to assess whether
ROTEM-guided bleeding management reduces allogenic
blood transfusion in LTx patients. Secondary objectives were
to evaluate its effects on use of prohemostatic agents and
clinical outcomes, such as surgical re-exploration due to
bleeding, hospital length of stay (LOS), and intensive care
unit (ICU) LOS. Furthermore, we aimed to assess the effects
of extracorporeal circulation (ECC) using cardiopulmonary
bypass (CPB) or extracorporeal membrane oxygenation
(ECMO) on transfusion need. Our hypothesis was that
ROTEM-guided transfusion reduces allogenic blood trans-
fusion in bilateral LTx surgery.

Methods
Study design

This study is a single-center retrospective study conducted in a
tertiary university hospital in Rotterdam, the Netherlands (Erasmus
Medical Center). The study population consists of 2 cohorts of
patients who underwent bilateral LTx surgery in the periods of
2010-2014 and 2017-2020.

The cohort from 2010-2014 (control group) underwent LTx with
clinically guided bleeding management. Transfusion was guided
based on standard laboratory tests, clinical judgment, and throm-
boelastography if deemed necessary. No transfusion algorithm was
used. In 2015, ROTEM was introduced in the hospital and mid-2016
a transfusion protocol was developed and approved. The second half
of 2016 was regarded as the implementation phase of the ROTEM-
guided transfusion algorithm. The second cohort (intervention group)
of patients underwent LTx surgery between 2017 and 2020 in which
the ROTEM-guided transfusion protocol was used. In our center, we
do not use plasma exchange (PLEX) for desensitization therapy, as
such there was no need to exclude these patients.

The medical ethics committee of the Erasmus Medical Center
reviewed this study and decided it was not subject to the Medical
Research Involving Human Subjects Act (MEC-2019-0695).

Study outcomes

The primary outcomes were transfusion of RBCs, platelet con-
centrate, and plasma volume during surgery up until 7 days after
transplantation. Secondary outcomes included percentage of pa-
tients transfused with RBC, platelet concentrate and plasma, ad-
ministration of prothrombin complex concentrate (PCC) (Cofact,
Sanquin, Amsterdam, the Netherlands), fibrinogen concentrate
(Haemocomplettan P, CSL Behring BV, Breda, the Netherlands),
desmopressin (Minrin, Ferring BV, Hoofddorp, the Netherlands),
recombinant factor VIla (rVIIa, NovoSeven; Novo Nordisk BV,
Alphen aan den Rijn, the Netherlands), and tranexamic acid
(Cyklokapron, Pfizer BV, Capelle aan den 1Jssel, the Netherlands)
during surgery and up until 7 days after transplantation.
Furthermore, other outcomes were duration of mechanical ventila-
tion, ICU LOS, hospital LOS, incidence of surgical re-exploration
due to bleeding, in-hospital mortality, and 1-year mortality. Lastly,
we aimed to assess the effects of CPB or ECMO on transfu-
sion need.

Clinically guided bleeding management and ROTEM-
guided bleeding management

Clinically guided bleeding management and the ROTEM-guided
bleeding management used in our hospital are described in detail in
Karrar et al and included in the supplementary material.'* Briefly,
in the clinically guided bleeding management, blood products were
given if deemed necessary by the anesthesiologist. Protamine was
administered to antagonize heparin in case of CPB use until acti-
vated clotting time was within < 10% difference of baseline. In the
ROTEM-guided bleeding management, perioperative blood pro-
ducts were given according to the protocol as described by Gor-
linger et al and postoperatively as described by Weber et al.”-"”
POC ROTEM testing was performed. Both the clinically guided
bleeding management protocol and ROTEM-guided bleeding
management protocol are described in detail in the supplement of
this study (Figures S1 and S2).

Surgical technique

Recipients were placed in supine position on an inflatable bag under
each scapula to lift up the chest (one or both sides as needed). The
arms were hanging alongside the chest with elbows in 90 degrees
flexion. Either a clamshell or bilateral anterior thoracotomy incision
was performed. Over the years, the preference shifted toward the
bilateral anterior thoracotomy incision. A clamshell incision was
performed in the fourth intercostal space and the sternum was di-
vided, with ligation of the mammary vessels. A bilateral anterior
thoracotomy incision was made in the fourth or fifth intercostal
space, without sternal division and leaving the mammary vessels
intact. If additional access to the thorax was necessary, the surgeon
converted to the clamshell incision. Hereafter, pneumonectomy was
performed and the donor lungs were implanted sequentially. The
lung with the worst function on the preoperative ventilation-per-
fusion scan was implanted first, with continuous ventilation of the
contralateral lung. If needed CPB or ECMO was inserted, either
centrally or via the femoral vessels. Over the years, CPB was used
more restrictively. After creating the bronchial and vascular ana-
stomoses, methylprednisolone and mannitol were administered and
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Table 1  Baseline Characteristics

Clinically guided

ROTEM-guided

General characteristics (n=67) (n =101) p-value
Age, years 55 [42; 60] 58 [51; 62] 0.01
Female, % 34 [50.7] 53 [52.5] 1.00
Body mass index 22.7 [20.0; 26.0] 24.3 [21.0; 28.2] 0.02
Retransplantation, % 1 [1.5] 3 [3.0] 1.00
Previous thoracic surgery, % 5 [7.5] 5 [5.0] 0.52
Admission prior to procedure, % 26 [38.8] 27 [26.7] 0.13
ICU admission prior to procedure, % 9 [13.4] 10 [9.9] 0.63
Diabetes, % 11 [16.4] 13 [12.9] 0.51
Mean pulmonary artery pressure 26 [19; 30] 24 [20; 31] 0.80
ECMO preoperatively, % 6 [9.0] 10 [9.9] 1.00
Veno-venous cannulation, % 4 [66.7] 3 [30.0] 0.44
Veno-arterial cannulation, % 2 [33.3] 7 [70.0] 0.32
Indication for transplantation

COPD, % 24 [35.8] 38 [37.6] 0.87
Cystic fibrosis or bronchiectasis, % 19 [28.4] 11 [10.9] <0.01
Pulmonary fibrosis, % 23 [34.3] 50 [49.5] 0.06
Pulmonary hypertension, % 1 [1.5] 2 [2.0] 1.00
Preoperative anticoagulation

Acetylsalicylic acid, % 3 [4.5] 8 [7.9] 0.53
P2Y12 antagonists, % 2 [3.0] 1 [1.0] 0.56
Direct oral anticoagulants, % 1 [1.5] 2 [2.0] 1.00
Vitamin K antagonists, % 2 [3.0] 5 [5.0] 0.70
Preoperative laboratory values

Hemoglobin, mmol/liter 8.4 [6.9; 9.1] 8.4 [7.4; 9.3] 0.37
Platelet count, billion/liter 277 [194; 327] 276 [221; 316] 0.65
International normalized ratio 1.0 [1.0; 1.2] 1.0 [0.9; 1.1] 0.11
Creatinine, pmol/liter 68 [56; 79] 68 [59; 84] 0.30
Fibrinogen, g/liter 4.5 [4.0; 5.3] 3.8 [3.2; 4.6] <0.01
Missing, % 6 [9.0] 4 [4.0]

Abbreviations: COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IQR, interquartile

range; ROTEM, rotational thromboelastometry.

Continuous data are presented as median [IQR], ratios are presented as count [%], missing data are reported as count [%].

deairing was performed before the lung was reperfused. After
successful reperfusion of both lungs, chest tubes were inserted,
and the incision was closed.

Intraoperative anesthetic management

Anesthetic management was identical in both study groups. Before
anesthetic induction, arterial blood gas analysis and POC activated
clotting time were measured. Invasive blood pressure monitoring,
double lumen endobronchial tube, a 5-lumen central line with con-
tinuous venous pressure monitoring, venous catheters and urinary
catheter with continuous temperature management were executed and
a transesophageal ultrasound was performed. Antibiotic prophylaxis
was administered according to local protocol.

Statistical analysis

Data were analyzed with Statistical Package for the Social Sciences
(SPSS version 26.0 for Mac OS, IBM Corp., Armonk NY). Figures
were made in R (version 4.2.1; R Foundation for Statistical
Computing, Vienna, Austria). Discrete variables were presented as
count (%) and continuous variables as median (interquartile range
(IQR)). For determination of normality, distribution of the histo-
grams was inspected, combined with Kolmogorov-Smirnov testing.

An unpaired 2-sided Student r-test was utilized in normally dis-
tributed data and a Mann-Whitney U test otherwise. For discrete
data, Fisher’s exact testing was used. Sensitivity analysis was per-
formed to stratify for ECC techniques during surgery for primary
outcomes. Multivariable linear regression analyses were executed to
correct for confounders to determine the effects of a ROTEM-
guided transfusion algorithm on the primary outcomes. Potential
confounders consisted of variables that differed significantly at
baseline or intraoperatively or were selected based on existing lit-
erature. Determining which of those confounders to include in the
multivariable analysis was executed per outcome variable.
Variables were included in case of a p-value <0.1 in the univariable
analysis. Normal distribution of residuals was assessed. p-values
<0.05 were considered statistically significant.

Results

Baseline characteristics

A total of 167 patients were included. Between 2010 and
2014, clinically guided bleeding management was applied

in 66 patients (control group) and between 2017 and 2020,
the ROTEM-guided bleeding management was applied in
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Table 2 Intraoperative and Postoperative Variables

Clinically guided

ROTEM-guided

(n = 66) (n =101) p-value
Intraoperative variables
Ex-vivo lung perfusion 0 [0.0] 12 [11.9] <0.01
Clamshell incision, % 66 [100] 28 [27.7] <0.01
Duration of surgery, minutes 575 [515; 646] 555 [460; 701] 0.42
Bilateral anterolateral 0 [0.0] 73 [72.3] <0.01
incision, %

Duration of surgery, minutes 0 [0.0] 517 [452; 601] NA
Cardiopulmonary bypass, % 40 [60.6] 37 [36.6] <0.01
Cardiopulmonary bypass 251 [225; 300] 263 [181; 320] 0.64

duration, minutes
ECMO intraoperatively 0 [0.0] 6 [5.9] 0.08
Veno-venous cannulation, % 0 [0.0] 2 [2.0] 0.51
Veno-arterial cannulation, % 0 [0.0] 4 [4.0] 0.15
Ischemia time, minutes
First lung 251 [225; 300] 273 [240; 308] 0.03
Missing, % 1 [1.5] 6 [5.9]
Second lung 376 [331; 419] 420 [375; 480] <0.01
Missing, % 1 [1.5] 6 [5.9]
Autologous blood returned, ml 1165 [460; 2,305] 825 [410; 1,570] 0.05
Postoperative laboratory variables
Hemoglobin, mmol/liter 6.5 [6.0; 8.0] 7.0 [6.3; 8.1] 0.15
International normalized ratio 1.3 [1.2; 1.4] 1.3 [1.2; 1.5] 0.10
Platelet count, billion/liter 109 [82; 159] 134 [107; 221] <0.01
Fibrinogen, g/liter 2.3 [1.8; 2.8] 2.4 [1.9; 2.8] 0.49
Missing, % 6 [9.1] 3 [3.0]
ECMO postoperatively 7 [11.9] 19 [18.8] 0.24
Veno-venous cannulation, % 4 [6.1] 3 [3.0] 0.44
Veno-arterial cannulation, % 3 [4.5] 16 [15.8] 0.09

Abbreviations: ECMO, extracorporeal membrane oxygenation; IQR, interquartile range; ROTEM, rotational thromboelastometry.
Continuous data are presented as median [IQR], ratios are presented as count [%], missing data are reported as count [%].

101 patients (intervention group). Baseline characteristics
are presented in Table 1. Overall, most patient character-
istics in both groups were comparable. The intervention
group had a higher median age (55 years [42; 60] vs
58 years [51; 62]; p = 0.01), a higher BMI (22.7 [20.0; 26.0]
vs 24.3 [21.0; 28.2], p = 0.02), and less cystic fibrosis (CF)
as indication for LTx (28% vs 10%, p < 0.01). The fi-
brinogen level was slightly higher in the control group (4.5
[4.0; 5.3] gfliter vs 3.8 [3.2; 4.6] g/liter, p < 0.01). No
statistically significant differences were found regarding
clinical bridging to transplantation on the ward or ICU prior
to surgery (39% vs 27%, p = 0.13; 13% vs 10%, p = 0.63,
respectively). Preoperative ECMO rates were similar (9%
vs 10%, p = 1.00). Additionally, preoperative antic-
oagulation rates were comparable, alongside hemoglobin,
platelet count, and international normalized ratio.

Intraoperative and postoperative characteristics

Table 2 shows intraoperative and postoperative details. Post-
operative hemoglobin, international normalized ratio, and fi-
brinogen did not differ significantly. Platelet count was higher
in the intervention group (109 billion/liter [82; 159] vs 134
billion/liter [107; 221], p < 0.01). Postoperative ECMO rates

were not significantly different (12% vs 19%, p = 0.24). In the
control group, all patients underwent a clamshell incision vs
27% in the intervention group (p < 0.01). The other patients
underwent LTx with the bilateral anterolateral thoracotomy
technique. In the control group, no ex-vivo lung perfusion
(EVLP) was used, while in the intervention group this was used
in 12% of the cases (p < 0.01). In case ECC was needed
intraoperatively, ECMO was used instead of CPB in 7% of the
patients in the intervention group (3% veno-venous ECMO, 4%
veno-arterial ECMO), whereas in patients in the control group
only CPB was used (p = 0.08). CPB was used significantly less
in the intervention group (60% vs 37%, p < 0.01).

Primary and secondary outcomes

Table 3 shows primary and secondary outcomes. The in-
tervention group received less median RBCs (7 units [3; 13]
vs 4 units [1; 9], p < 0.01), platelet concentrate (2 units [0;
3] vs 0 unit [0; 2], p < 0.01), and plasma volume (2,310 ml
[1,320; 3960] vs 800 ml [0; 1,600], p < 0.01) (Figure 1).
The percentage of patients transfused with RBCs, platelet
concentrate, and plasma all decreased significantly.
Multivariable regression analysis of the primary out-
comes showed that after adjusting for indication for trans-
plantation, ICU admission prior to surgery, ECMO prior to
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Table 3  Primary and Secondary Outcomes

Clinically guided (n = 66) ROTEM-guided (n = 101) p-value
Primary outcomes
Red blood cells, units 7 [3; 13] 4 [1; 9] <0.01
Platelet concentrate, units 2 [0; 3] 0 [0; 2] <0.01
Plasma volume, ml 2310 [1320; 3960] 800 [0; 1600] <0.01
Secondary outcomes
Red blood cell transfusion, % 62 [93.9] 74 [73.3] <0.01
Platelet concentrate transfusion, % 46 [69.7] 39 [38.6] <0.01
Plasma transfusion, % 59 [89.4] 68 [67.3] <0.01
PCC, % 4 [6.1] 27 [27.0] <0.01
Fibrinogen concentrate, % 11 [16.7] 44 [44.0] <0.01
Desmopressin, % 4 [6.1] 1 [1.0] 0.08
1VIIa, % 1 [1.5] 1 [1.5] 1.00
Tranexamic acid, g 4 [2; 5.38] 3.14 [0; 4.50] <0.01
Duration of mechanical 2 [1;7] 2 [1; 6] 0.61

ventilation, d
ICU length of stay, d 14 [5; 42] 6 [4; 21] <0.01
Hospital length of stay, d 28 [21; 40] 21 [15; 35] 0.02
Surgical re-exploration due to 13 [19.7] 16 [15.8] 0.54
bleeding, %

In-hospital mortality, % 6 [9.1] 16 [15.8] 0.25
One year mortality, % 11 [16.7] 21 [20.8] 0.51

Abbreviations: ICU, intensive care unit; IQR, interquartile range; PCC, prothrombin complex concentrate; rVIIa, recombinant factor VIIa; ROTEM,

rotational thromboelastometry.

Continuous data are presented as median [IQR] and ratios are presented as count [%].

surgery, CPB use or surgical technique, on average 1293 ml
less plasma was used with the ROTEM-guided transfusion
strategy (B —12.93 [95%CI -23.72; -2.13], p=0.02)
(Table 4). ROTEM-guided transfusion had no significant
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confounders. CF as indication for transplantation was
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Table 4  Multivariable Regression Analysis

Beta coefficient Confidence interval [95%] p-value
Red blood cell transfusion
ROTEM-guided bleeding management 2.39 -1.58; 6.37 0.24
Cystic fibrosis vs other causes 4.40 0.72; 8.08 0.02
Preoperative hemoglobin -0.93 -2.14; 0.28 0.13
ECMO prior to surgery 5.04 0.46; 9.63 0.03
ICU admission prior to surgery -1.12 -8.21; 5.98 0.76
Clamshell vs bilateral anterolateral thoracotomy 2.77 -1.17; 6.70 0.17
Cardiopulmonary bypass during surgery 10.42 7.57; 13.29 <0.01
Platelet concentrate transfusion
ROTEM-guided bleeding management 0.26 -1.13; 1.66 0.71
Cystic fibrosis vs other causes 1.44 0.17; 2.71 0.03
Preoperative platelet count (per 10) -0.05 -0.10; 0.01 0.10
ICU admission prior to surgery -0.46 -2.67; 1.75 0.68
ECMO prior to surgery 1.03 -0.54; 2.61 0.20
Clamshell vs bilateral anterolateral thoracotomy -0.07 -1.31; 1.45 0.92
Cardiopulmonary bypass during surgery 2.96 1.96; 3.34 <0.01
Plasma transfusion (per 100 ml)
ROTEM-guided bleeding management -12.93 -23.72; -2.13 0.02
Cystic fibrosis vs other causes 9.37 -0.45; 19.24 0.06
ICU admission prior to surgery -0.07 -17.10; 17.24 0.99
ECMO prior to surgery 16.47 4.44; 28.48 <0.01
Clamshell vs bilateral anterolateral thoracotomy -0.10 -10.64; 10.84 0.99
Cardiopulmonary bypass during surgery 21.52 13.78; 29.24 <0.01

Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; ROTEM, rotational thromboelastometry.

Preoperative thrombocyte count is categorized per 10 units.

associated with increased RBC and platelet concentrate
transfusion. Surgical technique and ICU admission prior to
surgery were not associated with increased transfusion of
allogenic blood products. Supplementary Table B2 shows
the outcomes of the regression analyses.

Regarding secondary outcomes, the intervention group
received more PCC (6% vs 27%, p < 0.01), fibrinogen
concentrate (17% vs 44%, p < 0.01), and less tranexamic
acid (4g [4; 5.38] vs 3.14g [0; 4.50], p < 0.01).
Administration rates of rVIla and desmopressin were
comparable. ICU and hospital LOS were significantly
shorter (14 days [5; 42] vs 6days [4; 21], p < 0.01 and
28 days [21; 40] vs 21 days [15; 35], p =0.02, respectively)
in the intervention group, while surgical re-exploration due
to bleeding (20% vs 16%, p=0.54) and duration of me-
chanical ventilation were comparable.

Extracorporeal circulation

Sensitivity analyses regarding the effect of ECC use on the
primary outcomes are displayed in Supplementary Table
B 1. Patients who underwent surgery without ECC received
significantly less transfusion of all blood products after
introduction of ROTEM-guided transfusion (RBCs 3 units
[2; 4] vs 1 unit [0; 3], p < 0.01; platelet concentrate O units
[0; 1T vs O units [0; 0], p=0.01, plasma volume 1,320 ml
[660; 1,980] vs 200 ml [0; 1,000], p < 0.01). In patients
transplanted using CPB only, there were no significant

differences in RBC or platelet concentrate transfusion, but
plasma transfusion was significantly lower in the interven-
tion group compared to the control (3,300 ml [2,145; 4,785]
vs 1,600 ml [800; 3,200], p < 0.01).

In the multivariable analysis, CPB use during surgery
had a significant effect on RBC, platelet concentrate, and
plasma transfusion. ECMO during surgery did not have a
significant association with any of the primary outcomes
(Supplementary Table B2). When corrected for other fac-
tors, red blood cell transfusion was increased by 5.04 units
(B 5.04 [95%CT 0.46; 9.63], p=0.03) and plasma transfu-
sion by 1,674 ml (p 16.47 [95%CI 4.44; 28.48], p < 0.01)
in patients receiving ECMO prior to surgery compared to
patients who did not.

Discussion

To improve perioperative care for LTx surgery patients, the
effects of ROTEM-guided bleeding management on blood
product transfusion and patient outcomes were investigated.
Following introduction of ROTEM-guided bleeding man-
agement, there was a significant decrease in transfusion of
RBCs, platelet concentrate, and plasma. After adjustment
for confounders, the effect on plasma transfusion persisted.
At the same time, the implementation of ROTEM-guided
transfusion increased the rate of administration of PCC and
fibrinogen concentrate. Hospital and ICU LOS decreased
significantly, while duration of mechanical ventilation and
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rates of surgical re-exploration and mortality were similar
in both groups.

After the introduction of ROTEM-guided bleeding man-
agement, less blood products were needed. This is in con-
cordance with 2 prior studies on this topic.'”'” Durila et al
found in their RCT that perioperative blood loss was de-
creased and that there was a lower perioperative need for
RBCs and fresh frozen plasma in patients in whom the
ROTEM-guided strategy was used compared to a clinically
guided strategy.'” Plasma transfusion was avoided, if possible,
in the ROTEM group. In another retrospective cohort study by
Smith et al, significantly less patients received RBCs, fresh
frozen plasma, and platelet transfusion when ROTEM was
introduced."” However, these studies did not perform multi-
variable regression analysis of the primary outcomes. In our
study, after adjusting for confounders, such as use of CBP,
indication for transplantation, and surgical technique,
ROTEM-guided transfusion was solely associated with de-
creased plasma transfusion in our study. Overall, ROTEM-
guided transfusion seems an effective tool to reduce plasma
transfusion. This is relevant, as minimizing plasma transfusion
reduces the incidence of transfusion-associated circulatory
overload and right ventricular failure.'®*"

This study distinguishes itself from other studies by in-
cluding patients transfused with CPB in the study cohort. In
the multivariable regression analysis, CPB use was asso-
ciated with increased RBC, platelet concentrate, and plasma
transfusion, whereas intraoperative ECMO use was not
significantly associated with any of the primary outcomes.
This corroborates findings from others, even though some
only investigated or found significant differences in RBC
transfusion.”’*” In another study by Durila et al in which
either intraoperative ECMO or no ECC was used, ECMO
patients needed more RBC transfusion, but not platelet
transfusion.'” Two recent meta-analyses demonstrated that
the use of intraoperative ECMO instead of CPB can be
associated with a lower rate of PGD, bleeding, renal failure
requiring dialysis, and tracheostomy, along with fewer in-
traoperative transfusions, shorter intubation time, ICU LOS,
and hospital LOS. > Also, in other recent studies, CPB
assistance was related with higher mortality, more RBC
transfusion, and more PGD.”>° On the contrary, in a
propensity-matched analysis comparing intraoperative VA-
ECMO to CPB in bilateral LTx, Chan et al showed that
patients with VA-ECMO needed more intraoperative blood
products, while there was a significantly lower post-
operative transfusion need.”’ This contrasts our results, as
we found that CPB was associated with increased use of
blood products, but intraoperative ECMO was not. A dif-
ference to this study is the propensity-matched analysis they
performed, using 5 variables that were expected to impact
their primary outcomes. These variables were age, lung
allocation score, history of thoracic surgery, and RV dila-
tion and dysfunction. These are not fully in concordance
with our study, because these variables were either not
significant in our univariable regression analysis or the data
were not present. Taking available literature and our ana-
lysis into account, CPB seems to impact transfusion as well
as clinical outcomes negatively and intraoperative VA-

ECMO should be considered when feasible in patients
when ECC is necessary.

After stratification, the ROTEM-guided strategy reduced
transfusion of all blood products in patients without ECC.
However, in patients who underwent LTx with CPB,
ROTEM-guided transfusion only significantly reduced
plasma transfusion. This may indicate that ROTEM-guided
transfusion can be more effective in reducing blood product
transfusion in patients transplanted without the use of ECC.

Over time, novel insights and surgeon’s preferences have
altered the surgical approach during LTx, which led to several
intraoperative differences between the 2 cohorts. Whereas the
clamshell incision was routinely used in the first cohort, this
has gradually shifted to a less invasive bilateral anterior
thoracotomy approach. The thoracotomy incision was asso-
ciated with less blood loss and reduced need for blood or
platelet transfusion, shorter duration of mechanical ventilation
duration, and shorter ICU LOS in prior studies.”* " Because
in our intervention group the majority (72%) of patients re-
ceived a bilateral thoracotomy incision instead of clamshell, it
is possible that the difference in outcomes is in part attribu-
table to this difference in surgical approach. However, the
surgical approach was not significantly associated with
transfusion requirement in our multivariable regression ana-
lysis. The distribution of indications for LTx has changed over
time, which may in part explain the reduction in blood product
transfusion in our later cohort. The proportion of patients
transplanted for CF decreased, largely owing to novel CFTR
therapy.”” Pulmonary fibrosis became the most important in-
dication for LTx in the later cohort. CF as indication for LTx
was associated with increased RBC and platelet transfusion
after correction for confounders. Furthermore, higher baseline
fibrinogen levels in the clinically guided group could be at-
tributed to higher incidence of CF. Similarly, Cernak et al
found that LTx for CF was often associated with massive
transfusion requirement.”’

Hospital and ICU LOS decreased significantly over time.
Although many factors are of influence, reduction of fluid
overload due to less plasma transfusion may have played a
role in this improvement, as fluid overload is associated
with increased LOS.™°

Because of prohemostatic medication use in the
ROTEM-guided bleeding management, administration of
fibrinogen concentrates, and PCC increased significantly.
This raises concern on possible adverse outcomes, such as
thromboembolic events. Although current literature is in-
conclusive regarding this topic in transplantation surgery, in
high-risk cardiac surgery there seems to be no increased
risk of thromboembolic events when PCC is administered
with guidance of thromboelastometry.’’** However, due to
insufficient literature, the consensus statement on PCC use
states caution is necessary, especially in patients with high
thromboembolic risk.”’

Lastly, another difference that occurred between the
groups was use of EVLP. This technique was introduced
after implementation the ROTEM-guided bleeding man-
agement. However, EVLP is unlikely to influence transfu-
sion requirements. Regardless of the COVID-19 pandemic,
there were no blood shortages at our institution.
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Strengths and limitations

To our knowledge, this study is the largest cohort study
evaluating the effects of ROTEM-guided bleeding man-
agement in patients undergoing bilateral LTx to date. The
wide spectrum of patient characteristics, intraoperative and
surgical techniques increase the generalizability of this
study.

The retrospective nature of this study forms a limitation,
especially as over time patients and procedures may have
been subject to change. The heterogeneity between groups
poses a potential source of bias. However, this has been
addressed using multivariable linear regression models to
adjust for potential confounders for the primary endpoints
and sensitivity analyses, but should be kept in mind, espe-
cially when interpreting the unadjusted estimates.
Additional confounding through unreported variables is
always a possibility, however the most important known
factors have been accounted for and protocols have largely
remained the same over time. Furthermore, our recently
published study on ROTEM-guided bleeding management
in proximal aortic surgery with deep hypothermic circula-
tory arrest shows a clinically significant decrease in trans-
fusion needs, especially plasma transfusion. This underlines
our hypothesis that implementation of an ROTEM-guided
hemostasis strategy reduces transfusion needs in our in-
stitution, even when taking the heterogeneity into account.
Moreover, it is possible that the study was underpowered
for some characteristics and outcomes. Also, no data were
available on effect of an ROTEM-guided transfusion
strategy on PGD and thromboembolic events.

Conclusion

This study is the largest retrospective study to date to assess
the effects of ROTEM-guided bleeding management on
blood transfusion in LTx patients with and without in-
traoperative ECC. After adjusting for potential confounders,
ROTEM-guided bleeding management was associated with
reduced plasma transfusion. CPB seems to negatively affect
blood transfusion need, urging development of an optimal
ECC strategy for this group of patients. Additionally, ICU
and hospital LOS were shorter in the ROTEM-guided group.
Overall, the findings in this study show that adequate coa-
gulation in patients undergoing LTx surgery is a complex
process. Multiple factors play a role, and more research is
needed to minimalize use of blood products and improve
patient outcomes. Furthermore, safety of prohemostatic
agents in LTx needs to be determined.
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