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ADULT: PERIOPERATIVE MANAGEMENT
POBS-Card, a new score of severe bleeding after cardiac
surgery: Construction and external validation
Emmanuel Besnier, MD, PhD,a Pierre Schmidely, MD,b Guillaume Dubois, MD,c Prisca Lemonne, MD,b

Lucie Todesco, MD,b Chadi Aludaat, MD,d Thierry Caus, MD, PHD,e Jean Selim, MD, PhD,a

Emmanuel Lorne, MD, PhD,f and Osama Abou-Arab, MD, PhDc
ABSTRACT

Objective: Bleeding after cardiac surgery leads to poor outcomes. The objective of
the study was to build the PeriOperative Bleeding Score in Cardiac surgery (POBS-
Card) to predict bleeding after cardiac surgery.

Methods: We conducted a retrospective cohort study in 2 academic hospitals
(2016-2019). Inclusion criteria were adult patients after cardiac surgery under car-
diopulmonary bypass. Exclusion criteria were heart transplantation, assistance,
aortic dissection, and preoperative hemostasis diseases. Bleeding was defined by
the universal definition for perioperative bleeding score �2. POBS-Card score
was built using multivariate regression (derivation cohort, one center). The perfor-
mance diagnosis was assessed using the area under the curve in a validation cohort
(2 centers) and compared with other scores.

Results: In total, 1704 patients were included in the derivation cohort, 344 (20%)
with bleeding. Preoperative factors were body mass index<25 kg/m2 (odds ratio
[OR], 1.48 [1.14-1.93]), type of surgery (redo: OR, 1.76 [1.07-2.82]; combined: OR,
1.81 [1.19-2.74]; ascendant aorta: OR, 1.56 [1.02-2.38]), ongoing antiplatelet therapy
(single: OR, 1.50 [1.09-2.05]; double: OR, 2.00 [1.15-3.37]), activated thromboplastin
time ratio>1.2 (OR, 1.44 [1.03-1.99]), prothrombin ratio<60% (OR, 1.91 [1.21-2.97]),
platelet count<150 g/L (OR, 1.74 [1.17-2.57]), and fibrinogen<3 g/L (OR, 1.33 [1.02-
1.73]). In the validation cohort of 597 patients, the area under the curve was 0.645
[0.605-0.683] and was superior to other scores (WILL-BLEED, Papworth, TRUST,
TRACK). A threshold>14 predicted bleeding with a sensitivity of 50% and a spec-
ificity of 73%.

Conclusions: POBS-Card score was superior to other scores in predicting severe
bleeding after cardiac surgery. Performances remained modest, questioning the
place of these scores in the perioperative strategy of bleeding-sparing. (JTCVS
Open 2024;19:183-99)
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POBS-Card has highest predictive performance for
severe bleeding after cardiac surgery.
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Bleeding after cardiac surgery is a
major issue. In a cohort of 1700
patients, we developed a predic-
tive score (POBS-Card). Its per-
formance was better than other
scores in a validation cohort.
PERSPECTIVE
This study highlights the difficulty of predicting
the risk of bleeding during cardiac surgery, prob-
ably because of the high complexity of this
setting. The use of scores must therefore be
cautious and be part of an overall approach to
risk prevention and patient blood management.
Another aspect of the use of scores is their appli-
cation as a matching tool for clinical trials.
Cardiac surgery creates a high risk of perioperative
bleeding and can cause the need for blood product transfu-
sion and reoperation. All of these factors may lead to poor
outcomes, such as postoperative infection, kidney failure,
shock, and even mortality, with subsequent increases in
hospital length of stay and related health care costs.1-4

Several factors are implicated in bleeding. Some are
related to the specific characteristics of the patient, such
as age, presence of malnutrition, anticoagulant or
antiplatelet drugs, and preoperative coagulation disorders,
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Abbreviations and Acronyms
aPTT ¼ activated partial thromboplastin time
AUC ¼ area under the receiver operating

characteristics curve
BMI ¼ body mass index
CPB ¼ cardiopulmonary bypass
eGFR ¼ estimated glomerular filtration rate
POBS-Card ¼ PeriOperative Bleeding Score in

Cardiac surgery
PT ¼ prothrombin ratio
ROC ¼ receiver operating characteristic
UDPB ¼ universal definition for perioperative

bleeding
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and some are related to the type and the characteristics of
the surgery.

Strategies aiming to reduce bleeding are of importance to
improve patient outcomes, and guidelines have been pub-
lished in pursuit of this objective.5 To identify patients at
high risk of bleeding, it is therefore important to implement
preventive pre- and intraoperative strategies. Several risk
stratification scores have been established.6-8 However, their
performance diagnosis is not discriminant when assessed in
others than the initial population study.9 Several hypotheses
may explain this difference: absence of an external validation,
progression of cardiopulmonary bypass (CPB) management,
exclusive surgery type, and selection of a specific surgical risk
patient. Mostly, the common limit that various definitions of
bleeding make comparisons difficult.

A standard definition of bleeding has been established as
the universal perioperative bleeding definition (UDPB) by
the multidisciplinary International Initiative on Haemostasis
Management in Cardiac Surgery. It takes in account both the
postoperative blood loss and the perioperative transfusion,
with a good correlation withmajor outcomes andmortality.10

Considering that new standard definition, we hypothesized
that the establishment of a new score will be more robust.

To date, the WILL-BLEED is the only score solely
based on UDPB. However, this score has only been vali-
dated for coronary bypass graft surgery, which places pa-
tients at lower risk of bleeding in comparison with more
complex surgeries, such as open heart or aortic root/arch
surgeries.

Taken together, the current scores suffer from major lim-
itations that we aimed to take in account to improve the per-
formance to predict postoperative bleeding. Notably, we
aimed to improve the performance to predict bleeding by
using the UDPB criteria of bleeding and by validation of
the score on an external cohort to test its robustness.

The aim of the study was to develop a score of bleeding
based on the UPDB classification with confirmation of its
184 JTCVS Open c June 2024
prediction performance on a validation cohort. The other
end point was to compare its prediction performance with
current bleeding scores.
METHODS
Study Design and Population Study

We conducted a retrospective cohort study in 2 tertiary university hos-

pitals from January 2016 until March 2019. The study was divided in 2

steps. The first step was dedicated to the identification of preoperative pre-

dictive variables of bleeding in a derivation cohort from the center 1 (2016-

2018), in the objective of elaborating a predictive score, the PeriOperative

Bleeding Score in Cardiac surgery (POBS-Card) score. The second step

was dedicated to the validation of this score and its comparison with exist-

ing scores during the period immediately following (2019) in center 1 and

in an external center (center 2, 2017 period). The selection of an external

center during the same period than the derivation cohort and another period

from the same center was chosen to strengthen the validation of the score

and to limit bias related to change of practices over the time.

Because of the retrospective nature of the study and according to the

relevant French law on clinical research, nowritten consent was required.11

It was approved by the ethics committee of the French society of anesthe-

siology (French Society of Anaesthesia, Critical Care and perioperative

Medecine; IRB00010254-2023-064, on May 30, 2023). The collection

and analyses of data followed the MR-004 protocol from the French com-

mission for data protection (Commission nationale de l’informatique et des

libert�es). The article was written in accordance with the STrengthening the

Reporting of OBservational studies in Epidemiology Statement.12

Adult patients were eligible if they benefited from a cardiac surgery with

CPB. Exclusion criteria were age younger than 18 years; pregnant or

breastfeeding; inherited or acquired coagulation diseases; cardiac surgery

for aortic dissection, heart, or lung transplantation; pulmonary artery em-

bolectomy or intracardiac tumor; incomplete medical file; and missing pre-

operative laboratory tests. Details on patient care and CPB protocols are

presented in Appendix E1.

End Points
The main end point was the occurrence of a severe bleeding after sur-

gery, defined by a UDPB score �2. The UDPB scoring includes items

within 12 hours after surgery (see Appendix E1 and Table E1).10 To sum-

marize, a score of 2 indicates a bleeding of at least 801 mL/12 hours and/or

a transfusion of at least 2 packed red blood cells and/or 2 fresh frozen

plasma units and/or 1 platelet concentrate and/or administration of fibrin-

ogen concentrates, prothrombin complex concentrates, or recombinant

activated factor VII. Because of possible bias related to transfusion, a sec-

ond analysis of bleeding was performed, including only the chest tube

blood loss and the need for surgical re-exploration.

The secondary end points were the duration of invasive mechanical

ventilation and intensive care unit (ICU) stay, the occurrence of an acute

kidney injury defined, as a maximal Kidney Disease: Improving Global

Outcomes score superior or equal to 1, the occurrence of a major compli-

cation defined as a shock state (all causes), acute respiratory distress syn-

drome, any type of infection or an acute kidney injury, and death.

Data Collection
Data were retrospectively collected through the medical ICU software

ICCA (Philips Healthcare) and Centricity Critical Care (GE Healthcare).

The following potential predictors for bleeding were collected: usual lab-

oratory tests the day before the surgery (blood coagulation tests, including

hemoglobin, activated partial thromboplastin time [aPTT], prothrombin ra-

tio [PT], platelet count and fibrinogen; creatinine and associated estimated

glomerular filtration rate [eGFR] estimated with theModification of Diet in
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Renal Disease equation); type of surgery (valvular, coronary bypass, com-

bined, ascendant aorta; elective or emergent; redo surgery); and patient

characteristics (left ventricular ejection fraction; age; gender; body mass

index [BMI], ongoing anticoagulant or antiplatelet treatments). An anti-

platelet drug was considered ongoing if the drug was administrated within

3 days before surgery for acetylsalicylic acid, 5 days for clopidogrel and

ticagrelor, and 7 days for prasugrel, as recommended by the French group

on perioperative hemostasis.13 An anticoagulant therapy was considered

ongoing if the drug was administrated within 3 days before surgery for

apixaban and rivaroxaban, 5 days for dabigatran and fluindione, and

7 days for warfarin. Data were also classified according to predetermined

thresholds, either according to data from the literature when available, or

otherwise to thresholds considered clinically pertinent.

Statistics
Data are presented as medians with first and third quartile [Q1-Q3] for

continuous data and as percentages and absolute numbers for discontinuous
TABLE 1. Preoperative characteristics in the derivation cohort

Variables Insignificant/mild (n ¼
Age, y 68 [61-74]

>80 y, % (n) 6.8 (93)

Male gender, % (n) 74 (1004)

BMI, kg/m2 28 [24.9-31.7]

<25 kg/m2, % (n) 25.8 (351)

LVEF, % 64 [56-70]

Creatinine, mmol/L 85 [71-102]

>100 mmol/L, % (n) 25.8 (351)

eGFR, mL/min/m2 79 [62-95]

<45 mL/min/m2, % (n) 8.1 (110)

Redo surgery, % (n) 4.2 (57)

Antiplatelet therapy,* % (n)

Single 15.0 (204)

Dual 3.7 (50)

Anticoagulant therapy,* % (n) 4.7 (64)

Hemoglobin, g/dL 13.9 [12.8-14.8]

<12 g/dL, % (n) 13.6 (185)

Prothrombin ratio, % 92 [81-100]

<60%, % (n) 5.2 (70)

aPTT ratio 1.05 [0.99-1.13]

>1.2 13.2 (180)

Platelets count, g/L 223 [188-264]

<150 g/L, % (n) 7.1 (97)

Fibrinogen, g/L 3.46 [2.95-4.07]

<3 g/L, % (n) 27.1 (369)

Urgent surgery, % (n) 16.2 (220)

Type of surgery, % (n)

Coronary bypass 25.9 (378)

Valvular 50.1 (682)

Combined 10.7 (146)

Ascendant aorta 11.3 (154)

Bold refers to P<.05. BMI, Body mass index; LVEF, left ventricular ejection fraction; eGF

formula; aPTT, activated partial thromboplastin time. *Antiplatelet and anticoagulant ther
data. The elaboration of the POBS-Card score was performed according to

the Transparent Reporting of multivariable prediction model for Individual

Prognosis or Diagnosis guidelines.14 Statistics were performed using

Prism, version 9.0 (GraphPad) and Medcalc, version 14.0 (Medcalc Soft-

ware Ltd).

Step 1: Elaboration of the POBS-Card Score From
the Derivation Cohort

The population was divided in 2 groups according to the severity of the

bleeding: insignificant-mild (UDPB 0-1) or moderate-severe (UDPB 2-4).

Comparisons of continuous data were performed using the Mann-Whitney

U test for unpaired values or Student t test according to the normality of the

population, explored using a D’Agostino test. Discontinuous data were

compared using the c2 or Fisher exact tests.

Then, we explored the association between the occurrence of amoderate-

severe bleeding and different variables of interest. A univariable logistic

regression analysis was first performed including the variables: age, gender,
1360) Moderate/severe (n ¼ 344) P value

69 [62-75] .047

10.5 (36) .03

72 (246) .4

26.9 [23.7-30.1] <.0001

35.5 (122) .0005

63 [53-70] .1

89 [75-110] .0004

33.4 (115) .006

73 [55-89] .0001

13.1 (45) .006

9.0 (31) .0009

.01

18.9 (65)

6.4 (22)

6.1 (21) .3

13.4 [12.4-14.6] <.0001

19.8 (68) .005

86 [74-100] <.0001

12.5 (43) <.0001

1.07 [1.00-1.18] <.0001

21.5 (74) .0002

206 [168-248] <.0001

13.4 (46) .0004

3.39 [2.90-4.10] .3

32.6 (112) .049

18.1 (64) .4

.005

20.1 (69)

50.6 (174)

15.4 (53)

13.9 (48)

R, estimated Glomerular Filtration Rate using Modification of Diet in Renal Disease

apy ongoing at the time of the surgery.
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BMI, type of surgery, anticoagulant and antiplatelet therapy, preoperative

coagulation tests, and eGFR. Variables presenting a P<.05 in this first anal-

ysis were included in a multivariable logistic regression analysis, with a

backward stepwise process, to adjust for confounders (logistic regression

full model). P values were computed using the Wald method. A Hosmer-

Lemeshow test was computed to evaluate the fitness of logistic regression

with presented data. To confirm the independency of variables and provide

more precise odds ratios, we performed a second logistic regression

including only variables with a significant association in the initial full

model (logistic regression final model). Results are presented as odds ratio

with 95% confidence intervals. The candidate variables for inclusion in the

POBS-Card score were thosewith a P<.05 in the final multivariable model.

The elaboration of the predictive POBS-Card score was performed as

previously published.15,16 Variables with a significant association with

bleeding (P<.05) in the multivariable analysis were eligible for inclusion
TABLE 2. Postoperative characteristic and outcomes

Variables

Insignifica

(n ¼ 13

Intraoperative period

CPB duration, min 79 [60-1

Tranexamic acid use, % (n) 98.2 (13

Median dose, mg/kg 0.018 [0.015

Postoperative period

SAPS-II severity score 34 [27-

Fluid infusion,* mL/kg 7.0 [0.0-

Circulatory drugs,* % (n) 32.3 (4

Norepinephrine 27.2 (3

Epinephrine 1.0 (1

Dobutamine 10.8 (1

Bleeding,* mL/kg/h 0.3 [0.2-

Surgical reintervention, % (n) 0 (0)

Transfusion*

RBC, units 0 [0-0

FFP, units 0 [0-0

PLC, units 0 [0-0

FrC, g 0 [0-0

rVIIa, % (n) 0 (0)

UDPB classification, % (n)

Class 0 97.2 (13

Class 1 2.8 (3

Class 2 0 (0)

Class 3 0 (0)

Class 4 0 (0)

Troponin,* ng/mL 585 [378

Lactate,* mmol/L 1.6 [1.2-

pH* 7.35 [7.33

Invasive ventilation duration, h 6 [4-8

KDIGO classification 0 [0-0

KDIGO �1, % (n) 5.9 (8

ICU stay, d 3 [2-5

Major complications,y % (n) 30.6 (4

Infection, % (n) 10.3 (1

Mortality, % (n) 0.7 (1

CPB, Cardiopulmonary bypass; SAPS-II, Simplified Acute Physiology Score II; RBC, re

concentrate; rVIIa, recombinant activated factor VII; N/A, not applicable; UDPB, univers

Outcomes; ICU, intensive care unit. *Within the first 12 hours after surgery. yComposite cr

with extracorporeal life support; acute respiratory distress syndrome; death.
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in the score. The regression coefficients (b parameters) of the included vari-

ables were identified from this analysis. The variable with the lowest b

parameter was considered as reference. The other coefficients were divided

by this reference to obtain a weighted coefficient applied to each variable.

We arbitrarily multiplied each weighted coefficient by 5.

The internal validity of the score was explored to confirm its perfor-

mance in identifying patients at risk of bleeding in this initial cohort.

Area under the receiver operating characteristics (ROC) curve (AUC)

was computed with its 95% confidence interval.

Step 2: Validation Cohort
The external validity of the score was explored in another retrospective

cohort from centers 1 and 2. Comparisons between the centers were per-

formed as described previously. POBS-Card score and other scores previ-

ously described were calculated in the whole cohort: TRACK, TRUST,
nt/mild

60)

Moderate/severe

(n ¼ 344) P value

08] 98 [68-137] <.0001

36) 98.8 (340) .6

-0.020] 0.019 [0.016-0.021] <.0001

41] 40 [32-50] <.0001

15.0] 11.0 [3.2-20.0] <.0001

39) 56.1 (194) <.0001

69) 48.3 (167)

3) 3.8 (13)

48) 24.6 (84)

0.5] 0.8 [0.5-1.3] <.0001

13.9 (48) <.0001

<.0001

] 1 [0-2]

] 0 [0-2]

] 0 [0-1]

] 0 [0-0]

1.7 (6)

N/A

22) 0 (0)

8) 0 (0)

76.1 (262)

23.3 (80)

0.6 (2)

-982] 831 [515-1462] <.0001

2.3] 2.0 [1.5-2.9] <.0001

-7.39] 7.36 [7.32-7.40] .1

] 9 [6-20] <.0001

] 0 [0-0] <.0001

0) 15.1 (52) <.0001

] 4 [3-7] <.0001

17) 44.2 (152) <.0001

40) 24.7 (85) <.0001

0) 2.9 (10) .003

d blood cells; FFP, fresh frozen plasma; PLC, platelet concentrate; FrC, fibrinogen

al definition for postoperative bleeding; KDIGO, Kidney Disease: Improving Global

iteria with at least one among: shock (vasoplegic or cardiogenic); circulatory support
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Papworth, and WILL-BLEED scores.6-8,17 ROC curves with their respective

AUCs were elaborated. Finally, the Youden index for the POBS-Card score

was computed to identify optimal combination of sensitivity and specificity.
RESULTS
Step 1: Elaboration of the Predictive Score
Derivation cohort characteristics. In this first cohort,
derived from 1 academic hospital from January 2016 until
July 2018, 1704 patients were included in the analysis. A to-
tal of 344 (20.2%) patients presented a moderate-severe
bleeding, defined by a UDPB score �2. Preoperative char-
acteristics of interest are presented in Table 1. In brief, pa-
tients with a moderate-severe bleeding were slightly older
(69 [62-75] years vs 68 [61-74] years, P ¼ .047) with a
significantly lower BMI (26.9 [23.7-30.1] kg/m2 vs 28
[24.9-31.7] kg/m2, P<.0001) and eGFR (73 [55-89] mL/
min/m2 vs 79 [62-95] mL/min/m2, P<.0001) and a signif-
icantly greater incidence of ongoing antiplatelet drugs.
They had significantly more redo surgeries (9.0 vs 4.2%,
P¼ .0009) and/or more combined surgery of valve replace-
ment and coronary bypass grafting (15.4 vs 10.7%,
P¼ .005). Preoperative laboratory tests were also different,
with lower hemoglobin, prothrombin ratio and platelet
count, and greater aPTT ratio.

The main outcomes are presented in Table 2. The
moderate-severe bleeding group had more significant
TABLE 3. Associations between preoperative factors and moderate-severe

Variables

Univariable analysis Logistic

OR [95% CI] P value OR [95

Age>80 y 1.53 [1.00-2.27] .04 1.37 [0.8

Male gender 0.89 [0.67-1.16] .4

BMI<25 kg/m2 1.58 [1.23-2.03] .0004 1.48 [1.1

eGFR<45 mL/min/m2 1.71 [1.17-2.46] .004 1.46 [0.9

Redo surgery 2.26 [1.42-3.54] .004 1.70 [1.0

Antiplatelet drugs

Single 1.37 [0.99-1.86] .05 1.51 [1.0

Dual 1.89 [1.11-3.14] .02 1.93 [1.1

Anticoagulant therapy 1.32 [0.78-2.15] .3

Hemoglobin<12 g/dL 1.57 [1.15-2.12] .004 1.22 [0.8

Prothrombin ratio<60% 2.63 [1.75-3.91] <.0001 1.76 [1.1

aPTTr>1.2 1.78 [1.32-2.42] .0001 1.40 [1.0

Platelets<150 G/L 2.01 [1.37-2.90] .0002 1.72 [1.1

Fibrinogen<3 g/L 1.30 [1.00-1.67] .046 1.37 [1.0

Urgent surgery 1.18 [0.87-1.60] .3

Type of surgery*

Valvular 1.40 [1.03-1.91] .03 1.23 [0.9

Combinedy 1.99 [1.32-2.98] .0009 1.78 [1.1

Ascendant aortaz 1.71 [1.26-2.58] .01 1.59 [1.0

OR, Odds ratio; CI, confidence interval; BMI, body mass index; eGFR, estimated glomerula

partial thromboplastin time ratio. *With coronary bypass grafting surgery as reference. yVal
variables are included in the full model for logistic regression* and, if significant, in the fi
adverse outcomes and a greater mortality rate. The main
outcomes according only to the chest tube blood loss and/
or surgical re-exploration are mostly similar and are
presented in Tables E2-E4.
Risk factors for bleeding: Uni- and multivariable ana-
lyses. Results for the univariable and multivariable analyses
are presented inTable 3. Fourteenvariableswere analyzedus-
ing a logistic regression model: age, gender, BMI, eGFR,
characteristics of surgery (redo, urgent, type), antiplatelet
and anticoagulation therapy, and preoperative laboratory tests
(aPTT, PT, platelet count, fibrinogen, hemoglobin).
Among these variables, gender, presence of a preopera-

tive anticoagulation therapy, and the urgency of the surgery
were not considered in the multivariable logistic regression
model because of P>.05. Eight variables were significantly
and independently associated with a severe bleeding in the
final model: BMI, characteristics of surgery (redo and type),
antiplatelet therapy, aPTTr>1.2, PT ratio<60%, platelet
count <150 g/L, and fibrinogen <3 g/L. The Hosmer-
Lemeshow test presented a P of .99, assuming the logistical
regression model satisfactorily fitted with data.
Score elaboration. On the basis of these findings, b pa-
rameters of the 8 final variables were computed from the
final logistical regression model. The lowest value was
fibrinogen preoperative value and was considered as the
reference to weight the other variables, with the presence
bleeding

regression full model* Logistic regression final modely
% CI] P value OR [95% CI] P value

9-2.08] .1

4-1.92] .003 1.48 [1.14-1.93] .003

7-2.18] .06

3-2.75] .03 1.76 [1.07-2.82] .02

9-2.07] .01 1.50 [1.09-2.05] .01

1-3.26] .02 2.00 [1.15-3.37] .01

6-1.72] .3

1-2.76] .02 1.91 [1.21-2.97] .005

0-1.95] .046 1.44 [1.03-1.99] .03
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of a dual antiplatelet therapy presenting the greatest value
(Table E5). The sum of the weight associated with vari-
ables resulted in a final score from 0 to 86. As expected,
patients with moderate-severe bleeding presented greater
POBS-Card scores (13 [7-19] vs 7 [0-14], P < .0001).
We observed an incremental increase in the median scores
according to the UDPB classification (Figure 1). Finally,
the AUC under ROC curve to predict a UDPB �2 was
0.643 [0.610-0.676].

Step 2: External Validation
We included 597 patients, 297 patients from center 1

(same center as for the elaboration of the score) between
TABLE 4. Receiver operating curves of the different scores for prediction

Score

Whole cohort

AUC 95% CI AUC

Papworth 0.553 [0.512-0.593] 0.56

Track 0.597 [0.557-0.637] 0.58

Trust 0.569 [0.528-0.609] 0.56

WILL-BLEED 0.579 [0.538-0.619] 0.54

POBS-Card 0.645 [0.605-0.683] 0.63

Scores are compared in the whole bicentric validation cohort and in the two different center

and then validated (validation cohorts) in the center 1 (2018-2019) and center 2 (external c

PeriOperative Bleeding Score in Cardiac surgery.
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October 2018 and March 2019, and 300 patients from cen-
ter 2 between November 2016 and March 2017 (same
period as the derivation cohort, but in a different hospital).
The main characteristics of these cohorts are presented in
the Table E6, and comparisons of ROC for the different
scores of interests are presented in Table 4 and Figure
E1. The ROC curve for POBS-Card score was similar as
observed in the elaboration with an AUC of 0.645
[0.605-0.683] and was greater than the AUC of the other
scores, which all were inferior to 0.6. The Youden index
identified a POBS-Card score>14 with a specificity of
73% and a sensitivity of 50% for prediction of
moderate-severe bleeding (Figure 2). Finally, we didn’t
of a moderate-severe bleeding

Center 1 Center 2

95% CI AUC 95% CI

0 [0.481-0.640] 0.547 [0.489-0.605]

0 [0.501-0.659] 0.616 [0.558-0.671]

6 [0.490-0.643] 0.572 [0.514-0.629]

6 [0.462-0.630] 0.620 [0.562-0.675]

1 [0.554-0.708] 0.659 [0.603-0.713]

s. The POBS-Card score was elaborated in the center 1 (derivation cohort, 2016-2018)

enter, 2016-2017). AUC, Area under the curve; CI, confidence interval; POBS-Card,
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observe a meaningful variation of bleeding over the time
in the center, suggesting the occurrence of a severe
bleeding was stable over this period (Figure E2).
DISCUSSION
Our main findings are as follows: (1) POBS-Card score is

more robust than other scores in predicting severe bleeding
after cardiac surgery and (2) POBS-Card score diagnosis
performance is not enough discriminant to a routine clinical
use to predict severe bleeding.
Definition of Bleeding
Because bleeding and transfusion are sources of

morbidity, mortality, and significantly increases in health
care costs, early identification of at-risk patients is a chal-
lenge for health care systems.10,18-20 We believe our score
takes in account the limits of current scores we described
previously. Indeed, with the exception of the WILL-
BLEED score, most current scores are based on nonconsen-
sual definitions of bleeding, with a definition based either on
blood product administration (TRACK and TRUST scores)
or on bleeding amount through chest drains (Papworth
score). These differing definitions of bleeding present limits
related to a center’s habits and protocols. Indeed, despite
guidelines on blood management in cardiac surgery, a
recent survey highlighted the sustained heterogeneity in
practice regarding transfusion during bleeding.21-23

Moreover, one half of the centers surveyed didn’t have an
institutional transfusion protocol.23 Thus, definitions only
based on blood product transfusion may lead to a misdiag-
nosis on bleeding. Similarly, relying only on drain loss
seems inaccurate. Indeed, fluid production is not necessarily
related to bleeding but might represent plasma or even
lymph production, and its amount may be influenced by
the modalities of draining (active tube clearance, number
of drains, vacuum, etc).24,25 The combination of transfu-
sion, drain quantification, and need for reoperation may
be a good compromise, as described for the UDPB defini-
tion.10 This definition has been challenged by other modern
definitions, such as the EuropeanMulticenter Study on Cor-
onary Artery Bypass Grafting or Bleeding Academic
Research Consortium definition, with similar perfor-
mances.26,27 Because it seems to us more ubiquitous and
simpler, we chose the UDPB definition. In our cohort, pa-
tients with a UDPB �2 bleeding presented a much greater
rate of major complications, with a more frequent use of
intensive care unit therapies (norepinephrine, fluid infusion,
invasive mechanical ventilation), a greater plasma level of
troponin, a longer intensive care unit stay and ultimately a
3-fold greater mortality. These poor outcomes comforted
the relevance of the UDPB classification in our cohort.
Only the WILL-BLEED score explored the prediction of

bleeding using the UDPB classification.8 Nevertheless, this
score was elaborated in a population of patients undergoing
coronary bypass graft, whereas the type of surgery influences
the risk of bleeding, limiting the generalization of data.28

Preoperative Risk Factors for Bleeding
We observed several risk factors of excessive bleeding

that have been previously described: lower BMI, preopera-
tive impairment in hemostasis, redo surgery, and antiplate-
let therapy.29-31 Among them, antiplatelet therapy seemed
to be the most important factor, with an odds ratio of 1.50
[1.09-2.50] for single therapy (ie, acetylsalicylic acid) and
2.00 [1.15-3.37] for dual therapy (ie, clopidogrel or ticagre-
lor). The 2018 European Association for Cardio-Thoracic
Surgery guidelines, and its 2017 focus on dual antiplatelet
therapy in coronary disease, recommended the maintenance
of acetylsalicylic acid (ie, single therapy) in the periopera-
tive period of cardiac surgery.32,33 Indeed, despite a slight
increase risk of bleeding, several randomized controlled tri-
als demonstrated a reduction in myocardial infarction.34 In
contrast, the use of P2Y12 inhibitors, such as clopidogrel,
ticagrelor, or prasugrel, is associated with an increased
risk of bleeding after coronary artery bypass grafting,
without a clear benefit on other outcomes in comparison
with acetylsalicylic acid alone.35,36 Thus, discontinuation
of P2Y12 must be achieved before surgery when possible
and be resumed as soon as possible after surgery.33 In
case of emergent surgeries, some strategies are suggested
to try to reduce bleeding. Platelet transfusion can restore
platelet aggregation in patients treated with acetylsalicylic
acid or clopidogrel but not with ticagrelor.13 For the latter,
JTCVS Open c Volume 19, Number C 189
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no strategy has definitively proved its efficiency. High vol-
ume of platelet transfusion, recombinant activated factor
VII, or adsorption with Cytosorb may be suggested but
will necessitate further investigation.13,37

Interest and Limits of the New POBS-Card Score
Our score presented the highest performance in predict-

ing bleeding. Nevertheless, the AUC was still modest,
with a value inferior to 0.7, whereas the other scores pre-
sented an AUC under 0.6. Salsano and colleagues9 observed
in a multicenter cohort study similar modest results for
190 JTCVS Open c June 2024
predictive scores, with the greatest AUC of 0.658 [0.600-
0.716] for the WILL-BLEED score. This highlights the dif-
ficulty of a priori predicting the risk of bleeding in a surgery
as complex and sometimes unpredictable as cardiac sur-
gery, with many intra- and postoperative factors that can in-
fluence bleeding independently of the preoperative risk
factors. For example, a post hoc analysis of the FIBrinogen
REplenishment in Surgery (FIBRES) trial observed that
duration of CPB �120 minutes was associated with at least
a 2-fold increase in the amount of bleeding and greater pro-
portion of UDPB score�2.38 If the duration of CPB may be
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anticipated according to the type of surgery, surgical com-
plications may be unpredictable and may explain the inac-
curacy of predictive scores. In our cohort, patients with
severe bleeding presented with a greater duration of CPB,
and despite a greater proportion of complex surgeries, we
cannot rule out the possibility of surgical hazards that are
difficult to identify retrospectively.

The retrospective nature of the study exposes to the risk
of bias, which may also explain the low predictive value
of scores. We cannot exclude that some transfusions were
performed for prophylactic rather than therapeutic pur-
poses. Nevertheless, bleeding and outcomes are quite
similar to other studies. We observed 20% of UDPB score
�2/4 versus 33.8% in the study by Dyke and colleagues.10

Similarly, Brascia and colleagues.39 in the prospective Eu-
ropean Multicenter Study on Coronary Artery Bypass
Grafting registry, showed a significant increase in mortality
when UDPB �2, as did we. Thus, it seems to us that biases
are fairly limited and comparable with the literature, and the
use of UDPB remains relevant. In the same way, patients
with bleeding had more comorbidities (advanced age, low
BMI, renal failure, need for complex surgery), and we
were unable to differentiate between worsening prognosis
caused by the bleeding or to the patient’s comorbidities,
the 2 being closely linked, as demonstrated in the multivari-
able analysis.

The incidence of bleeding may vary between centers,
which may limit the generalization of our results and the in-
terest of predictive score elaborated in a particular center.3

We included another center in the validation cohort, and
indeed the UDPB score and the amount of bleeding varied
between the 2 centers, but the POBS-Card performance
score remained similar in the 2 centers. This suggests its
possible application in different cardiac surgery centers.
Of course, many other intraoperative factors may influence
bleeding, such as the intraoperative use of surgical suction,
use of autologous transfusion devices, and body and cardi-
oplegia temperature, etc, whose standardization must be in-
tegrated into protocols of patient blood management,
according to current guidelines.40

Despite the aforementioned limitations, our score also
presents strengths that can make it useful in a global
transfusion-sparing approach. First, it’s one of the only
scores that considers an ongoing antiplatelet therapy, even
though it is the most important factor in our score. Second,
despite a low sensitivity, a cut-off value of 14 reached a
specificity of 73%, which can help practitioner in identi-
fying patients at greater risk of bleeding and ultimately in
planning specific strategies for hemorrhage-sparing. The
2021 Society of Thoracic Surgeons/Society of Cardiovascu-
lar Anesthesiologists/American Society of Extracorporeal
Technology/Society for the Advancement of Blood
Management guidelines provide key elements to reduce
the risk of bleeding, comprising 4 major tenets of patient
blood management: managing anemia, optimizing coagula-
tion, interdisciplinary blood conservation, and patient-
centered decision-making. As examples, reduction in
cardiotomy surgical suction, reduction in the volume of
CPB priming, maintenance of normothermia after weaning
from CPB, enhanced use of antifibrinolytic drugs, preoper-
ative anemia optimization, routine use of red cell salvage
with centrifugation, use of modified ultrafiltration during
CPB, and other suggestions may enhance patient safety.
Moreover, among these recommendations the preoperative
identification of patients at high-risk of bleeding is recom-
mended with a class I.41 This is where our score may be
helpful. On the basis of these guidelines, the elaboration
of a patient blood management turnkey order set may be
of interest to protocolized and standardized practices.42

CONCLUSIONS
The elaboration of the new preoperative POBS-Card

score presented the best predictive value for postoperative
bleeding. Nevertheless, its performance remains limited.
This emphasizes the difficulty of predicting bleeding reli-
ably in a surgery as complex as cardiac surgery. However,
the use of such scores should not be neglected but integrated
into a global approach for bleeding risk reduction, including
preoperative identification of patients and a rigorous opti-
mization of intra- and postoperative factors (Figure 3).

Conflict of Interest Statement
The authors reported no conflicts of interest.
The Journal policy requires editors and reviewers to

disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.

References
1. Karkouti K, Wijeysundera DN, Yau TM, et al. The independent association of

massive blood loss with mortality in cardiac surgery. Transfusion (Paris).

2004;44(10):1453-1462. https://doi.org/10.1111/j.1537-2995.2004.04144.x

2. Karkouti K, Wijeysundera DN, Yau TM, et al. Acute kidney injury after cardiac

surgery: focus on modifiable risk factors. Circulation. 2009;119(4):495-502.

https://doi.org/10.1161/CIRCULATIONAHA.108.786913

3. Colson PH, Gaudard P, Fellahi J-L, et al. Active bleeding after cardiac surgery: a

prospective observational multicenter study. PLoS One. 2016;11(9):e0162396.

https://doi.org/10.1371/journal.pone.0162396

4. Christensen MC, Dziewior F, Kempel A, von Heymann C. Increased chest tube

drainage is independently associated with adverse outcome after cardiac surgery.

J Cardiothorac Vasc Anesth. 2012;26(1):46-51. https://doi.org/10.1053/j.jvca.

2011.09.021

5. Baumgartner H, Falk V, Bax JJ, et al. 2017 ESC/EACTS Guidelines for the man-

agement of valvular heart disease. Eur Heart J. 2017;38(36):2739-2791. https://

doi.org/10.1093/eurheartj/ehx391

6. Alghamdi AA, Davis A, Brister S, Corey P, Logan A. Development and valida-

tion of Transfusion Risk Understanding Scoring Tool (TRUST) to stratify cardiac

surgery patients according to their blood transfusion needs. Transfusion (Paris).

2006;46(7):1120-1129. https://doi.org/10.1111/j.1537-2995.2006.00860.x

7. Vuylsteke A, Pagel C, Gerrard C, et al. The Papworth Bleeding Risk Score: a

stratification scheme for identifying cardiac surgery patients at risk of excessive

early postoperative bleeding. Eur J Cardiothorac Surg. 2011;39(6):924-930.

https://doi.org/10.1016/j.ejcts.2010.10.003
JTCVS Open c Volume 19, Number C 191

https://doi.org/10.1111/j.1537-2995.2004.04144.x
https://doi.org/10.1161/CIRCULATIONAHA.108.786913
https://doi.org/10.1371/journal.pone.0162396
https://doi.org/10.1053/j.jvca.2011.09.021
https://doi.org/10.1053/j.jvca.2011.09.021
https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1093/eurheartj/ehx391
https://doi.org/10.1111/j.1537-2995.2006.00860.x
https://doi.org/10.1016/j.ejcts.2010.10.003


Adult: Perioperative Management Besnier et al
8. Biancari F, Brascia D, Onorati F, et al. Prediction of severe bleeding after coro-

nary surgery: the WILL-BLEED Risk Score. Thromb Haemost. 2017;117(5):

445-456. https://doi.org/10.1160/TH16-09-0721

9. Salsano A, Dominici C, Nenna A, et al. Predictive scores for major bleeding

after coronary artery bypass surgery in low operative risk patients. J Cardio-

vasc Surg (Torino). 2020;61(2):234-242. https://doi.org/10.23736/S0021-

9509.20.11048-6

10. Dyke C, Aronson S, Dietrich W, et al. Universal definition of perioperative

bleeding in adult cardiac surgery. J Thorac Cardiovasc Surg. 2014;147(5):

1458-1463.e1. https://doi.org/10.1016/j.jtcvs.2013.10.070

11. Toulouse E, Granier S, Nicolas-Robin A, et al. The French clinical research in the

European Community regulation era. Anaesth Crit Care Pain Med. 2023;

42(2):101192. https://doi.org/10.1016/j.accpm.2022.101192

12. Skrivankova VW, Richmond RC, Woolf BAR, et al. Strengthening the eporting

of Observational Studies in Epidemiology using mendelian randomization: the

STROBE-MR statement. JAMA. 2021;326(16):1614-1621. https://doi.org/10.

1001/jama.2021.18236

13. Godier A, Fontana P, Motte S, et al. Management of antiplatelet therapy in pa-

tients undergoing elective invasive procedures. Proposals from the French Work-

ing Group on perioperative haemostasis (GIHP) and the French Study Group on

thrombosis and haemostasis (GFHT). In collaboration with the French Society

for Anaesthesia and Intensive Care Medicine (SFAR). Anaesth Crit Care Pain

Med. 2018;37(4):379-389. https://doi.org/10.1016/j.accpm.2017.12.012

14. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a

multivariable prediction model for individual prognosis or diagnosis (TRIPOD):

the TRIPOD Statement. BMC Med. 2015;13(1):1. https://doi.org/10.1186/

s12916-014-0241-z

15. Labar�ere J, Renaud B, Fine MJ. How to derive and validate clinical prediction

models for use in intensive care medicine. Intensive Care Med. 2014;40(4):

513-527. https://doi.org/10.1007/s00134-014-3227-6

16. Schmidt M, Burrell A, Roberts L, et al. Predicting survival after ECMO for re-

fractory cardiogenic shock: the survival after veno-arterial-ECMO (SAVE)-score.

Eur Heart J. 2015;36(33):2246-2256. https://doi.org/10.1093/eurheartj/ehv194

17. Ranucci M, Castelvecchio S, Frigiola A, Scolletta S, Giomarelli P, Biagioli B.

Predicting transfusions in cardiac surgery: the easier, the better: the Transfusion

Risk and Clinical Knowledge score. Vox Sang. 2009;96(4):324-332. https://doi.

org/10.1111/j.1423-0410.2009.01160.x

18. Newcomb AE, Dignan R, McElduff P, Pearse EJ, Bannon P. Bleeding after car-

diac surgery is associated with an increase in the total cost of the hospital stay.

Ann Thorac Surg. 2020;109(4):1069-1078. https://doi.org/10.1016/j.athoracsur.

2019.11.019

19. Al-Attar N, Johnston S, Jamous N, et al. Impact of bleeding complications on

length of stay and critical care utilization in cardiac surgery patients in England.

J Cardiothorac Surg. 2019;14(1):64. https://doi.org/10.1186/s13019-019-0881-3

20. Bhaskar B,Dulhunty J,MullanyDV, Fraser JF. Impact of blood product transfusion

on short and long-term survival after cardiac surgery: more evidence. Ann Thorac

Surg. 2012;94(2):460-467. https://doi.org/10.1016/j.athoracsur.2012.04.005

21. Spahn DR, Bouillon B, Cerny V, et al. The European guideline onmanagement of

major bleeding and coagulopathy following trauma: fifth edition. Crit Care.

2019;23(1):98. https://doi.org/10.1186/s13054-019-2347-3

22. Vlaar APJ, Dionne JC, de Bruin S, et al. Transfusion strategies in bleeding crit-

ically ill adults: a clinical practice guideline from the European Society of Inten-

sive Care Medicine. Intensive Care Med. 2021;47(12):1368-1392. https://doi.

org/10.1007/s00134-021-06531-x

23. de Bruin S, Eggermont D, van Bruggen R, et al. Transfusion practice in the

bleeding critically ill: an international online survey-The TRACE-2 survey.

Transfusion (Paris). 2022;62(2):324-335. https://doi.org/10.1111/trf.16789

24. Day TG, Zannino D, Golshevsky D, d’Udekem Y, Brizard C, Cheung MMH.

Chylothorax following paediatric cardiac surgery: a case-control study. Cardiol

Young. 2018;28(2):222-228. https://doi.org/10.1017/S1047951117001731

25. Grieshaber P, Heim N, Herzberg M, Niemann B, Roth P, Boening A. Active chest

tube clearance after cardiac surgery is associated with reduced reexploration

rates. Ann Thorac Surg. 2018;105(6):1771-1777. https://doi.org/10.1016/j.athor-

acsur.2018.01.002

26. Bartoszko J, Wijeysundera DN, Karkouti K, et al. Comparison of two major peri-

operative bleeding scores for cardiac surgery trials: universal definition of peri-
192 JTCVS Open c June 2024
operative bleeding in cardiac surgery and european coronary artery bypass

grafting bleeding severity grade. Anesthesiology. 2018;129(6):1092-1100.

https://doi.org/10.1097/ALN.0000000000002179

27. Xi Z, Gao Y, Yan Z, Zhou Y-J, Liu W. The prognostic significance of different

bleeding classifications in off-pump coronary artery bypass grafting. BMC Car-

diovasc Disord. 2020;20(1):3. https://doi.org/10.1186/s12872-019-01315-0

28. Salis S, Mazzanti VV, Merli G, et al. Cardiopulmonary bypass duration is an in-

dependent predictor of morbidity and mortality after cardiac surgery. J Cardio-

thorac Vasc Anesth. 2008;22(6):814-822. https://doi.org/10.1053/j.jvca.2008.

08.004

29. Mion S, Duval B, Besnard T, et al. U-shaped relationship between pre-operative

plasma fibrinogen levels and severe peri-operative bleeding in cardiac surgery.

Eur J Anaesthesiol. 2020;37(10):889-897. https://doi.org/10.1097/EJA.

0000000000001246

30. Lopes CT, Dos Santos TR, Brunori EH, Moorhead SA, Lopes Jde L, Barros AL.

Excessive bleeding predictors after cardiac surgery in adults: integrative review. J

Clin Nurs. 2015;24(21-22):3046-3062. https://doi.org/10.1111/jocn.12936

31. Karthik S, Grayson AD, McCarron EE, Pullan DM, Desmond MJ. Reexploration

for bleeding after coronary artery bypass surgery: risk factors, outcomes, and the

effect of time delay. Ann Thorac Surg. 2004;78(2):527-534; discussion 534.

https://doi.org/10.1016/j.athoracsur.2004.02.088

32. Sousa-Uva M, Neumann F-J, Ahlsson A, et al. 2018 ESC/EACTS Guidelines on

myocardial revascularization. Eur J Cardiothorac Surg. 2019;55(1):4-90. https://

doi.org/10.1093/ejcts/ezy289

33. Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused update on dual an-

tiplatelet therapy in coronary artery disease developed in collaboration with

EACTS. Eur J Cardiothorac Surg. 2018;53(1):34-78. https://doi.org/10.1093/

ejcts/ezx334

34. Hastings S, Myles P, McIlroy D. Aspirin and coronary artery surgery: a system-

atic review and meta-analysis. Br J Anaesth. 2015;115(3):376-385. https://doi.

org/10.1093/bja/aev164

35. Nagashima Z, Tsukahara K, Uchida K, et al. Impact of preoperative dual anti-

platelet therapy on bleeding complications in patients with acute coronary syn-

dromes who undergo urgent coronary artery bypass grafting. J Cardiol. 2017;

69(1):156-161. https://doi.org/10.1016/j.jjcc.2016.02.013

36. Amour J, Garnier M, Szymezak J, et al. Prospective observational study of the

effect of dual antiplatelet therapy with tranexamic acid treatment on platelet

function and bleeding after cardiac surgery. Br J Anaesth. 2016;117(6):

749-757. https://doi.org/10.1093/bja/aew357

37. Hassan K, Kannmacher J, Wohlmuth P, Budde U, Schmoeckel M, Geidel S. Cy-

tosorb adsorption during emergency cardiac operations in patients at high risk of

bleeding. Ann Thorac Surg. 2019;108(1):45-51. https://doi.org/10.1016/j.athor-

acsur.2018.12.032

38. Bartoszko J, Martinez-Perez S, Callum J, Karkouti K. FIBRES Study Investiga-

tors. Impact of cardiopulmonary bypass duration on efficacy of fibrinogen

replacement with cryoprecipitate compared with fibrinogen concentrate: a post

hoc analysis of the Fibrinogen Replenishment in Surgery (FIBRES) randomised

controlled trial. Br J Anaesth. 2022;129(3):294-307. https://doi.org/10.1016/j.

bja.2022.05.012

39. Brascia D, Reichart D, Onorati F, et al. Validation of bleeding classifications in

coronary artery bypass grafting. Am J Cardiol. 2017;119(5):727-733. https://

doi.org/10.1016/j.amjcard.2016.11.027

40. Pagano D, Milojevic M, Meesters MI, et al. 2017 EACTS/EACTAGuidelines on

patient blood management for adult cardiac surgery. Eur J Cardiothorac Surg.

2018;53(1):79-111. https://doi.org/10.1093/ejcts/ezx325

41. Tibi P, McClure RS, Huang J, et al. STS/SCA/AmSECT/SABM update to the

clinical practice guidelines on patient blood management. Ann Thorac Surg.

2021;112(3):981-1004. https://doi.org/10.1016/j.athoracsur.2021.03.033

42. Salenger R, Hirji S, Rea A, et al. ERAS Cardiac Society turnkey order set for pa-

tient blood management: proceedings from the AATS ERAS Conclave 2023. J

Thorac Cardiovasc Surg. 2023;S0022-5223(23):00991-1. https://doi.org/10.

1016/j.jtcvs.2023.10.034

Key Words: cardiac surgical procedures, hemorrhage, risk
assessment, risk factors

https://doi.org/10.1160/TH16-09-0721
https://doi.org/10.23736/S0021-9509.20.11048-6
https://doi.org/10.23736/S0021-9509.20.11048-6
https://doi.org/10.1016/j.jtcvs.2013.10.070
https://doi.org/10.1016/j.accpm.2022.101192
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1016/j.accpm.2017.12.012
https://doi.org/10.1186/s12916-014-0241-z
https://doi.org/10.1186/s12916-014-0241-z
https://doi.org/10.1007/s00134-014-3227-6
https://doi.org/10.1093/eurheartj/ehv194
https://doi.org/10.1111/j.1423-0410.2009.01160.x
https://doi.org/10.1111/j.1423-0410.2009.01160.x
https://doi.org/10.1016/j.athoracsur.2019.11.019
https://doi.org/10.1016/j.athoracsur.2019.11.019
https://doi.org/10.1186/s13019-019-0881-3
https://doi.org/10.1016/j.athoracsur.2012.04.005
https://doi.org/10.1186/s13054-019-2347-3
https://doi.org/10.1007/s00134-021-06531-x
https://doi.org/10.1007/s00134-021-06531-x
https://doi.org/10.1111/trf.16789
https://doi.org/10.1017/S1047951117001731
https://doi.org/10.1016/j.athoracsur.2018.01.002
https://doi.org/10.1016/j.athoracsur.2018.01.002
https://doi.org/10.1097/ALN.0000000000002179
https://doi.org/10.1186/s12872-019-01315-0
https://doi.org/10.1053/j.jvca.2008.08.004
https://doi.org/10.1053/j.jvca.2008.08.004
https://doi.org/10.1097/EJA.0000000000001246
https://doi.org/10.1097/EJA.0000000000001246
https://doi.org/10.1111/jocn.12936
http://refhub.elsevier.com/S2666-2736(24)00110-4/sref31
http://refhub.elsevier.com/S2666-2736(24)00110-4/sref31
http://refhub.elsevier.com/S2666-2736(24)00110-4/sref31
http://refhub.elsevier.com/S2666-2736(24)00110-4/sref31
https://doi.org/10.1093/ejcts/ezy289
https://doi.org/10.1093/ejcts/ezy289
https://doi.org/10.1093/ejcts/ezx334
https://doi.org/10.1093/ejcts/ezx334
https://doi.org/10.1093/bja/aev164
https://doi.org/10.1093/bja/aev164
https://doi.org/10.1016/j.jjcc.2016.02.013
https://doi.org/10.1093/bja/aew357
https://doi.org/10.1016/j.athoracsur.2018.12.032
https://doi.org/10.1016/j.athoracsur.2018.12.032
https://doi.org/10.1016/j.bja.2022.05.012
https://doi.org/10.1016/j.bja.2022.05.012
https://doi.org/10.1016/j.amjcard.2016.11.027
https://doi.org/10.1016/j.amjcard.2016.11.027
https://doi.org/10.1093/ejcts/ezx325
https://doi.org/10.1016/j.athoracsur.2021.03.033
https://doi.org/10.1016/j.jtcvs.2023.10.034
https://doi.org/10.1016/j.jtcvs.2023.10.034


APPENDIX E1. PATIENT CARE
In this section, we detail the main lines of patient care

management in the 2 centers. Most of practices presented
similarities, but because of the retrospective nature of the
study, we cannot affirm that all procedures perfectly
matched with these protocols.

Anesthesia and monitoring were performed according to
current guidelines for cardiac surgery with cardiopulmo-
nary bypass (CPB).E1 After induction of anesthesia, patients
received a bolus of tranexamic acid (doses between 1 and
2 g as a single bolus). Aprotinin was not available during
the study period. After anticoagulation using heparin
(10,000 IU/m2 based on body surface area of the patient
in center 1, and 300 UI/kg in center 2), the inferior vena
cava and the aorta were cannulated. An activated clotting
time (ACT)>400 seconds was mandatory before CPB (He-
mochron signature Elite; Werfen) and additional heparin
may be administrated to maintain an ACT>350 seconds
during CPB. After weaning from CPB, heparin was antag-
onized using protamine (center 1: full dose with 1 IU for
1 IU of heparin if CPB duration <60 minutes, reduced
dose with 0.6 IU for 1 IU of heparin if CPB �60 minutes;
center 2: full dose with 1 IU for 1 IU of heparin regardless
of CPB duration). No viscoelastic testing was available for
the intraoperative period in the 2 centers. TEG 6S was avail-
able in center 1 after admission in the intensive care unit in
case of a significant bleeding, and its realization was at the
discretion of the intensivist. Because of the need for a spe-
cific teaching on this technology, less than one third of prac-
titioner used TEG 6S during the study period. The
interpretation of viscoelastic testing results followed the
protocol of the IMOTEC trial.E2 To summarize in brief, in
cases of delayed clotting time after kaolin activation cor-
rected by heparinase (Citrated Kaolin reaction time/Ci-
trated Kaolin reaction time with heparinase >2),
protamine was administrated; in cases of citrated rapid
TEG maximal amplitude<48 mm and citrated functional
fibrinogen maximal amplitude >16 mm, platelet was
administrated; in cases of citrated functional fibrinogen
maximal amplitude <17 mm and citrated rapid TEG
maximal amplitude >47 mm, fibrinogen concentrates
were administrated; in cases of normal viscoelastic testing,
activated factor VII or re exploration were suggested.

CPB was managed according to current guidelines. To
summarize in brief, CPB was conducted with heart-lung
machines (Stockert S5; LivaNova) using roller pumps for
aspirating wound blood, venting cardiac chamber,

cardioplegia, and systemic circulation (occlusive pump
with an objective of 2.4-2.8 L/min/m2 of blood flow, accord-
ing to mean arterial pressure and arterial delivery of oxy-
gen). Mean arterial pressure was maintained at>65 mm
Hg off CPB and between 50 and 80 mm Hg on CPB. No
centrifugal pump was used. Reservoirs and oxygenators
were coated with phosphorylcholine (Inspire S6 or S8; Li-
vaNova) or with biocompatible amphiphilic polymer sur-
face (CAPIOX FX15; Terumo). Reperfusion of
autologous blood was provided by Cellsaver, Cell Saver
Elite Plus (Haemonetics) or CATSmart (Fresenius Kabi).
Despite our concern to minimize the length of the circuit’s
lines, our practices were not part of a minimal invasive
extracorporeal circulation protocol. One surgeon in center
1 occasionally practiced minimal invasive extracorporeal
circulation with a centrifugal pump (no reservoir) in a small
number of patients benefiting from coronary artery bypass
grafting. Priming of CPB consisted in Gelofusine 4% in
center 1 and Gelofusine 4%/Ringer’s lactate/4.2% sodium
bicarbonate in center 2. Maximal infusion of Gelofusine
was limited to 33 mL/kg on the operative day. Retrograde
autologous priming was not routinely used.
Bleeding management in the operating room was left at

the discretion of the anesthetist-surgeon team. In brief, the
surgeon checked the different zones at risk of bleeding
(operative and CPB sites, mediastinum, chest wall, ster-
num), and transfusion was guided according to conven-
tional laboratory testing (platelet concentrate if platelet
count<100 g/L, fibrinogen concentrate if fibrinogen plasma
level <2 g/L, fresh frozen plasma if prothrombin ratio
<40%). Protamine was readministrated if initial heparin-
protamine ratio was<1 or ACT>100 seconds or antiXa
activity>0.1 unit/mL. Red blood cells were administrated
after CPB if hemoglobin was<8 g/dL or rapidly decreasing
(administration because of low arterial oxygen delivery dur-
ing CPB or because of correction of a low preoperative he-
moglobin before CPB was not considered for UDPB
calculation).
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FIGURE E1. ROC curves for prediction of bleeding of the WILL-BLEED, TRUST, and POBS-Card scores. ROC, Receiver operating characteristic;

POBS-Card, PeriOperative Bleeding Score in Cardiac surgery; UDPB, universal definition for postoperative bleeding.
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FIGURE E2. Percentages of bleeding according to the UDPB in center 1

between 2016 and mid-2019. UDPB is graded from 0 to 4. GradeS2 was

considered as moderate-severe bleeding. The time period is divided into tri-

mesters. The third trimester of 2018 was not collected because of a tech-

nical issue. UDPB, Universal definition for postoperative bleeding.

TABLE E1. Universal definition of perioperative bleeding (UDPB)

Bleeding

category

Postoperative

blood loss through chest

drains within 12 h, mL

PRBCs,

units

FFP,

units

PLC,

units

Fibrinogen

concentrates PCC rVIIa

Reexploration/

tamponnade

0 <600 0 0 0 No No No No

1 601-800 1 1 0 No No No No

2 801-1000 2-5 2-5 Yes Yes Yes No No

3 1001-2000 5-10 5-10 N/A N/A N/A No Yes

4 >2000 >10 >10 N/A N/A N/A Yes No

Adapted from Dyke and colleagues.10 PRBCs, Packed red blood cells; FFP, fresh frozen plasma; PLC, platelet concentrates; PPC, prothrombin complex concentrate; rFVIIa,

recombinant activated factor VII.
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TABLE E2. Preoperative characteristics in the derivation cohort

Variables Bleeding �800 mL (n ¼ 1628) Bleeding>800 mL or surgical reintervention (n ¼ 76) P value

Age, y 69 [62-71] 66 [59-74] .2

>80 y, % (n) 7.5 (122) 9.2 (7) .5

Male gender, % (n) 73.4 (1195) 71.4 (22) .7

BMI, kg/m2 27.8 [24.7-31.3] 26.6 [22.7-29.7] .006

<25 kg/m2, % (n) 27.2 (442) 40.8 (31) .01

LVEF in % 64 [55-70] 62 [55-70] .5

Creatinine, mmol/L 87 [71-103] 92 [78-116] .03

>100 mmol/L, % (n) 26.8 (437) 38.2 (29) .04

eGFR, mL/min/m2 78 [61-94] 72 [55-89] .03

<45 mL/min/m2, % (n) 9.8 (145) 17.1 (13) .02

Redo surgery, % (n) 4.9 (80) 10.5 (8) .055

Antiplatelet therapy,* % (n) .6

Single 15.6 (257) 15.8 (12)

Double 4.1 (67) 6.6 (5)

Anticoagulant therapy,* % (n) 4.6 (75) 13.2 (10) .003

Hb, g/dL 13.9 [12.7-14.8] 13.5 [11.9-14.7] .1

<12 g/dL 14.3 (233) 26.3 (20) .008

Prothrombin ratio, % 91 [81-100] 85 [69-100] .004

<60%, % (n) 6.1 (99) 18.4 (14) .003

aPTT ratio 1.05 [0.99-1.14] 1.06 [1.01-1.18] .2

>1.2 14.6 (237) 22.4 (17) .07

Platelets count, g/L 220 [185-263] 200 [160-236] .003

<150 g/L, % (n) 8.2 (133) 13.2 (10) .1

Fibrinogen, g/L 3.5 [3.0-4.1] 3.2 [2.6-4.1] .06

<3 g/L 27.5 (447) 44.7 (34) .002

Urgent surgery, % (n) 16.2 (264) 26.3 (20) .03

Type of surgery, % (n) <.0001

Coronary bypass 27.1 (441) 7.9 (6)

Valvular 50.1 (816) 52.6 (40)

Combined 11.4 (185) 18.4 (14)

Ascendant aorta 11.4 (185) 21.1 (16)

BMI, Body mass index; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate using Modification of Diet in Renal Disease formula; aPTT, activated

partial thromboplastin time. *Antiplatelet and anticoagulant therapy ongoing at the time of the surgery.
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TABLE E3. Postoperative characteristic and outcomes in the derivation cohort

Variables

Bleeding

�800 mL (n ¼ 1628)

Bleeding>800 mL or surgical

reintervention (n ¼ 76) P value

Intraoperative period

CPB duration, min 81 [60-112] 122 [79-159] <.0001

Tranexamic acid use, % (n) 98.3 (1600) 100 (76) .6

Median dose, mg/kg 0.018 [0.016-0.020] 0.019 [0.016-0.22] .002

Postoperative period

SAPS-II severity score 38 [32-50] 45 [36-56] <.0001

Fluid infusi on,* mL/kg 7.7 [0-15.6] 12.9 [6.2-23.5] <.0001

Circulatory drugs,* % (n) 36.1 (587) 65.8 (50) <.0001

Norepinephirine 30.2 (492) 57.9 (44)

Epinephrine 1.1 (19) 10.5 (8)

Dobutamine 13.0 (211) 26.3 (20)

Bleeding,* mL/kg/h 0.36 [0.23-0.56] 1.76 [1.26-2.32] <.0001

Surgical reintervention, % (n) 0 (0) 63.2 (48) <.0001

Transfusion*

RBC, units 0 [0-0] 2 [0-3] <.0001

FFP, units 0 [0-0] 0 [0-3] <.0001

PLC, units 0 [0-0] 0 [0-1] <.0001

FrC, g 0 [0-0] 0 [0-0] <.0001

rVIIa, % (n) 0 (0) 7.9 (6) <.0001

Troponin,* ng/mL 608 [387-1039] 976 [666-1875] <.0001

Lactate,* mmol/L 1.7 [1.2-2.4] 2.3 [1.7-4.0] <.0001

pH* 7.36 [7.33-7.39] 7.36 [7.30-7.39] .3

Invasive ventilation duration, h 6 [5-9] 21 [13-105] <.0001

KDIGO classification 0 [0-0] 0 [0-0] <.0001

KDIGO �1, % (n) 7.2 (117) 19.7 (15) .0005

ICU stay, d 3 [2-5] 6 [4-9] <.0001

Major complications,y % (n) 34.3 (559) 65.8 (50) <.0001

Infection, % (n) 11.9 (194) 40.8 (31) <.0001

Mortality, % (n) 0.9 (15) 6.6 (5) <.0001

CPB, Cardiopulmonary bypass; SAPS-II, Simplified Acute Physiology Score II; RBC, red blood cells; FFP, fresh frozen plasma; PLC, platelet concentrate; FrC, fibrinogen

concentrate; rVIIa, recombinant activated factor VII; UDPB, universal definition for postoperative bleeding; KDIGO, Kidney Disease: Improving Global Outcomes; ICU, inten-

sive care unit. *Within the first 12 hours after surgery. yComposite criteria with at least one among: shock (vasoplegic or cardiogenic); circulatory support with ECLS; acute

respiratory distress syndrome; death.

TABLE E4. Predictive scores for bleeding in the derivation cohort

Variables

Bleeding �800 mL

(n ¼ 1628)

Bleeding>800 mL or surgical

reintervention (n ¼ 76) P value AUC for prediction of bleeding

WILL-BLEED 1 [0-2] 0 [0-3] .7 0.514 [0.446-0.582]

TRUST 2 [1-3] 3 [2-4] .01 0.584 [0.514-0.653]

POBS-Card 8 [0-15] 15 [7-22] <.0001 0.675 [0.612-0.739]

POBS-Card, PeriOperative Bleeding Score in Cardiac surgery.
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TABLE E5. Preoperative variables included in the POBS-Card score

Variable b 95% CI Weighted score

BMI<25 kg/m2 0.39 [0.13-0.66] 7

Redo surgery 0.56 [0.07-1.04] 10

PT ratio<60% 0.65 [0.19-1.09] 11

aPTTr>1.2 0.36 [0.03-0.69] 6

Platelets<150 g/L 0.56 [0.15-0.94] 10

Fibrinogen<3 g/L 0.29ref [0.03-0.55] 5

Combined surgery 0.59 [0.18-1.01] 10

Ascendant aorta surgery 0.45 [0.02-0.87] 8

Antiplatelet therapy—single 0.40 [0.08-0.72] 7

Antiplatelet therapy—dual 0.69 [0.14-1.22] 12

Each variable is weighted by dividing its b parameter by 0.29 (b-parameter of fibrinogen) and multiplying by 5. The sum of the weighted variables equals to the POBS-Card score,

from 0 to 86. Constant intercept b �2.15, multivariable regression model r2 ¼ 0.05, and Hosmer-Lemeshow 1.56, P ¼ .99. CI, Confidence interval; BMI, body mass index; PT,

prothrombin time; aPTTr, activated partial thromboplastin time ratio; POBS-Card, PeriOperative Bleeding Score in Cardiac surgery.
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TABLEE6. Demographic characteristics of the validation cohort in whole cohort and in the 2 centers: center 1, where the score was elaborated but

in the 2018-2019 period; center 2, another university hospital during the 2016-2017 period

Whole cohort (n ¼ 597)

Center 1 Center 2

P value2019-2020 (n ¼ 297) 2016-2017 (n ¼ 300)

Age, y 68 [61-74] 68 [60-74] 69 [62-75] .4

Male gender, % (n) 71 (423) 70 (210) 71.7 (213) .7

BMI, kg/m2 27.6 [24.3-31.1] 27.4 [24.1-31.2] 27.7 [24.3-31.2] .9

<25 kg/m2, % (n) 29.8 (178) 29.7 (89) 29.9 (89) 1

LVEF in % 62 [55-68] 60 [54-67] 63 [55-69] .04

Creatinine, mmol/L 79 [69-96] 79 [68-97] 79 [69-94] .5

>100 mmol/L, % (n) 19.6 (118) 21.6 (64) 18.0 (54) .3

eGFR, mL/min/m2 80 [66-95] 80 [64-94] 80 [66-96] .6

Redo surgery, % (n) 6 (33) 7.4 (22) 3.7 (11) .049

Antiplatelet therapy,* % (n) .3

Single 41 (243) 42.1 (125) 46.7 (140)

Dual 7 (42) 4.4 (13) 2.3 (7)

Hemoglobin, g/dL 13.6 [12.4-14.6] 13.9 [12.5-14.9] 13.4 [12.3-14.4] .03

<12 g/dL, % (n) 16 (95) 15.7 (47) 16.2 (48) .9

Prothrombin ratio, % 92 [83-100] 93 [83-100] 92 [81-100] .4

<60%, % (n) 6 (33) 5.4 (16) 5.7 (17) 1

aPTT ratio 1.03 [0.97-1.12] 1.06 [1.00-1.16] 1.00 [0.97-1.07] <.0001

>1.2 13 (80) 17.2 (51) 9.7 (29) .008

Platelet, g/L 216 [179-261] 219 [184-265] 212 [175-258] .1

<150 g/L, % (n) 11 (68) 9.4 (28) 13.3 (40) .2

Fibrinogen, g/L 3.6 [3.0-4.3] 3.6 [3.0-4.3] 3.6 [3.1-4.2] 1

<3 g/L, % (n) 21 (126) 22.9 (68) 19.3 (58) .3

Urgent surgery, % (n) 15 (91) 22 (64) 9 (27) <.0001

Type of surgery, % (n) .009

Coronary bypass 27 (160) 26.9 (80) 26.7 (80)

Valvular 50 (298) 52.8 (157) 47 (141)

Combined 12 (71) 13.2 (39) 10.7 (32)

Ascendant aorta 11 (68) 7.1 (21) 15.6 (47)

Postoperative bleeding

Drain volume, mL/12 h 320 [220-470] 260 [170-375] 410 [280-590] <.0001

UDPB classification 0 [0-2] 0 [0-1] 0 [0-2] .002

UDPB �2, n (%) 27 (164) 22.6 (67) 32.3 (97) .008

Surgical reintervention 4 (25) 5.4 (16) 3.0 (9) .2

Red blood cells, units 0 [0-0] 0 [0-0] 0 [0-2] <.0001

Platelet units, units 0 [0-0] 0 [0-0] 0 [0-0] .009

Fresh frozen plasma, units 0 [0-0] 0 [0-0] 0 [0-0] .02

Fibrinogen concentrate, g 0 [0-0] 0 [0-0] 0 [0-0] .06

Activated FVII, mg/kg 0 [0-0] 0 [0-0] 0 [0-0] 1

BMI, Body mass index; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate using Modification of Diet in Renal Disease formula; aPTT, activated

partial thromboplastin time; UDPB, universal definition for postoperative bleeding; FVII, factor VII. *Antiplatelet therapy ongoing the day of the surgery.
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