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Preoperative levels of biomarkers

of coagulation to predict massive bleeding
after surgical repair for acute type A aortic
dissection: a retrospective cohort study
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Abstract

Background Acute type A aortic dissection is a highly emergent condition with a high mortality rate. The condition
poses an imminent risk of serious complications such as coagulopathy with massive bleeding. This increases the risk
of mortality even after surgical repair. Procoagulant drugs are routinely administered but some patients still suffer
postoperative massive bleeding that can be fatal. The study aimed to investigate whether massive bleeding after
surgical treatment for type A aortic dissection can be predicted preoperatively through routine coagulation tests such
as APTT, PT (INR), fibrinogen, D-dimer, and platelets.

Methods The study was a retrospective, single-center, cohort study performed at a tertiary cardiac surgery unit. A
total of 474 patients who underwent surgery for type A aortic dissection at our department between January 2005
and May 2023 were included in the study. Of these, 87 patients had massive postoperative bleeding after surgery for
type A aortic dissection and were compared to 387 patients who did not have massive postoperative bleeding. Uni-
and multivariable analyses were performed using logistic regression. The multivariable model included predictors of
massive bleeding. Bleeding-related routine lab variables were then forced into the model.

Results Patients with massive bleeding (18%) had higher preoperative activated partial thromboplastin time
(APTT) (33 s vs 295, p<0.01), and creatinine (97 umol/L vs 87 umol/L, p<0.01), as well as lower preoperative platelet
counts (172 x 10%/L vs 187 x 10%/L, p=0.03) compared to patients without massive bleeding. Patients with massive
bleeding also had longer duration of cardiopulmonary bypass (CPB) (221 min vs 170 min, p<0.01) and suffered more
postoperative complications. Multivariable logistic regression identified preoperative APTT per mmol increment

(OR 1.04 (95% CI 1.01-1.07, p=0.01), preoperative APTT > 34.5 s (OR 2.95 (95% Cl 1.60-5.47), p<0.01), preoperative
creatinine > 82.5 umol/L (OR 2.16 (95% Cl 1.15-4.06), p=0.02), hypertension (OR 1.83 (95% Cl 1.01-3.32), p<0.05) and
CPB time per 10 min increment (OR 1.09 (95% CI 1.05-1.13, p<0.01)) as independent predictors of massive bleeding.
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Conclusion Preoperative APTT exceeding 34.5 s was independently associated with massive bleeding after type A
aortic dissection repair and may, pending prospective validation, help identify patients who could potentially benefit

from earlier hemostatic intervention.

Keywords Aortic dissection, Dissection, Ascending Aorta, Postoperative hemorrhage, Retrospective studies,

Predictive value of tests

Background

Acute type A aortic dissection (ATAAD) is a highly
emergent condition with an incidence of 2.5-6 cases per
100,000 patient years [1, 2] and a prehospital mortal-
ity rate of up to 47% [1, 3]. Even after surgical repair, the
30-day mortality is about 17% [4]. There is also an immi-
nent risk of serious complications such as neurological
injury, kidney failure, and coagulopathy with massive
bleeding, the latter increasing the risk of mortality after
surgical repair [5, 6].

The coagulopathy of ATAAD can mainly be attributed
to the false lumen, with large surfaces expressing tissue
factor and other substances that activate the coagula-
tion system, including systemic fibrinolysis and thrombin
activation. This process can ultimately lead to dissemi-
nated intravascular coagulation (DIC), dramatically
increasing the risk of fatal bleeding [7-11]. In addition,
factors associated with the surgical procedure including
cardiopulmonary bypass (CPB) and hypothermia may
also aggravate the hemostatic changes [12, 13]. Cardio-
pulmonary bypass risks worsening the coagulopathy as
it decreases concentration of coagulation factors such as
fibrinogen and prothrombin. It also lowers platelet con-
centration and impairs platelet function [13-15].

While preoperative coagulation markers such as APTT
and platelet count have been studied as predictors of
mortality and prognosis in ATAAD [16], their value for
predicting massive postoperative bleeding specifically
has received little attention. We hypothesized that the
coagulopathy associated with ATAAD might be reflected
in preoperative parameters related to coagulation path-
ways, and that the levels of these biomarkers could pre-
dict the risk of massive postoperative bleeding. It would
be beneficial to preoperatively identify patients at high
risk for massive bleeding as it could enable earlier hemo-
static intervention for patients who may benefit from a
more aggressive procoagulant therapy.

Methods

Aim

The aim of this study was to investigate whether mas-
sive bleeding after ATAAD surgery could be predicted
through standard preoperative coagulation-related
laboratory tests such as APTT, PT (INR), fibrinogen,
D-dimer, or platelets.

Study design

This was a retrospective, single center, observational,
cohort study performed at a tertiary referral center with
a catchment area of 1.9 million inhabitants. All patients
who underwent and survived surgical repair for ATAAD
at the department of Cardiothoracic Surgery at Skéne
University Hospital in Lund, Sweden, between Janu-
ary 2005 and May 2023 were assessed for inclusion. All
patients with complete data on bleeding, transfusions,
reoperations, and post-operative death were included.

Data was collected from our departmental surgical
database, and additional data on bleeding events, trans-
fusions, and laboratory data (APTT, PT (INR), platelet
count, fibrinogen, and D-dimer) were retrospectively col-
lected from the patients’ charts. If patients had multiple
preoperative laboratory values recorded, the value closest
to the surgical repair was selected.

The primary outcome measure of this study was mas-
sive bleeding. Secondary outcome measures were 30-day
mortality, 90-day mortality, and postoperative complica-
tions. Massive bleeding was defined in accordance with
the BART-criteria [17], and patients who met one or
more of the following criteria were considered to have
massive bleeding: postoperative bleeding through chest
tubes exceeding 1500 ml over any 8 h period; reoperation
for bleeding or cardiac tamponade within 24 h of surgery;
transfusion of more than 10U of red blood cells within
24 h after surgery; or death from hemorrhage within
30 days. Patients who did not meet any of the criteria
were assigned to the control group.

Definitions

In this study, ATAAD was defined as a Stanford type A
aortic dissection with a symptom duration of less than
14 days. Hypotensive shock was defined as preopera-
tive systolic blood pressure below 90 mmHg. Malperfu-
sion was defined as end-organ ischemia identified either
clinically or by objective testing (imaging, biochemistry,
or electrocardiography), and was recorded per organ
system. These categories map to the malperfusion (M)
component of the TEM classification: coronary malp-
erfusion (M1), supra-aortic malperfusion (M2; cerebral
and innominate territories), and visceral/renal or lower-
extremity malperfusion (M3; renal, gastrointestinal, and
ileofemoral territories) [18]. As spinal malperfusion is
not explicitly included in the original TEM classifica-
tion, it was classified as M3 in this study. Patients without
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malperfusion were classified as MO0. The clinical-versus-
radiological (+/-) qualifier of the TEM classification was
not applied, as the dataset does not record at the indi-
vidual patient level whether malperfusion was clinically
manifest or detected by objective testing. For analysis,
preoperative APTT, platelet count, and creatinine were
dichotomized at thresholds derived by ROC analysis and
Youden's index: APTT >34.5 s, platelet count <166.5 x
10°/L, and creatinine >82.5 umol/L. Postoperative com-
plications recorded as secondary outcomes included
stroke and cardiac tamponade, coma, atrial fibrilla-
tion, myocardial infarction, superficial and deep sternal
wound infection, and sepsis. Stroke: focal neurological
deficit persisting for at least 24 h, with, or without, radio-
logical confirmation. Tamponade: pericardial effusion
with hemodynamic compromise (systolic blood pres-
sure < 90 mm Hg without other reasonable cause). Coma:
unconsciousness > 48 h after termination of sedation.
Atrial fibrillation: atrial fibrillation or atrial flutter last-
ing > 30 s on telemetry or ECG. Myocardial infarction:
CKMB > 70 upg/L. Superficial wound infection: infec-
tion of the sternotomy wound requiring antibiotic treat-
ment. Deep sternal wound infection: infection at the site
requiring antibiotic treatment and vacuum assisted clo-
sure-therapy. Sepsis: clinical signs of infection and posi-
tive blood culture.

Surgical techniques

The surgical principles of ATAAD-repair at the Depart-
ment of Cardiothoracic Surgery, Skane University Hos-
pital, Lund, have previously been described [19]. All
procedures were performed with general anesthesia,
median sternotomy, cardiopulmonary bypass, and inter-
mittent cold blood cardioplegia. Specific details in the
surgical technique and bleeding management were left
to the discretion of each responsible surgeon. However,
4 g of tranexamic acid was routinely administered, and at
the end of CPB, 4 units of platelets were transfused. Since
2008, 2 g of fibrinogen concentrate also has routinely
been administered at the end of CPB. In addition, since
2015, a standardized bleeding management protocol was
routinely used, where coagulation was measured through
blood analysis (B-haemoglobin, platelets, P-fibrinogen,
P-PT (INR), and P-APTT) and rotational thromboelas-
tometry (ROTEM). The surgical procedure and bleeding
management is explained further in an additional file (see
Additional file 3).

Statistical methods

Categorical data were presented as numbers and percent-
ages. Continuous variables with skewness and kurtosis
within the range of + 1 were considered normally distrib-
uted and were presented as mean + standard deviation
while non-normally distributed variables were presented
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as median and interquartile range. Intergroup compari-
son between categorical variables was analyzed with Chi-
Square tests when the expected cell count was more than
5, otherwise Fisher’s exact test was used for 2x2 tables
and Fisher Freeman Halton’s exact test for contingency
tables exceeding 2x2. Normally distributed continuous
variables were analyzed with two sample T-tests, and
non-normally distributed continuous variables were ana-
lyzed with Mann—Whitney U-tests. To ensure compat-
ibility with the statistical analyses, lab values that were
outside the measurable range were recoded to reflect the
upper or lower limit value.

Uni- and multivariable analyses were performed using
logistic regression. The multivariable analyses relied
on complete case analysis. The full uni- and multivari-
able analysis is presented in an additional file (see Addi-
tional file 1). All variables in the multivariable analyses
were examined for multicollinearity or correlation. The
reliability of the multivariable model was assessed with
the omnibus test and the Hosmer and Lemeshow test.
Selection of variables to include in the multivariable
model were determined using an a priori approach: age,
hypertension, coronary artery disease, preoperative cre-
atinine, any malperfusion, DeBakey type 1, and CPB time
as they have all been shown to predict massive bleeding
[5]. Bleeding-related routine lab variables (APTT, plate-
let count, and PT (INR)) were forced into the model as
they are readily available for ATAAD patients, and their
potential predictive value for massive bleeding could be
clinically useful. Preoperative APTT, preoperative plate-
lets, and preoperative creatinine were stratified into
dichotomous variables. The cut-off points were generated
using ROC curves and Youden’s index. Post hoc analyses
were performed with the stratified variable replacing the
continuous variable. Preoperative lactate, which differed
between groups, was not part of the a priori variable set;
in a post-hoc model it was not an independent predictor
(p=0.33) and was therefore not retained. As a sensitiv-
ity analysis, the multivariable model was repeated with
treatment era (three equal calendar periods) included.
The multivariable model is explained further in an addi-
tional file (see Additional file 2).

A p-value <0.05 was considered statistically significant
for all tests. All statistical analyses were performed on
IBM SPSS Statistics for Mac, Version 29.0.0.0.

Results

A total of 498 patients underwent aortic repair surgery
for ATAAD between January 2005 and May 2023. Mors
in tabula was 4.0% (n=20) during the index procedure,
and 0.8% (n=4) patients had incomplete data and were
excluded from further analysis. A total of 474 patients
were included in the study, and 18.4% (n=87) of these
suffered postoperative massive bleeding (Fig. 1). The
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Fig. 1 Flowchart of the inclusion and exclusion criteria

distribution of the individual BART components among
the 87 patients with massive bleeding is shown in an
additional file (see Additional file 4): Transfusion of >10
U red blood cells within 24 h (n=55), reoperation for
bleeding or tamponade within 24 h (n=42), chest-tube
bleeding >1500 ml/8 h (n=11), and death from haem-
orrhage within 30 days (n=5); components frequently
co-occurred.

Baseline characteristics of the study population are
shown in Table 1. The mean age of the study popula-
tion was 64.8 years (+11.3), the median BMI was 26 kg/
m? [23.5-29.4], and 38% of the population were females.
The patients in the massive bleeding group were signifi-
cantly older (66.0 + 9.7 vs 64.5 + 11.6, p=0.04) and had
lower BMI (24.8 kg/m? [22.3-27.8] vs 26.3 kg/m? [23.5-
29.8], p=0.03) compared to the control group. They were
also more likely to have diabetes mellitus (34.5% vs 16%,
p<0.01) and hyperlipidemia (11.5% vs 5%, p=0.04). The
patients with massive bleeding more often underwent
previous cardiac surgery (4.7% vs 0.8%, p=0.02) and
reported shorter symptom duration (time from onset
of symptom until surgical incision) (6:06 [4:18—10:29]
hh:mm vs 7:04 [4:53—15:04] hh:mm, p=0.04).

Preoperative laboratory results of the study popula-
tion are presented in Table 2 and visualized in box plots
(Fig. 2). The patients in the massive bleeding group had

significantly higher APTT (33 s [27-38] vs 29 s [26-
33], p<0.01), creatinine (96.5 umol/L [83.0-126.3] vs
87 umol/L [72.0-108.0], p<0.01), and lactate (2.2 mmol/L
[1.4-3.9] vs 1.8 mmol/L [1.2-3.0], p=0.03) and signifi-
cantly lower platelet count (172 x 10°/L [150—-211] vs 187
x 10°/L [155-224], p=0.03). The ROC analysis identified
a cut-off of 34.5 s for APTT with an AUC of 0.624, a cut-
off of 166.5 x 10°/L for platelets with an AUC of 0.579
and a cut-off of 82.5 for creatinine with an AUC of 0.628.
In the massive bleeding group, 44.6% of patients had an
APTT > 34.5 s (vs 21.6%, p<0.01), 47.5% had a platelet
count < 166.5 x 10°/L (vs 33.4%, p=0.02), and 76.7% had
a creatinine > 82.5 umol/L (vs 56.7%, p<0.01). There were
no significant differences in preoperative fibrinogen,
D-dimer, or PT (INR).

Patients with massive bleeding had longer CPB time
(221 min [168-254] vs 170 min [134—-206], p<0.01), lon-
ger cross-clamping time (93 min [65—144] vs 75 min [55—
114], p<0.01), and longer HCA time (23 min [17-31] vs
20.0 min [15-25], p<0.01) compared to the control group
(Table 3).

Massive bleeding was associated with a significantly
poorer outcome (Table 4) with a higher 30-day mortal-
ity (20.7% vs 5.7%, p=<0.01) as well as 90-day mortal-
ity (24.1% vs 6.5%, p=<0.01). The patients with massive
bleeding received more transfusions of red blood cells
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Table 1 Baseline characteristics of the study population

Baseline data All (n=474) Patients with mas- Controls (n=387) P-value Missing
sive bleeding (n=87)

Age (years)' 648+113 66.0+9.7 645+116 0.04* 0

BMI (kg/m?)" 26.0[23.5-29.4] 24.8[223-27.8] 2631[23.5-29.8] 0.03* 93 (19.6)

Women'" 180 (38.0) 29 (33.3) 151 (39.0) 032 0

Hypertension" 263 (55.5) 56 (64.4) 207 (53.5) 007 0

Diabetes mellitus" 92 (19.4) 30 (34.5) 62 (16.0) <001* 0

copp" 25(5.3) 8(9.2) 17 (4.4) 0.07 0

History of smoking" 151 (33.6) 29 (337) 122 (335) 098 24(5.1)

Hyperlipidemia" 21 (6.6) 9(11.5) 12 (5 0) 0.04* 154 (32.5)

Coronary artery disease!" 35(7.4) 9(103) 6(6.7) 0.24 0

Known thoracic aneurysm"! 55(11.6) 13(14.9) 42(10.9) 0.29 1(02)

Marfan syndrome”‘ 27 (5.7) 5(5,7) 22(5.7) 0.98 0

Other connective tissue disease” 5(1.1) 0 5(1,3) 0.59 0

Family history of dissection'” 22 (46) 2(23) 20 (5.1) 040 0

Family history of aneurysm'” 112.3) 1(1.1) 10 (2.6) 0.70 0

Previous cardiac surgery'" 7(15) 4(47) 3(0.8) 0.02% 1(0.2)

Previous aortic surgery" 19 (4.0) 5(5.7) 14 (3.6) 0.36 1(0.2)

Symptom duration (hh:mm) 6:50 [4:46-14:16] 6:06 [4:18-10:29] 7:04 [4:53-15:04] 0.04* 169 (35.7)

Chronic kidney disease 5(1.6) 2(26) 3(1.2) 0.60 154 (32.5)

Syncope' 83(17.5) 19 (21.8) 64 (16.5) 0.24 0

Hypotensive shock" 113 (24.1) 27 (31.4) 86 (22.5) 0.08 6(1.3)

Preoperative cardiac arrest" 20 (4.2) 3(3.4) 7 (4.4) 1.00 0

Sudden pain" 431(91.1) 79 (90.8) 352(91.2) 091 1(0.2)

Cardiac tamponade" 80 (16.9) 19 (22.1) 61(15.8) 0.16 1(02)

Any malperfusion" 188 (39.7) 41 (47.1) 147 (38.0) 0.12 0

No malperfusion (MO)" 286 (60.3) 46 (52.9) 240 (62.0) 0.12 0

Coronary malperfusion (M1)" 52(11.0) 7(80) 45(11.6) 035 2(04)

Supra-aortic malperfusion (M2)" 95 (20.1) 22 (25.3) 3(189) 0.19 1(0.2)

Visceral, renal or lower-extremity malperfu- 92 (194) 20 (23.0) 2(18.6) 043 0

sion (M3)"

Carotid dissection" 0.86 19 (4.0)

None 234 (51.4) 40 (50.6) 194 (51.6)

Unilateral 88(19.3) 17(21 5) 71 (18.9)

Bilateral 133(29.2) 22(27.8) 0(29.5)

Intramural hematoma!" 69 (14.6) 10(11.5) 59 (15.3) 037 1(02)

DeBakey" 045 2(04)

Type 1 370 (78.4) 70 (81.4) 300 (77.7)

Type 2 102 (21.6) 16 (18.6) 86 (22.3)

BMI body mass index, COPD chronic obstructive pulmonary disease

Values are presented as numbers (%), mean + standard deviation, median [interquartile range]

Times are presented as median [interquartile range] in the format hh:mm

"Two Sample T-test

"Mann-Whitney U Test

Chi-square Test

VFisher's Exact Test

P-value represents the comparison between patients with massive bleeding and patients without massive bleeding
p<0.05 is considered statistically significant and is marked with *

(12U [7-16] vs 3U [1-5], p<0.01), platelets (6U [4—8] vs
4U [2-6], p<0.01), and fresh frozen plasma (6U [4-12]
vs 2U [0-4], p<0.01) (Fig. 3). They also received more
fibrinogen concentrate (8 g [5-11] vs 4 g [4-7], p<0.01),
and more often received recombinant factor VII (57.4%
vs 33.2%, p<0.01). Patients in the massive bleeding group

also had significantly longer ICU-stay (7 days [5-10] vs
4 days [3-6], p<0.01) and a higher rate of postoperative
complications including coma (16.1% vs 8.3%, p=0.03),
multiple organ failure (8.9% vs 1.3%, p<0.01), tamponade
(42.3% vs 2.1%, p<0.01), myocardial infarction (27.8% vs
8.9%, p=0.01), renal replacement therapy (21.8% vs 7.0%,
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Table 2 Preoperative laboratory results of the study population

Preopera- All Massive  Control  P-value Miss-
tive data (n=474) bleeding (n=387) ing
(n=87)
Fibrinogen 24 22 24 042 330
(g/L)" [18-33] [1.7-31]1 [1.8-34] (69.6)
D dimer 2.70 3.50 265 041 306
(mg/L)" [1.10- [1.29- [1.00- (64.6)
10.00] 10.00] 9.60]
Platelets 185 172 187 0.03* 59
(10%/L)" [155-222] [150-211] [155-224] (12.4)
APTT (s)" 29 33[27-38] 29 <0.01* 95
[26-35] [26-33] (20.0)
PT (INR)" 1.1 1.1 1.1 069 64
1.0-121 [1.0-121 [1.0-12] (13.5)
Creatinine  89[73.0- 97[83.0- 87[720- <001* 14
(umol/L)" 110.0] 126.3] 108.0] 3.0)
Lactate 18 22 18 0.03* 12
(mmol/L)" [1.2-32] [14-39] [1.2-3.0] (2.5)
APTT>345" 99(26.1) 33(446) 66(216) <001* 95
(20.0)
Platelets < 150 (36.1) 38(47.5) 112(334) 0.02* 59
166.5" (12.4)
Creatinine > 278 (604) 66 (76.7) 212(56.7) <0.01* 14
825" 3.0)

Preoperative fibrinogen, D-dimer, platelets, APTT, PT (INR), creatinine and
lactate in control group and in massive bleeding group

Values are presented as median [interquartile range]
' Mann-Whitney U Test
W Chi-square Test

P-value represents the comparison between patients with massive bleeding
and patients without massive bleeding

p<0.05 is considered statistically significant and is marked with *

p<0.01), deep sternal wound infection (6.4% vs 0.8%,
p=0.01), atrial fibrillation (58.6% vs 43.8%, p=0.01), and
ventilation exceeding 48 h (80.5% vs 26.9%, p<0.01).

In multivariable analysis, 23.2% (n=110) patients had
missing data and were therefore excluded. The multivari-
able logistic regression revealed preoperative APTT per
mmol increment (OR 1.04 (95% CI 1.01-1.07, p=0.01),
preoperative APTT > 34.5 s (OR 2.95 (95% CI 1.60-5.47),
p<0.01), preoperative creatinine > 82.5 pmol/L (OR 2.16
(95% CI 1.15-4.06), p=0.02), hypertension (OR 1.83 (95%
CI 1.01-3.32), p<0.05) and CPB time per 10 min incre-
ment (OR 1.09 (95% CI 1.05-1.13, p<0.01)) as indepen-
dent predictors of massive bleeding (Table 5).

Discussion

In this study of patients undergoing surgical repair for
ATAAD at our center, preoperative APTT and preop-
erative creatinine were independently associated with
massive postoperative bleeding. In multivariable logistic
regression, a preoperative APTT exceeding 34.5 s was the
strongest predictor (OR 2.96). If confirmed in prospec-
tive studies, this readily available parameter may help
identify patients who are at increased risk of massive
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bleeding and who could potentially benefit from earlier,
more targeted hemostatic management. Furthermore,
our study showed that the 18% of the patients who suf-
fered postoperative massive bleeding had a significantly
higher mortality rate and a higher rate of postoperative
complications.

Preoperative APTT is a cost and time efficient coagu-
lation assay that is accessible and commonly used to
detect coagulation factor deficiencies and as a preopera-
tive screening tool. It measures the time from activation
of factor XII until clot formation and provides an indi-
rect measurement of the intrinsic coagulation cascade
pathway consisting of factor XII, factor XI, factor IX, and
factor X [20]. Factor XII has previously been shown to
decrease massively during moderate hypothermic car-
diac arrest associated with ATAAD surgery. Factor XII
deficiency also has been reported as an independent
risk factor for reoperation due to bleeding, possibly as
it requires more time to recover to preoperative levels
than, for instance, factor VII [21]. In our study, we found
that 44.6% of patients with massive bleeding had a pre-
operative APTT exceeding 34.5 s, compared to 21.6% of
patients without massive bleeding.

As previously described, ATAAD poses a risk for con-
sumption coagulopathy, adding to the hemostatic dis-
turbance that naturally occurs during CPB [22-24].
Therefore, postoperative bleeding is common after sur-
gical repair of ATAAD, and patients routinely require
transfusion of blood components and administration
of procoagulants perioperatively [25]. Reoperation for
bleeding is associated with higher postoperative mortal-
ity both after surgery for ATAAD and after other cardiac
surgeries [5, 26, 27]. ROTEM-guided protocols to avoid
postoperative bleeding have a value in the bleeding man-
agement of patients undergoing aortic surgery but are
limited in detecting the full complexity of the coagulopa-
thy associated with ATAAD [28, 29]. Bleeding manage-
ment protocols are generally based on analyses obtained
after the cessation of CPB, delaying the administration
of procoagulant drugs. Therefore, a simple preopera-
tive screening tool may be valuable. Such a marker is not
intended to replace intraoperative or post-CPB assess-
ment but to complement it: APTT is available at admis-
sion in essentially all patients, and earlier awareness of
bleeding risk carries little downside.

Notably, the pattern of biomarker abnormalities in our
cohort does not fully correspond to that of an overt con-
sumption coagulopathy. Only APTT and platelet count
differed significantly between groups, whereas fibrino-
gen, D-dimer and PT (INR) did not. Several factors may
explain this. D-dimer is near-universally elevated in acute
aortic dissection and functions as a sensitive diagnostic
marker [30, 31] and therefore has limited power to dis-
criminate between bleeders and non-bleeders within a
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Table 3 Intraoperative data

Page 8 of 12

Intraoperative data All (n=474) Patients with massive bleeding (n=87) Control (n=387) P-value Missing
CPB time (min)" 174 [138-217] 221 [168-254] 170 [134-206] <0.01* 0
Cross-clamping time (min)" 78 [58-119] 93 [65-144] 75 [55-114] <001* 0
HCA technique” 016  6(13)
Solely aortic cross clamp 24(5.1) 3(34) 21(5.5)

Solely circulatory arrest 245 (52.4) 42 (48.3) 203 (53.3)

HCA + ACP 33(7.1) 11(12.6) 22 (5.8)

HCA + RCP 166 (35.5) 31(35.6) 135(354)

HCA time (min)" 20 [16-26] 23 [17-31] 20 [15-25] <0.01* 33(7.0)
HCA temperature (°C)" 19 [18-21] 18 [17-21] 19[18-21] 007 3(06)
Arterial cannulation site" 031 0
Femoral 337(71.1) 68 (78.2) 269 (69.5)

Axillary 13(2.7) 3(34) 10 (2.6)

Direct aortic 115(24.3) 15(17.2) 100 (25.8)

Ventricle 9(1.9) 1(1.1) 9(2.3)

Distal surgical technique” 038 0
Ascending 391 (82.5) 68 (78.2) 323(83.5)

Hemiarch 62 (13.1) 15(17.2) 47 (12.1)

Arch 21 (4.4) 4 (4.6) 17 (4.4)

Proximal surgical technique" 019 0
Supracoronary graft + resuspension of aortic valve 318 (67.1) 57 (65.5) 261 (67.4)

Supracoronary graft, no resuspension of aortic valve 31 (6.5) 2(2.3) 29(7.5)

Mechanical Bentall 59(124) 10(11.5) 49 (12.7)

Biological Bentall 38(8.0) 10 (11.5) 28(7.2)

Ad modum David or Yacoub 7 (1.5) 2(2.3) 5(1.3)

Aortic valve replacement + straight graft 21 (44) 6 (6.9) 15(3.9)

CPB cardiopulmonary bypass, HCA hypothermic circulatory arrest, ACP antegrade cerebral perfusion, RCP retrograde cerebral perfusion

Values are presented as numbers (%), median [interquartile range]
"Mann-Whitney U Test
VFisher-Freeman-Halton Exact Test

P-value represents the comparison between massive bleeder group and non-massive bleeder group

p<0.05 is considered statistically significant and is marked with *

confirmed-dissection population. Fibrinogen, an acute-
phase reactant, may remain normal or elevated early
despite ongoing consumption. Both markers were also
missing in a large proportion of patients, further limit-
ing between-group comparison. Rather than reflecting
overt disseminated intravascular coagulation, our find-
ings may indicate that the degree of intrinsic-pathway
derangement, captured by APTT, together with platelet
consumption, discriminates the patients at highest risk
of massive bleeding within an already coagulopathic
population.

To avoid massive bleeding, an aggressive approach is
needed, including transfusions and the administration
of procoagulant drugs. In our study, patients with mas-
sive bleeding required significantly higher amounts of red
blood cells, as well as fibrinogen, plasma, and platelets,
and a larger proportion of the group required recom-
binant factor VII. The administration of procoagulant
drugs is not without risk as an overuse of procoagulants
may lead to thrombotic events such as stroke, which
are also associated with higher postoperative mortality

[32-34]. In our study, 20.5% of patients suffered post-
operative stroke, with no significant difference between
patients with massive bleeding and patients without
massive bleeding. Both massive bleeding and overuse of
procoagulants may cause major complications as well as
mortality. This underscores the importance of identify-
ing patients at increased risk for massive bleeding, as it
could facilitate earlier and more aggressive procoagulant
therapy for these patients.

In addition, our multivariable analysis revealed preop-
erative creatinine >82.5 pmol/L, time on CPB, and hyper-
tension as independent predictors for massive bleeding.
This is in line with previously published results [5, 35, 36].

A limitation of this study is that it only included
patients who survived the initial surgical procedure,
potentially excluding patients with extensive coagulopa-
thy as they may have succumbed to the disease pre- or
intraoperatively; the causes of the intraoperative deaths
were not reliably recorded, precluding further charac-
terization of this group. However, as the purpose of the
study was to assess whether preoperative biomarkers of
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Table 4 Postoperative data

Postoperative data All (n=474) Patients with massive bleeding (n=87) Control (n=387) P-value Missing
90-day mortality" 46 (9.7) 21(24.) 25 (6.5) <001*  2(04)
30-day mortality" 40 (8.5) 18(20.7) 22(5.7) <001*  4(0.8)
Long term ventilation (>48 h)" 174 (36.8) 70 (80.5) 104 (26.9) <001*  1(02)
Chest tube output during first 24 h (mh" 640 [440-900] 1610 [790-2120] 600 [420-800] <0.01* 136 (28.7)
Total chest tube output” 1000 [719-1603] 2105 [1385-3380] 935 [653-1350] <001*  283(60.8)
Reoperation due to bleeding" 58(12.2) 51 (58.6) 7(1.8) <001* 0
Fibrinogen substitution (g)" 5 [8-4] 8[11-5] 4[7-4] <001*  132(27.8)
Recombinant Factor VII" 125 (36.5) 27 (574) 98 (33.2) <0.01* 132(27.8)
Red blood cell units" 412-7] 12 [7-16] 3[1-5] <001*  3(06)
Plasma units' 2 [0-6] 6[4-12] 2 [0-4] <001*  3(06)
Platelet units" 412-6] 6 [4-8] 412-6] <001*  3(06)
Stroke! 97 (20.5) 22(253) 75 (19.4) 0.22 0
Tamponade 38(11.9) 33 (42.3) 5(2.1) <001*%  154(325)
Coma" 46 (9.7) 15(16.1) 32(83) 0.03* 0

Atrial fibrillation" 220 (46.5) 51 (58.6) 169 (43.8) 0.01% 1(0.2)
Myocardial infarction" 21(107) 5(27.8) 16 (8.9) 001* 277 (58.4)
Superficial sternal infection' 12 (3.8) 2(26) 10 (4.1) 073 154 (32.5)
Deep sternal infection' 7(22) 5(6.4) 2(08) 001* 154 (32.5)
Sepsis" 1(03) 0 1(04) 0.02* 154 (32.5)
Multiple organ failure 9(24) 5(8.9) 4(13) <001*  100(21.1)
Renal replacement therapy‘v 46 (9.7) 19(21.8) 27 (7.0) <0.01* 0

Length of stay" 12[8-20] 13[9-22] 12 [7-20] 0.08 170 (35.9)
Length of stay in ICU" 4[3-7] 7 [5-10] 4[3-6] <001* 260 (54.9)

Values are presented as numbers (%), median [interquartile rangel]
"Mann-Whitney U Test. "'Chi-square Test. VFisher’s Exact Test

P-value represents the comparison between patients with massive bleeding and patients without massive bleeding

p<0.05 is considered statistically significant and is marked with *

coagulation could be used to predict massive postopera-
tive bleeding, its relevance only applies to patients who
survive the surgical procedure. Furthermore, the study
was limited by the inherent shortcomings of its retro-
spective design. Data were collected over an 18-year
period, during which surgical technique and the capac-
ity to manage coagulopathy evolved; the proportion of
patients meeting criteria for massive bleeding increased
significantly across the study period. In a sensitivity
analysis adjusting for treatment era, preoperative APTT
>34.5 s and creatinine >82.5 pmol/L remained indepen-
dently associated with massive bleeding. Information on
the timing and last dose of preoperative antiplatelet ther-
apy was not consistently available, precluding assessment
of its contribution to bleeding risk; however, preopera-
tive APTT did not differ significantly between patients
with and without coronary malperfusion (p>0.05), argu-
ing against confounding of the APTT signal by this sub-
group. The main strength of the study lies in its sizeable
study population providing high statistical power.

The findings of this exploratory study are hypothesis-
generating and prospective studies are required to vali-
date these findings and determine whether they can be
translated into clinical practice.

Conclusion

In this retrospective cohort, a preoperative APTT
exceeding 34.5 s was independently associated with post-
operative massive bleeding after surgical repair for acute
type A aortic dissection, as was a preoperative creatinine
> 82.5 pumol/L. Massive bleeding was associated with
significantly higher 30-day and 90-day mortality. These
observations are hypothesis-generating and require pro-
spective validation; if confirmed, preoperative APTT and
creatinine may help identify patients at increased risk of
massive postoperative bleeding.
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Table 5 Multivariable logistic regression

Characteristics  Univariate analysis Multivariable analysis
Odds Ratio p-value Odds Ratio p-value
(95% CI) (95% Cl)

Age per year 1.01 0.28 1.03 0.06

increment (0.99-1.03) (1.00-1.06)

Hypertension 1.57 0.07 1.83 <0.05*
(0.97-2.54) (1.01-3.32)

Coronary artery 160 0.25 1.82 0.27

disease (0.72-3.55) (0.62-5.30)

Preoperative cre- 1.01 0.01* 1.00 0.13

atinine per umol  (1.00-1.01) (1.00-1.01)

increment

Preoperative 0.99 0.01* 1.00 0.06

platelets per (0.99-1.00) (0.99-1.00)

mmol increment

Preoperative 1.02 0.03* 1.04 0.01*

APTT per second  (1.00-1.04) (1.01-1.07)

increment

Preoperative 0.94 0.86 0.53 0.16

PT(INR) per 1.0~ (0.50-1.78) (0.22-1.27)

increment

Any 1.46 0.12 1.26 043

malperfusion (091-2.32) (0.71-2.24)

DeBakey type 1 1.25 046 0.55 0.15
(0.69-2.27) (0.25-1.23)

CPB time 1.10 <0.01* 1.09 <0.01*

(per 10 min (1.06-1.14) (1.05-1.13)

increment)

Preoperative 2.92 <0.01* 2.95 <0.01*

APTT >345s (1.71-4.97) (1.60-5.47)

Preoperative 1.80 0.02* 1.59 0.11

platelets > 166.5 (1.10-2.95) (0.90-2.81)

x 10%/L

Preoperative 2.52 <0.01* 2.16 0.02*

creatinine > (1.47-4.33) (1.15-4.06)

82.5 umol/L

APTT activated partial thromboplastin time, PT (INR) prothrombin complex
(International Normalized Ratio), CPB cardiopulmonary bypass

Logistic regression, massive bleeding set as the dependent variable. A total of
364 complete cases was included in the analysis

For each of APTT, platelet count, and creatinine, the dichotomized variable was
entered in a separate model in which it replaced its continuous counterpart;
both estimates are presented together for readability

p<0.05 is considered statistically significant and is marked with *

Abbreviations

ACP Antegrade cerebral perfusion

ATAAD Acute type A aortic dissection

APTT Activated partial thromboplastin time

AUC Area under curve

BART Blood Conservation Using Antifibrinolytics in a Randomized Trial
BMI Body mass index

COPD Chronic obstructive pulmonary disease

CPB Cardiopulmonary bypass

HCA Hypothermic circulatory arrest

ICU Intensive care unit

PT(INR)  Prothrombin time (international standardized ratio)
RCP Retrograde cerebral perfusion

ROC Receiver operating characteristic
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