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Abstract

Obijective: This study aimed to investigate the relationship between the duration of cardiopulmo-
nary bypass (CPB) and stroke or early death in patients with acute type A aortic dissection (ATAAD)
receiving total aortic arch replacement with the frozen elephant trunk procedure (TAR with FET).
Methods: A retrospective cohort study of 258 consecutive patients was conducted at Beijing
Anzhen Hospital from December 2014 to June 2016. Patients who received TAR with FET for
ATAAD were included. An adverse outcome (AO) was defined as 30-day mortality or stroke.
Additionally, an AO was compared using propensity score matching.

Results: The incidence of AO was 13.6% (n = 35). The 30-day mortality rate was 10.8% and the
stroke rate was 9.3%. Patients were aged 47.9 + 10.6 years old. The duration of CPB was an
independent predictor of occurrence of AO after adjusting for confounding factors by multivar-
iable logistic regression analysis (odds ratio 1.101, 95% confidence interval 1.003—1.208). In
matched analysis, CPB duration remained a risk factor of AO.

Conclusions: The duration of CPB is an independent predictor of AO in surgical repair for
ATAAD. The underlying mechanisms of this association are important for developing improved
prevention strategies.

Keywords
Cardiopulmonary bypass, aortic dissection, risk factor, stroke, mortality, adverse outcome

Date received: 8 September 2020; accepted: | October 2020
Corresponding author:

Li-Zhong Sun, Department of Cardiovascular Surgery,
Beijing Anzhen Hospital, Capital Medical University,

Department of Cardiovascular Surgery, Beijing Anzhen Beijing Institute of Heart, Lung and Blood Vessel Diseases,
Hospital, Capital Medical University, and Beijing Institute 2 Anzhen Rd, Chaoyang District, Beijing 100029, China.
of Heart, Lung and Blood Vessel Diseases, Beijing, China Email: Lizhongsun@foxmail.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-6818-377X
https://orcid.org/0000-0001-5587-6219
mailto:Lizhongsun@foxmail.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520968450
journals.sagepub.com/home/imr

Journal of International Medical Research

Introduction

Acute type A aortic dissection (ATAAD) is
one of the most lethal diseases that requires
surgical correction. Despite dramatic
improvements in cerebral protection strate-
gies over recent decades, postoperative
stroke and mortality remain major compli-
cations."? The occurrence of stroke after
ATAAD leads to a higher mortality rate,
increased length of hospital stay, and
reduced long-term survival. An adverse out-
come (AO) is defined as cither early death
or stroke because a successful operation
should result not only in survival, but also
in good quality of life. Identifying risk
factors and preventing an AO following
complex aortic arch procedures are neces-
sary to improve outcomes.

Cardiopulmonary bypass (CPB) is an
indispensable procedure for surgical treat-
ment of ATAAD. However, CPB can
induce oxidative stress reactions and sys-
temic inflammation, leading to multiorgan
failure.** Little is known about the effect of
the duration of CPB on AO in patients with
ATAAD. Therefore, this study used multi-
variable logistic regression models and the
propensity score (PS) matching method to
examine the correlation between an AO and
the duration of CPB in patients with
ATAAD who underwent total aortic arch
replacement with the frozen elephant trunk
procedure (TAR with FET). We hypothe-
sized that the risk of an AO increases as the
duration of CPB increases.

Methods

Patient cohort

This retrospective study was performed at
Beijing  Anzhen  Hospital  between
December 2014 and June 2016 and was
approved by Beijing Anzhen Hospital
Ethics Committee (No. 2019030X). The
Ethics Committee waived the need for

individual informed consent. All protocols
conformed to the 1975 Declaration of
Helsinki. The study was registered in
the Chinese Clinical Trials Registry (www.
chictr.org.cn, ChiCTR1900022289). All
patients with ATAAD who underwent
TAR with FET were enrolled. Data for
baseline variables, perioperative factors,
and postoperative outcomes were collected
by trained staff from patients who were
recruited at our medical centre.

Definitions

The primary endpoint of our study was the
appearance of an AO. An AO was defined
as either 30-day mortality or postoperative
stroke. Stroke was defined as the presence
of a focal neurological deficit, regardless of
a transient or permanent nature, and was
confirmed as a new deficit by a computed
tomography (CT) examination. We defined
haemodynamic instability as >30 minutes
of hypoperfusion (systolic blood pressure
<90mmHg requiring catecholamine
administration). A preoperative neurologi-
cal defect included disturbed consciousness,
transient ischaemic attack, and syncope
from onset to the operation.

Surgical techniques

All operations were performed through
median sternotomy. Briefly, this procedure
was performed using right axillary artery
cannulation for CPB and selective cerebral
perfusion  (5-10mL/kgeminute)  under
moderate hypothermic circulatory arrest.
Associated operations, such as mitral
valve and aortic root replacement, were per-
formed during cooling. The surgical tech-
nique of TAR with FET (i.e., the Sun
operation) has been previously described.>
This procedure involved implantation of an
FET (MicroPort Medical Company
Limited, Shanghai, China) in the descending
aorta, followed by total arch replacement
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with a four-branched prosthetic graft in parallel. Covariables were adjusted
(Maquet Cardiovascular, Wayne, NI, according to previous studies:® When varia-
USA). Distal reperfusion was initiated bles were added, if the matched odds ratio

upon completion of descending aortic anas-
tomosis. The left carotid artery was initially
reconstructed to achieve bilateral perfusion,
the ascending aorta was then treated to pre-
vent coronary ischaemia, and the innomi-
nate and subclavian arteries were finally
treated.

Statistical analysis

Categorical variables are presented as fre-
quency (percentage). Continuous variables
are presented as the mean + standard devi-
ation or the median (interquartile range),
as appropriate. To determine the causes of
AOQO, univariable logistic regression analysis
was used. Multivariable logistic regression
was used to assess the relationship between
the duration of CPB and an AO. Four
models were constructed as follows: (I) not
adjusted; (II) adjusted for sex and age; (I11)
adjusted for sex/age/body mass index
(BMI)/diabetes mellitus/emergency surgery/
prior cerebrovascular accident (CVA)/coro-
nary artery disease/haemopericardium/
preoperative neurological defect/preopera-
tive haemodynamic instability/preoperative
platelet count; and (IV) adjusted for sex/
age/BMI/diabetes mellitus/emergency sur-
gery/prior CVA/coronary artery disease/
haemopericardium/preoperative neurologi-
cal  defect/preoperative  haemodynamic
instability/preoperative platelet count/con-
comitant coronary artery bypass grafting
(CABG)/aortic  cross-clamp  duration/
duration of circulatory arrest/lowest naso-
pharyngeal temperature (°C)/intraoperative
transfusion of packed red blood cells
(PRBCs)/intraoperative  transfusion  of
fresh-frozen plasma (FFP)/intraoperative
transfusion of platelets. All protocols con-
formed to the Strengthening the Reporting
of Observational Studies in Epidemiology
statement.” The four models were analysed

(OR) changed by >10%, adjustments were
performed. Generalized additive models
were applied for identifying linear relation-
ships. Stratified and interaction analyses
were performed according to sex, age (aged
younger or older than 48 years), BMI
(<24kg/m?, 24-28 kg/m?, and >28 kg/m?),
smoking history, hypertension, haemoperi-
cardium, preoperative platelet count (higher
or lower than 162 x 10°/L), aortic cross-
clamp duration (longer or shorter than 120
minutes), and duration of circulatory arrest
(longer or shorter than 21 minutes).

The PS matching method was performed
to adjust for intergroup differences between
the non-AO and AO groups. PS was used
for matching of variables (adjusted for age,
sex, BMI, haemopericardium, preoperative
haemodynamic instability, and preopera-
tive platelet count). Matching was per-
formed at a ratio of 1:1 using a greedy
matching algorithm,” with a calliper width
of 0.05 of the standard deviation of the
logit. Patients’ characteristics within two
groups were compared using the paired
McNemar test and t-test. Baseline covari-
ates were assessed with standardized
differences.

Data were analysed with the R package
and Empower Stats (http: //www.empower
stats.com, X&Y Solutions, Inc., Boston,
MA, USA). All assessments were two-
sided. P values <0.05 were considered sta-
tistically significant.

Results

From December 2014 to June 2016, 268
patients who underwent TAR with FET
were eligible for the study. Ten patients
were excluded because of incomplete infor-
mation (final cohort: 258 patients). The
screening procedure used in this study is
outlined in Figure 1.
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Patients with acute Stanford type A
aortic dissection underwent total aortic
arch replacement with the frozen
elephant trunk procedure from December
2014 to June 2016

(n=268)
Patients exclued:
> incomplete information
(n=10)
 J

Final study cohort
(n=258)

Figure |. Flow chart of the patients.

Demographics and characteristics of the
patients

Patients had a mean age of 47.9 4+ 10.6 years
and 196 (76.0%) participants were men. A
history of hypertension was present in 181
(70.2%) patients. The Bentall procedure
was carried out in 113 (43.8%) patients
and ascending aortic replacement was
performed in 145 (56.2%) patients.
Twenty-eight concomitant procedures were
performed in 102 (10.9%) patients, includ-
ing CABG in 20 (9.4%), mitral valve
replacement in 5 (1.9%), and aortic
bypass surgery in 3 (1.2%). The overall inci-
dence of AO was 13.6% (35 patients). The
incidence of postoperative stroke was 9.3%
(24 patients) and the overall operative mor-
tality within 30 days was 10.1% (26
patients). Among the patients with postop-
erative stroke, the 30-day mortality rate was
60% (15 patients). All baseline characteris-
tics are summarized in Table 1.

Univariable analysis

Table 1 shows the results of univariable
analysis.  Preoperative  haemodynamic
instability,  haemopericardium,  aortic
cross-clamp duration, preoperative platelet
count, and duration of CPB were signifi-
cantly associated with AO (all P <0.05).
Coronary artery disease, BMI, smoking his-
tory, prior CVA, hypertension, diabetes
mellitus, left ventricular ejection fraction,
intraoperative transfusion of PRBCs, intra-
operative transfusion of FFP, intraopera-
tive transfusion of platelets, duration of
circulatory arrest, and aortic root repair
were not associated with an AO.

Effect of the duration of CPB on AO

Multivariable logistic regression analysis
models for AO are shown in Table 2. In
model I, there was a significant association
between the duration of CPB and AO
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(OR 1.098, 95% confidence interval [CI]
1.041-1.158; P=0.001). In model II, the
relationship between the duration of CPB
and AO remained unchanged (OR 1.095,
95% CI 1.038-1.156; P=0.001). In model
I1I, patients with a longer duration of CPB
still had a higher incidence of an AO (OR
1.091, 95% CI 1.024-1.163; P=0.001).
To avoid a large deviation result caused by
the relatively small sample size, we added
some further covariates to form model IV.
In model 1V, the results remained significant
(OR 1.101, 95% CI 1.003-1.208; P =0.042).
A 10-minute extension in the CPB procedure
increased the risk of an AO by 10.1%.

Linear relationship between the duration
of CPB and AO

We used spline smoothing via generalized
additive models to define the association

between the duration of CPB and AO
after adjusting for sex, age, BMI, diabetes
mellitus, emergency surgery, prior CVA,
coronary artery disease, haemopericar-
dium, preoperative neurological defect,
preoperative haemodynamic instability,
preoperative platelet count, concomitant
CABG, aortic cross-clamp  duration,
duration of circulatory arrest, the lowest
nasopharyngeal temperature (°C), intrao-
perative transfusion of PRBCs, intraopera-
tive transfusion of FFP, and intraoperative
transfusion of platelets. Figure 2 shows that
there was a linear association between the
duration of CPB and AO.

Stratified analysis

We performed stratified analyses including
sex, age, BMI, preoperative platelet count,
aortic cross-clamp duration, duration of

1.0

08

Risk of adverse outcome
04

0.2
1

0.0
1

30

A TR T AR
20

40 50

Cardiopulmonary bypass duration (min/10)

Figure 2. Linear relationship between the duration of cardiopulmonary bypass and an adverse outcome. This
relationship was adjusted for age, sex, body mass index, diabetes mellitus, emergency surgery, stroke history,
coronary artery disease, haemopericardium, preoperative neurological defect, preoperative haemodynamic

instability, preoperative platelet count, concomitant coronary artery bypass grafting, aortic cross-clamp duration,
duration of circulatory arrest, nasopharyngeal temperature (°C) at circulatory arrest, intraoperative transfusion
of packed red blood cells, intraoperative transfusion of fresh-frozen plasma, and intraoperative transfusion of
platelets. The red solid line shows the fitting spline. The blue dashed lines show the 95% confidence interval.
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circulatory arrest, hypertension, smoking
history, and haemopericardium. In these
analyses, the duration of CPB remained
an independent predictor of postoperative
AO in the high-risk subgroups. None of
those sub-groups showed an interaction
with AO. The details of these results are
shown in Figure 3.

Characteristics of PS matching

Derived PS values were used to match 35
patients in the AO group with patients in
the non-AO group to reduce the effect of
confounding factors (Figure 4). Finally,
33 matched pairs were created (Table 3).
AO and the duration of CPB remained

Subgroup Non=AOD AOD

Sex

male 167 28

female 56 6

Age(yearsjgroup

<48 12 16

248 m 19

BMi(kg/m® )group
24 58 13

324,28 1o 18

28 55

Hypertension

no 85 12

ves 158

Smoking history

no m Fal

yes 12 14

Hemopericardium

no 194 23

yes 28 12

Preoperative platelet count

<162 105

2162 118 1

Aortic cross clamp duration(min)

<120 13 15

120 10 20

Circulatory arrest duration(min)

<1 17 16

trl 118 19

significantly associated (OR 1.178, 95%
CI 1.032-1.345; P=0.015).

Discussion

In this retrospective study, data from 258
patients with ATAAD who underwent
TAR with FET were analysed. There was
a strong correlation between the duration
of CPB and AO, even after adjustment for
other risk factors. A 10-minute extension
in the CPB procedure increased the risk of
AO by 10.1%. Moreover, although age,
sex, BMI, preoperative platelet count, pre-
operative haemodynamic instability, and
haemopericardium  were adjusted by
PS, the duration of CPB remained an

OR(95%C1) P=interaction
0.356
— 1.08(1.01.1.16)
113(0.88.1 44)
0.920
- - + 1.14(0.98,1.33
—_——— 1.16(0.93.1 43)
0.678
- 1.02(0.85.123
- 1.11(0.99.1 24)
1.12(0.99.1 27
0.530
- . 1.04(0.80.1.37
- 115{1.02 129)
0.811
- J 114(1011 29
- 110(0.84 1 44)
0.472
— 1.13(1.04.1.22)
et 1.07(0.95.1.20
0.827
- R 1.13{1.02.1.25
1.19{0.73.1.94
0.592
097(0.68.137
- 1.07(0.96.1 19)
0.490
- + 0.98(0.77.1.25)
- 108{096121

Figure 3. Subgroup analysis of the association between the duration of cardiopulmonary bypass and an AO
in patients with acute type A aortic dissection. Each stratification was adjusted for all of the factors (age, sex,
BMI, diabetes mellitus, emergency surgery, stroke history, coronary artery disease, haemopericardium,
preoperative neurological defect, preoperative haemodynamic instability, preoperative platelet count, con-
comitant coronary artery bypass grafting, aortic cross-clamp duration, duration of circulatory arrest,
nasopharyngeal temperature (°C) at circulatory arrest, intraoperative transfusion of packed red blood cells,
intraoperative transfusion of fresh-frozen plasma, and intraoperative transfusion of platelets), except for the
stratification factor itself. AO, adverse outcome; OR, odds ratio; Cl, confidence interval; BMI, body

mass index.
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Propensity score based on linear model
AC=1 Propensity Score AC=0

[0.6,0.65]
[0.55,0.6)
[0.5,0.55)
[0.45.0.5)
[0.4,0.45)
[0.25,0.4)
[0.3.,0.35)
[0.25.0.3)
[0.2.0.25)
[0.15.0.2)
[0.1,0.15)
[0.05.0.1)

[0.0.05)

I 1
9 o 0 84

Figure 4. Propensity score matching map.
Matching variables: age, sex, body mass index, preoperative platelet count, preoperative haemodynamic
instability, and haemopericardium. AO, adverse outcome.

Table 3. Characteristics of the patients at baseline after propensity score matching.

Variable Non-AO AO Std diff P value
Age, years 49.7+ 9.3 49.1 £13.5 0.047 0.849
Sex 0.000 1.000
Men 28 (84.8) 28 (84.8)
Women 5(15.2) 5(15.2)
BMI, kg/m? 25.1+ 3.0 254+3.6 0.084 0.734
Preoperative platelet count 139.6 :-45.2 140.5+76.4 0.014 0.954
Preoperative haemodynamic 4 (12.1) 6 (18.2) 0.167 0.731
instability
Haemopericardium 13 (39.4) Il (33.3) 0.126 0.798
CPB duration (min/10) 21.7 +4.1 26.8+9.1 0.721 0.005

For continuous variables, data are presented as the mean =+ standard deviation. For categorical variables, data are pre-
sented as number (%).

Matching variables: age, sex, BMI, preoperative PLT, preoperative haemodynamic instability, and haemopericardium;
AO, adverse outcome; Std diff, standardized difference; BMI, body mass index; CPB, cardiopulmonary bypass.
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independent predictor of an AO, which
confirmed an association between the dura-
tion of CPB and AO.

Postoperative stroke often leads to a low
quality of life and early mortality.'®!'" As
previously described,'*'® we defined an
AO as stroke or 30-day mortality to
increase the sensitivity of risk factors.
Similar studies have been performed in
patients who had aortic surgery. Ehrlich
and colleagues'? analysed patients who
underwent ATAAD repair under deep
hypothermic circulatory arrest and found
that only preoperative haemodynamic
instability was associated with postopera-
tive AO (OR 6.0, 95% CI 2.7-13.4;
P <0.0001). No other alterations in
patients’ characteristics were observed,
most likely due to confounding factors in
their cohort. A retrospective study by Liu
and co-workers'® identified variables that
were associated with an AO after adjust-
ment for other risk factors, including
stroke (OR 7.846, 95% CI 2.737-22.489;
P <0.001), emergency surgery (OR 2.198,
95% CI 1.019-4.740; P=0.045), PRBCs
(OR  1.113, 95% CI  1.038-1.193;
P=0.003), concomitant CABG (OR
2.613, 95% CI 1.066-6.405; P=0.036),
and CPB time (minutes) (OR 1.009, 95%
CI 1.004-1.014; P<0.001). Preventza and
colleagues'® reported that CPB time
(minutes) was a significant risk factor for
AO (OR 1.01, 95% CI 1.00-1.01;
P<0.001). Nakamura and co-workers'®
analysed 119 patients who underwent surgi-
cal treatment for aortic disease and found
that the duration of CPB was an indepen-
dent risk factor for an AO. In our centre,
Ma and colleagues'’ analysed 803 patients
with ATAAD in whom a duration of
CPB > 180 minutes was a risk factor for
intraoperative mortality, which is consistent
with other studies.'®'® Relatively long CPB
times may be due to technical difficulties,
dissection-related complications, or the
conduct of inexperienced surgeons.

The mechanisms underlying the associa-
tion between the duration of CPB and AO
remain unknown. The disadvantage of CPB
is its association with respiratory failure,
myocardial, renal, and neurological dys-
function, and eventual organ failure.**°
Various measures to reduce damage from
CPB to the body have been used over the
past decades and have dramatically
improved patients’ survival and reduced
the incidence of other systemic complica-
tions. However, the incidence of complica-
tions related to the nervous system has
remained consistent. The mechanism of
brain injury after CPB is complex with
major causes that include cerebral emboli
(gas, liquid, or solid), cerebral ischaemic
injury (e.g., vascular embolism, hypoperfu-
sion, and hypoxia), and inflammatory
responses.”>! During CPB, stimulation by
surgical trauma, blood contact with foreign
bodies, body endotoxins, and a low temper-
ature activate non-infectious systemic
inflammatory response syndromes.*
Therefore, a large number of inflammatory
cytokines enter the brain, leading to brain
damage.

We believe that this is the largest study
to assess the effects of the duration of CPB
on AO in patients undergoing TAR with
FET for ATAAD in Asia. Our cohort dif-
fered from studies in other European coun-
tries because the mean age of the patients
was 48 years, which is lower than that
reported in the International Registry of
Acute Aortic Dissection.”? These differen-
ces may be due to the frequent actiology
of hypertension. The incidence of hyperten-
sion is high in China.*® However, awareness
and control rates are inadequate, resulting
in severe complications, such as aortic dis-
section, which threatens the lives of relative-
ly young patients. The incidence rates of
diabetes mellitus and coronary heart disease
were also lower in our study than in studies
performed in European countries.'>!'?*
Although several studies have shown that
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an emergency aortic operation is associated
with a high mortality,'***%° it was not a
predictor in this study. Because many
patients dic in ATAAD, emergency surgery
benefits more patients than conservative
treatment does. The duration of circulatory
arrest was also not associated with an AO
in our study, which indicated that a lack of
cerebral protection did not contribute to
development of an AO. Additionally, selec-
tive cerebral perfusion significantly extend-
ed the safe arch intervention time and
increased brain tissue tolerance. This
result is consistent with the observations
of previous authors.'"

Our clinical results were satisfactory,
with a 30-day mortality rate of 10.8% and
a stroke rate of 9.3%, which are better than
those in other studies.'*'* Ehrlich and col-
leagues'? reported an incidence of AO fol-
lowing ATAAD surgery of 30.5%, which is
much higher than the incidence found in
this study. These differences between stud-
ies are most likely due to the young age of
the patients in our cohort and the extensive
experience of surgeons who performed the
procedures. Studies have shown that
advanced age is an independent risk factor
for death or neurological outcomes.'®!
Additionally, the inclusion of a low-risk
cohort may explain the low AO rate
obtained in this study. A portion of our
patients were diagnosed at peripheral or
primary hospitals and died of malperfusion,
tamponade, or aortic rupture during long-
distance transfer. Additionally, some
patients or their family members refused
an operation owing to a relatively high
risk or any other reasons. Thirty-day mor-
tality rates of up to 16.4% and postopera-
tive stroke rates were previously reported in
122 patients with ATAAD."* Another study
reported a stroke incidence rate of 13% and
an intraoperative mortality rate of 17% in
7353 patients following ATAAD repair.?’
In those patients, TAR was associated
with a higher risk of stroke than was

associated with the hemi-arch technique.
Considering that our patients underwent
TAR with FET as a result of ATAAD,
the incidence of an AO (13.6%) in our pop-
ulation is acceptable.

There are several ways to shorten the
duration of CPB and lower the AO rate.
First, we have started to attempt performing
surgery at mild hypothermia (28°C or
higher), which results in less cooling time
and rewarming time. Second, we have been
adding more monitoring devices in opera-
tions to lower the occurrence of brain mal-
perfusion, such as using transcranial Doppler
to detect cerebral blood flow velocity and
near-infrared spectroscopy to monitor cere-
bral oxygen saturation. Additionally, we are
striving to set up aortic surgical training
centres across China, so that patients will
not have to travel such a long distance to
receive appropriate surgical management
with a relatively short duration of CPB.

Strengths and limitations

This study has several strengths. All opera-
tions were performed in the same centre and
the study groups were comparable. This
study also has some limitations. Because of
the retrospective nature of the study, we
identified associations as opposed to causal-
ities for all of the evaluated relationships.
Second, in our centre, TAR with FET is
the method of choice for ATAAD, but this
may not be the case in other centres.
Therefore, this may have led to discrepancies
in outcomes. Third, the mean age of patients
was much younger compared with that in
Western series.”> Finally, long-term out-
comes were lacking, and therefore, further
investigations are required.

Conclusions

This study shows that the duration of CPB
is an independent predictor of AO in
patients undergoing TAR with FET for
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ATAAD. Understanding the molecular
mechanism of this association is critical
for improving early diagnosis and prevent-
ing disease.
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