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models to assess the risk of unfavorable
outcomes following hybrid total arch repair
for Stanford type A aortic dissection

Xinyi Liu'", Xing Liu', Yuehang Yang', Ai Zhang?, Jiawei Shi', Huadong Li", Junwei Liu', Xionggang Jiang"" and
Zhiwen Wang'"

Abstract

Background The objective of this study was to develop and validate a nomogram for the individualized prediction
of adverse events in patients with Stanford type A aortic dissection (TAAD) undergoing hybrid total aortic arch repair.

Methods From April 2019 to April 2022, we conducted a comprehensive review of the medical records of Stanford
type A aortic dissection patients who underwent hybrid total aortic arch repair surgery at our hospital. Patients were
separated into two groups based on whether or not a composite adverse event occurred following surgery. Using
univariate and multivariate analyses of logistic regression, the prediction model was created. Construct risk prediction
models utilizing nomograms and evaluate their precision, discrimination, and clinical utility.

Results Age, platelets, serum blood urea nitrogen, and ascending aortic diameter were the variables included in the
nomogram by univariate and multivariate analysis. The risk model performed well in internal validation, with an area
under the curve (AUC) of 0.829. The calibration curve demonstrated good agreement between predicted and actual
probabilities (Hosmer-Lemeshow test, P=0.22). Clinical decision analysis curves demonstrate predictive nomograms’
clinical utility.

Conclusion This study created and validated a nomogram for predicting the risk of composite endpoint events

in TAAD patients undergoing hybrid total aortic arch repair. The nomogram can help determine the severity of a
patient’s condition and provide a more personalized diagnosis and treatment.

Keywords Stanford type A Aortic Dissection, In-hospital compound adverse events, Nomogram

fXinyi Liu and Xing Liu contributed equally to this work.

*Correspondence:

Xionggang Jiang

jiangxionggang1126@126.com

Zhiwen Wang

wangzhiwen_1990@126.com

'Department of Cardiovascular Surgery, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430022,
Hubei, China

’Department of the First Specialty Internal Medicine, The Hubei Armed
Police Corps Hospital, Wuhan 430061, Hubei, China

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-023-03642-9&domain=pdf&date_stamp=2023-12-2

Liu et al. BMC Cardiovascular Disorders (2023) 23:606

Introduction
Aortic dissection (AD) is a catastrophic cardiovascular
disease that results in significant mortality and severe
postoperative complications, particularly in patients
with Stanford type A aortic dissection (TAAD) [1].
A single-stage hybrid total aortic arch repair(HAR)
includes all three of the following procedures: replace-
ment of the ascending aorta, debranching of the arch
vessels, and repair of the thoracic aorta endovascu-
larly. Due to the fact that it does not necessitate a deep
hypothermic circulatory arrest(DHCA), it has seen
widespread application in TAAD patients who are at
an extremely high risk of undergoing routine repair [2,
3]. Although avoiding DHCA theoretically provides
TAAD patients with theoretical organ protection,
postoperative cardiopulmonary vascular complications
and postoperative all-cause mortality remain clini-
cal challenges [4]. If the outcomes of preoperatively
related exams can predict the prevalence of postopera-
tive adverse events, more targeted diagnosis and treat-
ment measures can be implemented prior to surgery.
As a consequence of this, we are in desperate need of
specific predictive methods for the purpose of this. It
has been suggested that the nomogram is a helpful tool
for producing an easy-to-understand visual graph of a
numerical predictive model that quantifies the risk of a
clinical outcome [5].

The purpose of this study was to develop and vali-
date a nomogram for the individualized prediction of
adverse events in TAAD patients undergoing HAR.

Methods

From April 2019 to April 2022, we retrospectively
reviewed surgically treated aortic dissection patients
at our hospital. In all patients, computed tomography
(CTA) was performed to confirm the diagnosis. To
evaluate cardiac function, transthoracic echocardiog-
raphy is used. Our study exclusion criteria were as
follows: (1) aortic hematoma, aortic aneurysm, aortic
ulcer, or Stanford type B aortic dissection patients. (2)
underwent total arch replacement (TAR) and frozen
elephant trunk (FET) surgical procedures. (3) under-
went endovascular aortic repair (EVAR). (4) Inabil-
ity to obtain relevant data. Finally, we included 112
patients with TAAD who all underwent hybrid total
aortic arch repair (Fig. 1). We gathered information on
demographics, preoperative information, and postop-
erative results. This study was approved by the ethics
committee of Wuhan Union Hospital, Huazhong Uni-
versity of Science and Technology (UHCT22975) and
complied with the World Medical Association Code of
Ethics (Declaration of Helsinki) adopted in 1975.
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Study composite endpoint

The study’s composite endpoints were postopera-
tive mortality and in-hospital adverse events. Postop-
erative mortality was defined as death from any cause
within thirty days of surgery. The occurrence of any
of the following events in the hospital following sur-
gery was considered to be a postoperative in-hospital
adverse event. (1) Postoperative stroke was defined
as new brain injury that was clinically or radiographi-
cally evident after the procedure. (2) After-surgery
paraplegia, less than or equal to grade 3 lower limb
myodynamia. (3) Severe pulmonary function impair-
ment occurs after surgery, and the duration of ventila-
tor breathing support via tracheal intubation exceeds
seven days. (4) Renal failure resulting from surgery
necessitates hemodialysis. (5) Requiring the support
of extracorporeal membrane oxygenation (ECMO). (6)
Unplanned reoperation due to hemostasis or compli-
cations related to severe malperfusion.

Surgical indication

HAR is presently one of the common surgical tech-
niques used by TAAD in our hospital. HAR is the most
widely utilized treatment for this condition in the fol-
lowing situations: (1) By comprehensively evaluating
the patient’s aortic anatomy, such as the proximal and
distal landing zones of the aorta, serious aortic calcifi-
cation, severe aortic intimal tears, and anatomical false
lumen affecting the distal section of the descending
aorta. (2) The risk of the DHCA procedure is higher in
elderly patients with multiple complications.

Surgical techniques

At our hospital, three fixed chief physicians with the
same surgical experience performed HAR for TAAD.
Our HAR has two components: open repair and endo-
vascular repair. It is a single stage procedure per-
formed in a hybrid operating room.

In the open repair section, we perform a median
sternotomy from the suprasternal fossa. By separating
the aortic arch branches, the aortic arch is visualized.
The right femoral artery and right atrium were then
cannulated to perform cardiopulmonary bypass (CPB).
Surgery is performed under moderate hypothermia cir-
culatory arrest (MHCA). The aorta was clamped after
the temperature was lowered to 28-32 °C. According
to the situation, the aortic root dissection was com-
pleted, the false lumen thrombus was removed, and
the aortic root was reinforced. Three brachiocephalic
vessels were separately clamped. left common carotid
artery and innominate artery cannulation for bilateral
cerebral perfusion. The four-branched artificial blood
vessel and the distal end of the ascending aorta were
anastomosed end-to-end. Pull down the four-branched
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All aortic dissection patients (N=878 )

Excluded (N=725)

Underwent EVAR or FET + TAR

Patients undergoing mixed aortic arch repair (N=153 )

Excluded (N=41)

Inability to obtain relevant data (N=5)
Diagnosed as Aortic hematoma, aortic aneurysm,

Stanford type B aortic dissection,
or aortic ulcer patients(N=36)

Patients included in the study (N=112)

Patients without postoperative
composite endpoints (N=87)

Patients with postoperative
composite endpoints (N=25)

(7 patients died)

Fig. 1 Process of choosing and grouping patients is shown in a flowchart

artificial blood vessel after that and connect it to the
proximal autologous blood vessel by performing an
end-to-end anastomosis. Open the trunk of the artifi-
cial blood vessel and restore the temperature to allow
the heart to automatically rebeat. By antegrade perfu-
sion of the furthest branch of the four-branched arti-
ficial blood vessel, the left common carotid, the left
subclavian, and the innominate arteries were sequen-
tially rebuilt. After protamine was given to neutralize
the heparin, CPB was stopped, and wound hemostasis
was achieved.

The original right femoral artery cannula’s incision
was used to retrogradely implant the stent during the
endovascular repair procedure. To complete the arch
repair, the proximal stent was anchored to the artifi-
cial vessel. Angiograms revealed that the thoracic aor-
ta’s false lumen was free of any endoleaks or contrast
material. After adequate hemostasis and chest closure,

the femoral artery incision was stitched up, and the
procedure was then finished.

Statistical analysis

Categorical variables were expressed as frequencies
and percentages in the patient’s baseline characteris-
tics, while continuous variables were expressed as the
mean, standard deviation or median, and interquartile
range (IQR). The chi-square test, or Fisher’s exact test,
was used to analyze categorical variables. An inde-
pendent t-test was used for continuous variables with
normal distribution. Use the Mann-Whitney U test
for continuous variables that are not normally distrib-
uted. A univariate logistic regression analysis was used
to determine the significance of each variable. Vari-
ables with P<0.05 were entered into a multiple logistic
regression analysis, with variables with P <0.05 consid-
ered possible predictors.
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Table 1 Preoperative characteristics of the study population

Variable Non-endpoint  endpoint p
value
N 87 25
Patient characteristics
Age (years) 56(51-59) 63(55-67) 0.003
Male 68(78.2%) 20(80.0%) 0.892
Height (cm) 1693+£55 1682+75 0.409
Weight (Kg) 7214114 7314149 0.685
BMI 251433 257+3.78 0418
Medical history
Hypertension 66(75.8%) 18(72.0%) 0.942
Diabetes 14(16.1) 3(12.0%) 0.565
Coronary artery disease 7(8.1%) 3(12.0%) 0.489
Chronic kidney disease 0(0%) 3(12.0%) 0.046
Cerebrovascular event 0(0%) 4(16.0%) 0.016
Alcohol consumption 20(23.0%) 5(20%) 0.802
Smoking 36(41.4%) 9(36.0%) 0.829
Clinical features at
presentation
Heart rate (b.p.m) 81(70-90) 63(55-67) 0.003
SBP (mmHg) 1389+224 136.7+£21.1 0.623
DBP (mmHg) 793+£16.3 779+15.1 0.678
Laboratory parameters
RBC (10°/L) 4.2(3.8-4.5) 3.88(34-4.3) 0016
HCT (1) 379457 347455 0.008
Platele (10°/L) 164(135-202) 132(104-159) 0.003
WBC (10%/L) 9.7(7.9-13.4) 89(7.6-11.2) 0.351
Lymphocyte percentage  10.2£6.1 103£59 0.956
(%)
Haemoglobin (g/L) 126.7+£19.1 116.6+£19.3 0.015
Serum albumin (g/L) 36.3+39 34.1+4.8 0.017
Creatinine (umol/L) 89.2+54.3 150.4+158.24 0.007
Serum urea nitrogen 6.7+29 9.7+53 <0.001
(mmol/L)
Admission glucose 71£31 23+£23 0.761
(mmol/L)
APTT (s) 39.1(34.6-423)  38.2(34.1-406) 0404
INR 1.12(1.05-1.19) 1.15(1.08-1.25) 0.061
CK-MB (ng/ml) 21+£38 24+23 0.761
Imaging parameters
EF (%) 626+4.1 60.8+4.3 0.036
Pericardial effusion 32(36.8%) 6(24.0%) 0.367
Aortic sinus inner diam- 39+06 41+£06 0.155
eter (cm)
Ascending aorta diameter 4.6+0.7 51108 0.003
(cm)
Distal inner diameter of 34+04 3.5+05 0.196
aortic arch (cm)
Proximal inner diameter 3.9(3.5-4.2) 40(3.3-44) 0.985

of descending thoracic
aorta (cm)

Values are expressed as the means+standard deviations, numbers, or medians
(interquartile range, IQR). A P value for a linear trend of <0.05 is statistically
significant. BMI, body mass index; SBP, systolic blood pressure; DBP, diastole
blood pressure; RBC, red blood cell; HCT, haematocrit; WBC, white blood cell;
APTT, activated partial thromboplastin time; INR, International Normalized
Ratio; CK-MB, creatine kinase MB isoenzyme; EF, ejection fraction
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A nomogram for predicting adverse events after
HAR in patients with TAAD was created based on the
results of the final regression analysis. We plotted the
ROC curve and measured the area under the curve
(AUC) to assess the nomogram’s discriminative perfor-
mance. Combined with the Hosmer-Lemeshow (HL)
test, a calibration curve was generated for calibration.
Furthermore, the calibration was carried out using a
calibration curve and 1,000 bootstrap resamples for
internal validation in order to assess their predictive
accuracy. Finally, to evaluate the clinical usefulness
of the generated nomograms, we conducted clini-
cal decision curve analysis (DCA) and clinical impact
curve analysis. Data analysis was carried out using R
software (version 4.2.1) and SPSS Statistics for Win-
dows, v27.0 (SPSS, USA). All tests were two-tailed, and
P<0.05 was considered significant.

Result

112 patients who were diagnosed with TAAD and
underwent HAR were included in this study. A post-
operative composite endpoint occurred in 25 patients,
of whom 7 passed away within 30 days of surgery, 2
experienced postoperative stroke, 1 experienced post-
operative paraplegia, 8 experienced severe pulmonary
function impairment, and 7 required hemodialysis due
to postoperative renal failure. The baseline character-
istics of all patients are shown in Table 1 and Supple-
mentary File 1.

We began with a univariate logistic regression analy-
sis of the variables in Table 1. We began with a uni-
variate logistic regression analysis of the variables
in Table 1. By comparing the two sets of data, we
discovered that age (OR=1.07, 95% CI 1.01 to 1.13,
p=0.02), platelets (OR=0.98, 95% CI 0.97 to 0.99,
»=0.004), hemoglobin (OR=0.97, 95% CI 0.95 to 0.99,
p=0.02), serum albumin (OR=0.89, 95% CI 0.81 to
0.98, p=0.02), creatinine(OR=1.01, 95% CI 1.00 to
1.02, p=0.03), serum urea nitrogen(OR=1.23, 95% CI
1.07 to 1.41, p=0.004), CK-MB(OR=0.89, 95% CI 0.80
to 0.99, p=0.04), ascending aorta diameter(OR=2.37,
95% CI 1.28 to 4.38, p=0.006), showed statistical dif-
ference. The above eight variables were then subjected
to a multivariate logistic regression model analysis.
We identified age, platele, serum urea nitrogen, and
ascending aorta diameter as independent predictors of
composite endpoints after HAR(Table 2).

A nomogram was constructed to predict the prob-
ability of a composite endpoint event, which included
the four independent risk factors mentioned above
(Fig. 2). The four individual scores can be added up to
create the total score, which can then be used to cal-
culate the risk of a composite endpoint and its corre-
sponding probability of occurrence.
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Table 2 Preoperative variables and their association to the
composite endpoint

Variable Univariable model Multivariable
model
OR (95% CI) p OR(95% p
value Cl) value
Age (years) 1.07(1.01-1.13)  0.02 1.07(0.99- 0.04

1.15)
Male
Height (cm)
Weight (Kg)
BMI 1.05(0.93-1
0.94(0.36-2. 5) 091
0.66(0.19- 23) 0.51
Coronary artery disease  1.87 -6.96) 035

1.08(0.39-3.04
(

(

(

(

(
05
Alcohol consumption OA84(O 30-2.33) 074
(

(

(

(

(

(

(

0.97(0.97-1
1.01(0.97-1

0.88
041
0.68
041

Hypertension
Diabetes

Smoking 0.85(0.36- 200) 0.85
Heart rate (b.p.m) 0.99(0.96-1 0.51
SBP (mmHg) 0.99(0.97-1
DBP (mmHg)
RBC (109 /L)
HCT (fl)
Platele (109/L)

) 0.62
0.99(0.97-1.02) 0.68
0.70(0.42-1.16) 0.17
0.91(0.83-0. 98)
0.98(0.97-0.99)

0.1

0.004  0.98(0.97- 002

0.99)
WBC (109/L)
Lymphocyte percentage

0.94(0.84-1.07) 037
1.01(0.93-1.07) 096

Haemoglobin (g/L) 0.97(0.95-0.99) 0.02 0.99(0.96- 0.64
1.03)

Serum albumin (g/L) 0.89(0.81-0.98) 0.02 1.03(0.89- 0.71
1.19)

Creatinine (umol/L) 1.01(1.00-1.02) 0.03 1.01(099- 048
1.02)

Serum urea nitrogen 1.23(1.07-141) 0.004 1.24(1.09- 0.002
)

(mmol/L) 141

Admission 0.99(0.86-1.15) 0.92

glucose (mmol/L)

APTT (s) 0.96(0.89-1.03) 0.26

INR 2.18(0.89-9. 76) 0.06

CK-MB (ng/ml) 1.02(0.90-1.15) 0.76

EF (%) 0.89(0.80— 099) 0.04 0.92(0.81- 0.18
1.04)

Pericardial effusion 0.61(0.24-1.54) 0.29

Aortic sinus inner diam-  0.75(0.54-0.93) 0.25

eter (cm)

Ascending aorta diam-  2.37(1.28-4.38) 0.006 2.38(1.08- 0.03

eter (cm) 5.23)

Distal inner diameter of ~ 1.86(0.73-4.8)  0.19
aortic arch (cm)
Proximal inner diameter
of descending thoracic

aorta (cm)

1.22(0.63-235) 097

OR (95% Cl) indicates the proportional odds ratio with 95% confidence interval;
for other abbreviations, please see Table 1. P value<0.05 was considered
statistically significant
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Plot the ROC curve to evaluate the resulting model,
which includes the four variables listed above (Fig. 3).
Calculate the concordance index (C-index), result-
ing in a C-index of 0.829 (95% CI 0.747 to 0.911) and
a bias-corrected C-index of 0.801. The ROC curve
shows that the model has good discriminative power
with an AUC of 0.829. Predicted probabilities of post-
operative composite endpoints are in good agreement
with actual observations, according to calibration
curves (Fig. 4A).

A good model fit was demonstrated by the Hosmer-
Lemeshow test, which revealed no statistical signifi-
cance (p=0.22). The Brier score is 0.160, indicating a
good probability calibration effect (Fig. 4B).

The predictive model’s clinical decision curve analy-
sis and clinical impact curve analysis (Fig. 5A and B)
revealed that it has a good clinical application value,
which strengthened our model.

Discussion

In this study, we developed and tested a nomogram to
predict the risk of in-hospital adverse events in TAAD
patients undergoing HAR. Demographics, laboratory
findings, and imaging characteristics were all included
in the nomogram. The nomogram has good discrimi-
nation and calibration performance as well as clinical
application value.

HAR is currently an attractive option for treating
TAAD. Theoretically, surgical trauma and risk can
be decreased because deep hypothermic circulatory
arrest is not necessary and myocardial ischemia can be
decreased by reducing the duration of the aortic cross-
clamp [6-8]. However, a number of clinical progno-
sis studies have noted that after HAR, there may be
a higher risk of neurological adverse events, such as
new brain injury, stroke, etc. [9, 10]. This might be
connected to the aortic arch surgery and the stent
release that caused the atherosclerotic plaque to rup-
ture [6, 11]. Second, there are additional postoperative
adverse events that cannot be disregarded, including
the need for prolonged tracheal intubation and venti-
lator-assisted breathing due to new-onset lung injury
and the requirement for hemodialysis due to new-
onset renal failure following HAR surgery. Because
the aforementioned complications from HAR can
significantly raise patients’ risk of being readmitted
to the hospital and can negatively impact their qual-
ity of life. The composite endpoint events of our study
were therefore the aforementioned adverse prognostic
events and all-cause mortality within 30 days follow-
ing surgery in the hopes that the developed nomogram
could comprehensively predict the adverse reactions of
patients following HAR surgery.
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Fig. 2 A nomogram for evaluating the risk of a composite endpoint event after hybrid aortic repair in people with Stanford type A aortic dissection.
The four individual scores can be added up to create the total score, which can then be used to calculate the risk of composite endpoint corresponding

probability of occurrence.

1.0

08
1

0.386 (0.770, 0.743)
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1

AUC: 0.829

Sensitivity
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02
1

00
1

T T T T T T
0.0 02 04 06
1 - Specificity

Fig. 3 The ROC curve used to evaluate the discriminative performance
of the model, the area under the curve AUC was 0.829, and the optimal
cutoff point suggested a sensitivity of 77.0% and a specificity of 74.3%.

Age, platelets, serum urea nitrogen, and preoperative
ascending aortic diameter were the four variables we
used to build a predictive model in this study. Among
them, serum urea nitrogen and age are crucial inde-
pendent prognostic factors for composite endpoint
events in TAAD patients receiving HAR. On the one
hand, the glomerular filtration rate declines and organ
function degenerates as people age, raising serum urea
nitrogen levels. On the other hand, TAAD can reduce
the excretion of serum urea nitrogen by increasing
the activity of the sympathetic nervous system and
the renin-angiotensin-aldosterone system [12, 13].
Elevated blood urea nitrogen levels may exacerbate
the progression of TAAD via hemodynamic factors.
According to Liu and colleagues, among patients with
acute aortic dissection, admission serum urea nitrogen
levels were an independent predictor of in-hospital
mortality [14]. This judgement is also supported by
our findings.

The coagulation process depends on platelets,
which can also release a number of cytokines that are
involved in the body’s inflammatory response [15].
Our study showed that preoperative platelet count
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Fig. 4 (A) The calibration curve for the prediction model shows the degree of agreement between the predicted risk and the actual outcome, with the
predicted risk on the x-axis and the actual outcome on the y-axis. (B) Brier score and other correlation probability calibration values are displayed, and

indicate a good probability calibration effect.
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Fig.5 (A) Clinical decision curve analysis of predictive models. The Y-axis represents the net benefit, the orange line depicts the predictive model, the "All"
curve represents all intervention, the “NO” curve represents no intervention at all, and the curve shows that the model outperforms both “intervention”
and “no intervention” treatment strategies. (B) The red line represents the predictive model, and the blue dashed line represents the actual data, in the

clinical impact curve of the predictive model. The graph indicates that the predictive model is clinically useful.

was a predictor of postoperative composite endpoint
events. According to Yu et al., a low preoperative
platelet count is an independent predictor of postoper-
ative neurological complications, and platelet consum-
ing coagulation disorders may be to blame [16]. Li et
al. have also pointed out that platelet count is associ-
ated with in-hospital mortality after TAAD, which may
be related to the intimal tear of the aortic dissection

leading to the release of subendothelial tissue factor
and initiation of the coagulation cascade [17].

In addition, preoperative ascending aortic diameter
was found to be a predictor of adverse events after
HAR in TAAD patients. This may be the case because,
as the dissection tear enlarges the ascending aorta, the
elastin fibers in the aortic wall begin to break down
[18]. This results in decreased vascular compliance,
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which in turn leads to a worse prognosis. Simultane-
ously, the CTA examination is a routine examination
prior to TAAD surgery, and the inner diameter of the
ascending aorta is also easily obtained data, implying
that it has broad clinical application prospects.

There are some limitations to this study. First and
foremost, as a retrospective study, this study has inher-
ent limitations. Second, this model’s misdiagnosis rate
was still present. Third, this study lacks short to inter-
mediate term follow up data. Finally, in this study, the
nomogram design is based on our single-center data
and has only been internally validated for accuracy. It
is necessary to validate the results at other centers in
the future.

Conlusion

In conclusion, this study created and validated a
nomogram for predicting the risk of composite end-
point events in TAAD patients undergoing HAR.
The nomogram can help determine the severity of
a patient’s condition and provide more personalised
diagnosis and treatment.
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