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To the Editor: Abdominal aortic aneurysm (AAA) is a 
life-threatening vascular disease. Surgical intervention is 
typically recommended when the maximum AAA diame-
ter reaches a threshold of 5.5 cm for men and 5.0 cm for 
women, or when an AAA experiences a rapid expansion 
of greater than 1.0 cm/year.[1] Survival after AAA repair 
is in�uenced by various factors, and the identi�cation of 
independent prognostic factors and the development of 
accurate prediction models are crucial for optimal treat-
ment planning, counseling, and postoperative follow-up. 
Although several scoring systems with varying degrees 
of accuracy have been developed to predict the risk of 
mortality after intervention for patients with ruptured 
AAA, con�icting results regarding their performance 
have been published.[2,3] Ideally, prediction models should 
be user-friendly and widely applicable, providing quick 
and reliable estimates of outcomes based on only a few 
readily available preoperative parameters. Unfortunately, 
the number of clinical models assisting clinicians in esti-
mating the long-term mortality of general AAA patients 
after aneurysm repair is limited, and there is a lack of 
scores focusing on the Chinese population. Therefore, the 
objectives of the present study were to explore potential 
biomarkers affecting the long-term mortality risk of 
patients who underwent AAA repair and to establish an 
easy-to-use and practical preoperative risk prediction 
model for all-cause mortality after AAA repair in Chinese 
population. This model might help stratify AAA patients 
into different groups according to their predicted life 
expectancy, informing decision-making, and implement-
ing medical intervention in clinical trials.

The study was approved by the Ethics Committee of 
the First Hospital of China Medical University (No. 
[2020]146). Written informed consent was obtained from 
all participants. This study included 224 patients who 
underwent elective AAA repair at the First Hospital of 
China Medical University between May 2014 and Novem-
ber 2017. Computed tomography angiography (CTA) was 
used to diagnose AAA patients and assess maximum AAA 
diameter. Patients were eligible if they were ≥18 years of 
age and their follow-up outcomes could be completely 
attained. The subjects were excluded if (1) they had prior 
aortic surgery; (2) follow-up time or survival time was 
unavailable. Demographic data, preoperative clinical 
parameters, and treatments were extracted from the hos-
pital’s medical records. Laboratory tests were conducted 
preoperatively. Medical comorbidities were de�ned based 
on admission diagnoses, including coronary artery disease, 
stroke, chronic obstructive pulmonary disease (COPD), 
peripheral artery disease, hypertension, diabetes, and 
dyslipidemia. High white blood cell (WBC) was de�ned 
as >9.50 × 109/L. Abnormal platelet (PLT) was de�ned as 
PLT <100 × 109/L or >300 × 109/L. Reduced hemoglobin 
(Hb) was considered if <120 g/L in men and <110 g/L 
in women. Elevated brain natriuretic peptide (BNP), 
D-dimer, homocysteine (Hcy), C-reaction protein (CRP), 
cystatin C (Cys-C), and urea were de�ned when their 
serum levels were greater than 100 pg/mL, 0.50 µg/mL,  
15 µmol/L, 5 mg/L, 1.09 mg/L, and 7.14 mmol/L, respec-
tively. The primary endpoint was all-cause mortality within 
5 years after AAA repair surgery. We obtained survival 
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data by reviewing medical records and making follow-up 
calls with patients, their relatives, or physicians. The  
follow-up duration was de�ned as the time interval from 
the date of surgical treatment to the occurrence of death 
from any cause or the last follow-up. The last follow-up 
for patients enrolled in this study was conducted in 
November 2022.

The study dataset was randomly divided into training and 
validation cohorts at a ratio of 1:1. The Student’s t-test 
and the chi-squared test were performed to examine the 
differences between the training and validation cohorts 
as appropriate. The nomogram model for predicting 
all-cause death after AAA surgery was developed using 
the training cohort and subsequently veri�ed in the vali-
dation cohort. Initially, the least absolute shrinkage and 
selection operator (LASSO) strategy, combined with the 
Cox regression model, was employed to select the most 
useful candidate predictors for all-cause mortality after 
AAA surgery. The optimal λ in the LASSO Cox regression 
model was determined through 10-fold cross-validation 
using the one standard error off the minimum criteria 
(1-SE criteria). The triglycerides–glucose index (TyG 
index), a well-established risk indicator for all-cause 
death after AAA surgery,[4] was integrated with the var-
iables identi�ed by the LASSO strategy to construct the 
nomogram model. Additionally, an interactive dynamic 
nomogram was developed for a user-friendly applica-
tion using shinyapps.io, an online self-service platform 
hosting app (https://www.shinyapps.io/). The Harrell’s 
concordance index (C-index) and receiver operating 
characteristic (ROC) curves were used to estimate the 
model’s discriminative ability, and calibration plots were 
applied to evaluate the model’s accuracy. Generally, a 
C-index or area under the ROC curve (AUC) >0.70 is 
considered indicative of relatively good discrimination. 
Calibration curves were plotted to assess the concordance 
between predicted and actual 5-year all-cause death risk 
after AAA surgery, and those closer to the standard line 
implied a better calibration degree. Decision curve analysis 
(DCA) was employed to determine net bene�ts and clinical 
effectiveness under different threshold probabilities. The 
nomogram was utilized to calculate individuals’ risk 
scores in both the training cohort and the validation 
cohort. According to the optimal cut-off value determined 
by X-tile software (Yale University, New Haven, CT, USA), 
individuals were further categorized into low- and high-
risk groups. Subsequently, all-cause death curves were 
depicted with Kaplan–Meier analysis and compared using 
a log-rank test. All statistical analyses were conducted 
using R software (version 4.2.0; R Foundation for Statis-
tical Computing 2022, Vienna, Austria. Available from: 
https://www.R-project.org/). All tests were two-tailed, and 
statistical signi�cance was set at P <0.05.

As a result, a total of 224 patients participated in the 
study, with 112 and 112 cases randomly assigned to 
the training and validation cohorts, respectively. The 
baseline characteristics of the patients are summarized in 
Supplementary Table 1, http://links.lww.com/CM9/B952. 
At the end of the follow-up period, 29.0% (65/224) of 
patients in the entire cohort died. Out of the 29 candidate 
variables involved in the LASSO Cox regression for 112 

AAA patients in the training cohort, three variables with 
non-zero coef�cients were identi�ed according to the 
lambda 1-SE criteria, including age group, ruptured type, 
and elevated Cys-C. The process of feature screening  
and cross-validation is presented in Supplementary 
Figure  1, http://links.lww.com/CM9/B952. These three 
features, along with the TyG index, were used to construct 
the nomogram model for predicting all-cause death after 
AAA surgery. The forest plot illustrated the hazard ratio 
(HR) and the corresponding 95% con�dence interval (CI) 
for each predictor included in the model [Supplementary 
Figure 2, http://links.lww.com/CM9/B952]. A nomogram 
was drawn to provide a quantitative and convenient tool 
for predicting the risk of 5-year all-cause death after AAA 
surgery. As shown in Supplementary Figure  3, http://
links.lww.com/CM9/B952, patients with characteristics 
such as age ≥75 years, ruptured AAA, elevated Cys-C, 
and a higher TyG index were more likely to die within 5 
years of follow-up. Additionally, a user–computer inter-
active dynamic nomogram is available at the following 
link: https://guangxiao.shinyapps.io/AAA_model/. The 
overall performance of the prediction model was eval-
uated, resulting in a C-index of 0.794 (95% CI: 0.720, 
0.868) in the training cohort and 0.759 (95% CI: 0.686, 
0.832) in the validation cohort, respectively. The AUC 
for predicting 5-year all-cause death probability was 
0.834 (95% CI: 0.747, 0.921) in the training cohort 
and 0.784 (95% CI: 0.700, 0.871) in the validation 
cohort [Supplementary Figure  4A,B, http://links.lww.
com/CM9/B952]. Calibration curves showed a high 
degree of consistency between the predicted and actual 
probabilities of 5-year all-cause death [Supplementary  
Figure 4C, D, http://links.lww.com/CM9/B952]. The DCA 
results demonstrated that the nomogram added more 
net bene�ts than the “treat all” or “treat none” strategy  
when the threshold probability for 5-year all-cause death 
ranged from 10% to 60%, both in the training and val-
idation sets [Supplementary Figure  5, http://links.lww.
com/CM9/B952]. The probability of 5-year all-cause 
death for all individuals was calculated by summarizing 
the score of each predictor in the nomogram model. All 
patients were classi�ed into the high-risk group (total 
score >13) and low-risk group (total score ≤13) for mor-
tality. Kaplan–Meier survival curves showed that patients 
at high risk exhibited a higher all-cause death rate than 
those at low risk in both training and validation cohorts 
(all P <0.001) [Supplementary Figure 6, http://links.lww.
com/CM9/B952].

The utilization of prediction models has gained wide-
spread acceptance as a reliable tool for predicting clinical 
prognosis across various diseases, including AAA.[5] In 
the current study, four variables had signi�cant predictive 
capability for long-term survival and were selected as 
key predictors for model construction. Importantly, these 
parameters are easily obtainable and readily available, 
enabling a prompt estimation of 5-year mortality in 
AAA patients after surgery. Subsequently, we carried out 
several measures to assess the robustness of our model. 
The model showed satisfactory performance, exhibiting 
good discrimination ability, adequate calibration degree, 
and potential clinical applicability for predicting the 
risk of 5-year all-cause death in both the training and 
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validation sets. As a visualized, practical, and easy-to-use 
clinical decision-making tool, a novel web-based dynamic 
nomogram was established to predict the 5-year survival 
probability of postoperative AAA patients. The patients 
at a high risk of postoperative mortality should undergo 
comprehensive treatment procedures and receive close 
long-term monitoring.

In conclusion, utilizing routine and easily accessible 
indices in clinical practice, we developed and internally 
veri�ed a prognostic model with predictive value for 
the long-term mortality risk in patients who underwent 
AAA repair. This model displayed good discrimination, 
calibration, and clinical net bene�ts, and it was visualized 
as a dynamic nomogram for online use. Encouraged by 
these promising results, we are planning to conduct large 
prospective multicenter studies for additional external 
validation to ensure the generalization and performance 
of the current model.

Funding

This work was supported by grants from the Basic Scien-
ti�c Research Project of the Educational Department of 
Liaoning Province (No. JYTMS20230083), the National 
Natural Science Foundation of China (No. 82001828), 
and the National Natural Science Foundation of China 
(No. U21A20387).

Con�icts of interest

None.

References
 1. Isselbacher EM, Preventza O, Hamilton Black J 3rd, Augous-

tides JG, Beck AW, Bolen MA, et al. 2022 ACC/AHA Guideline 
for the diagnosis and management of aortic disease: A report of 
the American Heart Association/American College of Cardiol-
ogy Joint Committee on Clinical Practice Guidelines. Circulation 
2022;146:e334–e482. doi: 10.1161/CIR.0000000000001106.

 2. Garland BT, Danaher PJ, Desikan S, Tran NT, Quiroga E, Singh 
N, et al. Preoperative risk score for the prediction of mortality 
after repair of ruptured abdominal aortic aneurysms. J Vasc Surg 
2018;68:991–997. doi: 10.1016/j.jvs.2017.12.075.

 3. Hansen SK, Danaher PJ, Starnes BW, Hollis HW Jr., Garland BT. 
Accuracy evaluations of three ruptured abdominal aortic aneu-
rysm mortality risk scores using an independent dataset. J Vasc 
Surg 2019;70:67–73. doi: 10.1016/j.jvs.2018.10.095.

 4. Li T, Yang C, Yang J, Jing J, Ma C. Elevated triglyceride-glucose 
index predicts mortality following endovascular abdominal aor-
tic aneurysm repair. Front Nutr 2023;10:1116425. doi: 10.3389/
fnut.2023.1116425.

 5. King AH, Schmaier AH, Harth KC, Kumins NH, Wong VL, Zidar 
DA, et al. Elevated neutrophil-lymphocyte ratio predicts mortal-
ity following elective endovascular aneurysm repair. J Vasc Surg 
2020;72:129–137. doi: 10.1016/j.jvs.2019.10.058.

How to cite this article: Li T, Li GX, Wu YJ, Yang C, Yang J, Sun LP, 
Ma CY. Development and validation of a preoperative prediction 
model for all-cause mortality in patients following abdominal aortic 
aneurysm repair. Chin Med J 2024;137:1255–1257. doi: 10.1097/CM9. 
0000000000003069


	p1255-CMJ-2023-856
	Development and validation of a preoperative prediction model for allcausemortality in patients following abdominal aortic aneurysm repair
	Funding
	Conflicts of interest
	References





