Systematic Review

A Systematic Review and

Meta-Analysis on 30-Day Readmission

Rates After Endovascular Abdominal BT N R
Aortic Aneurysm Repair and Open

Repair

Christina Bachert!, Jasmin Epple?, Rejane Golbach®, Andreas Hoene!, Sebastian Debus?,

Reinhart T. Grundmann*

LClinic for General, Visceral, Vascular and Thoracic Surgery, University Medicine Greifswald, 17475 Greifswald, Germany
2Department of Vascular and Endovascular Surgery, University Hospital Heidelberg, 69120 Heidelberg, Germany

3Institute for Biostatistics and Mathematical Modelling, Goethe University Frankfurt am Main, 60590 Frankfurt am Main, Germany
4Department of Vascular Medicine, University Hospital Hamburg-Eppendorf, 20246 Hamburg, Germany

AIM: Endovascular aneurysm repair (EVAR) and open aneurysm repair (OAR) are established treatments for abdominal aortic aneurysm
(AAA). This meta-analysis evaluated 30-day readmission, patient characteristics, postoperative complications, and length of stay after
EVAR and OAR, and explored whether 30-day readmission may serve as a surrogate marker of healthcare quality.

METHODS: Following Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) guidelines, a systematic literature
search of Embase, PubMed, Web of Science, and Cochrane databases was conducted from 1 January 2010 through 31 December 2024.
Observational studies reporting 30-day readmission after elective EVAR and OAR were included. Methodological quality was assessed
using the Newcastle-Ottawa Scale (NOS). Pooled proportions and comparative effect estimates were calculated using random-effect mod-
els. Heterogeneity was assessed using the I? statistic. Meta-analyses and meta-regression models evaluated associations between patient
comorbidities, length of stay (LOS), postoperative complications, and 30-day readmission.

RESULTS: Forty-nine studies reported outcomes after EVAR (578,744 patients) and OAR (228,683 patients). In procedure-specific pooled
analyses, 30-day readmission rates were 8% after EVAR and 13% after OAR. LOS was shorter after EVAR than after OAR (mean 4.2 vs. 7.4
days; p < 0.001). No significant association was observed between length of stay and 30-day readmission for either OAR (effect estimate
0.0004, 95% CI [-0.0256-0.0265]; p = 0.973) or EVAR (effect estimate 0.0113, 95% CI [-0.0036-0.0262]; p = 0.136). Comorbidities
including arterial hypertension, congestive heart failure, chronic kidney disease, and chronic obstructive pulmonary disease were significant
predictors of readmission after both procedures. Study-level meta-regression suggested that postoperative stroke (EVAR), graft-related and
cardiac complications, including myocardial infarction (EVAR and OAR), were significantly associated with higher 30-day readmission
rates. Sensitivity analyses confirmed the stability of the pooled estimates, and no significant publication bias was detected. Data on
90-day readmission were too heterogeneous for pooled analysis. In direct comparative studies, random-effects meta-analysis showed no
significant difference in 30-day readmission between EVAR and OAR (Odds Ratio [OR] 0.91, 95% CI [0.82—1.01]; I? = 93.8%).
CONCLUSIONS: EVAR was associated with lower pooled 30-day readmission rates and shorter hospital stays than OAR. However, direct
comparative meta-analysis indicated no significant difference in 30-day readmission rates between procedures. At the study level, readmis-
sion was linked to patient comorbidity and postoperative complications, whereas no significant association was observed between length
of stay and readmission. Given the observational design, substantial heterogeneity, and potential residual confounding, these findings
should be interpreted with caution. Long-term outcomes were not assessed.

Keywords: endovascular abdominal aortic aneurysm repair; open abdominal aortic aneurysm repair; readmission rate; postoperative
complication; length of stay; systematic review; meta-analysis

[1]. This systematic review aims to evaluate readmission
rates after EVAR and OAR. Thirty-day hospital readmis-
Introduction sion has increasingly been adopted as a surrogate marker of
healthcare quality. Previous analyses, including the large
database study by Tsai et al. [2], demonstrated that read-
mission rates are associated with established indicators of
hospital performance such as surgical volume and mortal-
ity. However, readmissions are influenced not only by pe-
- ) . rioperative care and procedural complications but also by
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Endovascular aneurysm repair (EVAR) and open aneurysm
repair (OAR) represent established therapeutic options for
abdominal aortic aneurysm (AAA) once the recommended
threshold for interventional treatment has been reached
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flects surgical quality versus baseline risk remains debated.
While the 2024 clinical practice guidelines of the Euro-
pean Society for Vascular Surgery (ESVS) [1] emphasize
the short length of stay following EVAR, they do not ad-
dress readmission rates. Therefore, a systematic evalua-
tion of readmission patterns after EVAR and OAR is neces-
sary to better contextualize its suitability as a contemporary
quality metric.

In this context, it should be examined whether a shorter hos-
pital stay leads to more frequent hospital readmissions. The
question addressed in the present study is to what extent
the length of stay (LOS) influences the 30-day readmission
rates, both after EVAR and OAR, and whether patients who
receive a very short postoperative hospital stay were possi-
bly discharged too early and therefore must be readmitted
within 30 days. Dua et al. [3] identified 120,646 patients
who underwent EVAR from 2012 to 2014 in the United
States. The overall unplanned readmission rate within 30
days after the index EVAR was 11.6% during this period.
Patients who had a longer initial LOS also had a higher in-
cidence of readmission. Mean index LOS was 5.77 days for
patients who were readmitted within 30 days vs. 3.64 days
for those who were not (p < 0.001). They did not provide
a comparison between EVAR and OAR. Dakour Aridi et
al. [4] found in the Premier Healthcare Database 27,483
(82.5%) EVARs and 5849 (17.5%) OARs. The overall
rate of 30-day readmission was 8.1% and was higher af-
ter OAR (12.9%) compared with EVAR (7.1%; p < 0.001).
In this study, LOS was significantly shorter (p < 0.001)
with EVAR (2 [1-3] days) compared with OAR (8 [6—11]
days). Given the limited number of retrospective compar-
ative studies, this systematic review aimed to analyse the
readmission rate after elective EVAR and OAR, consider-
ing patient comorbidity, perioperative complications, and
length of hospital stay for the index procedure. The aim was
to investigate whether the 30-day readmission rate could
serve as a quality indicator after AAA treatment.

Methods
Search Strategy

This systematic review is reported according to PRISMA
2020 guidelines (Supplementary Material).

A systematic literature search was performed in PubMed,
Embase, Web of Science and the Cochrane Library to iden-
tify studies reporting 30-day readmission after elective re-
pair of intact abdominal aortic aneurysm (iAAA). Studies
published between 1 January 2010 and 31 December 2024
were considered. Only studies published in English or Ger-
man were included.

The search strategy combined controlled vocabulary (e.g.,
MeSH terms) and free-text terms related to abdominal
aortic aneurysm, including endovascular aneurysm repair,
open aneurysm repair as well as readmission. The ap-
plied search strategy included combinations of the follow-
ing terms: “endovascular aneurysm repair” AND “readmis-
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sion”, “open abdominal aneurysm repair” AND “readmis-
sion”, “abdominal aortic aneurysm repair” AND “readmis-
sion” AND “intact abdominal aortic aneurysm repair” AND

“readmission”, using Boolean operators (AND, OR).

Eligibility Criteria

Studies were eligible if they included adult patients under-
going elective repair of intact AAA and reported 30-day
readmission rates after EVAR, OAR or both. Studies were
excluded if they focused exclusively on ruptured aneurysms
or emergency procedures, did not report 30-day readmis-
sion outcomes, including overlapping patient cohorts with-
out additional relevant data, or were case reports, reviews,
editorials, or conference abstracts without full-text avail-
ability.

Study Selection

All identified records were imported into a reference man-
agement software and duplicate records were removed. Ti-
tles and abstracts were screened independently by two re-
viewers. Full texts of potentially eligible studies were as-
sessed independently by both reviewers. Discrepancies
were resolved by discussion and consensus; if necessary,
a third reviewer was consulted.

Studies were excluded if they did not report 30-day
readmission outcomes, included non-elective or ruptured
aneurysms, lacked sufficient data for extraction or repre-
sented duplicate cohorts.

Study Design and Reporting

This systematic review and meta-analysis were conducted
with the primary aim of recording the 30-day readmission
rate following EVAR and OAR. It follows the Preferred
Reporting Items for Systematic reviews and Meta-Analysis
(PRISMA) 2020 guidelines, see Fig. 1.

Data Extraction

Data extraction was performed independently by two re-
viewers using a standardized data collection form. Ex-
tracted variables included study characteristics, patient
demographics, postoperative complications, readmission
rates and length of stay. Discrepancies were resolved by
consensus.

Risk of Bias and Methodological Quality Assessment

The methodological quality and risk of bias of the in-
cluded observational studies were assessed using the
Newcastle-Ottawa Scale (NOS) as shown in Table 1
[3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,
23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,
41,42,43,44,45,46,47,48,49,50,51]. The NOS evaluates
studies based on three domains: selection of study groups,
comparability of groups and ascertainment of outcomes.
Studies scoring 7-9 points were considered high quality,
4-6 points moderate quality and <3 low quality. Each
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Fig. 1. PRISMA 2020 flow diagram illustrating the study selection process. A total of 49 unique studies were included in the
qualitative and quantitative synthesis. Some studies contributed data for both EVAR and OAR analyses when reporting direct within-study
comparisons. EVAR, Endovascular aneurysm repair; OAR, open aneurysm repair; PRISMA, Preferred Reporting Items for Systematic

reviews and Meta-Analysis.

study was evaluated independently by two reviewers. Any
disagreements were resolved by consensus.

Statistical Analysis

Statistical analyses were performed using the R software
(version 4.3.3, R Foundation for Statistical Computing, Vi-
enna, Austria). The R packages “meta”, “metafor”, and
“metadat” were used for all analyses. Meta-analyses were
conducted using random effects models to account for
between-study heterogeneity. Study results were pooled
using the inverse-variance method and between-study vari-
ance was estimated using the restricted maximum likeli-

hood estimator. Statistical heterogeneity was assessed us-

ing the 12 statistic. Effect estimates were calculated with
corresponding 95% ClIs and the results were visualized us-
ing forest plots displaying study-level and pooled estimates.
To account for potential dependencies between overlapping
studies using the same data sources, sensitivity analyses
were performed using a multilevel meta-analytic model.
Additionally, a leave-one-out sensitivity analysis was con-
ducted by sequentially excluding individual studies to eval-
uate their influence on the pooled effect estimates. As
these approaches did not result in substantially different
estimates, the primary analyses were conducted using the
original model.
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Table 1. Quality assessment of included studies using the NOS.

Study Design Data source Selection Comparability Outcome Total Quality
04) (0-2) (0-3) (0-9)
Massarweh et al. 2011 [41] Retrospective cohort study  Institutional clinical database 2 0 2 4 Moderate
Greenblatt et al. 2012 [9]  Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Casey et al. 2013 [34] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
de la Motte et al. 2013 [7]  Retrospective cohort study Institutional clinical database 3 0 2 5 Moderate
Greenblatt et al. 2013 [38] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Saunders et al. 2014 [30]  Retrospective cohort study  Institutional clinical database 3 0 2 5 Moderate
Lee etal. 2014 [23] Prospective cohort study ~ Institutional clinical database 3 0 2 5 Moderate
Gupta et al. 2014 [46] Prospective cohort study ACS-NSQIP 4 1 3 8 High
Faizer et al. 2014 [36] Retrospective cohort study Medicare administrative database 4 2 3 9 High
(USA)
Chang et al. 2015 [35] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Orr et al. 2015 [6] Prospective cohort study ACS-NSQIP 4 1 3 8 High
Teivelis et al. 2016 [45] Retrospective cohort study  Institutional clinical database 4 1 2 7 High
Soden et al. 2016 [31] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Flink et al. 2016 [37] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Feoetal. 2016 [17] Retrospective cohort study  Institutional clinical database 3 0 2 5 Moderate
Mao et al. 2017 [49] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Patel et al. 2018 [50] Retrospective cohort study  Institutional clinical database 3 0 2 5 Moderate
Rajasinghe et al. 2018 [28]  Prospective cohort study  Prospective multicenter registry 2 2 1 5 Moderate
study
Boitano et al. 2019a [14]  Retrospective cohort study ACS-NSQIP 2 0 2 4 Moderate
Lagergren et al. 2019 [21] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Chen et al. 2018 [5] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Aziz et al. 2018 [13] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Martinez et al. 2018 [40]  Retrospective cohort study  Institutional clinical database 2 1 2 5 Moderate
Krajcer et al. 2018 [20] Prospective cohort study ~ Prospective multicenter registry 3 0 1 4 Moderate
study
Symonides et al. 2018 [44] Retrospective cohort study ~ National insurance registry 4 2 2 8 High
Attietal. 2019 [12] Retrospective cohort study NRD (HCUP) 4 0 3 7 High
Dakour Aridi et al. 2018 [4] Retrospective cohort study  Institutional clinical database 4 1 2 7 High
Bath et al. 2018 [32] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Dua et al. 2019 [3] Retrospective cohort study NRD (HCUP) 4 1 3 8 High
Boitano et al. 2019b [47]  Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Bath et al. 2019 [33] Retrospective cohort study ACS-NSQIP 4 1 3 8 High
Janssen et al. 2019 [39] Retrospective cohort study Single-center institutional 2 0 2 4 Moderate
database
Perlstein et al. 2019 [42]  Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Ash et al. 2020 [11] Retrospective cohort study  Institutional clinical database 3 0 1 4 Moderate
Lim et al. 2020 [24] Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Preece et al. 2020 [27] Retrospective cohort study  Institutional clinical database 2 0 2 4 Moderate
Rozental et al. 2020 [43]  Retrospective cohort study  Institutional clinical database 3 1 2 6  Moderate
Hugar et al. 2020 [18] Retrospective cohort study ACS-NSQIP 3 0 3 6  Moderate
Lo etal. 2021 [25] Retrospective cohort study Single-center institutional 3 0 2 5 Moderate
database
Farzaneh et al. 2020 [10]  Retrospective cohort study ACS-NSQIP 4 1 2 7 High
Fairman et al. 2020 [48] Retrospective cohort study Single-center institutional 1 6  Moderate
database
Dua et al. 2020 [15] Retrospective cohort study NRD 2 2 7 High
Gray et al. 2020 [8] Retrospective cohort study UK Hospital Episode statistics 4 2 3 9 High
(HES) database
Ribieras et al. 2023 [29] Prospective cohort study ACS-NSQIP 4 1 3 8 High
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Table 1. Continued.

Study Design Data source Selection Comparability Outcome Total —Quality
(04) 0-2) (0-3) 0-9)
Jacobs et al. 2022 [19] Prospective cohort study Single-center institutional 4 1 2 7 High
database
Suckow et al. 2022 [51] Retrospective cohort study VQI 4 1 3 8 High
Corsi et al. 2022 [16] Retrospective cohort study Institutional electronic medical 2 1 2 5 Moderate
record database

Le et al. 2022 [22] Multicenter retrospective cohort ~ Multicenter clinical registry 3 1 3 7  Moderate
Polovneff et al. 2024 [26]  Retrospective cohort study Single-center institutional 3 1 2 6  Moderate

database

The methodological quality of non-randomized studies was assessed using the NOS. The scale evaluates three domains: Selection (0—4 points), Compa-
rability (0-2 points), and Outcome (03 points), with a maximum score of 9 points. Studies scoring 7-9 points were considered high quality, 4-6 points
moderate quality and less than or equal to three low quality.

The suffixes “a” and “b” identify two distinct studies published by the same first author in 2019 and are used to ensure consistent identification across
the manuscript and figures, “a” indicates [14], “b” indicates [47].

NOS, Newcastle-Ottawa Scale; ACS, American College of Surgeons; NSQIP, National Surgical Quality Improvement Program; NRD, Nationwide
Readmissions Database; HCUP, Healthcare Cost and Utilization Project; VQI, Vascular Quality Initiative.

Weight Weight
Study Total Mean SD Mean MRAW 95%—-Cl (common) (random)
Suckow et al. 2022 309 6.50 3.1000 — 6.50 [6.15; 6.85] 3.3% 6.9%
Rozental et al. 2020 32582 66.00 i 1 66.00 0.0% 0.0%
Gray et al. 2020 8867 10.70 11.4000 - 10.70 [10.46; 10.94] 6.9% 6.9%
Fairman et al. 2020 628 10.00 : H [ 10.00 0.0% 0.0%
Bath et al. 2019 1622 4.50 6.2000 = 4.50 [4.20; 4.80] 4.3% 6.9%
Boitano et al. 2019b 510 6.00 . [ H 6.00 0.0% 0.0%
Janssen et al. 2019 Control Group 27 7.00 . I 7.00 0.0% 0.0%
Janssen et al. 2019 Prehabilitation Group 18 6.00 . ! 6.00 0.0% 0.0%
Perlstein et al. 2019 33995 . . i 0.0% 0.0%
Bath et al. 2018 9315 7.00 . v 7.00 0.0% 0.0%
Martinez et al. 2018 5986 2.00 : i 2.00 0.0% 0.0%
Aridi et al. 2018 5849 8.00 . i 8.00 0.0% 0.0%
Symonides et al. 2018 2336 . 0.0% 0.0%
Patel et al. 2018 Index Readmission 2455 8.00 V! 8.00 0.0% 0.0%
Patel et al. 2018 Nonindex Readmission 1020 9.00 ' 9.00 0.0% 0.0%
Mao et al. 2017 Low Volume Surgeon 8114 . . H 0.0% 0.0%
Mao et al. 2017 High Volume Surgeon 667 7.00 . [ 7.00 0.0% 0.0%
Flink et al. 2016 Female 1022 6.50 7.1000 — 6.50 [6.06; 6.94] 2.1% 6.8%
Flink et al. 2016 Male 2744 490 6.2000 i 4.90 [4.67; 5.13] 7.2% 6.9%
Teivelis et al. 2016 25 0.0% 0.0%
Chang et al. 2015 11431 ; : e 0.0% 0.0%
Orr et al. 2015 16 7.00 . [ 7.00 0.0% 0.0%
Saunders et al. 2014 Primary Hospital 262 7.90 9.1000 —'—'7 7.90 [6.80; 9.00] 0.3% 6.3%
Saunders et al. 2014 Different Hospital 100 9.30 11.2000 - 9.30 [7.10; 11.50] 0.1% 5.0%
Faizer et al. 2014 16669 7.80 5.5000 7.80 [7.72; 7.88] 55.8% 6.9%
Gupta et al. 2014 515 7.00 4.0000 at 7.00 [6.65; 7.35] 3.3% 6.9%
De la Motte et al. 2013 1176 7.00 . v h 7.00 0.0% 0.0%
Casey et al. 2013 6380 10.50 . 10.50 0.0% 0.0%
Greenblatt et al. 2013 979 9.40 7.4000 i — 9.40 [8.94; 9.86] 1.8% 6.8%
Greenblatt et al. 2012 979 9.40 7.4000 — 9.40 [8.94; 9.86] 1.8% 6.8%
Massarweh et al. 2011 Pre-Leapfrog era Non-EBHR 3008 7.60 6.0000 bl 7.60 [7.39; 7.81] 8.5% 6.9%
Massarweh et al. 2011 Pre-Leapfrog era EBHR 583 8.30 8.4000 — 8.30 [7.62; 8.98] 0.8% 6.7%
Massarweh et al. 2011 Post-Leapfrog era Non-EBHR 1820 5.80 7.3000 —— 5.80 [5.46; 6.14] 3.5% 6.9%
Massarweh et al. 2011 Post-Leapfrog era EBHR 310 570 7.9000 —— 5.70 [4.82; 6.58] 0.5% 6.5%
Common effect model 162319 ) 7.52 [7.46; 7.58] 100.0% .
Random effects model - 7.38 [6.46; 8.30] 100.0%

Heterogeneity: /2 = 99.3%, 12 = 3.1790, p = 0 1 1 T T T 1

Fig. 2. Forest plot of the pooled length of stay after OAR.

Publication bias was assessed visually using funnel plots
and statistically using Egger’s test for funnel plot asymme-
try. If Egger’s test indicated potential publication bias, the
trim-and-fill method was applied to estimate bias-corrected
effect sizes. Funnel plot symmetry was subsequently re-
assessed and corrected estimates were compared with the
original results. In all cases, the 95% confidence intervals

of corrected and original estimates overlapped. Where ap-
plicable, the use of the trim-and-fill method is indicated in
the Results section.

At the study level, two-sample z-tests were performed to
compare pooled procedure-specific characteristics and out-
comes between EVAR and OAR. These analyses were ex-
ploratory and intended to describe differences between sep-
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Table 2. Heterogeneity of study-level variables (I* and 72) in EVAR and OAR analyses, based on pooled data from all studies

included in the quantitative synthesis (n = 49).

Surgical procedure OAR EVAR
Heterogeneity variables 2 T2 2 72
30-day readmission 99% 0.4865 99% 0.3162
Patient characteristics
Male sex 98%  0.0912  99% 0.3333
Female sex 98% 0.0905 99% 0.2259
Age (years) 100%  5.4223  100%  16.7636
Arterial hypertension 100%  0.9451  100% 0.7279
Congestive heart failure 99%  1.9244  99% 2.3490
Chronic kidney disease (stages 3-5)* 99% 1.1251 99% 2.8348
COPD? 98%  0.2275  99% 0.2013
Postoperative complications and length of stay
Length of stay (days) 99% 3.1790  100% 4.1623
Stroke 0% 0 99% 2.9733
Graft/transplant-related complication® 98% 0.6828 99% 0.6790
Adverse cardiac complications* 98% 1.2423  99% 2.8776
Myocardial infarction 98%  0.7119  99% 1.8511
Bleeding, shock 100%  0.8543  96% 4.9240
Renal complication® 97% 0.9890  100% 2.7584
Wound infection 99% 1.2679  98% 2.6105
Respiratory complication® 97% 0.4515  100% 2.1836
Diagnosis leading to readmission 30 days after OAR and EVAR
Wound infection 99% 1.0177 99% 1.9457
Cardiovascular complication (AMI/ACS)” 89% 0.1272 99% 0.3534
Chronic kidney disease 97%  0.5367  99% 2.0189
Gastrointestinal complication/Gastrointestinal obstruction 98%  0.8569  99% 0.6449
Stroke 83%  0.1339  88% 1.4634
Pneumonia 96% 0.2897 98% 4.0703
Sepsis 94%  0.2025  93% 0.1454
Device/graft complication 98% 0.2708 99% 0.6519
30 d-mortality 98% 1.1458  99% 1.6787

Study heterogeneity for pooled variables included in the meta-analysis is presented using the I? statistic
and 72 (between-study variance) for both EVAR and OAR datasets. Across most variables, substantial het-
erogeneity was observed (12 > 90%), reflecting considerable variability in patient populations, comorbidity
profiles, perioperative management and healthcare system characteristics across the included studies. These
findings support the use of random-effect models for pooled analyses and highlight the need for cautious
interpretation of aggregated effect estimates; chronic kidney disease (stages 3—5)!, glomerular filtration
rate under 60 mL/min/1.73 m2; COPD?2, chronic obstructive pulmonary disease; graft/transplant-related
complication® including endoleaks type I and II for EVAR and for OAR including wound/graft complication
or urinary tract infection (UTI); adverse cardiac complication? including congestive heart failure and ven-
tricular arrhythmia; renal complication® including temporary or permanent renal replacement therapy and/or
a documented doubling of the baseline creatinine level or acute kidney injury; Respiratory complication®
including prolonged intubation (>48 h), reintubation, and/or pneumonia; cardiovascular complications” in-

cluding acute myocardial infarction (AMI)/acute coronary syndrome (ACS) and arrhythmia.

arately pooled groups rather than to provide comparative
effect estimates between procedures.

Meta-regression analyses were performed to evaluate
whether patient comorbidities, length of stay and postop-
erative complications were associated with 30-day read-
mission rate. Effect estimates are reported with the 95%
confidence intervals. These coefficients can be interpreted

1322 Ann. Ital. Chir, 97, 8, 2026

analogously to those from a linear regression model: pos-
itive coefficients indicate an increase in readmission rates
with increasing values of the respective parameter, whereas
negative coefficients indicate a decrease. The significance
level was set at 0.05 and p-values < 5% were considered
significant.
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Fig. 3. Funnel plot of pooled length of stay after OAR.

Study Population

Most publications originate from the USA (n = 43/49).
Other publications originate from the Netherlands, Brazil,
Denmark, England, Italy, and Taiwan.

A total of 49 studies were included in the qualitative and
quantitative synthesis (references listed in Table 1). Some
studies contributed data to both the EVAR and OAR anal-
yses when reporting direct within-study comparisons. In
addition, several studies reported subgroup analyses (e.g.,
sex or age groups), which were treated as independent co-
horts in the quantitative analysis but were assessed once in
the methodological quality. Among the 49 included studies,
20 studies directly compared EVAR and OAR, 23 reported
EVAR-only outcomes and 6 reported OAR-only outcomes.
Consequently, 43 datasets contributed to the EVAR analy-
sis and 26 datasets to the OAR analysis (Fig. 1).

The methodological quality assessment using the
Newcastle-Ottawa Scale demonstrated a median score
of 6 (range 4-9), with 21 studies classified as high quality,
28 as moderate quality. No study was classified as low
quality (Table 1).

Results

Results of Explorative Analysis
Patients

The following procedure-specific comparisons are pre-
sented as exploratory analyses to describe differences be-

40 50 60 70

Mean

tween separately pooled EVAR and OAR cohorts. The pri-
mary objective of the study was to evaluate factors asso-
ciated with 30-day readmission, which are reported in the
subsequent meta-regression analyses.

The heterogeneity of the variables at the study level in the
EVAR and OAR analyses is shown in Table 2. The baseline
characteristics of the patients and comorbidities are listed in
Table 3.

Patients undergoing EVAR were significantly older than
those undergoing OAR (74.5 [73.2-75.7] years vs. 72.4
[71.4-73.4] years; p = 0.012). In addition, the proportion
of patients with diabetes was higher in EVAR than in OAR
(18% [15-20] vs. 13% [10-17]; p = 0.043). Furthermore,
the proportion of male patients was significantly higher in
EVAR than in OAR (79% [76-81] vs. 75% [72-77]; p =
0.001).

The minimum aneurysm diameter in the EVAR studies was
3.6 cm (3.2-3.9) and the maximum was 8.2 cm (&£ 2). Due
to a lack of data, no information could be provided for OAR.

Postoperative Complications of Index Surgery

The length of stay was significantly longer for patients
treated with OAR than for patients treated with EVAR
(7.4 [6.5-8.3] days vs. 4.2 days [3.4-4.9]; p < 0.001)
(Figs. 2,3,4,5 [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,
37,38,39,40,41,42,43,44,45,46,47,48,49,50,51)).
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Study Total Mean SD
Polovneff et al. 2024 216 3.30 6.9800
Ribieras et al. 2023 White 3312 1.00 !
Ribieras et al. 2023 Black 248 2.00

Ribieras et al. 2023 Asian 69 1.00 !
Jacobs et al. 2022 Octogenarians 43 11.00

Jacobs et al. 2022 Nonoctogenarians 119 8.00

Corsi et al. 2022 Female 68 .

Corsi et al. 2022 Male 205

Le et al. 2022 3891 .

Lo et al. 2021 Outpatient Care 168 5.00

Lo et al. 2021 Inpatient Care 191 5.00

Preece et al. 2020 188 :

Hugar et al. 2020 20065 3.00 .
Lim et al. 2020 Control Group 5828 3.00 4.5000
Lim et al. 2020 PHS Exposure Group 327 4.50 4.4000
Dua et al. 2020 Readmitted Patients 2012-2014 5986 5.89 0.1100
Farzaneh et al. 2020 Aneurysm Size =5,5cm 4111 1.00 '
Farzaneh et al. 2020 Aneurysm Size <4cm 424 1.00 !
Farzaneh et al. 2020 Aneurysm Size 4-5,4cm 3502 1.00 L
Gray et al. 2020 22962 4.50 6.3000
Rozental et al. 2020 57529 66.00 .
Ash et al. 2020 Female 76

Ash et al. 2020 Male 149 . .
Atti et al. 2019 138014 3.20 0.0200
Dua et al. 2019 Readmitted Patients 5986 5.89 0.1100
Bath et al. 2019 3101 4.50 6.2000
Janssen et al. 2019 Control Group 73 7.00 .
Janssen et al. 2019 Prehabilitation Group 70 6.00

Perlstein et al. 2019 92028 . .
Lagergren et al. 2019 Age <80 years 196 5.34 5.7500
Lagergren et al. 2019 Age =80 years 59 3.00 3.2300
Boitano et al. 2019a Discharge Home 6185 1.00 1.0000
Boitano et al. 2019a Non—-home Discharge 291 5.00 2.0000
Rajasinghe et al. 2018 Teaching Hospital 186 1.00 1.0000 +
Rajasinghe et al. 2018 Nonteaching Hospital 64 1.00 1.0000 +
Aziz et al. 2018 178 3.94 4.2100
Bath et al. 2018 57608 7.00

Martinez et al. 2018 47431 9.00

Aridi et al. 2018 27483 2.00 .
Chen et al. 2018 3847 2.94 3.1300
Krajcer et al. 2018 250 1.00 1.0000 +
Flink et al. 2016 Female 2349 6.50 7.1000
Flink et al. 2016 Male 9707 5.00 6.2000
Teivelis et al. 2016 102 . .
Soden et al. 2016 Asymptomatic 3665 2.00

Soden et al. 2016 Symptomatic 312 3.00

Feo et al. 2016 ERP Group 130 5.00

Feo et al. 2016 Control Group 91 7.00

Chang et al. 2015 12239 .

Orr et al. 2015 77 3.00 .
Lee et al. 2014 15 4.60 5.3000
Faizer et al. 2014 40892 2.60 2.8000
Gupta et al. 2014 2369 2.00 2.0000
Saunders et al. 2014 Primary Hospital 364 7.90 9.2000
Saunders et al. 2014 Different Hospital 159 9.30 11.2000
Greenblatt et al. 2013 1502 3.40 4.2000
Casey et al. 2013 9356 3.70

Motte et al. 2013 525 4.00 .
Greenblatt et al. 2012 1502 3.40 4.2000
Massarweh et al. 2011 Pre—Leapfrog era Non-EBHR 31 7.60 6.0000
Massarweh et al. 2011 Pre-Leapfrog era EBHR 10 8.30 8.4000
Massarweh et al. 2011 Post-Leapfrog era Non-EBHR 1517 5.80 7.3000
Massarweh et al. 2011 Post-Leapfrog era EBHR 404 5.70 7.9000
Common effect model 600045

Random effects model
Heterogeneity: 12 =100.0%, 2 = 4.1623, p=0

Fig. 4. Forest plot of pooled length of stay after EVAR.

Postoperative complications of the index procedure in
EVAR and OAR patients are listed in Table 4.

Patients with OAR had significantly more adverse cardiac
complications after the index procedure compared to EVAR
(11% [6-19] vs. 3% [1-6]; p = 0.001), wound infections
(5% [2-9] vs. 1% [0-2]; p = 0.014), and respiratory com-
plications (20% [15-28] vs. 5% [3—11]; p = 0.001).
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Weight Weight
Mean MRAW 95%-Cl (common) (random)
—— 3.30 [2.37; 4.23] 0.0% 3.3%
L 1.00 0.0% 0.0%
(. 2.00 0.0% 0.0%
; 1.00 0.0% 0.0%
: ' 11.00 0.0% 0.0%
) ' 8.00 0.0% 0.0%
: 0.0% 0.0%
! 0.0% 0.0%
b 0.0% 0.0%
I 5.00 0.0% 0.0%
N 5.00 0.0% 0.0%
L 0.0% 0.0%
v 3.00 0.0% 0.0%
" 3.00 [2.88; 3.12] 0.0% 3.5%
D 450 [4.02; 4.98] 0.0% 3.5%
. 5.89 [5.89; 5.89] 0.1% 3.5%
L 1.00 0.0% 0.0%
L 1.00 0.0% 0.0%
P 1.00 0.0%  0.0%
L 450 [4.42; 4.58] 0.0% 3.5%
o 66.00 0.0% 0.0%
v 0.0% 0.0%
i 0.0% 0.0%
[N 3.20 [3.20; 3.20] 99.7% 3.5%
L 5.89 [5.89; 5.89] 0.1% 3.5%
S 450 [4.28; 4.72] 0.0% 3.5%
L ' 7.00 0.0% 0.0%
R 6.00 0.0% 0.0%
D 0.0% 0.0%
L 5.34 [4.54; 6.14] 0.0% 3.4%
— 3.00 [2.18; 3.82] 0.0% 3.4%
v 1.00 [0.98; 1.02] 0.0% 3.5%
L 5.00 [4.77; 5.23] 0.0% 3.5%
b 1.00 [0.86; 1.14] 0.0% 3.5%
i 1.00 [0.76; 1.24] 0.0% 3.5%
— 3.94 [3.32; 4.56] 0.0% 3.4%
L ' 7.00 0.0% 0.0%
: ' 9.00 0.0% 0.0%
Co 2.00 0.0% 0.0%
" 2.94 [2.84; 3.04] 0.0% 3.5%
: 1.00 [0.88; 1.12] 0.0% 3.5%
: -~ 6.50 [6.21; 6.79] 0.0% 3.5%
Lo 5.00 [4.88; 5.12] 0.0% 3.5%
; 0.0% 0.0%
v 2.00 0.0% 0.0%
0o 3.00 0.0% 0.0%
Lo 5.00 0.0% 0.0%
i ' 7.00 0.0% 0.0%
b 0.0% 0.0%
no 3.00 0.0% 0.0%
—— 4.60 [1.92; 7.28] 0.0% 2.4%
v 2.60 [2.57; 2.63] 0.0% 3.5%
O 2.00 [1.92; 2.08] 0.0% 3.5%
; —_ 7.90 [6.95; 8.85] 0.0% 3.3%
: —_— 9.30 [7.56; 11.04] 0.0% 3.0%
- 3.40 [3.19; 3.61] 0.0% 3.5%
e 3.70 0.0% 0.0%
s 4.00 0.0% 0.0%
o 3.40 [3.19; 3.61] 0.0% 3.5%
v 7.60 [5.49; 9.71] 0.0% 2.8%
: 8.30 [3.09; 13.51] 0.0% 1.3%
Lo 5.80 [5.43; 6.17] 0.0% 3.5%
b 5.70 [4.93; 6.47] 0.0% 3.4%
[ 3.21 [3.21; 3.21]  100.0% .
< 4.22 [3.47; 4.97] 100.0%
—T T T T 1
2 4 6 8 10 12

Readmission Rate

The 30-day readmission rate was significantly higher for
OAR than for EVAR (13% [10-16] vs. 8% [7-9]; p =
0.003). Forest plots illustrating the pooled effect estimates
and funnel plots assessing publication bias are listed in
Figs. 6,7,8,9 [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,
20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,
38,39,40,41,42,43,44,45,46,47,48,49,50,51].
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Fig. 5. Funnel plot of pooled length of stay after EVAR.

Study Events Total Proportion 95%—ClI
Suckow et al. 2022 126 309 —— 0.41 [0.35; 0.46]
Rozental et al. 2020 4561 32582 i 0.14 [0.14;0.14]
Gray et al. 2020 727 8867 0.08 [0.08; 0.09]
Fairman et al. 2020 49 628 =i 0.08 [0.06; 0.10]
Bath et al. 2019 150 1622 0.09 [0.08;0.11]
Boitano et al. 2019b 32 510 = 0.06 [0.04; 0.09]
Janssen et al. 2019 Control Group 1 27 B=—— 0.04 [0.00; 0.19]
Janssen et al. 2019 Prehabilitation Group 1 18 ——'—-:— 0.06 [0.00; 0.27]
Perlstein et al. 2019 4759 33995 0.14 [0.14; 0.14]
Bath et al. 2018 1164 9315 2] 0.12 [0.12;0.13]
Martinez et al. 2018 490 5986 o 0.08 [0.08; 0.09]
Aridi et al. 2018 754 5849 : 0.13 [0.12;0.14]
Symonides et al. 2018 196 2336 0.08 [0.07;0.10]
Patel et al. 2018 Index Readmission 1733 2455 a 0.71 [0.69;0.72]
Patel et al. 2018 Nonindex Readmission 299 1020 : L 0.29 [0.27; 0.32]
Mao et al. 2017 Low Volume Surgeon 1103 8114 - 0.14 [0.13; 0.14]
Mao et al. 2017 High Volume Surgeon 106 667 = 0.16 [0.13; 0.19]
Flink et al. 2016 Female 110 1022 0.11 [0.09; 0.13]
Flink et al. 2016 Male 219 2744 i 0.08 [0.07;0.09]
Teivelis et al. 2016 2 25 ——r— 0.08 [0.01;0.26]
Chang et al. 2015 970 11431 i 0.08 [0.08; 0.09]
Orr et al. 2015 4 16 @ — 0.25 [0.07;0.52]
Saunders et al. 2014 Primary Hospital 34 262 - 0.13 [0.09; 0.18]
Saunders et al. 2014 Different Hospital 13 100 — 0.13 [0.07;0.21]
Faizer et al. 2014 2867 16669 0.17 [0.17;0.18]
Gupta et al. 2014 41 515 =1 0.08 [0.06;0.11]
De la Motte et al. 2013 152 1176 . 0.13 [0.11;0.15]
Casey et al. 2013 1276 6380 0.20 [0.19;0.21]
Greenblatt et al. 2013 125 979 ] 0.13 [0.11;0.15]
Greenblatt et al. 2012 127 979 —~— 0.13 [0.11;0.15]
Massarweh et al. 2011 Pre-Leapfrog era Non—-EBHR 312 3008 ! 0.10 [0.09; 0.12]
Massarweh et al. 2011 Pre-Leapfrog era EBHR 48 583 == 0.08 [0.06; 0.11]
Massarweh et al. 2011 Post-Leapfrog era Non—-EBHR 191 1820 ' 0.10 [0.09; 0.12]
Massarweh et al. 2011 Post-Leapfrog era EBHR 32 310 —*—: 0.10 [0.07; 0.14]
Common effect model 162319 i 0.14 [0.14; 0.14]
Random effects model < 0.13 [0.10; 0.16]

Heterogeneity: /% = 99.4%, 1° = 0.4865, p = 0

T
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Fig. 6. Forest plot of pooled 30-day readmission rates after OAR. “b” indicates [47].
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Fig. 7. Funnel plot of pooled 30-day readmission rates after OAR.

Twenty of the included studies reported data for both en-
dovascular aneurysm repair (EVAR) and open aneurysm
repair (OAR) within the same study population and were
therefore eligible for direct comparison. The pooled
random-effects meta-analysis showed no statistically sig-
nificant difference in 30-day readmission between EVAR
and OAR (Odds Ratio [OR] 0.91, 95% CI [0.82-1.01]).
However, substantial heterogeneity across studies was ob-
served (12 =93.8%). In fixed-effect analysis, EVAR was as-
sociated with slightly lower readmission (OR 0.93, 95% CI
[0.91-0.95]), although this estimate should be interpreted
cautiously given the substantial between-study heterogene-
ity.

The main diagnoses recorded at readmission after 30 days
are listed in Table 5. The most common diagnoses leading
to readmission after 30 days are wound infections (OAR
8% [4-14] vs. EVAR 13% [6-24]; p = 0.226) and cardio-
vascular complications (OAR 5% [4-7] vs. EVAR 9% [6—
12]; p=0.028). Patients with EVAR had significantly more
cardiovascular complications than patients with OAR (9%
[6-12] vs. 5% [4-T7]; p =0.028). Patients with OAR, on the
other hand, were significantly more likely to be diagnosed
with chronic kidney disease than patients with EVAR (3%
[2-4] vs. 2% [1-4]; p = 0.050). The 30-day mortality rate
did not differ between EVAR and OAR (EVAR 2% [1-5],
OAR 2% [1-3]; p = 0.703).
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Results of the Meta-Regression Analysis

30-Day Readmission Depending on Patient Characteristics
and Comorbidities.

The impact of patient characteristics and comorbidities on
30-day readmission is shown in Table 6. In OAR, patient
age had a significant impact on readmission after 30 days.
The older the patients, the higher the readmission rate after
30 days (OAR: effect estimate 0.0817, 95% CI [0.0111—
0.1522]; p = 0.023). In OAR and EVAR, a higher propor-
tion of patients with arterial hypertension, congestive heart
failure, chronic kidney disease, and COPD led to a higher
30-day readmission rate (arterial hypertension [OAR: ef-
fect estimate 0.0496, 95% CI [0.0484-0.0509], p < 0.001;
EVAR: effect estimate 0.0512, 95% CI [0.0499-0.0524], p
< 0.0017; congestive heart failure [OAR: effect estimate
0.1850, 95% CI [0.1410-0.2289], p < 0.001; EVAR: ef-
fect estimate 0.0263, 95% CI [0.0043-0.0483], p = 0.019];
chronic kidney disease [OAR: effect estimate 0.1160, 95%
CI [0.0910-0.1410], p < 0.001; EVAR: effect estimate
0.1336, 95% CI [0.1135-0.1538], p < 0.001]; chronic ob-
structive pulmonary disease [OAR: effect estimate 0.0372,
95% CI [0.0172-0.0573], p < 0.001; EVAR: effect esti-
mate 0.0187, 95% CI[0.0000-0.0373]; p=0.050]). Gender
showed no correlation with the readmission rate in either
procedure (Table 6).
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Study Events Total Proportion 95%-Cl
Polovneff et al. 2024 20 216 — 0.09 [0.06; 0.14]
Ribieras et al. 2023 White 241 3312 0.07 [0.06; 0.08]
Ribieras et al. 2023 Black 29 248 . 0.12 [0.08; 0.16]
Ribieras et al. 2023 Asian 6 69 —'—-— 0.09 [0.03; 0.18]
Jacobs et al. 2022 Octogenarians 4 43 ——— 0.09 [0.03; 0.22]
Jacobs et al. 2022 Nonoctogenarians 3 119 +—: | 0.03 [0.01; 0.07]
Corsi et al. 2022 Female 12 68 ~—'— 0.18 [0.09; 0.29]
Corsi et al. 2022 Male 16 2056 0.08 [0.05; 0.12]
Le et al. 2022 287 3891 0.07 [0.07;0.08]
Lo et al. 2021 Qutpatient Care 4 168 —— @ | 0.02 [0.01; 0.06]
Lo et al. 2021 Inpatient Care 4 191 &= | 0.02 [0.01; 0.05]
Preece et al. 2020 3 188 =— 0.02 [0.00; 0.05]
Hugar et al. 2020 501 20065 i 0.02 [0.02; 0.03]
Lim et al. 2020 Control Group 553 5828 : 0.09 [0.09; 0.10]
Lim et al. 2020 PHS Exposure Group 60 327 S == 0.18 [0.14; 0.23]
Dua et al. 2020 Readmitted Patients 2012-2014 694 5986 : 0.12 [0.11; 0.12]
Farzaneh et al. 2020 Aneurysm Size =5,5cm 250 4111 : 0.06 [0.05; 0.07]
Farzaneh et al. 2020 Aneurysm Size <4cm 30 424 - 0.07 [0.05; 0.10]
Farzaneh et al. 2020 Aneurysm Size 4-5,4cm 210 3502 : : 0.06 [0.05; 0.07]
Gray et al. 2020 2388 22962 ‘B 0.10 [0.10; 0.11]
Rozental et al. 2020 8054 57529 P 0.14 [0.14; 0.14]
Ash et al. 2020 Female 4 76 ——— 0.05 [0.01; 0.13]
Ash et al. 2020 Male 9 149 ——— 0.06 [0.03; 0.11]
Atti et al. 2019 14077 138014 ) 0.10 [0.10; 0.10]
Dua et al. 2019 Readmitted Patients 694 5986 0.12 [0.11; 0.12]
Bath et al. 2019 201 3101 ' 0.06 [0.06; 0.07]
Janssen et al. 2019 Control Group 4 73 —'——'— 0.05 [0.02; 0.13]
Janssen et al. 2019 Prehabilitation Group 5 70 ——— 0.07 [0.02; 0.16]
Perlstein et al. 2019 12883 92028 0.14 [0.14; 0.14]
Lagergren et al. 2019 Age <80 years 13 196 —— 0.07 [0.04; 0.11]
Lagergren et al. 2019 Age =80 years 3 59 ———— 0.05 [0.01; 0.14]
Boitano et al. 2019a Discharge Home 408 6185 I 0.07 [0.06; 0.07]
Boitano et al. 2019a Non—-home Discharge 27 291 - 0.09 [0.06; 0.13]
Rajasinghe et al. 2018 Teaching Hospital 1 186/ 0.01 [0.00; 0.03]
Rajasinghe et al. 2018 Nonteaching Hospital 1 64 —— ! 0.02 [0.00; 0.08]
Aziz et al. 2018 13 178 —‘— 0.07 [0.04;0.12]
Bath et al. 2018 5876 57608 g + 0.10 [0.10; 0.10]
Martinez et al. 2018 3225 47431 N 0.07 [0.07; 0.07]
Aridi et al. 2018 1923 27483 0.07 [0.07; 0.07]
Chen et al. 2018 315 3847 ' 0.08 [0.07; 0.09]
Krajcer et al. 2018 4 250 = . 0.02 [0.00; 0.04]
Flink et al. 2016 Female 253 2349 : 0.11 [0.10; 0.12]
Flink et al. 2016 Male 776 9707 : 0.08 [0.07; 0.09]
Teivelis et al. 2016 11 102 ——~— 0.11 [0.06; 0.18]
Soden et al. 2016 Asymptomatic 282 3665 ! 0.08 [0.07; 0.09]
Soden et al. 2016 Symptomatic 34 312 e 0.11 [0.08; 0.15]
Feo et al. 2016 ERP Group 0 1300— 0.00 [0.00; 0.03]
Feo et al. 2016 Control Group 3 91 =+ 0.03 [0.01; 0.09]
Chang et al. 2015 998 12239 0.08 [0.08; 0.09]
Orr et al. 2015 14 77 P— 0.18 [0.10; 0.29]
Lee et al. 2014 3 15 — 0.20 [0.04; 0.48]
Faizer et al. 2014 6460 40892 : 0.16 [0.15; 0.16]
Gupta et al. 2014 180 2369 X 0.08 [0.07; 0.09]
Saunders et al. 2014 Primary Hospital 47 364 : ﬂ—~— 0.13 [0.10; 0.17]
Saunders et al. 2014 Different Hospital 20 159 —— 0.13 [0.08; 0.19]
Greenblatt et al. 2013 199 1502 D 0.13 [0.12; 0.15]
Casey et al. 2013 1627 9356 : 0.17 [0.17; 0.18]
Motte et al. 2013 68 525 Dm— 0.13 [0.10; 0.16]
Greenblatt et al. 2012 199 1502 : + 0.13 [0.12; 0.15]
Massarweh et al. 2011 Pre-Leapfrog era Non-EBHR 3 31 —— 0.10 [0.02; 0.26]
Massarweh et al. 2011 Pre-Leapfrog era EBHR 0 10 : . 0.00 [0.00; 0.31]
Massarweh et al. 2011 Post-Leapfrog era Non-EBHR 159 1517 B 0.10 [0.09; 0.12]
Massarweh et al. 2011 Post-Leapfrog era EBHR 42 404 = 0.10 [0.08; 0.14]
Common effect model 600045 : i 0.11 [0.11; 0.11]
Random effects model & 0.08 [0.07; 0.09]

Heterogeneity: 12 = 99.0%, 12 = 0.3162, p = 0 I ' f ' I

Fig. 8. Forest plot of pooled 30-day readmission rates after EVAR.
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Fig. 9. Funnel plot of pooled 30-day readmission rates after EVAR.

Association Between Postoperative Complications and
LOS of the Index Procedure and 30-Day Readmission

The relationship between postoperative complications of
the index procedure, LOS and 30-day readmission is shown
in Table 6. The primary inpatient length of stay for the in-
dex procedure showed no significant relationship with the
readmission rate for either procedure. In EVAR, the oc-
currence of strokes had a significant influence on readmis-
sion after 30 days (EVAR: effect estimate 0.2206, 95% CI
[0.1219-0.3193]; p < 0.001). For both OAR and EVAR, the
proportion of patients with graft/transplant-related compli-
cations, adverse cardiac complications, and myocardial in-
farction correlated with the readmission rate after 30 days
(graft/transplant-related complication [OAR: effect esti-
mate 0.1447, 95% CI [0.0872—0.2002]; p < 0.001, EVAR:
effect estimate 0.2870, 95% CI [0.2706-0.3034]; p <
0.001], adverse cardiac complication [OAR: effect estimate
0.0835, 95% CI[0.0641-0.1030]; p < 0.001, EVAR: effect
estimate 0.1291, 95% CI[0.0879-0.1703]; p < 0.001], my-
ocardial infarction [OAR: effect estimate 0.1427, 95% CI
[0.1029-0.1761]; p < 0.001, EVAR: effect estimate 0.1122,
95% CI [0.0665-0.1579]; p < 0.001]). In both EVAR and
OAR, bleeding/shock, renal complications, wound infec-
tions, and respiratory complications showed no correlation
with the level of readmission.

Discussion

In this meta-analysis, EVAR was associated with a lower
30-day readmission rate (8%) compared with OAR (13%;
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p =0.003). Dakour Aridi et al. [4] reported similar values
(7.1% vs. 12.9%; p < 0.001), while Chen et al. [5] found
a 30-day readmission rate of 8.2% after EVAR in the ACS-
NSQIP database. Orr et al. [6] observed slightly higher
readmissions after EVAR (14%) than OAR (13%; p = 1.0).
The lower readmission rates after EVAR may reflect its less
invasive nature, avoidance of laparotomy and aortic cross-
clamping, reduced physiological stress, and faster recov-
ery. In contrast, OAR involves greater surgical trauma and
cardiopulmonary strain, increasing the risk of early post-
operative complications. Differences in patient selection
and postoperative management may also contribute to vari-
ations in readmission patterns.

In the direct comparative meta-analysis, no statistically sig-
nificant difference in 30-day readmission was observed be-
tween EVAR and OAR. High statistical heterogeneity likely
reflects variations in study design, patient populations, co-
morbidities, healthcare systems, and temporal changes in
endovascular technology, perioperative management, and
discharge pathways. The consistently high heterogene-
ity underscores that pooled estimates should be interpreted
as average effects across highly diverse study populations
rather than precise effect measures. The discrepancy be-
tween pooled procedure-specific readmission rates and the
directly comparable meta-analysis likely reflects structural
differences between study sets. Procedure-specific pooling
includes non-comparative datasets, whereas the compara-
tive analysis relies exclusively on studies reporting both
procedures within the same population, thereby reducing
confounding by study-level differences.
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Table 3. Characteristics and comorbidities of patients undergoing OAR and EVAR, based on pooled data from all studies

included in the quantitative synthesis (n = 49).

OAR (n) OAR, Mean (95% CI) EVAR(n) EVAR, Mean (95% CI)  p value
Total cohort 228,683 578,744
Male sex 171,512 75% (72-77) 457,208 79% (76-81)* 0.001*
Female sex 57,171 25% (23-27) 121,536 21% (19-24)* 0.021*
Age (years) 72.4(71.4-73.4) 74.5(73.2-75.7) 0.012
Arterial hypertension 111,433 64% (54-73) 314,792 77% (72-81) 0.371
Diabetes mellitus 30,659 13% (10-17) 82,151 18% (15-20) 0.043
Congestive heart failure 7920 6% (3—11) 24,714 4% (2-6) 0.398
COPD 60,952 26% (22-30) 135,885 22% (20— 24)* 0.494*
Chronic kidney disease! (stages 3-5) 24,843 8% (5-12) 54,957 5% (3-8)* 0.901*

Chronic kidney disease® (stages 3—5) glomerular filtration rate under 60 mL/min/1.73 m?; * values determined using the “trim

and fill” method.

Table 4. Postoperative complications and length of stay following index OAR and EVAR, based on pooled data from all studies

included in the quantitative synthesis (n = 49).

OAR (n) OAR, Mean (95% CI) EVAR (n) EVAR, Mean (95% CI) p value
Total cohort 228,683 578,744
Length of stay (days) 7.4 (6.5-8.3) 42 (3.44.9) <0.001
Stroke 2287 1% (0-1) 5787 1% (0-3) 0.759
Graft/transplant-related complication® 16,008 7% (4-14) 28,937 5% (2-8) 0.263
Adverse cardiac complication? 25,155 11% (6-19) 17,362 3% (1-6) 0.001
Myocardial infarction 9147 4% (2-7) 11,575 2% (1-6) 0.500
Bleeding, shock 22,868 10% (5-17) 5787 1% (0-7) 0.441
Acute kidney injury® 29,729 13% (8-22)* 11,575 2% (1-5) 0.170*
Wound infection 11,434 5% (2-9) 5787 1% (0-2) 0.014
Respiratory complication* 45,737 20% (15-28) 28,937 5% (3-11) 0.001

* values determined using the “Trim and Fill” method; graft/transplant-related complication® including endoleaks type I and II for

EVAR and for OAR including wound/graft complication or UTI (urinary tract infection); adverse cardiac complication? including

congestive heart failure and ventricular arrhythmia; acute kidney injury? including temporary or permanent renal replacement therapy

and/or a documented doubling of the baseline creatinine level; respiratory complication? including prolonged intubation (>48 h),

reintubation, and/or pneumonia.

Table 5. Diagnoses leading to readmission 30 days after OAR and EVAR, based on pooled data from all studies included in the
quantitative synthesis (n = 49).

OAR (n) OAR, Mean (95% CI) EVAR(n) EVAR, Mean (95% CI) p value
Total cohort 228,683 578,744
Wound infection 18,295 8% (4-14) 75,237 13% (6-24)* 0.226*
Cardiovascular complication (AMI/ACS)! 11,434 5% (4-7) 52,087 9% (6-12) 0.028
Chronic kidney disease 6860 3% (2-4) 11,575 2% (1-4) 0.050
Gastrointestinal complication/obstruction 13,721 6% (3-10) 3472 6% (4-8) 0.916
Stroke 4574 2% (1-2) 11,575 2% (1-4)* 0.216*
Pneumonia 13,723 6% (4-8) 40,512 7% (3—15)* 0.878*
Sepsis 13,721 6% (4-8) 46,270 8% (7-10)* 0.246
Device/graft complication 9147 4% (3-6) 34,725 6% (4-10) 0.260
30 d-mortality 4574 2% (1-3) 11,575 2% (1-5) 0.703

* values determined using the “Trim and Fill” method; cardiovascular complications! including acute myocardial infarction (AMI)/acute

coronary syndrome (ACS).

EVAR was consistently associated with shorter postoper-
ative hospital stay (4.2 vs. 7.4 days; p < 0.001), con-
sistent with reports from de la Motte et al. [7], Gray et
al. [8], and Behrendt et al. [52]. No significant associ-

ation was found between length of stay and 30-day read-
mission for either procedure, suggesting that shorter hos-
pitalization does not inherently increase rehospitalization
risk. Reduced LOS may reflect improved perioperative care
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Table 6. Meta-regression analysis evaluating the association between study-level variables and 30-day readmission following
OAR and EVAR, based on pooled data from all studies included in the quantitative synthesis (n = 49).

OAR EVAR
Effect estimate 95% CI p value Effect estimate 95% CI p value
Patient characteristics
Male sex —0.0248 —-0.0312-0.0014  0.062 —0.0149 —0.0314-0.0016  0.076
Female sex 0.0248 -0.0013-0.0312  0.061 0.0149 —0.0016-0.0314  0.076
Age (years) 0.0817 0.0111-0.1522  0.023 0.0183 —0.0331-0.0697  0.486
Arterial hypertension 0.0496 0.0484-0.0509  <0.001 0.0512 0.0499-0.0524 <0.001
Congestive heart failure 0.1850 0.1410-0.2289  <0.001 0.0263 0.0043-0.0483  0.019
Chronic kidney disease (stages 3-5)! 0.1160 0.0910-0.1410  <0.001 0.1336 0.1135-0.1538  <0.001
COPD 0.0372 0.0172-0.0573  <0.001 0.0187 0.0000-0.0373  0.050
Postoperative complications and length of stay

Length of stay (days) 0.0004 —0.0256-0.0265  0.973 0.0113 —0.0036-0.0262  0.136
Stroke 0.5605 —0.6304 -1.7514  0.356 0.2206 0.1219-0.3193  <0.001
Graft/transplant-related complication 0.1447 0.0872-0.2002  <0.001 0.2870 0.2706-0.3034 <0.001
Adverse cardiac complications 0.0835 0.0641-0.1030  <0.001 0.1291 0.0879-0.1703  <0.001
Myocardial infarction 0.1427 0.1029-0.1761  <0.001 0.1122 0.0665-0.1579  <0.001
Bleeding, shock 0.0085 -0.0114-0.0284  0.401 0.0161 —0.0244-0.0566  0.436
Renal complication 0.0329 —-0.0052-0.0710  0.091 0.0074 —0.0145-0.0292  0.510
Wound infection 0.0090 —0.0181-0.0362  0.515 0.0373 —0.0071-0.0817  0.410
Respiratory complication 0.0104 —0.0281-0.0490  0.596 0.0072 —-0.0069-0.0214  0.316

Chronic kidney disease (stages 3—5)! glomerular filtration rate under 60 mL/min/1.73 m?.

pathways, whereas prolonged hospitalization may indicate
complications or higher baseline comorbidity. These find-
ings align with enhanced recovery after surgery programs,
where shortened LOS is not associated with increased read-
mission or complication rates [53,54], whereas longer stays
in complex surgeries can reflect higher readmission risk
[55].

The broader question of whether 30-day readmission is a
reliable hospital quality indicator was addressed by Tsai et
al. [2]. High-volume hospitals and those with lower sur-
gical mortality had significantly lower readmission rates,
suggesting that readmission reflects both procedural and in-
stitutional factors. In our meta-analysis, no association was
found between postoperative mortality and 30-day readmis-
sion, as patients who die within 30 days cannot be read-
mitted, representing a competing risk that may influence
the interpretation of readmission rates. Patient comorbidi-
ties strongly influence readmission risk. Table 6 shows
that arterial hypertension, congestive heart failure, chronic
kidney disease, and COPD were significant risk factors
in both EVAR and OAR, while age affected OAR read-
missions. Not all readmissions reflect perioperative de-
ficiencies; some, such as wound infections, may be pre-
vented through careful management, meticulous surgical
technique, and standardized postoperative pathways. In
EVAR, device-related complications such as endoleaks may
be influenced by anatomical and patient-specific factors.
Adherence to anatomical suitability criteria remains criti-
cal, and off-label EVAR is associated with higher complica-
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tion risk, indicating that careful patient selection can reduce
some device-related readmissions.

Meta-regression showed that postoperative cardiac and
graft-related complications were associated with higher
30-day readmission for both EVAR and OAR, with
stroke additionally increasing EVAR readmissions (Ta-
ble 6). Gastrointestinal complications, such as ileus, were
more frequent after OAR, whereas graft-related compli-
cations occurred more often after EVAR [4,9]. These
complications—including wound, renal/urological, cardiac
issues, and reoperations—substantially influence readmis-
sion risk.

Procedure-specific differences in post-30-day readmission
diagnoses were observed (Table 5): renal failure was more
frequent after OAR (3% vs. 2%; p =0.050), and cardiovas-
cular complications were more common after EVAR (9%
vs. 5%; p = 0.028).

Data on 90-day readmission were heterogeneous and insuf-
ficient for meta-analysis. Frailty, comorbidity burden, and
post-discharge care appear to drive longer-term readmis-
sions. Sparse and inconsistent data highlight the need for
standardized outcome definitions and harmonized reporting
to enable reliable long-term comparisons.

Limitations

Most studies were of moderate-to-high quality (Newcastle-
Ottawa Scale). Meta-regression analyses were based on
study-level aggregated data and may not reflect individ-
ual patient relationships (ecological bias). Most publica-
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tions originated from the USA, with data from large admin-
istrative databases such as the Nationwide Readmissions
Database (NRD) and National Surgical Quality Improve-
ment Program (NSQIP). Healthcare systems, reimburse-
ment policies, discharge practices, and post-acute care uti-
lization differ across countries, so generalizability is lim-
ited.

Many datasets lacked detailed information on social deter-
minants of health, hospital case volumes, and surgeon ex-
perience, which may confound associations between pro-
cedure type and readmission outcomes. Most studies were
retrospective and observational, inherently susceptible to
residual confounding, selection bias, and coding inaccura-
cies. The primary comparison between EVAR and OAR
relied on procedure-specific pooled proportions rather than
exclusively comparative effect estimates, which may intro-
duce structural differences.

Studies spanned extended periods during which endovascu-
lar technology, perioperative management, and discharge
pathways evolved, contributing to temporal heterogeneity
in complications and readmission patterns. Variations in
follow-up care, access to outpatient services, and structured
home nursing or rehabilitation may further influence read-
mission independently of procedural characteristics. Data
on 90-day readmission were insufficient and too hetero-
geneous for meta-analysis, limiting conclusions regarding
longer-term rehospitalization. The limited number of di-
rectly comparative studies relative to total datasets may af-
fect the stability of pooled comparative estimates.

Conclusions

Pooled data suggest lower 30-day readmission rates after
EVAR compared with OAR. However, given the substan-
tial heterogeneity and the predominance of observational
study designs, these findings should be interpreted cau-
tiously and regarded as hypothesis-generating rather than
prescriptive. Readmissions were frequently associated with
patient comorbidities and procedure-related complications,
such as cardiac events, in both OAR and EVAR. Further-
more, stroke was also associated with an increased readmis-
sion rate in EVAR. These observations underscore the im-
portance of careful patient selection and individualized pro-
cedural planning, particularly in high-risk patients, where
minimally invasive approaches may offer advantages. No
significant relationship was observed between postopera-
tive length of stay and readmission rate, suggesting that
shorter hospitalization does not necessarily increase rehos-
pitalization risk.

Future quality assessment frameworks should incorporate
risk-adjusted readmission metrics that account for patient
comorbidity burden and baseline risk profiles. Extended
follow-up intervals, such as 90-day readmission, and struc-
tured evaluation of potentially avoidable readmissions may
allow a more nuanced and equitable assessment of health-
care quality in abdominal aortic aneurysm repair.

Future research should prioritize prospective, multicenter
studies with detailed patient-level data, including social de-
terminants of health, to distinguish modifiable from non-
modifiable drivers of readmission. The establishment of
standardized and harmonized datasets would enable cross-
national comparisons of extended follow-up metrics. Fi-
nally, developing abdominal aortic aneurysm-specific read-
mission risk prediction models could improve risk adjust-
ment and provide a more clinically meaningful interpreta-
tion of quality indicators.
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