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Abstract \\
Objective: To evaluate the impact of postoperative acute kidney injury (AKI) on early and long-term mortality in patients with acute |
aortic dissection by conducting a meta-analysis.

Methods: An extensive literature search was performed in PubMed and Embase databases until February 15, 2020. Observational
studies that reported the associations between postoperative AKI and early (in-hospital and within 30 days) or long-term mortality in
patients with acute aortic dissection were included.

Results: Seven studies comprising 1525 acute aortic dissection patients were identified. A random effect meta-analysis showed
that postoperative AKI was significantly associated with higher risk of long-term mortality (risk ratio [RR] 2.32; 95% confidence interval
[C] 1.50-3.59). Subgroup analysis revealed that the pooled RR of long-term mortality was 1.42 (95% Cl 0.90-2.22) for stage 1 AKI,
1.72 (95% Cl 0.95-3.12) for stage 2 AKI, and 4.46 (95% CI 2.72-7.32) for stage 3 AKI, respectively. Furthermore, postoperative
stage 3 AKI was associated with an increased risk of early mortality (RR 11.3; 95% CI 4.2-30.5).

Conclusions: This meta-analysis provided clinical evidence that postoperative stage 3 AKl is associated with higher risk of early
and long-term mortality, even after adjusting important confounding factors. However, the current findings should be interpreted with
caution due to the retrospective nature and limited number of studies analyzed.

Abbreviations: AAD = acute aortic dissection, AKI = acute kidney injury, Cl = confidence interval, NOS = Newcastle Ottawa

Scale, RR = risk ratio.
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1. Introduction

Acute aortic dissection (AAD) is characterized by blood entering
the medial layer of the wall with the creation of a false lumen.
According to the anatomic location, AAD is conventionally

Editor: Stefano Rigattieri.

WM and RL have contributed equally to this work.

The authors declared that they had no competing interests.
The authors have no conflicts of interest to disclose.

All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

@ Department of Obstetrics and Gynecology, ® Department of General Practice,
° Department of Stomatology, 9 Department of Thoracic Surgery, The Affiliated
Hospital of Inner Mongolia Medical University, Hohhot, China.

) Correspondence: Nashunbayaer Zha, Department of Thoracic Surgery, The
Affiliated Hospital of Inner Mongolia Medical University, No.1 Tongdao North
Road, Hohhot, 010050, China (e-mail: nashun1937@sina.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Meng W, Li R, E L, Zha N. Postoperative acute kidney
injury and early and long-term mortality in acute aortic dissection patients: a
meta-analysis. Medicine 2021,;100:2(e23426).

Received: 21 June 2020 / Received in final form: 21 October 2020 / Accepted:
28 October 2020

http.//dx.doi.org/10.1097/MD.0000000000023426

classified as Stanford type A and type B aortic dissection. Type A
is defined as a dissection proximal to the brachiocephalic artery
and type B is defined as a dissection distal to the left subclavian
artery (restricted in descending aorta). Surgery is an option for
both Stanford type A and complicated type B aortic dissection.
Despite the advance of surgery and endovascular technique,
mortality from AAD remains substantial.'"! Data analysis of the
Nationwide German Diagnosis-Related Group Statistics from
2006 to 2014 showed that in-hospital mortality of 14911 cases
type A and 5622 cases type B aortic dissections was 19.5% and
9.3%, respectively.?! Therefore, early risk stratification is of
great need for this complex population.

Acute kidney injury (AKI) is one of the main complications
after aortic surgical procedures.! Postoperative AKI after open
surgery or endovascular aortic repair is associated with adverse
clinical outcomes. A number of observational studies!*"?! that
reported the associations between postoperative AKI and early or
late mortality have yielded conflicting results in patients with
AAD. These conflicting findings may be partially explained by the
severity of AKI or different definitions of renal impairment.

A well-designed meta-analysis has evaluated the association
of postoperative AKI with 30-day postoperative death in
patients with type A aortic dissection.''¥! No previous meta-
analysis has been systematically assessed the value of
postoperative AKI in prediction of long-term survival outcome
in patients with AAD. This meta-analysis aimed to evaluate the
impact of postoperative AKI on early and long-term mortality
in patients with AAD.
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2. Materials and methods

2.1. Data sources and searches

This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines.*! Ethical
approval or informed consent was not necessary due to this
article does not involve the individual patient data or animals
performed by any of the authors. An extensive literature search
was performed in PubMed and Embase databases until February
15, 2020 using the “aortic dissection” in combination of “acute
kidney injury” OR “acute renal failure” AND “death” OR
“mortality.” To identify any possible missing studies, we
manually reviewed the references of the related articles.

2.2. Study selection

Inclusion criteria were as follow: original observational study
enrolling patients with AAD; AKI after open surgery or
minimally invasive endovascular repair as exposure; early or
long-term mortality as outcomes; and reporting multivariate-
adjusted hazard ratio (HR) or risk ratio (RR) and 95%
confidence intervals (CI) of survival outcome associated with
AKI. Early mortality was defined as in-hospital death or death
occurred within 30 days. Exclusion criteria included: preopera-
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tive, perioperative, or uncertain time of AKI; and reporting
unadjusted risk estimate.

2.3. Data extraction and quality assessment

A standardized data extraction form was applied to abstract the
following information by 2 independent authors: first author’s
surname, year of publication, study design, origin of study,
sample sizes, type of patients, sex, age at baseline, definition of
AKI, outcome measures, number of events, multivariable-
adjusted risk estimate, length of follow-up, and adjusted
confounders. The Newcastle-Ottawa Scale (NOS) was adopted
to assess the methodological quality of the included studies by 2
independent authors.**! Study with a score of 7 to 9 points was
considered as high methodological quality. Discrepancies during
assessment were settled by census or discussed a third author.

2.4. Statistical analysis

STATA 12.0 (STATA Corp LP, College Station, TX) was used for
the data analysis.

Given the likelihood of significant between-study heterogene-
ity, we selected a random-effect model when pooling each
outcome. Statistically significant heterogeneity was defined by the
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Figure 1. Flow chart showing the study selection process.
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I? statistic >50% and/or P-value <0.10 of Cochrane Q test.
Leave out one study sensitivity analysis was performed to observe
the robustness of the pooling outcomes. Subgroup analyses were
conducted according to the degree of AKI. Begg test''®! and Egger
test!”! were scheduled to check the likelihood of publication bias.

3. Results

3.1. Search results and study characteristics

A detailed process of study selection is summarized in Fig. 1.
Briefly, we identified a total of 728 potentially relevant records
after removal of duplicate. After screening the titles and abstracts,
685 articles were removed and left 43 articles for full-text
evaluation. Thirty-six articles were further removed after
adopting the predefined inclusion and exclusion criteria. Finally,
7 studies*"1%12! were included in our meta-analysis.

Table 1 describes the main data of the eligible studies. All studies
adopted the retrospective designs and published between 2012 and
2019. The sample sizes ranged from 37 to 375, with a total of 1525
AAD patients. Three studies'®”'%! enrolled the type A aortic
dissection patients, 1 study"™ enrolled the complicated type B aortic
dissection patients, and other studies!*'""'?! included all types of
patients. The median/mean age of the patients ranged from 50.3 to
69 years. The follow-up duration was up to 4.83 years. According
to NOS criteria, the methodological quality of the included studies
was moderate to high (6 to 8 points).

3.2. Early mortality

Three studies!”"'11?! reported the association between stage 3

AKI and early mortality. As shown in Fig. 2, no significant

www.md-journal.com

heterogeneity (I*°=0%, P=.647) was found across studies.
Meta-analysis indicated that AKI stage 3 was associated
with an increased risk of early mortality (RR 11.3; 95%
CI 4.19-30.48) compared with those without AKI. Leave out
one study sensitivity analysis indicated that the pooled RR
ranged from 9.02 to 15.9 and low 95% CI ranged from 2.84 to
4.47.

3.3. Long-term mortality

Three studies ' reported the association of all stage AKI with

long-term mortality and 1 study'® addressed the stage 3 AKI
associated long-term mortality. As shown in Fig. 3, there was
statistically significant heterogeneity (I>=50.6%, P=.059)
between studies. Meta-analysis indicated that overall postopera-
tive AKI was associated with higher risk of long-term mortality
(RR 2.32595% CI 1.50-3.59) compared with those without AKI.
Leave out 1 study sensitivity analysis indicated that the pooled
RR ranged from 2.11 to 2.78 and low 95% CI ranged from 1.31
to 1.43. Subgroup analysis (Fig. 4) according to the degree of AKI
revealed that the pooled RR of long-term mortality was 1.42
(95% CI 0.90-2.22) for stage 1 AKI, 1.72 (95% CI 0.95-3.12)
for stage 2 AKI, and 4.46 (95% CI 2.72-7.32) for stage 3 AKI,
respectively.

3.4. Publication bias

We did not perform the Begg test and Egger test to check the
likelihood of publication bias due to less than the recommended
arbitrary minimum number of 10 studies.!'®!

Main characteristic of the included studies.

Study Patients Age, AKI Outcomes Follow- Adjustment NOS
Author/year Region design (% men) y definition OR/HR (95% ClI) up, y for covariates score
Tsai 201214 Taiwan  Retrospective  AAD 268 (72.8) 53+14 RIFLE criteria Long-term death: 50 1.0 Age, cardiogenic shock, 7
2.55 (1.04-6.26) preoperative ventilator, bypass
time, sepsis
Ruan 20145 China Retrospective  Complicated B type 56.3+10.3  Not reported Long-term death: 9 4.4 Multivariate adjusted analysis 6
AAD 62 (71.0) 3.98 (1.26-12.1) stage
3
Ko 20151 Japan  Retrospective A type AAD 375 (52)  66.4+13.3 KDIGO criteria Long-term death: 33 2.58  Age, sex, BMI, smoker, 7
1.61 (0.55-4.68) stage hypertension, DM, CHD, CHF,
1 AF, malperfusion, LVEF, CRP,
1.67 (0.40-6.98) stage extracorporeal circulation time,
2 coronary dissection, neurologic
6.83 (2.52-18.5) stage dysfunction, sepsis
3
Sansone 2015!"! [taly Retrospective A type AAD 37 (83.8) 65+ 11 RIFLE criteria 30-d death: 10 — Multivariate adjusted analysis 6
6.6 (1.35-32.4) stage 3
Sasabuchi 20161"%  Japan  Retrospective A type AAD 4 03 65 (55-72) KDIGO criteria Long-term death: 89 4.83  Age, bicuspid aortic valve, 8
(51.4) 1.38 (0.84-2.26) stage preoperative hemoglobin,
1 perioperative stroke
1.73 (0.90-3.33) stage
2
3.84 (1.98-7.45) stage
3
Lingzhi 20164 China  Retrospective  AAD 151 (70.2) 50.3+13.5 KDIGO criteria In-hospital death: 19 —  Triiodothyronine 3, thyroid- 6
21.3 (3.07-147.9) stimulating hormone, d-dimer,
stage 3 pericardial effusion, AD type
Baldawi 20191 USA Retrospective  Isolated AAD 229 69+11  Increase in sCr >2  30-d death: 15 —  Multivariate adjusted analysis 7

(78.6)

mg/dL preoperative
value

12.8 (2.38-68.9) stage
3

AD = acute aortic dissection, AKI=acute kidney injury, CHD = coronary heart disease, CHF = chronic heart failure, Cl = confidence intervals, CRP = C-reactive protein, DM = diabetes mellitus, HR = hazard ratio,
KDIGO =kidney disease improving global outcomes, LVEF =left ventricular ejection fraction, NOS =Newcastle-Ottawa Scale, OR = odds ratio, RIFLE =risk, injury, failure, loss, end stage, sCr=serum creatinine.
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Study %

ID RR (95% CI) Weight

Sansone (2015)

6.60 (1.35, 32.40) 39.00

Chen (2016) 21.30(3.07, 147.90) 26.23

Baldawi (2019) 12.80 (2.38, 68.90) 3477
Overall ({l-squared = 0.0%, p = 0.647) 11.30 (4.19, 30.48) 100.00
NOTE: Weights are from random effects analysis
I I
00676 1 148

Figure 2. Forest plots showing RR and 95% Cl of early mortality associated postoperative stage 3 AKI. AKI=acute kidney injury; Cl=confidence interval; RR =risk
ratio.

Study %

ID RR (95% CI) Weight
Tsai (2012) E- 2.55(1.04,6.26) 13.21
Ko (stage 1) (2015) - 161(0.55,468) 1067
Ko(stage 2) (2015) - 167(0.40,698)  7.09
Ko (stage 3) (2015) ' + 6.83 (2.52,18.50) 11.68
Sasabuchi (stage 1) (2016) ——+—§ 1.38 (0.84, 2.26) 2169
Sasabuchi (stage 2) (2016) -—-O—E— 1.73(0.90, 3.33) 17.93

Sasabuchi (stage 3) (2016) 3.84 (1.98, 7.45) 17.74

——
Overall (I-squared = 50.6%, p = 0.059) <> 2.32 (1.50, 3.59) 100.00

NOTE: Weights are from random effects analysis

T T
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Figure 3. Forest plots showing RR and 95% ClI of long-term mortality associated with postoperative AKI. AKI=acute kidney injury; Cl=confidence interval; RR=
risk ratio.
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Study %

ID RR (95% CI) Weight
A Stage 1

Ko (2015) + 161(055,468) 1760
Sasabuchi (2016) - 1.38(0.84,226) 8240
Subtotal (I-squared = 0.0%, p = 0.798) <> 1.42(0.90,2.22)  100.00
B. Stage 2

Ko (2015) + 1.67(0.40,6.98) 17.31
Sasabuchi (2016) _— 1.73(0.90,3.33) 8269
Subtotal (l-squared = 0.0%, p = 0.965) -<:> 1.72(0.95,3.12)  100.00
C. Stage 3

Ruan (2014) -+ 398(1.26,12.10) 1922
Ko (2015) -+ 6.83 (2.52, 18.50) 24.75
Sasabuchi (2016) —— 3.84(1.98,745) 56.02
Subtotal (l-squared = 0.0%, p = 0.626) <> 446 (2.72,7.32) 100.00

|
0541 1

T
18.5

Figure 4. Forest plots showing RR and 95% ClI of long-term mortality associated with different degree of postoperative AKI. AKlI=acute kidney injury; Cl=

confidence interval; RR=risk ratio.

4. Discussion

The main findings of this meta-analysis are that: overall
postoperative AKI was associated with an increased risk of
long-term mortality; presence of postoperative stage 3 AKI
markedly increased both early and long-term all-cause mortality
in patients with AAD. AAD patients with stage 3 AKI exhibited
an 11-fold and 4.46-fold higher risk of early and long-term
mortality, respectively. Based on these findings, measurement of
renal function after surgery may improve risk stratification in
AAD patients.

An early meta-analysis!*®! demonstrated that postoperative
AKI was associated with 249% increase in 30-day postoperative
mortality. However, this result was not established on the
multivariate analysis, which may have overestimated the risk
estimate. In addition, the long-term mortality outcome was not
addressed in this meta-analysis. By contrast, our meta-analysis
only selected the studies that reported the multivariate-adjusted
results and further extended to the long-term mortality outcome.

The kidney disease improving global outcomes (KDIGO) and
risk, injury, failure, loss, end stage (RIFLE) are 2 widely accepted
criteria to define AKI in the analyzed studies. In our meta-
analysis, overall postoperative AKI was associated with an

increased risk of long-term mortality. However, results of
subgroup analysis by the degree of AKI indicated lack of
significant association between postoperative stage 2/3 AKI and
long-term mortality. Therefore, prognostic significance of
postoperative AKI appeared to be dominated by the stage 3
AKI. Similarly, the impact of postoperative AKI on early
mortality was also dominated by the stage 3 AKI. No statistically
significant association of stages 1 and 2 AKI with mortality may
be partially explained by the low incidence of death, which may
reduce the statistical power. Future studies addressing the
prognostic value of postoperative AKI by different stage are
strongly required.

Survival after AAD can be affected by preexisting renal
impairment. Preoperative stage 3 AKI!"®! and perioperative acute
renal failure™®® was an independent predictor of in-hospital
mortality in type A aortic dissection patients. Apart from AKI,
renal malperfusion also affected operative mortality following
acute type A aortic dissection repair.*!! Occurrence of AKI in
AAD has important clinical implications. Impaired renal function
at baseline has been identified as a risk factor for AKL*?l AAD
patients should dynamically monitor renal function and receive
an intensive treatment. In addition, hypertension, renal malper-
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fusion, long bypass duration, and sepsis all contributed to the
development of AKL™*!

Several limitations should be considered in the current meta-
analysis. First, all the included studies were retrospective designs
and potential selection bias cannot be excluded. Second, some
patients may already have AKI on admission, which could lead to
overestimate the number of AKI. Third, statistically significant
heterogeneity was found in pooling long-term mortality.
Different types of AAD, severity of AKI, and duration of
follow-up may contribute to the significant heterogeneity.
Finally, results from subgroup analysis should be interpreted
with caution due to the limited number of study analyzed.

5. Conclusions

Postoperative stage 3 AKI significantly increased both early and
long-term mortality in patients with AAD, even after adjusting
some important confounding factors. This meta-analysis high-
lights the urgent need for development of strategies to prevent
and decrease postoperative AKI in AAD patients.
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