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Development of acute kidney injury following repair of 
Stanford type A aortic dissection is associated with increased 
mortality and complications: a systematic review, meta-
analysis, and meta-regression analysis
Aman Goyala, Surabhi Maheshwarib, Haleema Qayyum Abbasic, 
Yusra Mashkoord, Urooj Shamime, Mahla Chambarif, Arjun Kelaiyag, 
Darsh Safia, Humza Saeedh, Hritvik Jaini, Prakriti Pokhrelj and Irfan Ullahk

Acute kidney injury (AKI) frequently complicates the 
repair of Stanford type A aortic dissection (TAAD). This 
systematic review, meta-analysis, and meta-regression 
analysis aimed to elucidate the prognostic impact of AKI 
in these patients. A literature search in PubMed, EMBASE, 
and Google Scholar identified relevant studies on the 
predictors and outcomes of AKI following TAAD repair. 
The primary endpoint was 30-day mortality; secondary 
endpoints included stroke, dialysis/continuous renal 
replacement therapy (CRRT), and other complications. 
Random-effects meta-analyses were used, with 
significance set at P < 0.05. Twenty-one studies (10 396 
patients) were analyzed. AKI was associated with higher 
risks of 30-day mortality (risk ratio = 3.98), stroke 
(risk ratio = 2.05), dialysis/CRRT (risk ratio = 32.91), 
cardiovascular (risk ratio = 2.85) and respiratory 
complications (risk ratio = 2.13), sepsis (risk ratio = 4.92), 
and re-exploration for bleeding (risk ratio = 2.46). No 
significant differences were noted in sternal wound 
infection, tracheostomy, paraplegia, or hepatic failure. 
AKI significantly increases mortality, morbidity, hospital, 

and ICU stay duration in TAAD repair patients. Cardiovasc 
Endocrinol Metab 13: 1–15 Copyright © 2024 The 
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Introduction
Type A aortic dissection (TAAD) is defined as separation 
of the aortic wall involving the ascending aorta, irrespec-
tive of the site of the intimal tear (Stanford Classification) 
[1]. Acute TAAD is a common cardiac emergency, and 
despite advances in diagnostic modalities, intraopera-
tive techniques, and perioperative care, TAAD repair is 
associated with approximately 12% in-hospital mortality 
[2,3]. Postoperative acute kidney injury (AKI) after repair 
of TAAD is an early and common complication with an 
incidence ranging from 20.2 to 66.7%. It ranges from 
mild renal dysfunction to renal failure, requiring renal 
replacement therapy (RRT) [4–6]. It is associated with 

adverse outcomes such as increased in-hospital morbidity 
and mortality, longer hospital stay, and reduced long-term 
survival [7–9]. The causative mechanisms of postopera-
tive AKI are not always evident and are multifactorial. 
There is no known pharmacological treatment to prevent 
or treat AKI, and many patients require continuous renal 
replacement therapy (CRRT), which is associated with 
increased mortality [10,11]. Although several studies 
have explored the prognostic significance of postopera-
tive AKI, there remains a lack of sufficient investigation 
into its impact on the occurrence of 30-day postopera-
tive mortality and morbidities, including cardiovascu-
lar, respiratory, and other complications. Some studies 
have found only severe AKI is associated with increased 
30-day postoperative mortality, whereas others have 
demonstrated that AKI, regardless of severity, increases 
mortality [4,11–13].

Recently, several systematic reviews and meta-analyses 
have attempted to establish the relative significance of 
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risk factors and adverse outcomes [12–14]. Kidney dis-
ease was defined in several ways, including the Kidney 
Disease: Improving Global Outcomes (KDIGO) defini-
tion and staging system, the Risk, Injury, Failure, Loss of 
kidney function (RIFLE) criteria, and the Acute Kidney 
Injury Network (AKIN) classification [15–17]. Owing to 
the inter-definition variability and evaluation of differ-
ent outcomes in each study, there are inconsistencies in 
establishing the relative significance of AKI on prognosis 
after repair of TAAD. Thus, our systematic review and 
meta-analysis aimed to understand the prognostic signif-
icance of the development of AKI in patients who have 
undergone repair of TAAD, by understanding its effects 
on the risk of mortality and several other outcomes.

Materials and methodology
We adhered to the guidelines established by the 
Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) for our systematic review 
and meta-analysis [18]. We registered our protocol in 
the International PROSPERO Registry for Systematic 
Reviews and Meta-Analyses (CRD42023486286). Our 
study has been reported in line with the AMSTAR 
(Assessing the methodological quality of systematic 
reviews) Guidelines [19].

Data sources and search strategy
Two authors independently conducted an extensive lit-
erature search to identify relevant studies on the predic-
tors and outcomes of AKI following TAAD repair.

The authors meticulously searched for relevant articles 
using various databases, including PubMed, Google 
Scholar, EMBASE, Scopus, and the Cochrane Library. To 
ensure the comprehensiveness of the review, references 
from retrieved studies, prior meta-analyses, and review 
articles were examined. Additionally, they meticulously 
scanned citations on Google Scholar to identify any per-
tinent literature. In instances where deemed appropri-
ate, attempts were made to contact the authors via email 
to request additional data; however, no responses were 
received.

The search strategy employed a string of keywords and 
related Medical Subject Headings terms, encompassing 
‘Acute Kidney Injury’, ‘AKI’, ‘Type A Aortic Dissection’, 
‘Predictors’, and ‘Outcomes’.

Eligibility criteria
Utilizing the Population, Exposure, Control, and 
Outcomes (PECO) framework for systematic reviews 
and meta-analyses, we assessed the inclusion criteria. In 
our study, ‘P’ represented patients who had undergone 
repair for TAAD, ‘E’ referred to patients who developed 
AKI, ‘C’ denoted patients who did not develop AKI, 
and ‘O’ encompassed various outcomes as subsequently 
discussed. The exclusion criteria included non-adult 

populations, interventions other than repair, and studies 
lacking relevant AKI outcome data. Additionally, case 
reports, review articles, and abstracts without full text 
were excluded from the analysis.

Endpoints
This study aimed to evaluate the 30-day mortality rate 
(primary endpoint) and various secondary endpoints, 
including stroke incidence, need for dialysis/CRRT, 
cardiovascular and respiratory complications, sepsis, 
re-exploration for bleeding, sternal wound infection, tra-
cheostomy requirement, paraplegia, hepatic failure, and 
length of hospital and ICU stay.

Study selection and data extraction
After retrieving all relevant studies through a thorough 
literature search, they were imported into EndNote 
X9 (Clarivate Analytics) for removal of duplicates. Two 
authors independently reviewed the abstracts and those 
meeting the eligibility criteria were included after a full-
text assessment. Disagreements were resolved through 
discussion and consensus between the two authors. A 
pre-piloted Microsoft Excel sheet was used to facilitate 
data extraction.

Quality assessment of included studies
The current meta-analysis included observational stud-
ies, and the quality of the included studies was eval-
uated using the Newcastle–Ottawa Scale. This was 
accomplished by two researchers whose findings were 
compared to eliminate inconsistencies. The Newcastle–
Ottawa scale focuses on the selection criteria of studies, 
comparability between groups, exposure, and outcomes 
[20].

Data synthesis
Data synthesis for this meta-analysis was performed 
using RevMan version 5.4, developed by the Nordic 
Cochrane Center in Copenhagen, Denmark. Pooled 
analysis of studies was represented in the form of for-
est plots, with statistical significance set at P < 0.05, 
within a 95% confidence interval (CI). All analyses were 
performed using the Mantel–Haenszel random-effects 
model. The effect measure was the risk ratio for dichot-
omous variables and mean difference for continuous 
variables.

To evaluate the degree of heterogeneity arising from 
differences in methodologies, study designs, and popula-
tions, the Higgins I2 metric was used [21]. A value of less 
than 50% indicated low heterogeneity, exceeding 50% 
indicated moderate heterogeneity, and a value greater 
than 75% indicated significant heterogeneity. To gauge 
the robustness of the findings, sensitivity analysis was 
performed by systematically excluding one study at a 
time. Meta-regression analysis was performed to explore 
various covariates (baseline mean age, baseline BMI, 
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baseline kidney function, and gender) that may have led 
to potential heterogeneity among the studies. To assess 
publication bias, a visual analysis of the funnel plots was 
conducted.

Results
Literature search results
Using the predefined search strategy, 1147 references 
were identified through four electronic database searches. 
After removing 298 duplicates, 849 articles were screened 
based on their titles and abstracts, resulting in the fur-
ther exclusion of 788 articles. The remaining 61 articles 
underwent full-text review, leading to the exclusion of 

40 studies due to irrelevant populations, lack of rele-
vant outcomes, irrelevant study design, and unavailabil-
ity of full text or full text not in the English language. 
Consequently, 21 studies that met the eligibility criteria 
were included in our meta-analysis [4,6,14,20,22–38]. 
A comprehensive overview of the literature search and 
study selection process is shown in Fig. 1.

Study characteristics and risk of bias assessment
Of the included studies, 19 were retrospective 
[4,6,22,23,25–27,29–33,35,37–42], while two followed 
a prospective design [24,28]. Fifteen studies originated 
in China [6,22,23,26–33,35,38–40], two each from Japan 

Fig. 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow Diagram (2020) for systematic reviews and meta-analyses.
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[4,37] and the USA [24,25], and one each from Italy [42] 
and Iceland [41]. The collective cohort comprised 10 396 
patients undergoing aortic arch repair, with 3928 in the 
AKI group and 6468 in the non-AKI group, respectively. 
The mean ages across the studies ranged from 33 to 68 
years, with the proportion of male participants varying 
from 39.9% to 100%. Additionally, 15 of the included 
studies used the KDIGO criteria to diagnose AKI. The 
most common comorbidities reported were diabetes and 
hypertension. The baseline characteristics of all studies 
are summarized in Table 1.

All studies underwent high-quality assessment, scor-
ing eight or higher on the Newcastle-Ottawa Scale 
(Table 2). Funnel plots for nearly all outcomes were 
symmetrical, demonstrating a minimal publication bias 
(Supplementary Fig. 1, Supplemental digital content 1, 
http://links.lww.com/CAEN/A61).

Endpoints
This study showed that 37.8% of patients undergoing 
TAAD repair develop AKI, highlighting its potential 
impact on patient outcomes.

Primary endpoint of 30-day mortality
Eighteen of the 21 included studies reported data on 
30-day mortality [4,22–25,27–33,37–42]. Patients with 
AKI exhibited a significantly higher risk of 30-day mor-
tality as compared to those without AKI (risk ratio = 3.98, 
95% CI: 3.04–5.22, P < 0.001), with 57% heterogene-
ity detected across studies (I2 = 57%, P for heterogene-
ity = 0.001) (Fig. 2). The sensitivity analysis showed that 
‘Wang-1 et al. (2020)’ [22] might be the source of heter-
ogeneity. After excluding this study, the heterogeneity 
between the studies was reduced (I2 = 44%).

Secondary endpoints
Stroke
Eleven of the 21 included studies reported data on 
stroke [4,6,22,24,25,27,37,39–42]. Patients with AKI had 
a significantly higher risk of experiencing stroke than 
those without AKI (risk ratio = 2.05, 95% CI: 1.68–2.50, 
P < 0.001), with 32% heterogeneity detected across stud-
ies (I2 = 32%, P for heterogeneity = 0.14) (Fig. 3a).

Need for dialysis/continuous renal replacement 
therapy
Fifteen of the 21 included studies reported data on patients 
who required dialysis or CRRT [4,6,22–25,29,32,33,37–
42]. A significantly increased risk of dialysis/CRRT was 
observed in the AKI group compared to that in the non-
AKI group (risk ratio = 32.91, 95% CI: 10.39–104.24, 
P < 0.001), with 90% heterogeneity detected across stud-
ies (I2 = 90%, P for heterogeneity < 0.001) (Fig. 3b). Upon 
performing sensitivity analysis, no significant reduction 
in heterogeneity was observed.

Cardiovascular complications
Of the 21 included studies, 10 reported data on post-
operative cardiovascular complications [4,22,25,27,31–
33,37,39,41]. Patients with AKI had a significantly higher 
risk of cardiovascular complications than those in the 
non-AKI group (risk ratio = 2.85, 95% CI: 1.65–4.92, 
P < 0.001), with 85% heterogeneity detected across 
studies (I2 = 85%, P for heterogeneity < 0.001) (Fig. 4a). 
Sensitivity analysis showed ‘Helgason et al. (2021)’ [41] 
might be the source of heterogeneity. After excluding 
this study, no heterogeneity was observed (I2 = 0%, P for 
heterogeneity > 0.1).

Respiratory complications
Eight of the 21 included studies reported data on post-
operative respiratory complications (pneumonia and res-
piratory failure) [23,30–32,38,39,41,42]. Patients with AKI 
demonstrated a significantly higher risk of respiratory 
complications than those without AKI (risk ratio = 2.13, 
95% CI: 1.16–3.91, P = 0.02), with 82% heterogeneity 
detected across studies (I2 = 82%, P for heterogene-
ity < 0.001) (Fig. 4b). A sensitivity analysis showed that 
‘Li et al. (2020)’ [38] might be a source of heterogeneity. 
After excluding this study, the heterogeneity between the 
studies was reduced (I2 = 58%, P for heterogeneity > 0.1).

Sepsis
Five of the 21 included studies reported sepsis data 
[24,29,37,39,41]. A significantly higher risk of sepsis was 
observed in the AKI group than in the non-AKI group 
(risk ratio = 4.92, 95% CI: 2.62–9.24, P < 0.001), with 
64% heterogeneity detected across studies (I2 = 64%, P 
for heterogeneity = 0.03) (Fig. 4c). Sensitivity analysis 
showed ‘Helgason et al. (2021)’ [41] might be the source 
of heterogeneity. After excluding this study, the hetero-
geneity between the studies was reduced (I2 = 14%, P for 
heterogeneity > 0.1).

Reexploration for bleeding
Twelve of the 21 included studies reported data for 
reexploration for bleeding [4,22–25,27,29,30,33,40–42]. 
Patients with AKI had a significantly higher risk of under-
going re-exploration for bleeding than those without AKI 
(risk ratio = 2.46, 95% CI: 1.79–3.39, P < 0.001), with 58% 
heterogeneity detected across studies (I2 = 58%, P for 
heterogeneity = 0.007) (Fig. 5a). The sensitivity analysis 
showed that ‘Wang-2 et al. (2020)’ [23] might be the source 
of heterogeneity. After excluding this study, the hetero-
geneity between the studies was reduced (I2 = 42%, P for 
heterogeneity > 0.1).

Sternal wound infection
Four of the 21 included studies reported data on sternal 
wound infection [22,23,40,41]. A nonsignificant increase in 
the risk of sternal wound infection was noted in the AKI 
group compared to the non-AKI group (risk ratio = 1.19, 

http://links.lww.com/CAEN/A61
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95% CI: 0.63–2.25, P = 0.59), with no heterogeneity detected 
across studies (I2 = 0%, P for heterogeneity = 0.53) (Fig. 5b).

Need for tracheostomy
Five of the 21 included studies reported data on the 
need for a tracheostomy [22,23,37,40,41]. Patients 
with AKI exhibited a nonsignificantly increased risk 
of tracheostomy compared to those without AKI (risk 
ratio = 2.10, 95% CI: 0.72–6.15, P = 0.18), with 85% het-
erogeneity detected across studies (I2 = 85%, P for het-
erogeneity < 0.001) (Fig. 5c). Sensitivity analysis showed 
‘Helgason et al. (2021)’ [41] might be the source of het-
erogeneity. After excluding this study, the heterogene-
ity between the studies was reduced (I2 = 27%, P for 
heterogeneity > 0.1).

Paraplegia
Three of the 21 included studies reported data on par-
aplegia [22,23,40]. A nonsignificantly increased risk of 
paraplegia was observed in the AKI group compared to 
the non-AKI group (risk ratio = 0.73, 95% CI: 0.36–1.46, 
P = 0.37), with no heterogeneity detected across studies 
(I2 = 0%, P for heterogeneity = 0.62) (Fig. 6a).

Hepatic failure
Two of the 21 included studies reported data on hepatic 
failure [38,39]. Patients with AKI had a nonsignificantly 
increased risk of hepatic failure compared to the non-AKI 
group (risk ratio = 1.45, 95% CI: 0.18–11.55, P = 0.73), 
with 92% heterogeneity detected across studies (I2 = 92%, 
P for heterogeneity < 0.001) (Fig. 6b). Upon performing 
sensitivity analysis, no significant reduction in heteroge-
neity was observed.

Length of stay
Seven [23,24,29,35,38,40,42] of the 21 included studies 
reported data for length of hospital stay, with 74% het-
erogeneity detected across studies (I2 = 74%, P for het-
erogeneity < 0.001) (Fig. 6c). The sensitivity analysis 
showed that ‘Brown et al. (2022)’ [24] might be a source 
of heterogeneity. After excluding this study, the heter-
ogeneity between the studies was reduced (I2 = 51%, 
P for heterogeneity > 0.1). Four of the 21 included 
studies reported data on the length of stay in the ICU 
[23,28,40,42]. Patients with AKI had a significantly longer 
duration of ICU stay than those without AKI (mean dif-
ference = 4.01, 95% CI: 1.83–6.20, P < 0.001), with 79% 
heterogeneity detected across studies (I2 = 79%, P for 
heterogeneity < 0.001) (Fig. 6d). Upon performing sensi-
tivity analysis, no significant reduction in heterogeneity 
was observed.

Meta regression analysis
We performed a meta-regression analysis for numerous 
covariates, namely mean age of patients in the study, 
mean baseline BMI of patients, gender, and baseline 
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kidney function, against the outcomes of 30-day mor-
tality, stroke, and need for dialysis/CRRT. Our analysis 
found no significant correlation between the outcomes 
and covariates.

Discussion
This meta-analysis revealed a combined incidence of 
37.8% for postoperative AKI after TAAD repair, support-
ing a previously reported range of 18–87% [34,36,43]. Our 
findings demonstrate that patients experiencing AKI face 
a significantly elevated risk of adverse events, includ-
ing mortality, stroke, the need for dialysis, cardiovascu-
lar and respiratory complications, sepsis, re-exploration 
for bleeding, prolonged hospital stay, and an extended 
ICU stay. These results underscore the severity of AKI 
and highlight the importance of promptly identifying 
and managing it to improve patient outcomes. The risk 
of sternal wound infection, the need for tracheostomy, 
hepatic failure, and paraplegia appeared comparable 
between the two groups. However, this observation may 
be attributed to the limited number of studies reporting 
these outcomes, resulting in insufficient power to draw 
definitive conclusions.

Our study revealed a nearly four-fold increase in the 
30-day mortality risk among patients with AKI (18.36% 
compared to 4.75%). These findings align with those 
of Ko et al., who reported a higher 30-day mortality 
rate in their AKI group. Notably, they reported that the 

severity of AKI was a significant predictor of mortality. 
Specifically, AKI stage 3, the most severe stage, was iden-
tified as an independent risk factor for mortality with a 
hazard ratio of 6.83, even after adjusting for potential con-
founding factors. Additionally, extracorporeal circulation 
time, BMI, elevated perioperative peak serum C-reactive 
protein concentration, reduced renal perfusion, and peri-
operative sepsis have been identified as risk factors for 
AKI development [37]. Furthermore, a study by Li et 
al. revealed a significantly higher overall postoperative 
in-hospital mortality rate in the AKI group than that in 
the non-AKI group (21.2% vs. 9.6%). The mortality rate 
increased with each stage of AKI, with stage 3 exhibiting 
the highest mortality rate (70.59%) [38].

AKI has been associated with a complex and chal-
lenging postoperative course in numerous studies 
[4,13,14,23,41,42,44]. Our meta-analysis builds on this 
existing knowledge by comprehensively examining 
the intricate relationship between AKI and postopera-
tive complications following TAAD repair. Our findings 
demonstrate a significant association between AKI and 
a multitude of adverse events. Patients with AKI exhib-
ited a nearly threefold increased risk of cardiovascular 
complications (P < 0.001), an over two-fold increased 
risk of respiratory complications (P = 0.02), a significantly 
higher risk of sepsis (P < 0.001), and a more than two-fold 
increased risk of stroke (P < 0.001). Additionally, patients 
with AKI had a greater than two-fold increased risk of 

Fig. 2

Forest plot for the outcome of 30-day mortality.
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re-exploration for bleeding (P < 0.001), experienced pro-
longed hospital stay, and required extended ICU stay. 
However, there was no significant difference between 
the two groups in terms of sternal wound infection, need 
for tracheostomy, paraplegia, and hepatic failure.

Early initiation of RRT has been suggested as a means 
of improving patient outcomes [14]. However, findings 
from the study by Wang et al. challenged this notion, indi-
cating that even with timely postoperative RRT, patients 
still experience elevated rates of perioperative mortality 
and postoperative morbidity [13]. Our findings align with 
these observations, demonstrating a significantly higher 
prevalence of dialysis/CRRT in the AKI group than in 
the non-AKI group (30.2% vs. 0.8%). Moreover, the RRT 
procedure itself carries potential complications, including 

circulatory instability, infection, thrombosis, and electro-
lyte imbalance, which could negatively affect patient 
recovery and prognosis [45].

Recent advances have shed light on the complex mech-
anisms that underlie AKI. The pathophysiology of AKI 
involves a cascade of events, including hemodynamic 
imbalances, inflammatory responses, immune system 
dysfunction, dysregulation of iron metabolism, increased 
oxidative stress, and associated inflammation [7]. Since 
there is currently no specific treatment for postopera-
tive AKI in TAAD patients, preventive measures such as 
careful management of blood pressure and anemia dur-
ing repair, utilizing new technologies to shorten the time 
organs are deprived of blood flow, and avoiding exposure 
to nephrotoxic substances may be crucial for protecting 

Fig. 3

Forest plots for the outcome of (a) stroke and (b) the need for dialysis/CRRT. CRRT, continuous renal replacement therapy.
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kidney function [46]. The early diagnosis of AKI can 
lead to timely treatment and improved outcomes [47]. 
Currently, AKI is diagnosed on the basis of serum creati-
nine levels, glomerular filtration rate, and urine output. 
However, these tests are not always accurate early in the 
course of AKI and cannot predict the outcomes. Recently, 
researchers have looked at biomarkers for the early diag-
nosis of AKI. Two promising biomarkers are neutrophil 
gelatinase-associated lipocalin and cystatin C [38,48–50]. 
While these studies focused on cardiac procedures, they 

did not investigate the diagnostic effectiveness of these 
biomarkers in TAAD patients. Further research is war-
ranted to validate the utility of these biomarkers for 
TAAD diagnosis.

Overall, this meta-analysis provides valuable insights 
into the association between AKI and adverse outcomes 
after TAAD repair. Further clinical trials are necessary to 
determine preventive strategies and reduce the burden 
of AKI in this patient population.

Fig. 4

Forest plots for the outcomes of (a) cardiovascular complications, (b) respiratory complications, and (c) sepsis.
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Limitations
Our study had several limitations. First, the studies 
included in this review were observational, and while they 
offer valuable insights, they are inherently susceptible to 
biases that are not present in randomized controlled tri-
als. Second, although the quality of these studies, as eval-
uated using the Newcastle-Ottawa Scale, was high, the 
results varied, which may have affected the outcomes. 
Third, more than half of the studies included in this anal-
ysis focused on the Chinese population, thereby limiting 
the generalizability of the results to patients from other 

ethnic backgrounds. Fourth, significant heterogeneity 
was observed across the studies owing to differences in 
study design, patient characteristics, repair techniques, 
and definitions of outcomes. Although the sensitivity 
analysis attempted to address some of the heterogene-
ity, it remained high for certain outcomes, indicating that 
the results should be interpreted with caution. Fifth, in 
the process of conducting an extensive literature search, 
there may still be a risk of publication bias as studies with 
negative findings are often less published. This could 
potentially skew the findings of this study. Sixth, for 

Fig. 5

Forest plots for the outcomes of (a) reexploration for bleeding, (b) sternal wound infection, and (c) the need for tracheostomy.
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some outcomes, the data were limited, leading to wider 
confidence intervals and less precise estimates. This lim-
itation highlights the need for further research to confirm 
our findings. Finally, most studies had a follow-up dura-
tion of at least 30 days, but long-term outcomes were not 
considered. This could have provided more information 
about the effects of AKI following TAAD repair, indicat-
ing a gap in the current research.

Despite these limitations, this systematic review and 
meta-analysis provides valuable insights into the out-
comes of AKI following TAAD repair. Future research 

should address these limitations and provide more defin-
itive conclusions.

Conclusion
In conclusion, this meta-analysis confirms that postop-
erative AKI is significantly associated with adverse out-
comes following repair of TAAD, including increased 
mortality, stroke, dialysis/CRRT requirement, cardi-
ovascular and respiratory complications, sepsis, re- 
exploration for bleeding, and prolonged hospital and 
ICU stays. Future research should aim to standardize 

Fig. 6

Forest plots for the outcomes of (a) paraplegia, (b) hepatic failure, (c) lengths of stay in hospital, and (d) lengths of stay in ICU.
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patient populations and outcome definitions to enhance 
understanding of AKI’s prognostic significance in these 
patients. Additionally, large-scale multicenter studies, 
including randomized controlled trials, prospective stud-
ies, are required to validate these findings and to better 
understand long-term outcomes in these patients.
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