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Abstract

Rationale & objective

The prognostic significance of dialysis-dependent end-stage kidney disease on postopera-

tive mortality is unclear. This study aims to estimate the odds of postoperative mortality in

patients receiving chronic dialysis undergoing elective surgery compared to patients with

normal kidney function, and to examine the influence of comorbidities on the excess mortal-

ity risk.

Methods

A systematic search of studies published up to January 2020 was conducted using MED-

LINE, EMBASE and CENTRAL databases. Eligible studies reported postoperative 30-day

or in-hospital mortality in chronic dialysis patients compared to patients with normal kidney

function undergoing elective surgery. Two investigators independently reviewed all

abstracts and performed risk of bias assessments using the Newcastle-Ottawa Scale. Qual-

ity of evidence was summarised in accordance with GRADE methodology (grading of rec-

ommendations, assessment, development and evaluation). Relative mortality risk

estimates were obtained using random effects meta-analysis. Heterogeneity was explored

using meta-regression. (PROSPERO CRD42017076565)

Results

Forty-nine studies involving 41, 822 chronic dialysis and 10, 476, 321 non-dialysis patients

undergoing elective surgery were included. Patients on chronic dialysis had a greatly

increased postoperative mortality odds compared to patients with normal kidney function.

The excess risk ranged from OR 10.8 (95%CI 7.3–15.9) following orthopaedic surgery to
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OR 4.0 (95%CI 3.2–4.9) after vascular surgery. Adjustment for age and comorbidity attenu-

ated the excess odds but remained higher for patients on chronic dialysis, irrespective of

surgical discipline. Meta-regression analysis demonstrated an inverse linear relationship

between excess mortality risk and study-level mean age (slope -0.06; P = 0.001) and diabe-

tes prevalence (slope -0.02; p = 0.001).

Conclusions

Patients on chronic dialysis have an increased odds for postoperative mortality following

elective surgery across all surgical disciplines. This relationship is consistent among all stud-

ies, with the excess postoperative mortality attributable to end-stage kidney disease and

chronic dialysis treatment may be lower among older patients with diabetes.

Introduction

People with end-stage kidney disease (ESKD) on chronic dialysis experience high rates of hos-

pitalisation, including the need for surgery, [1–3] and have been reported to have longer hospi-

tal stays and higher in-hospital mortality compared to patients with normal kidney function.

[4, 5] It is unclear whether these heightened risks of postoperative complications are attribut-

able to ESKD per se or the fact this group tend to be advanced in age and have a greater comor-

bid burden. [6, 7] In addition, published reports of postoperative outcomes in dialysis patients

are limited by small studies, inconsistent adjustment for confounding factors, and lack of

accounting for type and urgency of surgery. As a result, chronic dialysis patients are frequently

deemed to be ‘high risk surgical candidates’; potentially affecting their access to surgical care

[8].

Given that the number of people worldwide with ESKD requiring chronic dialysis is pro-

jected to double to 5.4 million by 2030, an increasing number of older, multimorbid chronic

dialysis patients will contemplate elective surgery in the foreseeable future. [9] Therefore,

ascertaining the excess postoperative risk for chronic dialysis patients would assist in planning

elective surgery, mitigating risk and inform shared decision making between patients and cli-

nicians in relation to potential benefits and harms of surgery.

The purposes of this study were to estimate the excess odds of fatal postoperative outcomes

in dialysis-dependent patients compared to patients with normal kidney function, and to

examine the influence of comorbidities on mortality.

Methods

This systematic review adhered to the recommendations of the Meta-analysis Of Observational

Studies in Epidemiology (MOOSE) and the Preferred Reporting Items for Systematic Reviews

and Meta-Analysis (PRISMA) checklists, [10, 11] with a protocol registered in PROSPERO

(CRD42017076565).

Study eligibility criteria

All cohort studies that measured and reported postoperative mortality in adult (aged 18 years

or older) chronic dialysis patients (haemodialysis and peritoneal dialysis) and in a control

group of patients who had normal kidney function, as defined by serum creatinine less than

110μmol/l or absence of International Classification of Disease Coding (ICD) coding of
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chronic kidney disease and ESKD, were considered for inclusion. Non-dialysis dependant

chronic kidney disease patients were excluded. All types of surgery requiring a general anaes-

thetic were considered, including general, orthopaedic, cardiac, vascular and urology/gynaeco-

logical surgery. Kidney transplant surgery and haemodialysis [HD]/peritoneal dialysis [PD]

access surgery were excluded, as the former is performed in highly selected patients following

rigorous cardiovascular evaluation, and the latter is considered minimally invasive surgery.

[12, 13] More so, patients with normal kidney function would be ineligible for these surgeries.

Since many studies reported data over a time period of several years, the data were assigned as

close as possible to the median year in which the patients were recruited. Studies in which

more than 20% of the procedures were emergent (defined as an acute illness leading to an

emergency presentation or an unplanned admission requiring a surgical procedure) were

excluded because emergent procedures have an inherently higher risk of perioperative compli-

cations. Studies reporting outcomes involving patient receiving continuous renal replacement

therapy (CRRT) for acute kidney injury in the perioperative period were also excluded.

Data sources and searches

MEDLINE, Embase and the Cochrane Controlled Register of trials (CENTRAL) were searched

from inception to January 10th 2020, without language restriction using a combination of rele-

vant keywords including surgery, dialysis, postoperative, perioperative mortality and their vari-

ants (S1, S2 and S3 Figs). Exploded MeSH terms for perioperative medicine and chronic

dialysis patients were also used. Search terms were modified to correspond to the tree structure

and descriptors of the two databases. Full-text articles obtained were hand searched for further

references. Tangential electronic exploration using links to related texts was also performed

for additional materials. Case-control studies, animal studies, opinion papers, case reports and

editorials were excluded.

Database of Abstracts of Reviews of Effects (DARE), the Cochrane Database of Systematic

Reviews (CDSR), National Institute for Health and Clinical Excellence (NICE) and the NIHR

Health Technology Assessment (NIHR HTA) programme websites were all searched for exist-

ing reviews.

Data extraction and quality assessment

Two authors (D.P. and A.N.) independently reviewed all titles and abstracts identified in the

initial search to assess study eligibility, and any disagreements were resolved by a third

reviewer (M.F.). Type of surgery, numbers of patient on chronic dialysis and patients with nor-

mal kidney function, summary statistics for baseline characteristics (including cardiovascular

disease, peripheral vascular disease, diabetes mellitus, hypertension and smoking status), and

frequency of postoperative outcomes in each group were extracted from full-text manuscripts

of eligible studies using an electronic data extraction form. Additional data from correspond-

ing authors was requested when required. The primary outcome was all-cause mortality,

defined as either 30-day mortality or death within the same hospitalisation as the index

surgery.

The methodological quality of each study was assessed in duplicate by 2 investigators (DP

and AN) using the Newcastle-Ottawa Scale (NOS), which employs a star system to evaluate the

selection of the study groups (0–4 stars), comparability of the groups (0–2 stars), and ascertain-

ment of the outcome of interest (0–3 stars). [14]

Six reviewers (D.P., E.P, J.C., D.J., C.M., and M.F.) discussed overall quality of evidence and

graded it on the basis outlined by Grading of Recommendations Assessment, Development

and Evaluation (GRADE) working group. [15]
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Data synthesis and analysis

Comparative effect sizes were expressed as either relative risks, hazard ratios or odds ratios

[OR] in the original articles. Unadjusted mortality ORs and 95% CIs were calculated using the

number of events in each group. If no events occurred in one of the groups, then 0.5 was

added to all cells in the 2 x 2 table to avoid computational difficulties with both the inverse var-

iance and Mantel-Haenszel methods. In addition, if studies performed a multivariable analysis

adjusted for age as a minimum, then the reported adjusted OR and 95% CI were recorded.

Random effects meta-analysis was used to estimate the mean weighted effect within the differ-

ent surgery types. Heterogeneity was assessed using both I2 to measure the percentage of varia-

tion in odds ratio estimate due to unobserved differences across studies. I2 tends to 100% as

the number of patients included in a meta-analysis increases, and hence Tau2 is also provided

to reflect absolute variation in odds estimates. [16, 17] Unadjusted and adjusted ORs for the

primary outcome in dialysis versus patients with normal kidney function were pooled by sur-

gical discipline. A pooled odds estimate across surgical disciplines was not calculated as post-

operative risk is inherently related to the type of surgical procedure such that pooling across

disciplines was not clinically relevant. The influence of comorbidities on the odds ratio esti-

mate of postoperative mortality was assessed by a series of weighted univariable and multivari-

able random-effects meta-regression analyses. These analyses included two categories of

predictor variables: study characteristics, including overall study quality (as per NOS), single

versus multicentre cohorts, study continent (United States vs all other countries), median year

of recruitment, surgery duration, single procedure studies versus composite procedures, and

patient characteristics, including age and prevalence of diabetes mellitus or ischaemic heart

disease among dialysis patients compared to patients with normal kidney function. The R2

index was used to quantify the proportion of variance in odds ratios explained by the

covariates.

L’Abbé plots were generated to identify studies with divergent results as well as the study

groups that were responsible for such differences. [18] Sensitivity analysis using meta-influ-

ence analysis was also performed to evaluate the influence of each study on the overall meta-

analysis summary estimate and identify outlier studies that may have affected the validity of

the conclusions. [19] Inter-rater reliability of study selection was assessed using Cohen’s

kappa. A funnel plot and Egger’s test for funnel plot asymmetry were used to assess publication

bias. Statistical analysis was performed with Stata 14.0 for Windows. Statistical significance

was defined as a two-sided p-value <0.05.

Results

Description of included studies

In total, 5135 abstracts were reviewed, from which 115 full-text articles were retrieved and

evaluated (See Fig 1). 49 studies, involving 10,476,321 patients with normal kidney function

and 41,822 chronic dialysis patients, satisfied the inclusion criteria. Table 1 lists the character-

istics and designs of the 49 studies. The definition of chronic dialysis varied across studies,

with 22 studies using registry-based definitions, seven using ICD coding and the remaining

studies confirming chronic dialysis status by medical chart reviews. Twenty-one studies

defined normal kidney function by serum creatinine. Non-emergent cardiac surgery was the

most commonly reported type of surgery (15 studies, 31%), [20–34] followed by general sur-

gery (12 studies, 25%), [4, 35–45] vascular surgery (9 studies, 18%), [41, 46–53] orthopaedic

surgery (9 studies,18%) [54–61] and urologic/gynaecologic surgery (4 studies, 8%)(62–65).

Twenty-two of the 49 studies assessed a single surgical procedure, [24–27, 29, 31–34, 39, 41,
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Fig 1. Study selection.

https://doi.org/10.1371/journal.pone.0234402.g001
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Table 1. Baseline characteristics of included studies.

Author Country Type of Surgery Dialysis type Total number of

patients in study (n)

Mean age years (SD)

Median age [IQR]

Ischaemic heart

disease (%)

Diabetes (%)

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Cardiac Surgery

Al Sarraf [20],

2011

Ireland Coronary artery bypass

graft & Valve

Unspecified 3276 45 63.2(10.2) 62(12.3) 2763

(84.3)

36 (80) 560 (17.1) 10 (22.2)

Charytan [21],

2007

USA Coronary artery bypass

graft & Valve

Both 77323 635 66.1‡ 62.9‡ 14619

(18.9)

253

(39.8)

23208

(30.0)

367

(57.8)

Chikwe

[22],2010

USA Coronary artery bypass

graft

Unspecified 2803 96 65.6(0.7) 63.3

(10.7)

1398

(49.9)

52 (54.2) 1092

(38.9)

69 (71.9)

Cooper [23],

2006

USA Coronary artery bypass

graft & Valve

Unspecified 104880 7152 58.9‡ 63‡ 9439 (8.9) 1595

(22.3)

31464 (30) 4363

(61.0)

Fukushima

[24], 2005

Japan Coronary artery bypass

graft

HD 451 20 67.2(8) 63.9(8) 451(100) 20 (100) 243 (53.9) 13 (65)

Griffin [34]

2019

USA Coronary artery bypass

and valve

HD 1416 35 62.6 (14.3) 58.8

(13.0)

1416 (100) 35 (100) 434 (30.7) 22 (62.9)

Kan [25], 2004 Taiwan Coronary artery bypass

graft

Both 69 23 63.8(11.2) 63.8(9.9) 23 (33.3) 23 (100) 34 (49.3) 15 (65.2)

Montgomery

[45] 2019

USA Bariatric surgery Unspecified 417 403 1244 44.2

[35.7–

53.3]

49.0

[41.6–

55.8]

12497

(3.0)

199

(16.0)

109509

(26.2)

690

(55.5)

Murai [26],

2007

Japan Coronary artery bypass

graft

HD 60 39 67.2(7.9) 63.2

(10.2)

60 (100) 39 (100) NR NR

Nakayama

[27], 2003

Japan Coronary artery bypass

graft

Unspecified 794 84 65.9(9.4) 64.5(8.8) 794 (100) 84 (100) 245 (30.9) 35 (41.7)

Rahmanian

[28], 2008

USA Coronary artery bypass

graft

Unspecified 6449 245 63.9(13.8) 61.3

(13.2)

1548

(30.1)

81 (33.1) 1548

(24.0)

104

(42.4)

Raza [29],

2017

USA Valve surgery HD 199 144 58‡ 55‡ NR NR NR NR

Yamauchi

[33], 2012

Japan Coronary artery bypass

graft

HD 18387 1300 68.7(9.4) 65.4(9.2) NR NR 8826

(48.0)

854

(65.7)

Wong [32]

2003

Canada Coronary artery bypass

graft

Unspecified 70 35 64(11) 64(11) 32 (45.7) 14 (40) 31 (44.3) 8 (22.9)

Vasileva [31]

2014

USA Cardiac Valve surgery Unspecified 85083 1480 63[52–72] 55[45–

65]

NR NR 10295

(12.1)

463

(31.3)

Thourani [30],

2012

USA Coronary artery bypass

graft and Valve

Haemodialysis 5084 224 61(14.8) 54(14.0) 798 (15.7) 46 (20.5) 933 (18.4) 87 (38.8)

General Surgery

Andalib [35],

2016

USA Bariatric procedures Both 113677 234 44.7(11.6) 47.3

(10.4)

154 (0.1) 1 (0.4) 30602

(26.9)

112

(47.9)

Barbas [36],

2014

USA Hepatobiliary Both 27275 101 62 [53–71] 60 [53–

68]

2204 (8.1) 17 (16.8) 5431

(19.9)

48 (47.5)

Cheng [37],

2013

Taiwan General Both 8937 8937 65‡ 65.5‡ 3965

(44.4)

3930

(43.9)

4628

(51.8)

4589

(51.3)

Cloyd [38],

2014

USA General HD 24110 149 61.3(15.5) 62.3

(13.4)

NR NR NR NR

Ekici [39],

2009

Turkey Laparoscopic

Cholecystectomy

PD 33 11 45.6(11) 44.2(9.1) NR NR NR NR

Gajdos [4],

2013

USA General surgery Both 164094 1506 55.4(16.8) 59.6

(15.1)

1590 (1.0) 100 (6.6) 26764

(16.3)

583

(38.7)

Hu [40], 2015 USA Colorectal Surgery

(General)

Unspecified 42138 265 70 [31–90] 67 [19–

90]

NR NR 131 (49.4) 7760

(18.4)

(Continued)
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Table 1. (Continued)

Author Country Type of Surgery Dialysis type Total number of

patients in study (n)

Mean age years (SD)

Median age [IQR]

Ischaemic heart

disease (%)

Diabetes (%)

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Marnique

[44], 2017

Taiwan Skin grafting for head

and neck

reconstruction

Unspecified 841 85 55.9(10.0) 56.3

(10.5)

NR NR 139(16.5) 52 (61.2)

Rao [41] 2014 USA Cholecystectomy Unspecified 80483 512 48.9(17.4) 59.8

(14.9)

563 (0.7) 26 (0.1) 8853

(11.0)

235

(45.9)

Schneider

[42], 2009

USA General Unspecified 108 54 59.8‡ 59.3‡ NR NR NR NR

Tam [43] 2015 USA Ventral hernia

(General)

Unspecified 90993 700 53.5(14.5) 56.7

(13.5)

7097 (7.8) 160

(22.9)

12189

(13.4)

214

(30.6)

Orthopaedic Surgery

Chikuda [54],

2012

Japan Spinal surgery

(Orthopaedic)

HD 50779 869 62.3(15.6) 64.3(8.2) 2597 (5.1) 126

(14.5)

6252

(12.3)

166

(19.1)

Cancienne

[61] 2019

USA Shoulder arthroplasty Both 3675 1225 67.5‡ 67.5‡ 2570

(69.9)

881

(71.9)

2766

(75.3)

922

(75.3)

Chung [55],

2017

USA Spinal surgery

(Orthopaedic)

Unspecified 2522594 1834 59.9(14.7) 64.2

(11.6)

48814

(1.9)

273

(14.9)

421178

(16.7)

907

(49.5)

Hickson [66]

2018

USA Hip arthroplasty Both 1508 377 78 [68–85] 77 [67–

84]

NR NR 648 (43.0) 162

(43.0)

Lizaur-Utrilla

[56], 2016

Spain Arthroplasty HD 30 15 70.1[58–

72]

69.3[56–

72]

8 (26.7) 4 (26.7) 7 (23.3) 6 (40)

Ottesen [59],

2018

USA Spinal surgery

(Orthopaedic)

Unspecified 173311 467 57.0(5.5) 63(7.0) NR NR NR NR

Ottesen [60],

2018

USA Total knee arthroplasty Unspecified 163560 250 67.0(7.0) 68.0(7.0) NR NR NR NR

Ponumsamy

[57], 2015

USA Arthroplasty Unspecified 6186475 2934 66.8(0.1) 66.7(0.6) NR NR NR NR

Yu [58] 2011 Taiwan Spinal surgery

(Orthopaedic)

HD 34 43 61.5(8.1) 62.5(8.1) NR NR 3 (8.8) 7 (16.3)

Vascular surgery

Ambur [52]

2019

USA Lower extremity

bypass

Both 6101 550 68.2 (11.7) 66.4

(10.7)

188 (3.0) 42 (7.6) 2924

(47.9)

349

(63.5)

Balceniuk [53]

2019

USA Distal lower extremity

bypass

Both 12006 1014 68.4‡ 67.3‡ 209 (2.0) 29 (3.0) 5501

(57.0)

784

(81.0)

Gajdos [50],

2013

USA Vascular procedures

involving both

peripheral arteries,

carotid and aorta.

Both 34813 1409 70.3(10.8) 64.3

(13.8)

7129

(20.5)

335

(23.8)

9029

(25.9)

726

(51.5)

Hibino [46],

2016

Japan Abdominal aortic

aneurysm repair

(Vascular)

HD 679 21 65.7(13) 63.5

(15.5)

NR NR 79 (11.6) 9 (42.9)

Hickson [51],

2018

USA Lower extremity

amputation

Unspecified 5302 1166 68.0(11.0) 65.0(7.5) NR NR 3085

(58.2)

882

(75.6)

Lantis [47]

2001

USA Infrainguinal bypass Unspecified 481 60 69‡ 63.0‡ 241 (50.1) 38 (63.3) 212 (44.1) 50 (83.3)

Nicholas [48],

2000

USA Infrainguinal bypass

(Vascular)

Unspecified 46 57 72.3(9.1) 65.8(9.8) 35 (76.1) 55 (96.4) 29 (63.0) 46 (80.7)

O Hare [49]

2003

USA Non-traumatic lower

limb amputation

Unspecified 11051 1110 68‡ 68‡ 884 (8.0) 189

(17.0)

5747

(52.0)

799

(72.0)

Rao [67], 2017 USA Infrainguinal bypass

(Vascular)

Both 33318 1623 66.7(11.0) 66.0

(10.7)

433(1.3) 73 (4.5) 12228

(36.7)

1034

(63.7)

(Continued)
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43, 46, 53, 54, 56–58, 60–65] while the remaining 27 studies examined a combination of disci-

pline-specific surgical interventions.

Thirty six studies did not report dialysis modality, eleven studies specifically examined hae-

modialysis patients only, [24, 26, 29, 30, 33, 34, 38, 40, 46, 54, 58, 62] and two studies reported

on outcomes for patients on peritoneal dialysis separately. [39, 61] Only four studies recorded

the cause of death. [25, 32, 46, 58]

Of the 49 studies, 19 reported findings from a single centre [20, 22, 24–30, 32, 39, 42, 46–48,

56, 58, 62, 64] and only three collected data prospectively. [20, 24, 58] Twenty-seven studies

extracted information from existing data registries while the remaining extracted information

from re-examined health records. Thirty-four studies were reported from North America, [4,

21–23, 28–31, 34–36, 38, 40–43, 45, 47–53, 55, 57, 59–61, 63, 65–67] 11 from Asia [24–27, 33,

37, 44, 46, 54, 58, 64] and 4 from Europe. [20, 39, 56, 62] Thirty four studies were published

after 2010. [4, 20, 22, 29–31, 34–38, 40, 41, 43–46, 50–61, 63–67]

All 49 studies reported age and gender, but comorbidities were less consistently described,

with 37 (76%) studies reporting the prevalence of diabetes mellitus, [4, 20–25, 27, 28, 30–37,

40, 41, 43, 45–56, 58, 61, 65–67] 31 (63%) reporting ischaemic heart disease(IHD), [4, 20–28,

30, 32, 34–37, 41, 43, 45, 47–50, 52–56, 61, 65, 67] 21 (43%) reporting smoking status, [23, 25,

30, 32–36, 40–42, 46–49, 51, 53, 67] and 15 studies (31%) reporting all three comorbidities.

[32, 35, 36, 45, 47, 49, 52, 61, 65, 68–73]

Meta-analyses: All-cause mortality

The incidence of in-hospital and/or 30-day mortality ranged from 0 to 19.3% in dialysis

patients and from 0 to 7.7% in patients with normal kidney function, depending on surgical

discipline and study (S1 Table). All studies consistently demonstrated an increased odds ratio

of post-operative mortality in dialysis patients compared to patients with normal kidney func-

tion regardless of surgical discipline with the OR ranging from 3.96 (95%CI 3.23–4.87) to

10.76 (95%CI 7.30–15.86) (Fig 2).

The highest reported absolute median mortality rate was for chronic dialysis patients

undergoing cardiac surgery (8.7%), followed by vascular surgery (7.8%). The largest odds ratio

for postoperative mortality was observed for orthopaedic surgery (9 studies, 8014 dialysis

Table 1. (Continued)

Author Country Type of Surgery Dialysis type Total number of

patients in study (n)

Mean age years (SD)

Median age [IQR]

Ischaemic heart

disease (%)

Diabetes (%)

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Normal

kidney

function

Dialysis

patients

Urology/gynaecology surgery

Fornara [62],

1998

Germany Laparoscopic

Nephrectomy

HD 20 19 38 [24–70] 45 [20–

73]

NR NR NR NR

May [65] 2018 USA Laprascopic

nephrectomy

Both 7870 445 55 55 56 (0.7) 14 (3.1) 1637(20.8) 141

(31.7)

Schmitges

[63], 2012

USA Nephrectomy

(Urologic/

Gynaecologic)

Unspecified 3764 941 59(12.8) 59.1

(12.7)

NR NR NR NR

Yamashita

[64] 2012

Japan Nephrectomy

(Urologic/

Gynaecologic)

Both 104 38 61.9(14.1) 58.3

(11.4)

NR NR NR NR

‡ Standard deviation or interquartile range not provided

https://doi.org/10.1371/journal.pone.0234402.t001
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patients, OR 10.76, 95% CI 7.30–15.86, I2 77.1%, p for heterogeneity <0.001, Tau2 = 0.04, low

certainty evidence), followed by general surgery (12 studies, 13 798 dialysis patients, OR 6.67,

95% CI 4.11–10.83, I2 90.3%, p for heterogeneity <0.001, Tau2 = 0.56, low certainty evidence)

and cardiac surgery (15 studies, 11 557 dialysis patients, OR 4.23, 95% CI 3.21–5.56, I2 81.9, p

for heterogeneity <0.001, Tau2 = 0.14, low certainty evidence). The lower bound of the 95%CI

was greater than 1.0 in 73% of included studies.

Vascular surgery carried the lowest odds of postoperative mortality for chronic dialysis

patients (9 studies, 7010 dialysis patients, OR 3.96, 95% CI 3.23–4.87 I2 = 68.1%, p for hetero-

geneity 0.003, Tau2 = 0.05, low certainty evidence).

Twenty-three studies examined risk of postoperative mortality after adjusting for covari-

ates, with age as a minimum. Subgroup meta-analysis from the 23 studies showed that dialysis

patients remained at higher risk of postoperative death compared to patients with normal kid-

ney function (OR ranged from 2.48 to 4.88), but lower than the relative risk observed in studies

reporting unadjusted analyses. Except for a single study by Barbas et al, which observed no sig-

nificant differences in postoperative mortality odds between dialysis patients and patients with

normal kidney function following pancreatic procedures (OR 0.97, 95% CI 0.26–3.60, p = 0.99,

low certainty evidence), the ORs for death in all other individual studies showed a significantly

Fig 2. Odds of Postoperative mortality in patients on chronic dialysis (unadjusted and adjusted).

https://doi.org/10.1371/journal.pone.0234402.g002
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greater mortality odds for dialysis patients compared to those with normal kidney function

(Fig 2).

Pooled adjusted ORs by surgical discipline showed that orthopaedic surgery (4 studies,

5485 patients, OR 4.88, 95% CI 3.35–6.40, I2 53.5%, p for heterogeneity = 0.091, Tau2 = 0.09,

low certainty evidence) retained the highest mortality odds ratio for dialysis patients, followed

by vascular surgery (4 studies, 4692 patients, OR 3.74, 95% CI 3.21–4.28, I2 53.0%, p for hetero-

geneity = 0.094, Tau2 = 0.02, low certainty evidence) and cardiac surgery (7 studies, 9877

patients, OR 3.54, 95% CI 3.23–3.85, I2 62.4%, p for heterogeneity = 0.014, Tau2 = 0.10, low

certainty evidence).

Cause of death was poorly reported, thus formal analyses to evaluate cause-specific mortal-

ity were not performed.

Explaining variation in relative risk estimates

A series of weighted univariable and multivariable random-effects meta-regression analyses

were performed using study characteristics, including overall study quality (as per NOS), sin-

gle versus multicentre cohorts, study continent, median year of recruitment, single procedure

studies versus composite procedures, and cardiac versus non-cardiac surgery, none of which

explained the variation in observed effect estimates. However, meta-regression with patient

characteristics as predictor variables, including weighted mean age, prevalence of diabetes mel-

litus and ischaemic heart disease, did explain some of the variation in the observed mortality

odds ratios. Univariable meta-regression of postoperative mortality odds ratio with weighted

mean age of each study as a predictor variable showed that the logarithmic odds of postopera-

tive mortality had an inverse linear relationship with mean age (slope -0.04 95%CI -0.06 –

-0.01; p = 0.018; Fig 3A). A similar inverse relationship was found for diabetes (slope -0.02

95% CI -0.03–0.01; p = 0.022) but not ischaemic heart disease (slope -0.01 95% CI -0.01–0.00;

p = 0.156, see Fig 3B and 3C, respectively). However, in multivariable meta-regression with all

3 factors, only diabetes mellitus was significant (slope -0.02 95% CI -0.03–0.00; p = 0.045).

Risk of bias and certainty of evidence

As per the Newcastle-Ottawa Scale, reporting of outcomes was of good quality, but compara-

bility of patient groups on the basis of analysis was poor in 26 (53%) studies due to the absence

of multivariable adjustment for patient demographics and co-morbidities (S2 Table). [24–27,

29, 32, 33, 35, 39, 41, 42, 46–48, 51, 54, 56, 58, 62, 64]

L’Abbe plots and meta-influence analysis did not identify studies with outlying results or

patient groups that may have been responsible for differences in estimates of relative mortality

risk (S4 and S5 Figs).

There was no significant evidence of publication bias, as determined by funnel plot (S6 Fig)

and Egger’s test (p = 0.328). Inter-rater variability between the two independent reviewers was

strong (κ = 0.81).

The certainty in the quality of evidence used to estimate postoperative mortality odds was

deemed to be low. The quality of evidence was downgraded due to serious concern with risk of

bias and inconsistency in the magnitude of odds ratio estimates. The large and consistent

direction of risk estimates improved the strength of evidence (S3 Table).

Discussion

This systematic review and meta-analysis demonstrated an increase in postoperative mortality

odds in patients with ESKD requiring dialysis compared to patients with normal kidney func-

tion following all types of elective surgery (OR range 4.0 (95%CI 3.2–4.9)– 10.8 (95%CI 7.3–
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15.9)). Sensitivity analyses including studies only reporting multivariable adjusted risk esti-

mates reduced the odds (OR range 2.5 (95%CI 2.1–2.8)– 4.9 (95%CI 3.4–6.4)), highlighting

the importance of judicious interpretation of odds ratios where comparator patients are not

matched for important demographic and comorbid characteristics. Furthermore, our meta-

regression analyses demonstrated that the excess odds for postoperative mortality attributable

to receiving chronic dialysis was attenuated by increasing patient age and prevalence of diabe-

tes, which are themselves established independent risk factors for post-operative mortality.

[74] Having said that, a number of non-traditional risk factors associated with end-stage kid-

ney disease including accelerated vascular calcification, mineral bone disease, anaemia,

increased oxidative stress and impaired immunity, are all likely contributing factors [75–77].

Another potential reason for the observed elevated mortality odds, is the definition of dialy-

sis dependent ESKD patients used in the studies. Major databases from which a number of

studies were undertaken, including the American College of Surgeons National Surgical Qual-

ity Improvement Program (ACS NSQIP), Vascular Quality Improvement Program and The

Society of Thoracic Surgeons Database (STS), do not record the presence of ESKD per se but

rather the requirement of dialysis at the time of surgery to indicate the presence of ESKD with-

out distinguishing between an acute kidney injury requiring dialysis and a patient with ESKD.

Fig 3. a-c, Meta-regression for postoperative mortality risk by mean age, prevalence of diabetes mellitus and ischaemic heart disease. a.

Each circle represents a study; the circle size is representative of the weight of that study in the analysis. The relation between logarithmic

mortality odds risk and the weighted mean age of dialysis and non-dialysis patients is significant (slope -0.04, 95% CI -0.06 –-0.01, I2
81.9%, adjusted R2 18.5%, p = 0.018). b. Each circle represents a study; the circle size is representative of the weight of that study in the

analysis. The relation between logarithmic mortality odds risk and the prevalence of diabetes mellitus of dialysis and non-dialysis

patients is significant (slope -0.02, 95% CI -0.03 –-0.01, I2 84.2%, adjusted R2 19.6%, p = 0.022). c. Each circle represents a study; the

circle size is representative of the weight of that study in the analysis. The relation between logarithmic mortality odds risk and the

prevalence of ischemic heart disease of dialysis and non-dialysis patients is significant (slope -0.01, 95% CI -0.01–0.00, I2 88.7%, adjusted

R2 5.1%, p = 0.156).

https://doi.org/10.1371/journal.pone.0234402.g003
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Patients with severe acute kidney injury requiring dialysis tend to be sicker and have a substan-

tially increased mortality odds at baseline, and therefore the inclusion of these patients may

have potentially exaggerate the findings [78].

Nevertheless, patients considering kidney transplant surgery undergo rigorous cardiovascu-

lar assessment to identify occult coronary artery disease. However, no such recommendations

exist to guide clinicians when contemplating elective surgery. In addition, studies comparing

patient outcomes of surgical treatment to those of continued medical management are lacking.

In a prior meta-analysis of 31 cohort studies involving 125 930 patients with normal kidney

function and 27 955 with non-dialysis-requiring chronic kidney disease, kidney dysfunction

was identified as an important risk factor for post-operative death (OR 2.8; 95% CI 2.1–3.7),

similar to that observed for diabetes, stroke and coronary artery disease. [6] Subsequent meta-

regression demonstrated a graded relationship between declining glomerular filtration rate

and post-operative mortality. The results of our meta-analysis with meta-regression support

these findings and extend them by demonstrating that the odds of post-operative mortality

remain elevated when patients transition to dialysis. Studies did not report cause of death

thereby precluding further exploration of mechanisms of heightened risk. Indeed, adverse

effects associated with ESKD and dialysis treatment itself on the cardiovascular and immune

system may be important factors in the causal pathway. [79]

Strengths and weaknesses

A comprehensive search strategy was used to identify published studies, ultimately pooling a

large number of dialysis patients across all elective surgical types, allowing for greater generali-

sability to clinical care. Rigorous assessment of methodologic quality using a validated tool,

robust ascertainment of patient-level outcomes, and use of meta-regression to explore hetero-

geneity and interactions are key strengths of this review. Nine studies did not provide state-

ments on the adequacy of follow-up and eight did not explicitly state at the start of the study

that the outcome of interest was not present.

Meta-regression identified that age and presence of diabetes attentuated the association

between dialysis status and postoperative mortality, rather than specific attributes of the stud-

ies themselves. Furthermore, not all studies reporting adjusted results adjusted for the same

covariates, so that adjustment by itself varied. Despite adjustment for potentital confounding

variables, such as age, indication bias with residual confounding could not be excluded. Many

of the studies did not report potentially important confounding variables, such as primary kid-

ney disease, dialysis modality, vintage, and dialysis access type, residual kidney function or use

of immunosuppression. The majority of studies occurred in North America thereby poten-

tially limiting the generalisability of the review’s findings. The definition of dialysis depen-

dency varied across the studies, such that the possibility of misclassification of acute kidney

injury requiring dialysis could not be excluded.

This review highlights the urgent need for future prospective studies to be more compre-

hensive in reporting patient baseline dialysis treatment characteristics (e.g. aetiology of kidney

disease, dialysis modality, time on dialysis, access type, etc), procedural information and cause

of death to allow for more informative analyses with adjustment for confounding, to help

direct clinician’s perioperative risk assessment and efforts to minimise risk.

In conclusion, patients on chronic dialysis have a two- to fivefold increased odds of postop-

erative mortality following elective surgery. The magnitude of the excess odds attributable to

dialysis dependent chronic kidney disease may be lower among older patients with diabetes.
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hemodialysis and peritoneal dialysis patients in Canada. Kidney international. 2000; 57(6):2557–63.

https://doi.org/10.1046/j.1523-1755.2000.00115.x PMID: 10844625

3. Mcdonald SP, Tong B. Morbidity burden of end-stage kidney disease in Australia: Hospital separation

rates among people receiving kidney replacement therapy. Nephrology. 2011; 16(8):758–66. https://

doi.org/10.1111/j.1440-1797.2011.01486.x PMID: 21707839

4. Gajdos C, Hawn MT, Kile D, Robinson TN, Henderson WG. Risk of major nonemergent inpatient gen-

eral surgical procedures in patients on long-term dialysis. JAMA Surgery. 2013; 148(2):137–43. https://

doi.org/10.1001/2013.jamasurg.347 PMID: 23560284

5. Liu JY, Birkmeyer NJO, Sanders JH, Morton JR, Henriques HF, Lahey SJ, et al. Risks of morbidity and

mortality in dialysis patients undergoing coronary artery bypass surgery. Circulation. 2000; 102

(24):2973–7. https://doi.org/10.1161/01.cir.102.24.2973 PMID: 11113048

6. Mathew A, Devereaux P, O’hare A, Tonelli M, Thiessen-Philbrook H, Nevis I, et al. Chronic kidney dis-

ease and postoperative mortality: a systematic review and meta-analysis. Kidney international. 2008;

73(9):1069–81. https://doi.org/10.1038/ki.2008.29 PMID: 18288098

7. Johansen KL, Chertow GM, Jin C, Kutner NG. Significance of Frailty among Dialysis Patients. Journal

of the American Society of Nephrology. 2007; 18(11):2960–7. https://doi.org/10.1681/ASN.

2007020221 PMID: 17942958

8. Palamuthusingam D, Johnson DW, Hawley CM, Pascoe E, Sivalingam P, Fahim M. Perioperative out-

comes and risk assessment in dialysis patients: current knowledge and future directions. Internal medi-

cine journal. 2019; 49(6):702–10. https://doi.org/10.1111/imj.14168 PMID: 30485661

9. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide access to treatment for

end-stage kidney disease: a systematic review. The Lancet. 2015; 385(9981):1975–82.

10. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observa-

tional studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epi-

demiology (MOOSE) group. Jama. 2000; 283(15):2008–12. https://doi.org/10.1001/jama.283.15.2008

PMID: 10789670

11. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. Journal of clinical epidemiology. 2009; 62(10):1006–12. https://doi.

org/10.1016/j.jclinepi.2009.06.005 PMID: 19631508

12. Ochsner JL. Minimally Invasive Surgical Procedures. The Ochsner Journal. 2000; 2(3):135–6. PMID:

21765681

13. Humar A, Matas AJ, editors. Surgical complications after kidney transplantation. Seminars in dialysis;

2005: Wiley Online Library.

14. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-

domized studies in meta-analyses. European journal of epidemiology. 2010; 25(9):603–5. https://doi.

org/10.1007/s10654-010-9491-z PMID: 20652370

15. Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE guidelines: 3.

Rating the quality of evidence. Journal of Clinical Epidemiology. 2011; 64(4):401–6. https://doi.org/10.

1016/j.jclinepi.2010.07.015 PMID: 21208779

16. Rücker G, Schwarzer G, Carpenter JR, Schumacher MJBmrm. Undue reliance on I 2 in assessing het-

erogeneity may mislead. 2008; 8(1):79.

17. Borenstein M, Higgins JP, Hedges LV, Rothstein HRJRsm. Basics of meta-analysis: I2 is not an abso-

lute measure of heterogeneity. 2017; 8(1):5–18. https://doi.org/10.1002/jrsm.1230 PMID: 28058794

18. Song F. Exploring heterogeneity in meta-analysis: is the L’Abbe plot useful? Journal of clinical epidemi-

ology. 1999; 52(8):725–30. https://doi.org/10.1016/s0895-4356(99)00066-9 PMID: 10465316

PLOS ONE Postoperative mortality in chronic dialysis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0234402 June 26, 2020 14 / 18

https://doi.org/10.1053/j.ajkd.2008.06.013
http://www.ncbi.nlm.nih.gov/pubmed/18752877
https://doi.org/10.1046/j.1523-1755.2000.00115.x
http://www.ncbi.nlm.nih.gov/pubmed/10844625
https://doi.org/10.1111/j.1440-1797.2011.01486.x
https://doi.org/10.1111/j.1440-1797.2011.01486.x
http://www.ncbi.nlm.nih.gov/pubmed/21707839
https://doi.org/10.1001/2013.jamasurg.347
https://doi.org/10.1001/2013.jamasurg.347
http://www.ncbi.nlm.nih.gov/pubmed/23560284
https://doi.org/10.1161/01.cir.102.24.2973
http://www.ncbi.nlm.nih.gov/pubmed/11113048
https://doi.org/10.1038/ki.2008.29
http://www.ncbi.nlm.nih.gov/pubmed/18288098
https://doi.org/10.1681/ASN.2007020221
https://doi.org/10.1681/ASN.2007020221
http://www.ncbi.nlm.nih.gov/pubmed/17942958
https://doi.org/10.1111/imj.14168
http://www.ncbi.nlm.nih.gov/pubmed/30485661
https://doi.org/10.1001/jama.283.15.2008
http://www.ncbi.nlm.nih.gov/pubmed/10789670
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
http://www.ncbi.nlm.nih.gov/pubmed/21765681
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015
http://www.ncbi.nlm.nih.gov/pubmed/21208779
https://doi.org/10.1002/jrsm.1230
http://www.ncbi.nlm.nih.gov/pubmed/28058794
https://doi.org/10.1016/s0895-4356(99)00066-9
http://www.ncbi.nlm.nih.gov/pubmed/10465316
https://doi.org/10.1371/journal.pone.0234402


19. Viechtbauer W, Cheung MWL. Outlier and influence diagnostics for meta-analysis. Research Synthesis

Methods. 2010; 1(2):112–25. https://doi.org/10.1002/jrsm.11 PMID: 26061377

20. Al-Sarraf N, Thalib L, Hughes A, Houlihan M, Tolan M, Young V, et al. The effect of preoperative renal

dysfunction with or without dialysis on early postoperative outcome following cardiac surgery. Interna-

tional Journal of Surgery. 2011; 9(2):183–7. https://doi.org/10.1016/j.ijsu.2010.11.006 PMID: 21087685

21. Charytan DM, Kuntz RE. Risks of coronary artery bypass surgery in dialysis-dependent patients—anal-

ysis of the 2001 National Inpatient Sample. Nephrol Dial Transplant. 2007; 22(6):1665–71. https://doi.

org/10.1093/ndt/gfl835 PMID: 17299001

22. Chikwe J, Castillo JG, Rahmanian PB, Akujuo A, Adams DH, Filsoufi F. The impact of moderatetoend-

stage renal failure on outcomes after coronary artery bypass graft surgery. Journal of Cardiothoracic

and Vascular Anesthesia. 2010; 24(4):574–9. https://doi.org/10.1053/j.jvca.2009.10.017 PMID:

20570181

23. Cooper WA, O’Brien SM, Thourani VH, Guyton RA, Bridges CR, Szczech LA, et al. Impact of renal dys-

function on outcomes of coronary artery bypass surgery: results from the Society of Thoracic Surgeons

National Adult Cardiac Database. Circulation. 2006; 113(8):1063–70. https://doi.org/10.1161/

CIRCULATIONAHA.105.580084 PMID: 16490821

24. Fukushima S, Kobayashi J, Tagusari O, Bando K, Niwaya K, Nakajima H, et al. Early results of off-

pump coronary artery bypass grafting for patients on chronic renal dialysis. The Japanese Journal Of

Thoracic And Cardiovascular Surgery: Official Publication Of The Japanese Association For Thoracic

Surgery = Nihon Kyobu Geka Gakkai Zasshi. 2005; 53(4):186–92.

25. Kan CD, Yang YJ. Coronary artery bypass grafting in patients with dialysis-dependent renal failure.

Texas Heart Institute Journal. 2004; 31(3):224–30. PMID: 15562841

26. Murai N, Kodera K, Sasaki A, Asano R, Kataoka G, Ikeda M, et al. Prognosis after off-pump coronary

artery bypass in patients receiving hemodialysis. Annals Of Thoracic And Cardiovascular Surgery: Offi-

cial Journal Of The Association Of Thoracic And Cardiovascular Surgeons Of Asia. 2007; 13(6):396–9.

27. Nakayama Y, Sakata R, Ura M, Itoh T. Long-term results of coronary artery bypass grafting in patients

with renal insufficiency. The Annals of Thoracic Surgery. 2003; 75(2):496–500. https://doi.org/10.1016/

s0003-4975(02)04380-1 PMID: 12607660

28. Rahmanian PB, Adams DH, Castillo JG, Vassalotti J, Filsoufi F. Early and late outcome of cardiac sur-

gery in dialysis-dependent patients: Single-center experience with 245 consecutive patients. The Jour-

nal of Thoracic and Cardiovascular Surgery. 2008; 135(4):915–22. https://doi.org/10.1016/j.jtcvs.2007.

09.027 PMID: 18374780

29. Raza S, Hussain ST, Rajeswaran J, Ansari A, Trezzi M, Arafat A, et al. Value of surgery for infective

endocarditis in dialysis patients. Journal of Thoracic and Cardiovascular Surgery. 2017; 154(1):61-70.

e6.

30. Thourani VH, Sarin EL, Kilgo PD, Lattouf OM, Puskas JD, Chen EP, et al. Short- and long-term out-

comes in patients undergoing valve surgery with end-stage renal failure receiving chronic hemodialysis.

The Journal of Thoracic and Cardiovascular Surgery. 2012; 144(1):117–23. https://doi.org/10.1016/j.

jtcvs.2011.07.057 PMID: 21868043

31. Vassileva CM, Brennan JM, Gammie JS, Sheng S, Boley T, Saha-Chaudhuri P, et al. Mitral procedure

selection in patients on dialysis: Does mitral repair influence outcomes? Journal of Thoracic and Cardio-

vascular Surgery. 2014; 148(1):144-50.e1.

32. Wong D, Thompson G, Buth K, Sullivan J, Ali I. Angiographic coronary diffuseness and outcomes in

dialysis patients undergoing coronary artery bypass grafting surgery. European journal of cardio-tho-

racic surgery: official journal of the European Association for Cardio-thoracic Surgery. 2003; 24(3):388–

92.

33. Yamauchi T, Miyata H, Sakaguchi T, Miyagawa S, Yoshikawa Y, Takeda K, et al. Coronary artery

bypass grafting in hemodialysis-dependent patients: Analysis of Japan Adult Cardiovascular Surgery

Database. Circulation Journal. 2012; 76(5):1115–20. https://doi.org/10.1253/circj.cj-11-1146 PMID:

22333214

34. Griffin BR, Kohtz PD, Bronsert M, Reece TB, Cleveland JC, Fullerton DA, et al. Postoperative Compli-

cations Are Not Elevated in Well-compensated ESRD Patients Undergoing Cardiac Surgery: End-

Stage Renal Disease Cardiac Surgery Outcomes. Journal of Surgical Research. 2019.

35. Andalib A, Aminian A, Khorgami Z, Navaneethan SD, Schauer PR, Brethauer SA. Safety analysis of pri-

mary bariatric surgery in patients on chronic dialysis. Surgical endoscopy. 2016; 30(6):2583–91. https://

doi.org/10.1007/s00464-015-4530-1 PMID: 26416373

36. Barbas AS, Speicher PJ, Clary BM. Hepatic and pancreatic resection in patients with end-stage renal

disease: A propensity analysis. HPB. 2014; 16(11):1016–22. https://doi.org/10.1111/hpb.12281 PMID:

24931135

PLOS ONE Postoperative mortality in chronic dialysis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0234402 June 26, 2020 15 / 18

https://doi.org/10.1002/jrsm.11
http://www.ncbi.nlm.nih.gov/pubmed/26061377
https://doi.org/10.1016/j.ijsu.2010.11.006
http://www.ncbi.nlm.nih.gov/pubmed/21087685
https://doi.org/10.1093/ndt/gfl835
https://doi.org/10.1093/ndt/gfl835
http://www.ncbi.nlm.nih.gov/pubmed/17299001
https://doi.org/10.1053/j.jvca.2009.10.017
http://www.ncbi.nlm.nih.gov/pubmed/20570181
https://doi.org/10.1161/CIRCULATIONAHA.105.580084
https://doi.org/10.1161/CIRCULATIONAHA.105.580084
http://www.ncbi.nlm.nih.gov/pubmed/16490821
http://www.ncbi.nlm.nih.gov/pubmed/15562841
https://doi.org/10.1016/s0003-4975(02)04380-1
https://doi.org/10.1016/s0003-4975(02)04380-1
http://www.ncbi.nlm.nih.gov/pubmed/12607660
https://doi.org/10.1016/j.jtcvs.2007.09.027
https://doi.org/10.1016/j.jtcvs.2007.09.027
http://www.ncbi.nlm.nih.gov/pubmed/18374780
https://doi.org/10.1016/j.jtcvs.2011.07.057
https://doi.org/10.1016/j.jtcvs.2011.07.057
http://www.ncbi.nlm.nih.gov/pubmed/21868043
https://doi.org/10.1253/circj.cj-11-1146
http://www.ncbi.nlm.nih.gov/pubmed/22333214
https://doi.org/10.1007/s00464-015-4530-1
https://doi.org/10.1007/s00464-015-4530-1
http://www.ncbi.nlm.nih.gov/pubmed/26416373
https://doi.org/10.1111/hpb.12281
http://www.ncbi.nlm.nih.gov/pubmed/24931135
https://doi.org/10.1371/journal.pone.0234402


37. Cherng YG, Liao CC, Chen TH, Xiao D, Wu CH, Chen TL. Are Non-cardiac Surgeries Safe for Dialysis

Patients?—A Population-Based Retrospective Cohort Study. PloS one. 2013; 8(3).

38. Cloyd JM, Ma Y, Morton JM, Kurella Tamura M, Poultsides GA, Visser BC. Does chronic kidney disease

affect outcomes after major abdominal surgery? Results from the National Surgical Quality Improve-

ment Program. Journal Of Gastrointestinal Surgery: Official Journal Of The Society For Surgery Of The

Alimentary Tract. 2014; 18(3):605–12.

39. Ekici Y, Karakayali F, Yagmurdur MC, Moray G, Karakayali H, Haberal M. Laparoscopic cholecystec-

tomy in patients undergoing continuous ambulatory peritoneal dialysis: A case-control study. Surgical

Laparoscopy, Endoscopy and Percutaneous Techniques. 2009; 19(2):101–5. https://doi.org/10.1097/

SLE.0b013e31819f32f5 PMID: 19390273

40. Hu WH, Cajas-Monson LC, Eisenstein S, Parry L, Ramamoorthy S. Association of dialysis with adverse

postoperative outcomes in colorectal cancer—an analysis of ACS-NSQIP. International Journal of

Colorectal Disease. 2015; 30(11):1557–62. https://doi.org/10.1007/s00384-015-2347-y PMID:

26243472

41. Rao A, Polanco A, Chin E, Divino CM, Qiu S, Nguyen SQ. Safety of elective laparoscopic cholecystec-

tomy in patients on dialysis: an analysis of the ACS NSQIP database. Surgical Endoscopy. 2014; 28

(7):2208–12. https://doi.org/10.1007/s00464-014-3454-5 PMID: 24566745

42. Schneider CR, Cobb W, Patel S, Cull D, Anna C, Roettger R. Elective surgery in patients with end stage

renal disease: What’s the risk? American Surgeon. 2009; 75(9):790–3. PMID: 19774950

43. Tam SF, Au JT, Chung PJ, Duncan A, Alfonso AE, Sugiyama G. Is it time to rethink our management of

dialysis patients undergoing elective ventral hernia repair? Analysis of the ACS NSQIP database. Her-

nia: The Journal Of Hernias And Abdominal Wall Surgery. 2015; 19(5):827–33.

44. Manrique OJ, Sharaf B, Martinez-Jorge J, Moran S, Mardini S, Chen H-C, et al. Free Tissue Transfers

for Head and Neck Reconstruction in Patients with End-Stage Renal Disease on Dialysis: Analysis of

Outcomes Using the Taiwan National Health Insurance Research Database. Journal of reconstructive

microsurgery. 2017; 33(08):587–91.

45. Montgomery JR, Waits SA, Dimick JB, Telem DA. Risks of Bariatric Surgery Among Patients With End-

stage Renal Disease. JAMA surgery. 2019; 154(12):1160–2. https://doi.org/10.1001/jamasurg.2019.

2824 PMID: 31553417

46. Hibino M, Oshima H, Narita Y, Abe T, Mutsuga M, Fujimoto KL, et al. Early and Late Outcomes of Tho-

racic Aortic Surgery in Hemodialysis Patients. Annals of Thoracic Surgery. 2016; 102(4):1282–8.

https://doi.org/10.1016/j.athoracsur.2016.03.073 PMID: 27234577

47. Lantis JC, Conte MS, Belkin M, Whittemore AD, Mannick JA, Donaldson MC. Infrainguinal bypass graft-

ing in patients with end-stage renal disease: improving outcomes?s Journal of vascular surgery. 2001;

33(6):1171–8. https://doi.org/10.1067/mva.2001.115607 PMID: 11389414

48. Nicholas GG, Bozorgnia M, Nastasee SA, Reed IJF. Infrainguinal bypass in patients with end-stage

renal disease: Survival and ambulation. Vascular Surgery. 2000; 34(2):147–56.

49. O’Hare AM, Feinglass J, Reiber GE, Rodriguez RA, Daley J, Khuri S, et al. Postoperative mortality after

nontraumatic lower extremity amputation in patients with renal insufficiency. Journal of the American

Society of Nephrology. 2004; 15(2):427–34. https://doi.org/10.1097/01.asn.0000105992.18297.63

PMID: 14747390

50. Gajdos C, Hawn MT, Kile D, Henderson WG, Robinson T, McCarter M, et al. The risk of major elective

vascular surgical procedures in patients with end-stage renal disease. Annals of surgery. 2013; 257

(4):766–73. https://doi.org/10.1097/SLA.0b013e3182686b87 PMID: 22982978

51. Hickson LJ, Rule AD, Thorsteinsdottir B, Shields RC, Porter IE, Fleming MD, et al. Predictors of early

mortality and readmissions among dialysis patients undergoing lower extremity amputation. Journal of

vascular surgery. 2018; 68(5):1505–16. https://doi.org/10.1016/j.jvs.2018.03.408 PMID: 30369411

52. Ambur V, Park P, Gaughan JP, Golarz S, Schmieder F, Van Bemmelen P, et al. The impact of chronic

kidney disease on lower extremity bypass outcomes in patients with critical limb ischemia. Journal of

Vascular Surgery. 2019; 69(2):491–6. https://doi.org/10.1016/j.jvs.2018.05.229 PMID: 30154013

53. Balceniuk MD, Zhao P, Ayers BC, Doyle AJ, Glocker RJ, Stoner MC. IP199. Association Between Distal

Lower Extremity Bypass and Dialysis Status on Short-term Outcomes. Journal of Vascular Surgery.

2019; 69(6):e164.

54. Chikuda H, Yasunaga H, Horiguchi H, Takeshita K, Kawaguchi H, Matsuda S, et al. Mortality and mor-

bidity in dialysis-dependent patients undergoing spinal surgery: Analysis of a National Administrative

Database in Japan. Journal of Bone and Joint Surgery—Series A. 2012; 94(5):433–8.

55. Chung AS, Campbell DH, Hustedt JW, Olmscheid N, Chutkan N. Inpatient Outcomes in Dialysis-

Dependent Patients Undergoing Elective Lumbar Surgery for Degenerative Lumbar Disease. Spine.

2017.

PLOS ONE Postoperative mortality in chronic dialysis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0234402 June 26, 2020 16 / 18

https://doi.org/10.1097/SLE.0b013e31819f32f5
https://doi.org/10.1097/SLE.0b013e31819f32f5
http://www.ncbi.nlm.nih.gov/pubmed/19390273
https://doi.org/10.1007/s00384-015-2347-y
http://www.ncbi.nlm.nih.gov/pubmed/26243472
https://doi.org/10.1007/s00464-014-3454-5
http://www.ncbi.nlm.nih.gov/pubmed/24566745
http://www.ncbi.nlm.nih.gov/pubmed/19774950
https://doi.org/10.1001/jamasurg.2019.2824
https://doi.org/10.1001/jamasurg.2019.2824
http://www.ncbi.nlm.nih.gov/pubmed/31553417
https://doi.org/10.1016/j.athoracsur.2016.03.073
http://www.ncbi.nlm.nih.gov/pubmed/27234577
https://doi.org/10.1067/mva.2001.115607
http://www.ncbi.nlm.nih.gov/pubmed/11389414
https://doi.org/10.1097/01.asn.0000105992.18297.63
http://www.ncbi.nlm.nih.gov/pubmed/14747390
https://doi.org/10.1097/SLA.0b013e3182686b87
http://www.ncbi.nlm.nih.gov/pubmed/22982978
https://doi.org/10.1016/j.jvs.2018.03.408
http://www.ncbi.nlm.nih.gov/pubmed/30369411
https://doi.org/10.1016/j.jvs.2018.05.229
http://www.ncbi.nlm.nih.gov/pubmed/30154013
https://doi.org/10.1371/journal.pone.0234402


56. Lizaur-Utrilla A, Martinez-Mendez D, Collados-Maestre I, Marco-Gómez L, Lopez-Prats FA. Elective
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