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Abstract

Background

Radical cystectomy (RC) is a major surgery associated with a high morbidity rate. Periopera-
tive fluid management according to enhanced recovery after surgery (ERAS) protocols aims
to maintain patients in an optimal euvolemic state while exposing them to acute kidney injury
(AKI) in the event of hypovolemia. Postoperative AKI is associated with severe morbidity
and mortality. Our main objective was to determine the association between perioperative
variables, including some component of ERAS protocols, and occurrence of postoperative
AKI within the first 30 days following RC in patients presenting bladder cancer. Our second-
ary objective was to evaluate the association between a postoperative AKI and the occur-
rence or worsening of a chronic kidney disease (CKD) within the 2 years following RC.

Methods

We conducted a retrospective observational study in a referral cancer center in France on
122 patients who underwent an elective RC for bladder cancer from 01/02/2015 to 30/09/
2019. The primary endpoint was occurrence of AKI between surgery and day 30. The sec-
ondary endpoint was survival without occurrence or worsening of a postoperative CKD. AKI
and CKD were defined by KDIGO (Kidney Disease: Improving Global Outcomes) classifica-
tion. Logistic regression analyse was used to determine independent factors associated
with postoperative AKI. Fine and Gray model was used to determine independent factors
associated with postoperative CKD.

Results

The incidence of postoperative AKI was 58,2% (n = 71). Multivariate analysis showed 5 fac-
tors independently associated with postoperative AKI: intraoperative restrictive vascular
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filling < 5ml/kg/h (OR = 4.39, 95%Cl (1.05-18.39), p = 0.043), postoperative sepsis (OR =
4.61,95%Cl (1.05-20.28), p = 0.043), female sex (OR =0.11, 95%CI (0.02-0.73), p =
0.022), score SOFA (Sequential Organ Failure Assessment) atday 1 (OR =2.19, 95%Cl
(1.15—4.19), p = 0.018) and delta serum creatinine D1 (OR = 1.06, 95%CI (1.02—-1.11), p =
0.006). During the entire follow-up, occurrence or worsening of CKD was diagnosed in 36
(29.5%). A postoperative, AKI was strongly associated with occurrence or worsening of a
CKD within the 2 years following RC even after adjustment for confounding factors (sHR =
2.247, 95%CI [1.051-4.806, p = 0.037]).

Conclusion

A restrictive intraoperative vascular filling < 5ml/kg/h was strongly and independently associ-
ated with the occurrence of postoperative AKI after RC in cancer bladder patients. In this
context, postoperative AKI was strongly associated with the occurrence or worsening of
CKD within the 2 years following RC. A personalized perioperative fluid management strat-
egy needs to be evaluated in these high-risk patients.

Background

Surgical radical cystectomy (RC) remains a crucial step in the treatment of bladder cancer.
However, RC is a major surgical procedure associated with a high morbidity rate, even when
ERAS programs are applied [1]. A meta-analysis of randomized controlled trials has demon-
strated a reduction in postoperative morbidity and length of hospital stay since the introduc-
tion of enhanced recovery after surgery (ERAS) protocols. [2]. Perioperative fluid
management according to the ERAS protocol aims to maintain the patient in the optimal
euvolemic status while avoiding the critical effects of fluid overload. From an anesthetic point
of view, ERAS guidelines induced changes of practice and are now largely validated in major
surgery [3]. We have recently shown that the implementation of ERAS protocols, particularly
in colorectal and abdominal gynecological oncological surgery, reduces minor postoperative
complications and even mortality in elderly subjects [4-6]. In this context, perioperative
hydration management protocols aimed at neutral fluid balance have been shown to reduce
the incidence of major and gastrointestinal complications in patients undergoing major
abdominal surgery [7]. Furthermore, the implementation of restrictive hydration strategies
has been associated with lower mortality rates and reduced complications following major
abdominal surgery, as demonstrated in recent literature [8]. However, there is a persistent con-
cern that restricted hydration could lead to hypovolemia, which could result in renal dysfunc-
tion. [9]. Perioperative urine output is commonly used as an indicator of renal function, and
additional fluid boluses are often administered to overcome oliguria, although evidence for
their efficacy is limited [8]. Following RC, a wide range of postoperative complications have
been described including gastro-intestinal, urinary and renal complications [10]. The inci-
dence of acute kidney injury (AKI) after RC is common. It ranges between 5% and 40%
according to previous reports, depending on the definition [11-14]. In this situation, usually
found predictive factors are comorbidities, high-grade postoperative complications, sex
(male), operative time, neoadjuvant chemotherapy [11-14]. Postoperative AKI is also associ-
ated with severe morbidity and mortality [15, 16]. Of note, restrictive intraoperative fluid
administration has been associated with an increased risk of developing AKI, particularly in
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elderly patients, those receiving antihypertensive drugs and those undergoing prolonged surgi-
cal procedures [17]. It has been shown that patients who partially recovered from an episode
of AKI are at higher risk of long-term mortality [16, 18]. Despite the standardization of surgi-
cal techniques and the introduction of robotic laparoscopy, RC remains a complex procedure
with multiple risks of postoperative complications including AKI [1, 13, 19]. Interestingly,
those who completely recovered from an episode of AKI are more likely to develop incident
chronic kidney disease (CKD) [20]. CKD after RC occurs in 25% to 50% of cases. In this situa-
tion, the main associated factors include preoperative hydronephrosis, pyelonephritis, nephro-
toxic chemotherapy and baseline hypertension [21-23]. Our main objective was to determine
the association between perioperative variables, including some component of ERAS protocols
such as intraoperative vascular filling, and occurrence of postoperative AKI within the first 30
days following RC in patients presenting bladder cancer. Our secondary objective was to eval-
uate the association between a postoperative AKI and the occurrence or worsening of a CKD
within the 2 years following RC.

Briefly, in this study we will first evaluate the incidence of postoperative AKI after RC, sec-
ondly the risk factors associated with it and finally we will assess the impact of AKI on the
occurrence or aggravation of CKD.

Patients

Study design. We conducted a retrospective observational study in a referral cancer cen-
ter in France (Institut Paoli-Calmettes, Marseille). The study was approved by our IRB which
waived the need of informed consent (CYST-IRAAC-IPC 2019-047). In our institution, most
of patients presenting with high grade non-muscle invasive (NMIBC) or invasive (MIBC)
bladder cancer are treated with laparotomy or robotic-assisted RC with pelvic lymphadenect-
omy [24]. Details on preoperative chemotherapy (Table 1), type of surgery (Table 2) and TNM
stage (Table 3) are provided in the results section. All patients undergoing an elective RC for
bladder cancer from 01/02/2015 to 30/09/2019 at Paoli-Calmettes Institute were included in
the study. Data were collected until 06/2020. Exclusion criteria were as follows: age < 18 years,
ASA score >3, partial cystectomy, all reinterventions after partial cystectomies and RC per-
formed for locally advanced gynecologic cancer, frozen pelvis.

Anesthesia and perioperative analgesia. From January 2018 (second period), all patients
treated for a bladder cancer by RC benefited from a specifically designed urological ERAS pro-
tocol [25] (S1 File). Nevertheless, some patients who underwent RC in the first period could be
treated according to components of the ERAS urological protocols even though these were not
yet in place at that time. Indeed, some of ERAS protocol components are common between
the different oncological major surgeries (e.g., intraoperative vascular filling, intraoperative
protective ventilation, intraoperative intravenous lidocaine. . .). For all patients, anesthesia and
analgesia protocols were standardized (S2 File). For most patients, protective ventilation dur-
ing surgery was started immediately from intubation time to the end of the surgical procedure
and included low tidal volume objective (6-8 ml/kg of ideal weight), PEEP > 5 cmH20 and
recruitment maneuvers [26]. During the second period and for most patients, fluid adminis-
tration was performed according to the ERAS protocol objective with a restrictive intraopera-
tive vascular filling (<5ml/kg/h) [25]. During the first period fluid administration was let at
anesthesiologist discretion. For post-operative nausea and vomiting prophylaxis, 8 mg of intra-
venous dexamethasone and 1.25 mg of intravenous droperidol were administrated intraopera-
tively. Four milligrams of ondansetron were administered if Apfel score was > 3 [27].
Placement of an analgesic epidural catheter before the induction of GA was possible at the
anesthetist’s discretion, for patients undergoing laparotomy. Intra-operative intravenous
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Table 1. Pre-operative characteristics.

All patients (n = 122) No AKI (n =51) AKI (n=71) p value
Age (years) 71 [63-76] 71.00 [61.50-76.00] 71.00 [64.50-76.00] 0.493
Sex (%) 0.002
Male 90 (73.8) 30 (58.8) 60 (84.5)
Female 32(26.2) 21 (41.2) 11 (15.5)
Body mass index (kg/mz) 24.9 [22.6-37.7] 24.20 [21.50-26.50] 25.10 [23.40-28.25] 0.038
ASA score (%) 0.183
ASA'1 4(3.3) 3(5.9) 1(1.4)
ASA 2 71 (58.2) 32 (62.7) 39 (54.9)
ASA 3 47 (38.5) 16 (31.4) 31 (43.7)
Antecedents
Charlson Score 5 [4-6] 5.00 [4.00-6.00] 5.00 [4.00-6.00] 0.246
Hypertension 61 (50) 23 (45.1) 38 (53.5) 0.463
RAAS inhibitors 40 (32.8) 14 (27.5) 26 (36.6) 0.332
Diabetes 16 (13.1) 6(11.8) 10 (14.1) 0.918
Smokers 38 (31.1) 18 (36.7) 20 (28.2) 0.328
Peripheral vascular disease 12 (9.8) 4(7.8) 8(11.3) 0.759
Myocardial Infarction 16 (13.1) 4(7.8) 12 (16.9) 0.18
Preoperative biology
Hemoglobin (g/dL) 11.9 [10.7-12.9] 12.00 [10.85-12.9] 11.80 [10.75-12.70] 0.801
Serum Albumin level (g/L) 40 [34-42.5] 38.50 [34.25-41.00] 41.00 [34.00-43.00] 0.354
SCr (umol/L) 97.5 [79-125] 86.00 [77.50-121.50] 101.00 [82.00-125.00] 0.268
GFR (ml/min/1,73m?) 65 [48-81] 65.00 [47.75-86.00] 64.50 [49.75-73.75] 0.688
GFR< 60 ml/min/1,73m> 66 (54.1) 26 (51.0) 40 (56.3) 0.585
Preoperative chemotherapy
MVAC 45 (39.5) 15 (29.4) 30 (42.3) 0.147
GemCis 14 (11.5) 6(11.8) 8 (11.3) 0.932
Cisplatin 60 (49.2) 22 (43.1) 38 (53.5) 0.258
MTX 45 (36.9) 15 (29.4) 30 (42.3) 0.147
Preoperative urologic status
Single kidney 5(4.1) 2(3.9) 3(4.2) 0.933
Preoperative ureteral double J stent 29 (23.8) 20(39.2) 9(12.7) 0.001

Data are presented in median [quartiles] and in terms of population (percentages).

AKI, Acute Kidney Injury; BMI, Body Mass Index; ASA, American Society of Anesthesiologist; ERAS, Early Recovered After Surgery; RAAS, Renin-angiotensin—

aldosterone system; SCr, Serum Creatinine level; GFR, Glomerular Filtration Rate; MVAC, Methotrexate-Vinblastine-Doxorubicin-Cisplatin; GEMCis, Gemcitabin-

Cisplatin; MTX, Methotrexate.

https://doi.org/10.1371/journal.pone.0309549.t001

analgesia was administered with a 0.5 mg/kg bolus of ketamine at induction. Lidocaine admin-
istration was protocolized: a bolus of 1 mg/kg of ideal weight was delivered during induction
of anesthesia and followed by 1.5 mg/kg/h during surgery. It was stopped one hour before the
end of the surgery and analgesia was completed most often with a Transversus Abdominis
Plane block (TAP block) or surgical parietal infiltration of ropivacaine 7.5% for laparotomy
and a surgical infiltration of trocar holes for robot assisted surgery. At the end of surgery, a
multimodal approach of analgesia was employed with an opioid sparing approach (with anti-
inflammatory drugs, ketamine, co analgesic (paracetamol, nefopam) and patient-controlled
intravenous analgesia (PCA) pump (morphine 1 mg/ml, bolus: 1.5 ml, lockout time: 7-10 min,
maximum cumulative dose for 4h: 20-30 mg) for 48h. Other modalities of analgesia (like
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Table 2. Intraoperative characteristics, univariate analysis.

No AKI (n=51) AKI (n=71) p value
Surgical technique
Laparotomy 33 (64.7) 32 (45.1) 0.032
Robotic assisted surgery 25 (49) 49 (69) 0.026
Mixed procedure 7 (9.8) 10 (14.1) 0.955
RC and urine diversion
Ileal conduit 26 (51.0) 31 (43.7) 0.465
Neobladder construction 24 (47) 38 (53.5) 0.481
Ureterocutaneostomy 1(2) 2(2.8) 0.571
Duration of procedure
Anesthesia (min) 486.00 [424.50-568.50] 575.00 [485.50-618.00] 0.001
Surgery (min) 386.00 [332.50-469.00] 464.00 [376.00-512.50] 0.002
Laparoscopy (min) 0.00 [0.00-390.00] 356.50 [0.00-453.00] 0.017
Intraoperative hemodynamic status
Postoperative Lactate (mmol/L) 2.40 [1.73-2.90] 2.30 [1.70-3.00] 0.869
Norepinephrine 4(7.8) 9(12.7) 0.554
Crystalloids (ml/kg/h) 5.55 [4.43-7.97] 4.80 [3.55-6.45] 0.018
Total intra vascular filling (ml/kg/h) 5.55 [4.50-8.28] 4.85 [3.55-6.45] 0.016
Restrictive IV filling < 5 ml/kg/h 24 (47.1) 47 (66.2) 0.035
Blood transfusion 7 (13.7) 7 (9.9) 0.709
Blood loss (ml) 400.00 [250.00-550.00] 400.00 [275.00-600.00] 0.979
Fluid Balance (ml) 1836.00 [1403.00-2752.00] 1912.00 [1349.50-2565.75] 0.981
Cardiac output monitoring 4(7.8) 6 (8.6) 1
End-surgery body temperature 36.60 [36.15-36.90] 36.80 [36.48-37.10] 0.069
Drugs used intraoperatively
NSAIDs 28 (53.8) 33 (47.1) 0.583
Aminoglycosides 2(3.9) 7 (9.9) 0.302
Morphine IV 19 (37.3) 19 (27.1) 0.321
Lidocaine 28 (54.9) 50 (71.4) 0.083
Lidocaine (mg) 70.00 [0.00-513.00] 535 [0.00-734.25] 0.017
Ketamine 48 (94.1) 66 (94.3) 1
Ketamine (mg) 80.00 [60.00-90.00] 90.00 [72.50-100.00] 0.005
Type of loco regional anesthesia
Epidural Anesthesia 10 (19.6) 22 (31.4) 0.210
Intrathecal morphine 2(3.9) 1(1.4) 0.176
Parietal Lidocaine Infusion 15 (29.4) 22 (31.4) 0.844

Data are presented in median [quartiles] and in terms of population (percentages).

AKI, Acute Kidney Injury; IV, Intravenous; GFR, Glomerular Filtration Rate; NSAIDs, Non-Steroidal Anti-Inflammatory Drugs.

https://doi.org/10.1371/journal.pone.0309549.t002

spinal analgesia or thoracic epidural analgesia for 48-72 post-operative hours) were employed
when the anesthetists decided it was necessary. Epidural analgesia was maintained during the
3 post-operative days with naropeine 2% (10 mg/h) and sufentanil (1 pg/h). Spinal analgesia
was performed immediately before the induction of anesthesia using morphine 1% (0.3mg).
All patients were systematically admitted to the intermediate care unit (IMC) for standardized

perioperative care [28].

Data collection and definitions. Patient characteristics, disease status, intraoperative var-

iables, and outcomes were summarized through descriptive statistics in Tables 1-3.
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Table 3. Postoperative characteristics.

No AKI (n=51) AKI (n=71) p value
SAPSII 21.00 [16.50-27.50] 26.00 [21.50-31.50] 0.001
SOFA
Day 1 1.00 [1.00-2.00] 2.00 [2.00-3.00] 0.001
Day 3 0.00 [0.00-1.00] 0.00 [0.00-1.00] 0.933
Clavien-Dindo classification 0.060
No or low-grade complications 41 (80.4) 46 (64.8)
High-grade complications 10 (19.6) 25 (35.2)
Complications
Tleus 17 (33.3) 32 (45.1) 0.261
Urinary tract infection 16 (31.4) 35 (49.3) 0.063
Sepsis 18 (35.3) 42 (59.2) 0.011
Blood transfusion 9(17.6) 24 (33.8) 0.076
Revision surgery 4(7.8) 8 (11.3) 0.759
Radiological Intervention 4(7.8) 10 (14.0) 0.391
Kidney Dialysis 0 (0) 3(4.2) 0.264
Intensive care Unit 0(0) 11(15.5) 0.15
Postoperative biology at Day 1
Lactate (mmol/L) 2.40 [1.73-2.90] 2.30 [1.70-3.00] 0.869
SCr (mmol/L) 96 [74-123] 126 [106-161] <0.001
Na+ (mmol/L) 136.00 [134.00-138.00] 137.00 [135.00-138.00] 0.274
K+ (mmol/L) 4.50 [4.25-4.80] 4.80 [4.50-5.65] 0.002
HCO3- (mmol/L) 23.00 [21.00-25.00] 22.00 [20.00-24.50] 0.346
Hemoglobin (g/dL) 10.30 [9.20-11.20] 10.00 [9.40-11.30] 0.936
CPK (UI/L) 511.00 [233.00-1456.00] 1074.00 [382.00-2310.00] 0.122
Postoperative biology at Day 3
SCr (umol/L) 76 [60-102] 96(76-114] 0.001
Na+ (mmol/L) 136.00 [133.00-138.00] 135.00 [134.00-138.00] 0.733
K+ (mmol/L) 3.90 [3.70-4.10] 4.00 [3.80-4.30] 0.063
HCO3- (mmol/L) 26.00 [24.00-28.00] 26.00 [24.00-28.00] 0.766
Hemoglobin (g/dL) 9.70 [9.00-10.55] 9.40 [9.00-10.75] 0.864
Delta SCr
Day 1 -Preoperative (umol/L) -4 [-13;-10] 26 [9; 44] <0.001
Day 3 —Preoperative (umol/L) -19 [-28; -7] -4 [-22;5.5] <0.001
ERAS Protocol
No ERAS 19 (37.3) 19 (26.8) 0.288
Compliance > 75% 34 (66.7) 52(73.2) 0.432
Compliance <75% 17 (33.3) 19 (26.8) 0.432
AJCC 8™ edition pTNM staging
0is 4(7.8) 8 (11.3) 0.554
0a 7 (13.7) 18 (25.4) 0.116
I 4(7.8) 8(11.3) 0.554
11 8 (15.6) 6(8.5) 0.264
IIIa 17 (33.3) 19 ((26.8) 0.551
v 11 (21.6) 12 (16.9) 0.353
Length of stay (days)
Intermediate care unit 5.00 [3.00-6.00] 5.00 [3.50-7.00] 0.186
Hospital 11.00 [9.00-13.00] 12.00 [10.00-14.00] 0.108
(Continued)
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Table 3. (Continued)

No AKI (n = 51) AKI (n=71) p value
Re-hospitalization 8 (15.7) 16 (22.5) 0.688

Data are presented in median [quartiles] and in terms of population (percentages).

AKI, Acute Kidney Injury; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; Scr, Serum Creatinine level; Na+, Natremia; K+,
Kalaemia; HCO3-, Sodium Bicarbonate; CPK, Creatinine Phospho Kinase; Delta SCr, Difference between serum creatinine level; ERAS, Early Recovery After Surgery.
AJCC 8™ edition pTNM staging, American Joint Committee on Cancer, 8th edition pathological Tumour Node Metastasis staging

https://doi.org/10.1371/journal.pone.0309549.t003

Demographic data, comorbidities such as severe chronic kidney disease (CKD) [29], Charlson
Comorbidity Index Score [30], Karnofsky Index [31] and American Society of Anesthesiolo-
gists Physical Status Classification (ASA score) [32] were recorded using our hospital informa-
tion system (Hopital Manager, Softway Medical, France). Important perioperative parameters
were prospectively gathered from our Anesthesia and ICU information system (Metavision,
iMDsoft, Wakefield, U.S.A.). Postoperatively, important parameters such as SAPS II [33] and
SOFA score [32] at Day 1 (D1) and Day 3 (D3) were systematically recorded as well as postop-
erative complications, sepsis, occurrence of AKI and CKD, changes in postoperative creatinine
levels and compliance to ERAS protocol.

Definitions. The SOFA and SAPS II scores are two commonly used clinical scoring sys-
tems to assess the severity of illness and predict the outcome of patients admitted to the ICU.
The SOFA score evaluates organ dysfunction in six different organ systems, including the
respiratory, cardiovascular, hepatic, coagulation, renal, and neurological systems. Higher
SOFA scores indicate a greater degree of organ dysfunction, and it is often used to monitor the
progression of organ failure during a patient’s stay in the ICU. On the other hand, SAPSII is a
scoring system that takes into account various physiological and clinical parameters, such as
age, vital signs, and laboratory values, to predict the risk of mortality for ICU patients. A higher
SAPS II score indicates a greater risk of mortality, and it is commonly used for risk stratifica-
tion. Both scores provide valuable information for clinicians to assess the condition and prog-
nosis of patients in the ICU. Complications within 30 days after surgery were identified and
classified according to the Clavien-Dindo classification of surgical complications [34]. A severe
complication was defined as a Clavien-Dindo classification Grade IIIa to IVb. Sepsis was
defined according to Sepsis 3 by suspect infection (hyperleukocytosis or leukopenia, fever, pos-
itive bacteriological samples) and SOFA > = 2 [35]. AKI was defined by Kidney Disease
Improving Global Outcomes (KDIGO) with the occurrence of 1 of the 3 items: 1) increase in
serum creatinine by > 26,5 umol/L within 48 hours; 2) increase in serum
creatinine > 1,5-time baseline, which is known or presumed to have occurred within the prior
seven days; 3) urine volume < 0,5 ml/kg/h during 6 hours, KDIGO score were also recorded
[36]. In addition, we calculated the Delta SCr Day 1 and Delta SCr Day 3 (serum creatinine lev-
els at Day 1 or Day 3 minus preoperative serum creatinine level). We also collected all the nec-
essary parameters to evaluate ERAS protocol compliance according to the protocol as
described in S1 File. For each patient, compliance to ERAS protocol was met if 18 of the 24 cri-
teria (>75%) were fulfilled. The 24 perioperative items of ERAS protocol are described in S3
File. The compliance rate for all patients was also assessed and expressed as a percentage. CKD
was defined by a decreased kidney function (glomerular filtration rate [GFR]) <60 mL/min
per 1-73 m?) for 3 months or more [37, 38].

All data were collected by 2 physicians (LC/MM), discordances were subsequently analyzed
by a local adjudication committee. Finally, hospital mortality, IMC and hospital lengths of

PLOS ONE | https://doi.org/10.1371/journal.pone.0309549 October 15, 2024 7/16


https://doi.org/10.1371/journal.pone.0309549.t003
https://doi.org/10.1371/journal.pone.0309549

PLOS ONE

Intraoperative restrictive vascular filling and postoperative acute kidney injury after radical cystectomy

stay, hospital readmission and vital status, alive or death of any cause, at the end of the follow-
up were also recorded.

Main outcomes

Study endpoints. The primary endpoint of this study was occurrence of AKI between sur-
gery and Day 30. The secondary endpoint was survival without occurrence or worsening of
CKD within the 2 years following RC.

Follow up. Overall, patients were followed-up according to the cancer bladder guidelines
[25]. In this context, the short-term follow-up was from the day of surgery until day 30. Long-
term follow-up was from the day of surgery until 24 months after surgery. The patients were
followed after hospital discharge using the hospital information system, which is used for
administrative and medical purposes throughout every procedure, visit, laboratory examina-
tion, vital sign, and other data gathered during hospitalizations or outpatient visits. All data are
compulsorily recorded along with the date and a unique identifier.

Statistical analysis

All of the data are presented as rates (percentages) for the qualitative variables and as median
[25th-75th percentiles] or mean [standard deviations (SD)] for the quantitative variables. Data
were compared between two group of patients: occurrence of AKI within the first 30 days of
the post-operative period (AKI group) or no AKI during this period (no AKI group). Compar-
isons between the 2 groups of patients were realized using the Mann-Whitney test for continu-
ous variables and the Chi-Square or Fisher’s exact tests for categorical variables. All p

values < 0.05 were considered to be statistically significant. We performed a logistic regression
analyses to identify independent variables associated with the development of postoperative
AKI, as measured by the estimated odds ratio (OR) and 95% confidence interval [95% CI].
Factors with significance or borderline significance (p< 0.1) in the univariate analyses and
those related as pertinent factors in the literature were then included in a multivariable regres-
sion model with backward stepwise variable selection (S4 File). We chose 0.1 as the critical p
value for entry into the model and 0.1 as the p value for removal. The required significance
level was set at a p value < 0.05. The Hosmer-Lemeshow test was used to check goodness-of-fit
of the selected logistic model.

In the second part, we analyzed the association of postoperative AKI with occurrence or
worsening of a CKD within the 2 years following surgery. Since patients may die before occur-
rence or worsening of a CKD, we used a competing-risks analysis as described by Fine & Gray
which accounts for the competing risk of death without CKD or death without worsening of a
preexisting CKD [39]. CKD free survival was defined as the interval between the date of sur-
gery and the date of CKD occurrence or worsening, or last follow-up or death from any cause.
For this endpoint the follow-up period was censored at 24 months. Bivariable Fine and Gray
model was used to evaluate the effect of postoperative AKI alone or with confounding factors
on occurrence or worsening of a CKD (S4 File). Results were expressed as sub hazard ratios
(sHR) and 95% confidence intervals [CIs]. Cumulative incidence curves were used to describe
cumulative incidence of occurrence or worsening of a CKD and comparisons between groups
were performed using Gray’s test [40]. Association between postoperative AKI and 2-year
mortality was evaluated using log-rank test. All tests were two-sided, and p values lower than
0.05 were considered statistically significant. Statistical tests were conducted using the SPSS 13
software package (IBM, Armonk, NY, USA) and R software, version 3.4.3 (available on line at:
https://www.rproject.org/).
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Results
Characteristics of patients

From February 2015 to September 2019, 122 patients were included in the study (Fig 1). No
patients were excluded. Regarding the overall cohort (Table 1), 90 (73.8%) patients were male,
the median age was 71 [63-76] years, the Charlson index 5 [4-6] and 47 (38.5%) patients had
ASA score > 2 (Table 1). Prior to surgery, 45 (39.5%) patients had been treated with neoadju-
vant MVAC (Methotrexate-Vinblastine-Doxorubicin-Cisplatin) chemotherapy and 14
(11.5%) with GemCis (Gemcitabine-Cisplatin) chemotherapy. During the intraoperative
period (Table 2), the main surgical approach was robotic assisted surgery for 74 (60.7%)
patients, laparotomy was realized for 65 (53.3%) of which 17 (13.9%) were treated with a
mixed procedure combining the 2 procedures (robotic surgery followed by a conversion lapa-
rotomy). The most frequent surgical technique was orthotopic neobladder for 59 (48.3%)
patients. Surgery duration was 421 minutes (346-501), norepinephrine was used in 13 patients
(11%), total vascular filling was 5.1 ml/kg/h (3.8-7.5), blood loss 400 ml (250-600) and 14
patients received (11.4%) an intraoperative blood transfusion. The postoperative complication
rate at day 30 was 80.3% (n = 98) of which 35 (28.6%) patients had Dindo-Clavien
complications > grade II. At day 30, 71 (58.2%) patients developed an AKI, the mean time to
onset of postoperative AKI was 4.5 (6) days. Twenty-four (20%) patients developed a postoper-
ative AKT after day 1. According to KDIGO criteria: 52 were classified in a stage 1 (73.2%), 10
in a stage 2 (14.1) and 9 in a stage 3 (12.7%). Finally, 3 (2,4%) patients needed renal replace-
ment therapy (RRT). By the 10th day of IMC admission, 57 of the 71 patients who had devel-
oped AKI (80%) had fully recovered from their AKI, and by the 30th day, 66 (93%) patients
had fully recovered from their AKIL

During the study period, 86 (70%) patients received an ERAS protocol with a compliance
rate > 75%. There was no significant difference in the compliance with ERAS protocols
between the AKI and non-AKI groups (52 (73.2%) vs 34 (66.7%), respectively; p = 0.432 and

[ study period: from 01/02/2015 to 30/09/2019 |

First period* (before January 2018) Second period **(from January 2018)
37 patients treated by radical cystectomy 85 patients treated by radical cystectomy

I 122 patients treated by radical cystectomy |

Fig 1. Study flowchart.
https://doi.org/10.1371/journal.pone.0309549.g001

With postoperative AKI (n=71) Without postoperative AKI (n=51)

Compliance with ERAS protocol => n=52 (73%) * Compliance with ERAS protocol => n= 34 (67%)

Intraoperative restrictive vascular filling < 5ml/kg/h => n=47 (66%) ¢ Intraoperative restrictive vascular filling < 5ml/kg/h => n=24 (47%)
*First period, ERAS protocols were only implemented for cancer treatment of patients who **Second period, ERAS protocols were implemented for cancer treatment of patients who
underwent elective colorectal or gynecological surgery underwent elective radical cystectomy for bladder cancer
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Table 3). However, during the first period of the study (n = 38), the compliance with ERAS
protocols was lower than during the second period (n = 84) (13 (34%) vs 72 (87%), respec-
tively; p<<0.001) while the occurrence of AKI was comparable (20 (50%) vs 52 (62%), respec-
tively; p = 0.288).

Postoperative sepsis was present in 60 (49%) patients, in addition 12 (10%) patients under-
went surgical reoperation and 14 (11%) an interventional radiology procedure for which in 11
patients urine was diverted via a percutaneous nephrostomy tube, and in 3 patients percutane-
ous drainage of an intrabdominal collection was performed. Hospital length of stay was 11
[10-14] days; mortality at day 30 in hospital and at day 90 was zero.

By univariate analysis (Tables 1-3), the main factors associated with postoperative AKI
were sex (p = 0.002), BMI (p = 0.038), preoperative double J stent (p = 0.001), robotic assisted
surgery (p = 0.016), restrictive intraoperative vascular filling < 5ml/kg (p = 0.035), SAPSII
score (p = 0.001), SOFA score on day 1 (p = 0.001), duration of surgery (0.002), duration of
laparoscopy (p = 0.017, postoperative sepsis (p = 0.011), serum potassium on day 1 (0.002),
delta serum creatinine D1 (p<<0.001) and delta serum creatinine D3 (p<0.001). Neither the
type of chemotherapy nor the pTNM stage was associated with the occurrence of postoperative
AKIL

Multivariate analysis showed 5 factors independently associated with postoperative AKI:
intraoperative restrictive vascular filling < 5ml/kg/h (OR = 4.39, 95%CI (1.05-18.39),

p = 0.043), postoperative sepsis (OR = 4.61, 95%CI (1.05-20.28), p = 0.043), female sex

(OR =0.11, 95%CI (0.02-0.73), p = 0.022), SOFA score (Sequential Organ Failure Assessment)
atday 1 (OR =2.19, 95%CI (1.15-4.19), p = 0.018) and delta serum creatinine D1 (OR = 1.06,
95%CI (1.02-1.11), p = 0.006).

The median follow-up from the time of surgery was 19 months (95% CI, 16.2-21.2
months), 23 (19%) patients died during the study period and 70 patients were lost to follow-
up. Postoperative AKI was not associated with 2-year mortality, p = 0.959. During the entire
follow-up, occurrence or worsening of CKD was diagnosed in 36 (29.5%; 95%CI, 21.3%-
37.7%) patients, this diagnosis was nevertheless achieved in 18 patients (26%) lost to follow-
up. Finally, a postoperative AKI was strongly associated with occurrence or worsening of a
CKD within the 2 years following RC (sHR = 2.471, 95%CI [1.16-5.263, p = 0.019]). After
adjustment for confounding factors (MVAC, GemCis, preoperative CKD, Charlson comor-
bidity index, ASA score, intraoperative restrictive fluid management, intraoperative vasopres-
sors, ERAS protocol, robot assisted surgery, SOFA score at day 1,serum potassium level at day
1, serum potassium level at day 3, SAPS II score, postoperative complications = Clavien-Dindo
stages and postoperative RRT) postoperative AKI was still associated with occurrence or wors-
ening of a CKD (sHR = 2.247, 95%CI [1.051-4.806, p = 0.037]), S5 File. Of the 36 patients who
developed CKD or worsened pre-existing CKD, 2 (5.5%) were treated with dialysis during the
follow-up period. Cumulative incidence of occurrence or worsening of CKD according to
postoperative AKI are showed Fig 2, p = 0.015.

Discussion

This observational study included 122 patients who underwent RC for bladder cancer. The
incidence of postoperative AKI was 58.2%, and factors independently associated with postop-
erative AKI were a postoperative increase in serum creatinine on day 1 compared with base-
line, a high SOFA score on day 1, postoperative sepsis, male gender and intraoperative
restrictive vascular filling < 5ml/kg/h. Postoperative AKI was independently associated with
the occurrence or worsening of CKD within the 2 years following RC.
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Fig 2. Cumulative incidence of CKD or worsening of preexisting CKD according to postoperative AKI.

https://doi.org/10.1371/journal.pone.0309549.g002

Postoperative AKI

In our study, AKI incidence was higher as compared with recent studies. Indeed, in this con-
text numerous studies show a postoperative AKI incidence of about 30% [12, 17, 41] These dis-
crepancies can be attributed to the fact that these studies defined AKI according to the AKIN
or RIFLE criteria [17, 41], which are known to be less sensitive than the KDIGO classification
criteria we used [42]. Conversely, Ikehata et al. [12] used KDIGO criteria but they excluded all
patients who presented a postoperative infection and AKI was evaluated only during the 7 first
postoperative days [12]. In addition, all our patients were systematically admitted to the inter-
mediate care unit where continuous monitoring allows an early and more accurate diagnosis
of postoperative complications as compared to standard surgical ward [43]. Along this line, a
significant increase in serum creatinine on day 1 was also associated with the occurrence of
postoperative AKI, which occurred 4.5 days after surgery. This parameter reflects immediate
variations of preoperative serum creatinine and is an indirect indicator of the impact of preop-
erative renal function on postoperative AKI, as has already been described in this situation
[13].

Intraoperative fluid management and postoperative AKI

An outstanding result of our study is that a restrictive intraoperative vascular filling strategy
was independently associated with an increased risk of postoperative AKI in patients undergo-
ing radical cystectomy. With regard to ERAS protocols for major abdominal surgery, it has
been shown that a restrictive fluid management strategy may be associated with fewer postop-
erative complications [44]. However, this approach may carry a high risk of acute renal failure.
Indeed, Shin et al. showed in a cohort of 92,094 patients scheduled for non-cardiac surgery
under general anesthesia and extracted from a large hospital registry database, that intraopera-
tive fluid volume was associated with a U-shaped curve in which liberal and restrictive volumes
were significantly associated with acute kidney injury [45]. Furthermore, moderate restrictive
volumes (6-7 mL/kg/h) were consistently associated with optimal postoperative outcomes.
This appears to be particularly relevant in patients at high risk of postoperative complications
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after major abdominal surgery. Indeed, Myles et al. recently showed, in a randomized con-
trolled trial including 3000 high-risk patients for complications during major abdominal sur-
gery, that restrictive fluid regimen (5 ml/kg/h) was associated with a higher rate of acute
kidney injury and RRT during the postoperative period [46]. Taken together, these results
strongly suggest that a restrictive intraoperative vascular filling strategy may be deleterious in
patients at high risk of AKI. Patients undergoing cystectomy represent a high-risk population
for postoperative AKI due to pre-existing renal dysfunction related to the extent of preopera-
tive renal obstruction or baseline CKD but also to certain comorbidities such as age or an anti-
hypertensive medication [17]. In this context a too restrictive approach to administration of
crystalloids may be associated with an increased risk for AKI [17] whereas this strategy seems
to be associated with fewer renal complications after major abdominal surgery in general pop-
ulation [47]. Currently, the intraoperative restrictive fluid management approach is integrated
into most ERAS protocols whatever the type of surgery. In a recent retrospective study, the
impact of ERAS protocol including intraoperative fluid restriction showed that ERAS protocol
increased postoperative AKI incidence in patients undergoing RC, particularly for patients
with preoperative CKD [13]. In contrast, in our study, neither the compliance with ERAS pro-
tocol nor the period of time during which the ERAS protocol was performed were associated
with the occurrence of postoperative AKI. Only a restrictive fluid management in accordance
with ERAS protocols (<5ml/kg/h), whatever the period, was strongly and independently asso-
ciated with AKI. Our results are in line with a recent meta-analysis [48] showing that an
intraoperative goal-directed fluid therapy may not be of benefit to all elective patients under-
going major abdominal surgery. This appears to be particularly obvious for patients managed
in a preexisting ERAS setting in contrast to those managed in a traditional care setting. Our
study suggests that fluid restriction should be used cautiously and not be delivered in all
patients undergoing RC.

Postoperative AKI and outcomes

Another important point in our study is that postoperative AKI is strongly associated with the
occurrence or worsening of CKD postoperative period. Our results are consistent with Han-
nah’s study showing that patients with postoperative AKI demonstrated significantly higher
rates of about 30% of CKD following surgery after controlling for baseline renal function. This
suggests that postoperative AKI of whatever severity and duration may have consequences for
long-term renal function [13]. Indeed, the most marked decline in renal function occurs in the
first two years after cystectomy [49]. For this reason, we set the follow-up of these patients at 2
years after cystectomy. An appropriate fluid management strategy using adequate monitoring
tools for patients at risk for AKI/CKD undergoing radical cystectomy probably needs to be
evaluated. An appropriate fluid management strategy using adequate monitoring tools for
patients at risk for AKI/CKD undergoing radical cystectomy probably needs to be evaluated.
An important point in our study is that postoperative AKI was not associated with short- or
long-term mortality. Overall, the occurrence of postoperative AKI is associated with higher
mortality and longer hospital stays whatever the surgery [50]. Concerning RC, AKI is a fre-
quent postoperative complication, which is usually associated with longer hospital stays, higher
mortality rates but also long-term impairment of renal function that may lead to the develop-
ment of chronic kidney disease (CKD) [13]. The lack of impact on mortality, length of stay
and readmissions could be explained by the fact that all our patients are systematically admit-
ted to the IMC. In fact, our patients who developed AKI had significantly higher severity scores
(SOFA and SAPS II) on admission to IMC than patients who did not develop AKI. Close mon-
itoring of these high-risk patients could improve their prognosis. Indeed, it has been shown
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that systematic admission of surgical cancer patients to IMC may have beneficial effects on
outcomes [6, 43, 51].

Our study presents several limitations. First, its retrospective nature is intrinsically suscepti-
ble to induce selection bias, in this situation, we were not be obviously able to have control
over many variables. However, all perioperative parameters were collected prospectively with
our information system. Second, we cannot totally exclude a time effect on AKI occurrence
since urological ERAS protocols were mainly used during the second period of the study.
However, the 2 periods during which analyses were performed were not associated with AKI
in either univariate or multivariate analysis. Third, we arbitrarily chose to assess the occur-
rence of AKI up to day 30, partly because the majority of postoperative complications are
assessed up to this time in the Dindo-Clavien classification, but also because recent studies
assess this endpoint up to day 30 [52]. This is a controversial point, as some have recently rec-
ommended defining postoperative AKI as occurring when the existing KDIGO criteria for
AKT are met within 7 days of surgery, AKI occurring de novo >7 days after surgery can occur
in a variety of contexts not necessarily related to the surgery itself [53]. Finally, this study was
performed in a single center, this could explain the homogeneity in terms of patients care and
might constitute a bias. Thus, these results must therefore be analyzed with caution and cannot
be generalized to other centers.

Conclusion

A restrictive intraoperative vascular filling < 5ml/kg/h was strongly and independently associ-
ated with the occurrence of postoperative AKI after RC in cancer bladder patients. In this con-
text, postoperative AKI was also associated with the occurrence or worsening of CKD within
the 2 years following RC. A personalized perioperative fluid management strategy needs to be
evaluated in these high-risk patients.
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