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Abstract
Purpose To determine the risk factors associated with major complications in patients with histologically confirmed Xan-
thogranulomatous pyelonephritis (XGP) who underwent nephrectomy.
Methods A multicenter retrospective study was performed including patients who underwent nephrectomy between 2018 and 
2022 with histopathological diagnosis of XGP. Clinical and laboratory parameters at the initial presentation were evaluated. 
Data on extension of XGP was recorded as per the Malek clinical-radiological classification. Characteristics of nephrectomy 
and perioperative outcomes were obtained. The primary outcome was major complications, defined as a CD ≥ grade 3 and 
the need for intensive care unit (ICU) admission. Secondary outcomes included the comparison of complications evaluat-
ing the nephrectomy approach (transperitoneal, retroperitoneal, and laparoscopic). A sub-analysis stratifying patients who 
needed ICU admission and Malek classification was performed.
Results A total of 403 patients from 10 centers were included. Major complications were reported in 98 cases (24.3%), and 
organ injuries were reported in 58 patients (14.4%), being vascular injuries the most frequent (6.2%). Mortality was reported 
in 5 cases (1.2%). A quick Sepsis-related Organ Failure Assessment (qSOFA) score ≥ 2, increased creatinine, paranephric 
extension of disease (Malek stage 3), a positive urine culture, and retroperitoneal approach were independent factors associ-
ated with major complications.
Conclusion Counseling patients on factors associated with higher surgical complications is quintessential when managing 
this disease. Clinical-radiological staging, such as the Malek classification may predict the risk of major complications 
in patients with XGP who will undergo nephrectomy. A transperitoneal open approach may be the next best option when 
laparoscopic approach is not feasible.

Keywords Xanthogranulomatous pyelonephritis · Nephrectomy · Complications · Mortality · Prognosis

Introduction

Xanthogranulomatous pyelonephritis (XGP) is an infre-
quent, but life-threatening, presentation of chronic gran-
ulomatous pyelonephritis, commonly associated with 

obstruction of the collecting system caused by infected 
nephrolithiasis [1]. Treatment consists of broad-spectrum 
antibiotics and often nephrectomy [2, 3]. Surgical interven-
tion can be challenging due to severe diffuse inflammation 
and often a fibrotic reaction that obliterates anatomical 
landmarks, making dissection challenging and leading to 
a greater risk of intra and postoperative morbidity [4, 5].

Different surgical approaches have been used, includ-
ing open transperitoneal, open retroperitoneal, and also 
minimally invasive approaches, such as laparoscopic or 
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robotic-assisted [1, 4, 5]. However, none of these approaches 
has shown better surgical outcomes, nor fewer complica-
tions. In addition, a high rate of open conversion has been 
reported when performing laparoscopic nephrectomy [4, 5].

Due to the rarity of this condition and the scarcity of 
available literature, the factors associated with unfavorable 
surgical outcomes continue to be poorly understood. This 
study aims to determine the risk factors associated with 
major complications in patients with histologically con-
firmed XGP who underwent nephrectomy.

Materials and methods

Retrospective data were obtained from 10 centers in 5 coun-
tries. Adults above 18 years who had a nephrectomy either 
open or laparoscopically between 2018 and 2022 with a 
histopathological diagnosis of XGP were included. Eth-
ics committee approval was obtained at each participating 
center. Patients managed with other therapeutic modalities, 
in whom nephrectomy was not performed and with incom-
plete medical records were excluded.

Study design

Sociodemographic characteristics including age, sex, and 
comorbidities were assessed. Clinical and laboratory param-
eters at the first presentation were evaluated. Laboratory 
parameters included complete blood count, biochemical 
tests, and urinary microbiological cultures. The cutoff val-
ues for various definitions were as follows: leukocytosis as 
having > 11,000/μL white blood cells in blood count, throm-
bocytopenia as having < 150,000/μL platelet in blood count, 
increased serum creatinine as creatinine level of ≥ 1.2 mg/
dL, and hyperglycemia as having a serum glucose level 
of > 200 mg/dL. The quick Sepsis related Organ Failure 
Assessment (qSOFA) score was used, which is a 3-point 
scoring system including altered mental status,  > 22 breaths/
min, and hypotension (systolic blood pressure < 100 mmHg) 
[6]. Septic shock was defined as a profound circulatory, cel-
lular, and metabolic abnormalities associated with sepsis [6].

Data on the extension of XGP was recorded as per the 
Malek clinical-radiological classification [7] based on CT 
findings: (i) type 1: Disease limited to the kidney; (ii) type 
2: with extension to perinephric space; and (iii) type 3: with 
extension to paranephric space.

Results of urine cultures and kidney urine cultures were 
reported for analysis using the MALDI-TOF procedure 
based on the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI). The production of extended-
spectrum beta-lactamase (ESBL) was performed with a 
double disc sensitivity test [8].

Patient management

Data on therapeutic management was collected from each 
center, where patients were managed based on resources, 
experience, and protocols of individual institutions. Ure-
teral stenting or percutaneous nephrostomy as initial 
modality for urinary diversion to relieve obstruction was 
indicated according to CT and clinical findings.

Characteristics of nephrectomy and perioperative out-
comes were obtained. Simple nephrectomies were clas-
sified as early nephrectomy (EN) defined as surgery per-
formed within the first 48 h of presentation and delayed 
nephrectomy (DN) defined as those performed anytime 
after 48 h of initial presentation [9].

Clavien–Dindo (CD) classification was used to report 
postoperative complications including need for intensive 
care unit admission, and mortality [10].

Primary and secondary outcomes

The primary outcome was major complications, defined as 
intraoperative and postoperative complications < 30 days 
after surgery, including local organ injuries, CD ≥ grade 
3, the need for intensive care unit (ICU) admission, and 
death. Secondary outcomes included the comparison of 
complications in open transperitoneal, open retroperito-
neal, and laparoscopic approaches for nephrectomy. The 
surgical approach was the primary approach how surgery 
was started. A sub-analysis for ICU admission and out-
comes associated with Malek classification was performed.

Statistical analysis

The Kolmogorov–Smirnov test was used to assess the nor-
mality of quantitative variables. Continuous variables were 
described using mean and standard deviation (± SD). Cat-
egorical variables were described as frequencies and per-
centages. Student t was used for quantitative variables. Uni-
variate analysis was performed based on sociodemographic, 
clinical, radiological, microbiological, and biochemical 
variables to determine the risk for major complications of 
nephrectomy using the chi-square test. Variables with sig-
nificant statistical association with major complications were 
further analyzed in a multivariate analysis to identify inde-
pendent factors related to major complications. Multivariate 
analysis was performed with logistic regression to find the 
independent odds ratio (OR) of major complications.

Statistical analysis was performed using SPSS for Win-
dows, version 20.0 (IBM Corp. Armonk, NY), and statisti-
cal significance was set at p < 0.05.
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Results

Four hundred and three patients met the inclusion criteria 
and were included. Mean age was 45.2 ± 15.4 years. There 
were 248 (61.5%) women. The most common presenting 
symptom was renal colic in 153 cases (37.9%), followed 
by fever (36.7%). Fifty-two (12.9%) patients had urosep-
sis, whilst 24 (6%) were in septic shock. Chronic kidney 
disease was the most common comorbidity in 281 cases 
(69.7%), followed by diabetes (27.8%). The majority of 
patients (70.9%) had anemia. Kidney stones were present 
in 89.3% of which staghorn stones were present in 109 
(27%). Malek stage I was present in almost half of the 
patients, stage II in 34.5% and 16.9% had stage III. 202 
patients (60.1%) had some kind of urinary diversion before 
nephrectomy. Complete patients characteristics are shown 
in Table 1.

Variables with significant association to major 
complications on univariate analysis (Table  2) were 
qSOFA ≥ 2 (p < 0.001, OR 3.562 [1.868–6.792]), recur-
rent UTI (p = 0.01, OR 1.939 [1.168–3.220]), renal abscess 
(p < 0.001, OR 2.939 [1.787–4.834]), staghorn stone 
(p = 0.011, OR 1.870 [1.149–3.045]), anemia (p = 0.006, 
OR 2.189 [1.245–3.851]), leukocytosis (p = 0.012, OR 
1.867 [1.141–3.054]), increased creatinine (p < 0.001, 
OR 2.502 [1.527–4.101]), extension of disease to per-
inephric space (p = 0.026, OR 1.862 [1.079–3.214]), 
extension to paranephric space (p < 0.001, OR 5.217 
[2.823–9.643]), a positive urine culture (p < 0.001, OR 
2.615 [1.616–4.234]), ESBL agents in urine (p = 0.002, 
OR 2.838 [1.430–5.633]), and retroperitoneal approach 
(p < 0.001, OR 3.07 [1.894–4.976]).

In the multivariate analysis, a qSOFA ≥ 2 (p = 0.004, 
OR 3.36 [1.488–7.591]), increased creatinine (p = 0.015, 
OR 2.258 [1.171–4.356]), extension of disease to par-
anephric space (p < 0.001, OR 3.958 [2.077–7.543]), a 
positive urine culture (p = 0.031, OR 1.948 [1.064–3.565]), 
and retroperitoneal approach (p < 0.001, OR 3.311 
[1.757–6.241]) were factors associated with major com-
plications (Table 2).

Major complications occurred in 98 cases (24.3%). 
Organ injuries were reported in 58 patients (14.4%). Vas-
cular injuries were the most frequent (6.2%). Mortality 
was reported in five cases (1.2%). Postoperative compli-
cations Clavien-Dindo ≥ 3 were reported in 100 cases 
(24.8%) (Table 3).

Table 4 shows the microbiological profile of urine and 
kidney urine cultures. A total of 383 urine cultures and 
253 kidney urine cultures were obtained among the 403 
patients. Escherichia coli was the most common pathogen, 
followed by Proteus mirabilis and Klebsiella pneumoniae. 
Escherichia coli was also the most common bacteria in 

Table 1  Demographic, clinical, radiological and microbiological 
characteristics of the study population. (n = 403)

Variables Values

Demographics
Age; years mean ± SD 45.2 ± 15.4
Females; n (%) 248 (61.5)
Right side kidney; n (%) 207 (51.4)
Body mass index; kg/m2, mean ± SD 24.5 ± 5.1
Days of hospitalization; days, mean ± SD 8.9 ± 6.3
Clinical presentation
Renal colic; n (%) 153 (37.9)
Fever n (%) (> 38.3 °C) 148 (36.7)
Septic shock n (%) (PAM < 60) 24 (6)
Urosepsis; n (%) 52 (12.9)
qSOFA score
0 points; n (%) 291 (72.2)
1 point; n (%) 54 (13.4)
2 points; n (%) 33 (8.2)
3 points; n (%) 11 (2.7)
Comorbidities
Diabetes mellitus; n (%) 112 (27.8)
Hypertension; n (%) 116 (28.8)
Chronic kidney disease; n (%) 281 (69.7)
Recurrent urinary tract infections; n (%) 93 (23.1)
Radiological characteristics
Pyonephrosis; n (%) 178 (44.2)
Renal abscess; n (%) 95 (23.6)
Staghorn stone; n (%) 109 (27)
Multiple stones; n (%) 133 (33)
Ureteropyelic junction stone; n (%) 118 (29.3)
Laboratory workup
Anemia (Hemoglobin < 12 g/dL) 283 (70.2)
Leukocytosis (Leukocytes > 11,000/L) 130 (32.2)
Thrombocytopenia (Platelets < 150,000/L) 27 (6.7)
Increased creatinine Creatinine > 1.2 mg/dL) 99 (24.5)
Hyperglycemia (Glucose > 200 mg/dL) 54 (13.4)
Malek classification
Limited to the kidney; n (%) 196 (48.6)
Extended to perirenal space; n (%) 139 (34.5)
Extended to pararenal space; n (%) 68 (16.9)
Microbiological characteristics
Positive urine cultures; n (%)2 185 (48.3)
ESBL agents in urine; n (%)2 38 (9.9)
Previous urinary diversion
Double J sent; n (%) 69 (17.1)
Percutaneous nephrostomy; n (%) 134 (33.3)
Percutaneous drainage; n (%) 39 (9.7)
Nephrectomy approach
Transperitoneal; n (%) 210 (52.1)
Retroperitoneal; n (%) 193 (47.9)
Open; n (%) 358 (88.9)
Laparoscopic; n (%) 45 (11.1)
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kidney urine cultures, followed by Klebsiella pneumoniae 
and Pseudomonas aeruginosa. Sterile urine and kidney 
urine cultures were reported in 178 cases (46.4%) and 135 
cases (53.5%), respectively.

Open transperitoneal approach was used in 183 patients 
(45.4%), open retroperitoneal in 175 (43.4%), and laparo-
scopic approach in 45 patients (11.1%). Ten patients of the 
laparoscopic group (22%) required open conversion. Five 
patients died, of whom three cases were intraoperative. 
Clavien–Dindo ≥ 3 was significantly higher in the open 
retroperitoneal approach compared open transperitoneal 
and laparoscopic approach (37.7%, 13.1%, and 22.2% 
respectively, p = 0.01). Local injuries were more frequent 
in patients with open retroperitoneal approach (36.6%, 
14.8%, and 15.6%, respectively, p < 0.001). Vascular inju-
ries were the commonest damage and significantly higher 
in the open retroperitoneal approach, compared to the open 
transperitoneal and laparoscopic approach (11.4%, 1.6%, 
and 4.4%, respectively, p = 0.001). Additionally, intensive 
care unit admission and mortality were also significantly 
higher in the open retroperitoneal approach (p = 0.007 and 
p = 0.037, respectively) (Table 5).

More than 26% of patients that were admitted to the 
ICU presented with extension of disease to paranephric 
space compared to only 15.2% of patients that did not 
require admission (p = 0.018). These patients also reported 
higher qSOFA scores, higher frequency of local inju-
ries, and increased mortality (p < 0.001, p < 0.001, and 
p < 0.001, respectively) (Supplementary Table 1).

Paranephric space extension was associated with a 
higher frequency of surrounding organ injuries, compared 
to perinephric extension versus that limited to the kidney 
parenchyma only (29.4%, 10.1%, and 8.2%, respectively, 

p < 0.001). Comparison according to Malek classification 
is described in Supplementary Table 2.

Discussion

XGP was first described by Schlagenhaufer in 1916. Ober-
ling in 1939 coined its current name, identifying the char-
acteristic yellowish coloration of the affected kidney due 
to abundant lipid deposits in histopathological examination 
(HPE) within the cytoplasm of macrophages (Xanthoma 
cells) [11].

In the meta-analysis published by Harley et al. [1] the 
mean age was 49 years, 70% of patients were female and 
28% had diabetes mellitus. Similar findings were seen in 
our study (Table 1). The reason for female gender predi-
lection remains unexplained. Even though pathogenesis is 
not fully understood, urinary tract obstruction and infection 
are thought to be essential requisites and HPE indicates a 
chronic granulomatous process believed to incite a chronic 
but incomplete immune reaction [12].

Also known as inflammatory tumor, preoperative diagno-
sis is often confounded by clinical and imaging characteris-
tics resembling other pathologies (Supplementary Table 3). 
The intense debilitating inflammatory response responsible 
for the clinical and surgical morbidity is represented on HPE 
by macrophages intermixed with a variety of inflammatory 
elements, including lymphocytes, plasma cells, neutrophils, 
multinucleated giant cells, and associated granulomatous 
inflammation. In cases where differentiation between XGP 
and renal cell carcinoma is difficult, it has been found that 
specimens with XGP stained positive for PAS (periodic acid 
Schiff) stain [13]. This phenomenon is also seen in chil-
dren and was first described in 1963, by Avnet et al. [14] 
XGP should be included in the differential diagnosis of all 
children presenting with perinephric or psoas abscess, renal 
mass and/or non-functioning kidney associated with/or with-
out urolithiasis [15].

The presence of associated partial or complete staghorn 
stone is absent in up to 48% of cases. XGP may also be 
associated with upper urinary tract stones in up to 69% of 
cases [1]. In our series, staghorn stones were seen in 27% of 
cases and 69.7% of patients had some degree of pre-existing 
chronic kidney disease.

In XGP, the relationship between nephrolithiasis and 
urinary tract infection (UTI) is complex and difficult to ana-
lyze both from a pathophysiological and clinical point of 
view [16]. Ripa et al. proposed that UTI and kidney stone 
disease are mutually coexisting and reciprocally causal 
[17]. Infected nephrolithiasis is traditionally considered to 
be a consequence of a UTI by urease-producing bacteria, 
mostly of Proteus spp, which is traditionally described as the 
most common causative microorganism in XGP. A limited 

Table 1  (continued)

Variables Values

Perioperative findings
Operation time; minutes, mean ± SD 171.7 ± 65.1
Bleeding; mL mean ± SD 625.7 ± 810
Need of transfusions; n (%) 139 (34.5)
Complications (Clavien-Dindo)
Grade I; n (%) 56 (13.9)
Grade II; n (%) 50 (12.4)
Grade IIIa; n (%) 11 (2.7)
Grade IIIb; n (%) 22 (5.5)
Grade IVa; n (%) 38 (9.4)
Grade IVb; n (%) 26 (6.5)
Grade  V1; n (%) 3 (0.7)

*Considering total laparoscopic procedures as 100%. 1Transoperative 
mortality. 2A total of 383 urine culutres were collected
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number of strains of other gram-negative bacteria may also 
produce urease, which is often associated with XGP infections 
[12]. Escherichia coli is the main non-urease bacteria. Others 
include Staphylococcus aureus, group B Streptococcus, Can-
dida spp, Klebsiella spp, and Bacteroides spp. [18]. Although 

many XGP patients have pyuria, bacterial growth in their 
bladder urine has been demonstrated in only two-thirds and 
hence renal tissue cultures must be taken during surgery for 
appropriate treatment [19].

Table 2  Univariate and multivariate analysis of factors associated with the development of complications after nephrectomy for xanthogranu-
lomatous pyelonephritis (n = 403)

*Differences between means (CI 95%)
Bold represent statistical significant values, defined as p<0.05

No major 
complications 
(n = 305)

Major com-
plications 
(n = 98)

Univariate Multivariate

P value OR (CI 95%) P value OR (CI 95%)

Demographics
Age; years mean ± SD 44.8 ± 15.7 46.4 ± 14.4 0.368 1.6 (1.912–5.149)*
Females; n (%) 191 (62.6) 57 (58.2) 0.43 1.205 (0.758–1.916)
Body Mass Index; kg/m2, mean ± SD 24.1 ± 5 25.6 ± 5.2 0.659 1.5 (0.176–2.84)*
Clinical presentation
Fever; n (%) (> 38.3 °C) 104 (34) 44 (44.9) 0.106 1.465 (0.921–2.332)
Urosepsis; n (%) 34 (11.1) 18 (18.4) 0.064 1.793 (0.961–3.345)
qSOFA ≥ 2 points; n (%) 22 (7.2) 22 (22.4)  < 0.001 3.562 (1.868–6.792) 0.004 3.360 (1.488–7.591)
Comorbidities
Diabetes mellitus; n (%) 81 (26.6) 31 (31.6) 0.329 1.28 (0.779–2.101)
Hypertension; n (%) 80 (26.2) 36 (36.7) 0.054 1.633 (0.998–2.648)
Chronic kidney disease; n (%) 219 (71.8) 62 (63.3) 0.11 0.676 (0.418–1.094)
Recurrent urinary tract infections; n 

(%)
61 (20) 32 (32.7) 0.01 1.939 (1.168–3.220) 0.145 1.652 (0.841–3.245)

Radiological characteristics
Renal abscess; n (%) 56 (18.4) 39 (39.8)  < 0.001 2.939 (1.787–4.834) 0.231 1.516 (0.768–2.991)
Staghorn stone; n (%) 72 (23.6) 37 (37.8) 0.011 1.870 (1.149–3.045) 0.089 1.683 (0.924–3.065)
Multiple stones; n (%) 103 (33.8) 30 (30.6) 0.563 0.865 (530–1.413)
Ureteropyelic junction stone; n (%) 89 (29.2) 29 (29.6)
Laboratory workup
Anemia (Hemoglobin < 12 g/dL) 203 (67) 80 (81.6) 0.006 2.189 (1.245–3.851) 0.122 1.738 (0.862–3.504)
Leukocytosis (Leukocytes > 11,000/L) 88 (28.8) 42 (42.8) 0.012 1.867 (1.141–3.054) 0.867 1.055 (0.566–1.964)
Thrombocytopenia (Plate-

lets < 150,000/L)
18 (6) 9 (9.1) 0.252 1.630 (0.702–3.784)

Increased creatinine (Creati-
nine > 1.2 mg/dL)

61 (20.2) 38 (38.8)  < 0.001 2.502 (1.527–4.101) 0.015 2.258 (1.171–4.356)

Hyperglycemia (Glucose > 200 mg/
dL)

36 (11.8) 18 (18.3) 0.184 1.531 (0.814–2.878)

Malek classification
Limited to the kidney; n (%) 166 (54.4) 30 (30.6)
Extended to perirenal space; n (%) 104 (34) 35 (35.7) 0.026 1.862 (1.079–3.214) 0.076 1.676 (0.948–2.962)
Extended to pararenal space; n (%) 35 (11.5) 33 (33.7)  < 0.001 5.217 (2.823–9.643)  < 0.001 3.958 (2.077–7.543)
Microbiological characteristics
Positive urine culture; n (%) 138 (45.2) 67 (68.4)  < 0.001 2.615 (1.616–4.234) 0.031 1.948 (1.064–3.565)
ESBL agents in urine; n (%) 21 (6.9) 17 (17.3) 0.002 2.838 (1.430–5.633) 0.773 1.070 (0.675–1.696)
Previous urinary decompression; n 

(%)
144 (47.2) 48 (49) 0.761 1.073 (0.681–1.692)

Nephrectomy approach
Retroperitoneal approach; n (%) 126 (41.3) 67 (68.4)  < 0.001 3.07 (1.894–4.976)  < 0.001 3.311 (1.757–6.241)
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Our study differs whereby the most commonly isolated 
pathogen was E. coli (28.4%), followed by Proteus mirabilis 
(7%) and Klebsiella pneumoniae (5.2%). In addition, we found 
negative bacterial cultures in 46.8% of patients. Perhaps they 
had already been treated with antibiotics before culture.

Radiological findings and histopathology 
characteristics in XGP

XGP is also called the “great MIMIC” [16] or Pseudotumor 
[18] as it is commonly confused with renal cell carcinoma 

and imaging characteristics often resemble other renal 
lesions as well (Supplementary Table 1) due to its similar-
ity in clinical and radiographic features, as well as the ability 
to invade adjacent structures and organs. Imaging remains 
a cornerstone for diagnosis, surgical planning, and progno-
sis. CT scan is the main imaging tool, as it provides highly 
specific findings and accurate assessment of the extrarenal 
extent of disease. Classic findings on CT include a loss of 
normal renal parenchyma, an enlarged kidney, paradoxical 
contracted scarred renal pelvis, and dilated calyces resulting 
in a multiloculated appearance resembling the paw print of 
a bear (bear's paw sign). XGP is often associated with the 
presence of staghorn stones. In some cases, there is a per-
inephric extension with thickening of Gerota's fascia with 
calcification better delineated only on CT scan [19].

Two forms of the disease are recognized both macro-
scopically and on imaging: [20] Diffuse (90%) and focal 
or tumefactive form (10%). The former is more common 
and staged by Malek and Elder into three different stages 
according to the extent of involvement in the nearby tis-
sues [21]. Harley et al. [1] argued that this classification 
was rarely used in clinical practice and that no correlation 
can be made between stages and mortality rate. In our study, 
from the 10 centers included, Malek classification was avail-
able for all 403 patients and had a significant bearing. On 
multivariate analysis, stage 3 (paranephric extension) was 
significantly associated with major complications during 
surgery. The review by Harley et al. also reported a total of 
18 deaths within 1 year of diagnosis, resulting in a weighted 
proportion of 1436 deaths per 100,000 patients (95% CI 
292–2579). The heterogeneity of this analysis was low 
(I2 = 0%). However, no subset analysis was available for the 
18 deaths on their clinical and radiological presentation to 
infer concrete conclusions. In our study, none of the patients 
had bilateral XGP, which is very rare and fatal, [22] but the 
3 deaths that happened intraoperatively were stage 3 Malek 
classification. Even in the ICU subset, Malek stage 3 had the 
worst outcomes (Table 5). We considered that this clinical-
radiological classification might be a significant factor both 
for prognosis and from a surgical standpoint.

Surgical approaches for nephrectomy

Of the 403 nephrectomies, the open approach was pre-
ferred in 88.9% (N = 358), and laparoscopic (LN) in 11.1% 
(N = 45) with a conversion rate of 22% (N = 10), which 
was much lesser than the Meta-Analysis of Harley et al. 
reporting laparoscopic approach in 34% (N = 138) with a 
13% conversion rate. [1] A minimally invasive approach 
in XPG is a new trend with robotic and laparoscopic 
advances. Several publications on the LN approach for 
XPG have reported lower blood loss, a shorter hospital 
stay, and better pain management and ICU admission. 

Table 3  Major complications (intraoperative and postoperative)

Number (%)

Clavien-Dindo ≥ 3 100 (24.8)
Organ injuries 58 (14.4)
Vascular injury 25 (6.2)
Colonic injury 16 (3.9)
Pleural injury 9 (2.2)
Duodenum injury 4 (1)
Spleen injury 4 (1)
Intensive care unit admission 60 (14.9)
Mortality 5 (1.2)

Table 4  Microbiological profile of urine and kidney cultures

1 Candida spp (3), Enterobacter cloacae (2), Staphylococcus aureus 
(3), Citrobacter freundii (1), Gardenela vaginalis (1). 2 Enterococcus 
faecalis (2), Enterobacter cloacae (2), Streptococcus constellatus (1), 
Corynebacterium spp (1), Pasteurella pneumotropica (1)

Number (%)

Urine cultures (n = 383)
Sterile 178 (46.4)
Escherichia coli 109 (28.4)
Proteus mirabilis 27 (7)
Klebsiella pneumoniae 20 (5.2)
Polymicrobial 19 (4.9)
Pseudomonas aeruginosa 14 (3.6)
Enterococcus faecalis 6 (1.5)
Others1 10 (2.6)
Kidney cultures (n = 253)
Sterile 135 (53.5)
Escherichia coli 61 (24.1)
Klebsiella pneumoniae 11 (4.3)
Pseudomonas aeruginosa 9 (3.5)
Proteus mirabilis 8 (3.1)
Polymicrobial 6 (2.4)
Staphylococcus aureus 6 (2.4)
Candida spp 5 (1.9)
Morgagnella morgagni 5 (1.9)
Others 2 7 (2.7)
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[2, 3, 23] In our series, mean operation time was shorter 
than other series 171.7 ± 65.1  min vs 193.16  min 
(123–320 min) for Asali M et al. [24] and 304 min for Van-
derbink et al. [4] but higher than Hemal AK et al. 100 min 
and whose main approach was retroperitoneal [25]. Mean 
blood loss of 625.7 ± 810 ml in our series was lower than 
737.1 ± 606.8 ml for Vanderbink et al. [4] Bercowsky et al. 
reported a mean blood loss of 260 ml [5] and reported that 
experience, laparoscopic and a retroperitoneal approach 
were the key factors to minimizing blood loss. Our series 
had a transfusion rate of 35.5%, which was higher than the 
26.6% reported by Asali et al. [24] Several studies sug-
gest that the midline transperitoneal technique provides 
more working space and is easier to interpret anatomi-
cally. However, the flank retroperitoneal approach has the 
advantage of direct access to the renal artery and has a 
lower risk of vascular complications, which is noted to be 
the principal surgical complication followed by colonic 
injury [4, 24, 25].

The transperitoneal approach was preferred in 51.2% and 
the retroperitoneal approach in 48.8% of patients. Due to the 
intense peri-inflammatory response in XGP, nephrectomy is 
complex and technically demanding due to contiguous organ 
involvement and obliterated planes for dissection by inflam-
matory tissue and the term simple nephrectomy is often a 
misnomer [2, 3, 23]. Even a well-trained and experienced 
surgeon often needs conversion to open surgery and en-bloc 
stapling of the renal hilum may help decrease the opera-
tive duration and reduces the risk of vascular injury. Often, 
patients have complications, prolonged hospital stay and 
may also need further management in the ICU. Even in our 
study, 14.9% (n = 60) of patients needed admission to ICU 
postoperatively with a reported 24.8% CD3 and above com-
plications. In our study, the open transperitoneal approach 
reported lesser vascular and other organ injuries (CD > 3) 
than the laparoscopic and retroperitoneal approaches. On 
the other hand, the retroperitoneal approach subset had more 

vascular injuries with higher rates of ICU admission and 
significant mortality (Table 3).

Outcomes of patients needing postoperative ICU 
care

After surgical exploration, 60 patients needed prolonged 
ICU care. Of significant note in this subset analysis, 26.7% 
of the patients were of Malek 3 classification, (versus 15.2% 
of the entire cohort), 13.3% had a qSOFA score of 3 points 
or more at presentation (vs 0.9% of the entire cohort), 61.7% 
had a retroperitoneal approach (vs 40.2% of the entire 
cohort) with 35% of ICU admissions (vs 8.5% of cohort) 
having CD3 and above injuries and 4 of the 5 patients in 
ICU died (supplementary Table 1). For the first time, we 
have been able to identify that these aforementioned param-
eters are negative prognostic indicators and urologists must 
consider counseling these significant findings in the acute 
management of such patients.

Study limitations

As with all retrospectively pooled multicenter data, there 
are limitations of bias, recording, and reporting the data. 
Missing variables and the lack of uniformity in manage-
ment influences the outcomes of any study. However, as 
this global study reflects real word practice we have made 
several important deductions. Our study once again reit-
erates that proper radiological planning and classification 
are quintessential. Urologists should offer when possible a 
laparoscopic approach in experienced hands, or else an open 
transperitoneal approach may be adopted with adequate care 
to minimize the risk of organ injuries. This was in concord-
ance with a 38% incidence of CD3 and above postoperative 
complications reported by Addison et al. [26] Our study 
indeed refutes the conclusion of Harley et al. [1] that current 
patients with XGP experience a lower mortality rate than 

Table 5  Comparison of 
complications with different 
approaches of nephrectomy

Complications Approach of nephrectomy p value

Open transperito-
neal (n = 183)

Open retroperito-
neal (n = 175)

Laparoscopic 
(n = 45)

Clavien-Dindo ≥ 3; n (%) 24 (13.1) 66 (37.7) 10 (22.2) 0.01
Local Injuries; n (%) 27 (14.8) 64 (36.6) 7 (15.6)  < 0.001
Vascular injury; n (%) 3 (1.6) 20 (11.4) 2 (4.4) 0.001
Colonic injury; n (%) 3 (1.6) 11 (6.3) 2 (4.4) 0.078
Pleural injury; n (%) 1 (0.5) 6 (3.4) 2 (4.4) 0.103
Duodenum injury; n (%) 0 (0) 3 (1.7) 1 (2.2) 0.178
Spleen injury; n (%) 0 (0) 3 (1.7) 1 (2.2) 0.178
Intensive care unit admission; n (%) 20 (10.9) 37 (21.1) 3 (6.7) 0.007
Mortality; n (%) 0 (0) 5 (2.9) 0 (0) 0.037
Conversion to open surgery*; n (%) NA NA 10 (22.2) NA
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historically reported. In our series, five patients died due to 
complications alone and we don't have a long-term follow-up 
of the other patients to report 1-year disease-specific mortal-
ity. Further, in their meta-analysis, they have been unable 
to list the probability of which patient subgroups either by 
radiological or clinical presentation have the highest possi-
bility of a prolonged moribund course of recovery involving 
ICU care. Our pooled multicenter global data is the first of 
its kind that reflects the real-world modern presentation and 
practice of this disease and the high-grade complications 
we can expect during surgical intervention. Identification 
of which patients are likely to need ICU, a poor indicator of 
outcomes for this disease, has uniquely been outlined in this 
multicenter study.

Conclusion

XGP is a clinical, radiological, and surgical dogma. We 
strongly advocate using the Malek classification as in our 
study stage 3 disease needing nephrectomy had the highest 
probability of major complications and for ICU admission 
and mortality. A transperitoneal open approach may be the 
best option when the laparoscopic approach is not feasible or 
performed by non-expert laparoscopic surgeons, especially 
in patients with more extensive disease and other risk factors 
for major complications. Counseling patients on these above 
factors is quintessential when managing this pathology.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00345- 023- 04415-x.

Authors contributions JI Robles-Torres: protocol/project development, 
data analysis, manuscript writing/editing, data analysis; LR García-
Chairez: protocol/project development, data collection or management; 
D Castellani: protocol/project development, data analysis, manuscript 
writing/editing; JV Enrriquez-Ávila: data collection or management; 
JF Monzón-Falconi: data collection or management, manuscript writ-
ing/editing; A Esqueda-Mendoza: data collection or management; JP 
Flores-Tapia: data collection or management; ML Wroclawski: data 
collection or management, manuscript writing/editing; HO Duarte-
Santos: data collection or management; D Ragoori: data collection or 
management, manuscript writing/editing; N Gadzhiev: data collection 
or management, manuscript writing/editing; A Mahajan: data collec-
tion or management; S Kumar: data collection or management, manu-
script writing/editing; M Farooq: Data collection or management; A 
Ganpule: Data collection or management; Y Tanidir: Data collection or 
management, Manuscript writing/editing; PN Maheshwari: data collec-
tion or management; VA Gite: data collection or management, manu-
script writing/editing; MM Sinha: data collection or management; BK 
Somani: data collection or management, manuscript writing/editing; A 
Gutiérrez-González: protocol/project development, manuscript editing; 
V Gauhar: protocol/project development, Data analysis, Manuscript 
writing/editing.

Data availability Data supporting Tables 1–5 and Supplementary 
Tables are not publicly available in order to protect patient privacy.

Declarations 

Conflict of interest None of the authors have a conflict of interest or 
funding source to declare.

Research involving human participants and/or animals This retrospec-
tive study involving human participants was in accordance with the 
ethical standards of the institutional research committee of each center 
involved and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The Ethics Committee of each 
center was obtained for this study.

Informed consent The study is exempt from the application of 
informed consent to the study subjects.

References

 1. Harley F, Wei G, O’Callaghan M, Wong LM, Hennessey D, Kin-
near N (2022) Xanthogranulomatous pyelonephritis: a systematic 
review of treatment and mortality in more than 1000 cases. BJU 
Int. https:// doi. org/ 10. 1111/ bju. 15878

 2. Rosoff JS, Raman JD, Del Pizzo JJ (2006) Feasibility of laparo-
scopic approach in management of xanthogranulomatous pyelo-
nephritis. Urology 68:711–714. https:// doi. org/ 10. 1016/j. urolo gy. 
2006. 04. 031

 3. Arvind NK, Singh O, Ali Q, Gupta SS, Sahay S (2011) Lapa-
roscopic nephrectomy in xanthogranulomatous pyelonephritis: 
7-year single-surgeon outcome. Urology 78:797–801. https:// doi. 
org/ 10. 1016/j. urolo gy. 2011. 05. 062

 4. Vanderbrink BA, Ost MC, Rastinehad A et al (2007) Laparoscopic 
versus open radical nephrectomy for xanthogranulomatous pyelo-
nephritis: Contemporary outcomes analysis. J Endourol 21:65–70. 
https:// doi. org/ 10. 1089/ end. 2006. 0188

 5. Bercowsky E, Shalhav AL, Portis A, Elbahnasy AM, McDougall 
EM, Clayman RV (1999) Is the laparoscopic approach justified 
in patients with xanthogranulomatous pyelonephritis? Urology 
54:437–442. https:// doi. org/ 10. 1016/ s0090- 4295(99) 00261-7

 6. Singer M, Deutschman CS, Seymour CW et al (2016) The Third 
international consensus definitions for sepsis and septic shock 
(Sepsis-3). JAMA 315(8):801–810. https:// doi. org/ 10. 1001/ jama. 
2016. 0287

 7. Malek RS, Elder JS (1978) Xanthogranulomatous pyelonephri-
tis: a critical analysis of 26 cases and of the literature. J Urol 
119(5):589–593. https:// doi. org/ 10. 1016/ s0022- 5347(17) 57559-x

 8. Hsueh PR, Ko WC, Wu JJ et al (2010) Consensus statement on 
the adherence to Clinical and Laboratory Standards Institute 
(CLSI) Antimicrobial Susceptibility Testing Guidelines (CLSI-
2010 and CLSI-2010-update) for Enterobacteriaceae in clinical 
microbiology laboratories in Taiwan. J Microbiol Inmunol Infect 
43(5):452–455. https:// doi. org/ 10. 1016/ S1684- 1182(10) 60070-9

 9. Trujillo-Santamaría H, Robles-Torres JI, Teoh JYC et al (2022) 
A novel mortality risk score for emphysematous pyelonephritis: a 
multicenter study of the Global Research in the Emphysematous 
Pyelonephritis group. Curr Urol. https:// doi. org/ 10. 1097/ CU9. 
00000 00000 000163

 10. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 240(2):205–213. 
https:// doi. org/ 10. 1097/ 01. sla. 00001 33083. 54934. ae

 11. Oberling C (1935) Retroperitonealxanthogranuloma. Am J Cancer 
23:477–489

https://doi.org/10.1007/s00345-023-04415-x
https://doi.org/10.1111/bju.15878
https://doi.org/10.1016/j.urology.2006.04.031
https://doi.org/10.1016/j.urology.2006.04.031
https://doi.org/10.1016/j.urology.2011.05.062
https://doi.org/10.1016/j.urology.2011.05.062
https://doi.org/10.1089/end.2006.0188
https://doi.org/10.1016/s0090-4295(99)00261-7
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/s0022-5347(17)57559-x
https://doi.org/10.1016/S1684-1182(10)60070-9
https://doi.org/10.1097/CU9.0000000000000163
https://doi.org/10.1097/CU9.0000000000000163
https://doi.org/10.1097/01.sla.0000133083.54934.ae


World Journal of Urology 

1 3

 12. Parker MD, Clark RL (1989) Evolving concepts in the diagnosis 
of xanthogranulomatous pyelonephritis. Urol Radiol 11(1):7–15. 
https:// doi. org/ 10. 1007/ bf029 26465

 13. Udare A, Abreu-Gomez J, Krishna S, McInnes M, Siegelman E, 
Schieda N (2019) Imaging manifestations of acute and chronic 
renal infection that mimics malignancy: how to make the diagno-
sis using computed tomography and magnetic resonance imaging. 
Can Assoc Radiol J 70(4):424–433. https:// doi. org/ 10. 1016/j. carj. 
2019. 07. 002

 14. Zugor V, Schott GE, Labanaris AP (2007) Xanthogranulomatous 
pyelonephritis in childhood: a critical analysis of 10 cases and of 
the literature. Urology 70(1):157–160. https:// doi. org/ 10. 1016/j. 
urolo gy. 2007. 02. 068

 15. Bingöl-Koloğlu M, Ciftçi AO, Senocak ME, Tanyel FC, Karnak 
I, Büyükpamukçu N (2002) Xanthogranulomatous pyelonephritis 
in children: diagnostic and therapeutic aspects. Eur J Pediatr Surg 
12(1):42–48. https:// doi. org/ 10. 1055/s- 2002- 25085

 16. Partin AW, Wein AJ, Kavoussi LR, Peters CA (2020). Dmo-
chowski R. Campell Walsh Wein Urology. Elsevier Saunders, 
Philadelphia

 17. Ripa F, Pietropaolo A, Montanari E, Hameed BMZ, Gauhar V, 
Somani BK (2022) Association of kidney stones and recurrent 
UTIs: the Chicken and Egg Situation. A systematic review of 
literature. Curr Urol Rep 23(9):165–174. https:// doi. org/ 10. 1007/ 
s11934- 022- 01103-y

 18. Rachidi SA, Zeriouel A (2018) Renal tumor or pseudotumoral 
xanthogranulomatous pyelonephritis. Pan Afr Med J 29:67. 
https:// doi. org/ 10. 11604/ pamj. 2018. 29. 67. 14611

 19. Craig WD, Wagner BJ, Travis MD (2008) Pyelonephritis: radi-
ologic-pathologic review. Radiographics 28(1):255–277. https:// 
doi. org/ 10. 1148/ rg. 28107 5171

 20. Gaillard F, El-Feky M (2022). Xanthogranulomatous pyelone-
phritis. Radiopaedia.org publishing. https:// doi. org/ 10. 53347/ 
rID- 9944. Accessed on 29 Sep 2022

 21. Goldman SM, Hartman DS, Fishman EK, Finizio JP, Gatewood 
OM, Siegelman SS (1984) CT of xanthogranulomatous pyelo-
nephritis: radiologic-pathologic correlation. Am J Roentgenol 
142(5):963–969. https:// doi. org/ 10. 2214/ ajr. 142.5. 963

 22. Deem SG, Mobley JD (2021) Xanthogranulomatous Pyelonephri-
tis. Medscape Publishing. https:// emedi cine. medsc ape. com/ artic 
le/ 20504 30- overv iew. Accessed on August 2021

 23. Shah KJ, Ganpule AP, Kurien A, Muthu V, Sabnis RB, Desai MR 
(2011) Laparoscopic versus open nephrectomy for xanthogranu-
lomatous pyelonephritis: an outcome analysis. Indian J Urol 
27:470–474. https:// doi. org/ 10. 4103/ 0970- 1591. 91434

 24. Asali M, Tsivian A (2019) Laparoscopic nephrectomy in xan-
thogranulomatous pyelonephritis. Cent Eur J Urol 72(3):319–323. 
https:// doi. org/ 10. 5173/ ceju. 2019. 1891

 25. Hemal AK, Gupta NP, Wadhwa SN, Goel A, Kumar R (2001) 
Retroperitoneoscopic nephrectomy and nephroureterectomy for 
benign nonfunctioning kidneys: a single-center experience. Urol-
ogy 57:644–649. https:// doi. org/ 10. 1016/ s0090- 4295(00) 01059-1

 26. Addison B, Zargar H, Lilic N, Merrilees D, Rice M (2015) Analy-
sis of 35 cases of Xanthogranulomatous pyelonephritis. ANZ J 
Surg 85(3):150–153. https:// doi. org/ 10. 1111/ ans. 12581

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

José Iván Robles‑Torres1  · Luis Roberto García‑Chairez1  · Daniele Castellani2  · 
Joana Valeria Enrriquez‑Ávila1  · Juan Francisco Monzón‑Falconi3  · Antonio Esqueda‑Mendoza3  · 
Juan Pablo Flores‑Tapia3 · Marcelo Langer Wroclawski4,5  · Hugo Octaviano Duarte‑Santos6  · Deepak Ragoori7  · 
Nariman Gadzhiev8  · Abhay Mahajan9  · Santosh Kumar10  · Mudasir Farooq10  · Arvind Ganpule11  · 
Yiloren Tanidir12  · Pankaj Nandkishore Maheshwari13  · Venkat Arjunrao Gite14  · Mriganka Mani Sinha15  · 
Bhaskar K. Somani15  · Adrián Gutiérrez‑González1  · Vineet Gauhar16 

 Luis Roberto García-Chairez 
 Roberto_garcia7@hotmail.com

 Daniele Castellani 
 castellanidaniele@gmail.com

 Joana Valeria Enrriquez-Ávila 
 Jova.enrriquez@gmail.com

 Juan Francisco Monzón-Falconi 
 jfrancisco.falconi@hotmail.com

 Antonio Esqueda-Mendoza 
 antonioesqueda@hotmail.com

 Juan Pablo Flores-Tapia 
 uromid@gmail.com

 Marcelo Langer Wroclawski 
 urologia.marcelo@gmail.com

 Hugo Octaviano Duarte-Santos 
 hugosantos90@gmail.com

 Deepak Ragoori 
 drragoori@gmail.com

 Nariman Gadzhiev 
 nariman.gadjiev@gmail.com

 Abhay Mahajan 
 drabhaymahajan@gmail.com

 Santosh Kumar 
 drsksingh@hotmail.com

 Mudasir Farooq 
 mudasirfarooq@gmail.com

 Arvind Ganpule 
 doctorarvind1@gmail.com

https://doi.org/10.1007/bf02926465
https://doi.org/10.1016/j.carj.2019.07.002
https://doi.org/10.1016/j.carj.2019.07.002
https://doi.org/10.1016/j.urology.2007.02.068
https://doi.org/10.1016/j.urology.2007.02.068
https://doi.org/10.1055/s-2002-25085
https://doi.org/10.1007/s11934-022-01103-y
https://doi.org/10.1007/s11934-022-01103-y
https://doi.org/10.11604/pamj.2018.29.67.14611
https://doi.org/10.1148/rg.281075171
https://doi.org/10.1148/rg.281075171
https://doi.org/10.53347/rID-9944
https://doi.org/10.53347/rID-9944
https://doi.org/10.2214/ajr.142.5.963
https://emedicine.medscape.com/article/2050430-overview
https://emedicine.medscape.com/article/2050430-overview
https://doi.org/10.4103/0970-1591.91434
https://doi.org/10.5173/ceju.2019.1891
https://doi.org/10.1016/s0090-4295(00)01059-1
https://doi.org/10.1111/ans.12581
http://orcid.org/0000-0001-9606-6183
http://orcid.org/0000-0003-1569-5290
http://orcid.org/0000-0001-7354-9190
http://orcid.org/0000-0001-9651-3895
http://orcid.org/0000-0002-3450-6064
http://orcid.org/0000-0001-8525-9166
http://orcid.org/0000-0001-6835-9085
http://orcid.org/0000-0001-8437-8518
http://orcid.org/0000-0002-6169-3002
http://orcid.org/0000-0002-6255-0193
http://orcid.org/0000-0003-4297-7904
http://orcid.org/0000-0002-6701-1228
http://orcid.org/0000-0002-0717-3276
http://orcid.org/0000-0003-2678-0634
http://orcid.org/0000-0003-1607-5819
http://orcid.org/0000-0002-9055-0238
http://orcid.org/0000-0001-7854-9501
http://orcid.org/0000-0002-0408-6935
http://orcid.org/0000-0002-6248-6478
http://orcid.org/0000-0001-7051-024X
http://orcid.org/0000-0002-3740-7141


 World Journal of Urology

1 3

 Yiloren Tanidir 
 yiloren@yahoo.com

 Pankaj Nandkishore Maheshwari 
 dr.maheshwaripn@gmail.com

 Venkat Arjunrao Gite 
 Balajigite@yahoo.com

 Mriganka Mani Sinha 
 mrigankamani@gmail.com

 Bhaskar K. Somani 
 bhaskarsomani@yahoo.com

 Adrián Gutiérrez-González 
 dradriangtz@gmail.com

 Vineet Gauhar 
 vineetgaauhaar@gmail.com

1 Hospital Universitario “Dr. José Eleuterio, González”, 
Monterrey, Nuevo León, Mexico

2 Urology Unit Azienda Ospedaliero–Universitaria Delle 
Marche, Ancona, Italy

3 Hospital Regional de Alta Especialidad de La Penisula de 
Yucatán, Mérida, Mexico

4 Faculdade de Medicina Do ABC, Santo André, São Paulo, SP, 
Brazil

5 BP – a Beneficência Postuguesa de São Paulo, São Paulo, SP, 
Brazil

6 Hospital Municipal Moysés Deutsch, São Paulo, SP, Brazil
7 Asian Institute of Nephrology and Urology, Hyderabad, 

Telangana, India
8 Saint Petersburg State University Hospital, St. Petersburg, 

Russia
9 Mahatma Gandhi Mission’s Medical College and Hospital, 

Aurangabad, India
10 Department Urology, Christian Medical College, Vellore, 

Tamil Nadu, India
11 Department of Urology, Muljibhai Patel Urological Hospital, 

Nadiad, Gujarat, India
12 Department of Urology, Marmara University School 

of Medicine, Istanbul, Turkey
13 Fortis Hospital Mulund, Mumbai, India
14 Grant Medical College and Sir JJ Hospital, Mumbai, India
15 University Hospital Southampton NHS Foundation Trust, 

Tremona Road, Southampton SO16 6YD, UK
16 Ng Teng Fong General Hospital (NTFGH)/NUHS, Singapore, 

Singapore


	Perioperative outcomes and risk factors for major complications associated with nephrectomy for Xanthogranulomatous pyelonephritis: a multicenter study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Patient management
	Primary and secondary outcomes
	Statistical analysis

	Results
	Discussion
	Radiological findings and histopathology characteristics in XGP
	Surgical approaches for nephrectomy
	Outcomes of patients needing postoperative ICU care
	Study limitations

	Conclusion
	Anchor 20
	References


