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Background and objective: Data regarding open conversion (OC) during minimally
invasive surgery (MIS) for renal tumors are reported from big databases, without
precise description of the reason and management of OC. The objective of this
study was to describe the rate, reasons, and perioperative outcomes of OC in a
cohort of patients who underwent MIS for renal tumor initially. The secondary
objective was to find the factors associated with OC.
Methods: Between 2008 and 2022, of the 8566 patients included in the UroCCR pro-
ject prospective database (NCT03293563), who underwent laparoscopic or robot-
assisted minimally invasive partial (MIPN) or radical (MIRN) nephrectomy, 163
experienced OC. Each center was contacted to enlighten the context of OC: ‘‘emer-
gency OC’’ implied an immediate life-threatening situation not reasonably manage-
able with MIS, otherwise ‘‘elective OC’’. To evaluate the predictive factors of OC, a
2:1 paired cohort on the UroCCR database was used.
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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Key findings and limitations: The incidence rate of OC was 1.9% for all cases of MIS, 2.9%
for MIRN, and 1.4% for MIPN. OC procedures were mostly elective (82.2%). The main
reason for OC was a failure to progress due to anatomical difficulties (42.9%). Five
patients (3.1%) died within 90 d after surgery. Increased body mass index (BMI; odds
ratio [OR]: 1.05, 95% confidence interval [CI]: 1.01–1.09, p = 0.009) and cT stage (OR:
2.22, 95% CI: 1.24–4.25, p = 0.008) were independent predictive factors of OC.
Conclusions and clinical implications: In MIS for renal tumors, OC was a rare event
(1.9%), caused by various situations, leading to impaired perioperative outcomes.
Emergency OC occurred once every 300 procedures. Increased BMI and cT stage
were independent predictive factors of OC.
Patient summary: The incidence rate of open conversion (OC) in minimally invasive
surgery for renal tumors is low. Only 20% of OC procedures occur in case of emer-
gency, and others are caused by various situations. Increased body mass index and
cT stage were independent predictive factors of OC.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction ney cancer, NCT03293563), which is a French multi-
Minimally invasive surgery (MIS) for renal cancer is nowa-
days the standard of treatment for localized tumors, allowing
the same oncological control of the disease with better peri-
operative outcomes than open surgery [1]. Nephron sparing
surgery is preferred whenever it is judged feasible. MIS for
partial nephrectomy (PN), especially robot-assisted PN, has
increased worldwide, probably due to the facilities of robot-
assisted surgery for the trickiest parts of the procedure (enu-
cleation and parenchyma’s suture) [2]. When radical
nephrectomy (RN) is preferred, MIS (laparoscopic or robot
assisted) is still favored whenever possible [3].

Open conversion (OC) during MIS is a rare (2–10%) [4]
and dreaded complication, especially with robot-assisted
surgery when the surgeon is not directly operating on the
patient. Since experience of surgeons is increasing regard-
ing MIS [5], and maybe because experimented MIS surgeons
feel more comfortable and accurate doing MIS rather than
open surgery, OC rate is decreasing over time [4] and is
lower in experimented centers [6].

Data regarding OC are reported from big national data-
bases, without precise description of the reasons for OC
[7,8]. For instance, to the best of our knowledge, no data have
ever been published distinguishing OC in a context of relative
emergency (elective conversion) versus OC in a context of
absolute emergency (emergency conversion). The observed
predictive factors of OC were RN, older year of surgery, exclu-
sive laparoscopic approach [9], and tumor complexity
[7,8,10]. Logically, patients with OC have impaired postoper-
ative outcomes with a higher rehospitalization rate [10].

The objective of the study was then to describe precisely
the rate, reasons, and perioperative outcomes of OC in a mod-
ern cohort of patients who experienced MIS for renal tumors.
The secondary objectives were to find predictive factors of OC.
2. Patients and methods

2.1. Study design

This was a retrospective study conducted in the framework
of the UroCCR project (French network of research on kid-
institutional prospectively maintained database of patients
treated for kidney tumors. All patients received oral and
written information about the objectives and methodology
of the UroCCR project, and their written informed consent
was obtained (CNIL authorization number DR-2013-206).

2.2. Precisions about surgeries

The selected patients were scheduled for the surgical treat-
ment of renal masses with MIS (which encompassed laparo-
scopic or robot-assisted PN and RN) and had unplanned OC
during the procedure. ‘‘Emergency OC’’ implied an immedi-
ate life-threatening situation not reasonably manageable
with MIS (significant not repairable or precarious repaired
active bleeding). We defined all other situations as ‘‘elective
OC’’.

2.3. Data measurements

Based on the UroCCR database, we evaluated the clinical
characteristics of patients (age, sex, body mass index
[BMI], previous abdominal surgery, size, side and complex-
ity of tumor), surgeries, and postoperative outcomes. Each
center was contacted to enlighten the context of OC (emer-
gency or elective OC, patient repositioning, type of incision,
surgeon’s experience, and call of the other senior surgeon)
and describe the reason for OC precisely. Intraoperative
complications were described using EAUiaiC classification
[11], and postoperative complications were described using
Clavien-Dindo classification [12].

2.4. Statistical analysis

Descriptive statistics included frequencies and proportions
for categorical variables. Medians and interquartile ranges
were reported for continuously coded variables. The statis-
tical significance of differences in the medians and propor-
tions was assessed with the Wilcoxon rank sum test,
Pearson’s chi-square test, and Fisher’s exact test.

To evaluate the predictive factors of OC, a 2:1 paired
cohort on the UroCCR database, matched on age, sex, and
type of surgery, was used (n = 489). Matching was per-
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formed via propensity score matching (2:1, nearest neigh-
bor matching with caliper 0.2). Within this cohort, uni-
and multivariable logistic regression analyses (backward
selection) were performed to evaluate potentially influenc-
ing factors on OC.

For all analyses, SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA) and R software environment for statis-
tical computing and graphics (version 3.4.3) was used.
All tests were two sided, with a level of significance set
at p < 0.05.
3. Results

3.1. OC rate and patients characteristics

From 2008 to 2022, of a total of 8566 registered MIS proce-
dures in 25 centers, 163 were OC. The incidence rate of OC
was 1.9% for all MIS procedures, ranged from 0.2% to 10.2%
across centers, and was twice higher for minimally invasive
RN (MIRN) than for minimally invasive PN (MIPN): 2.9% for
MIRN and 1.4% for MIPN (Supplementary Table 1).

The included patients are summarized in Table 1:
71.2% were male and 39.3% had a BMI of >30 kg/m2. The
median tumor size was 5.2 cm. The number of OC proce-
dures performed was slightly more in right tumors
(55.8%). Fifty-one patients (31.3%) had a history of
abdominal surgery.
Table 1 – Characteristics of patients

Characteristic Value

Age, median (IQR) 66 (57–71)
Sex, n (%)
Male 116 (71.2)
Female 47 (28.8)

Body mass index
Median (IQR) 27.8 (24.6–32.3)
<30, n (%) 99 (60.7)
30–35, n (%) 30 (18.4)
>35, n (%) 26 (16.0)
No data, n (%) 8 (4.9)

ASA score, n (%)
1 23 (14.1)
2 76 (46.6)
3–4 46 (28.2)
No data 18 (11.1)

Tumor characteristics
Median size (IQR) 5.2 (3.5–8)
Size (cm), n (%)
<4 46 (28.2)
4–7 45 (27.6)
>7 52 (31.9)
No data 20 (12.3)

Right side, n (%) 91 (55.8)
Left side, n (%) 72 (44.2)
Renal vein thrombus, n (%) 28 (17.2)
Cystic tumor, n (%) 22 (13.5)
Renal score, n (%)
Low complexity 19 (11.6)
Intermediate complexity 44 (27.0)
High complexity 65 (39.9)
No data 35 (21.5)

Previous renal mass biopsy, n (%) 15 (9.2)
History of abdominal surgery, n (%) 51 (31.3)

ASA = American Society of Anesthesiologists; IQR = interquartile range.
3.2. Intra- and postoperative outcomes

OC concerned 82 (50.3%) MIPN and 81 (49.7%) MIRN cases;
64.6% of MIPN and 18.5% of MIRN cases were robot assisted
(Table 2). OC procedures were mostly elective conversions
(82.2%). Subcostal incision was the most frequent way to
realize OC (69.3%). Dorsal decubitus repositioning was per-
formed in 30 patients (18.4%), and call of the other senior
surgeon occurred in only 36 patients (22.1%). The reasons
for OC are precisely detailed in Table 3. The main reason
for OC was a failure to progress due to anatomical difficulty
(42.9%; mostly local tumor extension, intraperitoneal
adherences, or toxic fat for MIPN). Unplanned conversion
from PN to RN occurred in 19.5% of patients scheduled for
MIPN.

Regarding intraoperative complications according to the
EAUiaiC classification, the proportions of patients with
grades 2 and 3 are the same as those of the patients with
emergency and elective OC (18.8% and 82.2%, respectively).
No patients had a grade 4 complication: one had a hemo-
static splenectomy and another extensive intestine resec-
tion with stoma for ischemic colitis, but during
subsequent surgeries. No patient had a grade complication
5 because there was no intraoperative death. However, five
patients (3.1%) died within the 90 days after surgery: two
because of multiple organ failure due to massive blood loss,
two due to complications after peritonitis (anastomotic
leakage after colectomy and duodenal diverticulum injury),
and one after cardiorespiratory arrest due to severe aspira-
tion pneumonia.

The median operative time and estimated blood loss
(EBL) were 180 min (108–249) and 500 ml (250–1200;
0–4800), respectively. Fifty-one patients (31.3%) had
>500 ml of EBL. The median length of stay was 6 days
[4–8]. Postoperative complications are summarized in
Table 2: there were 25 grade �3 complications, notably
11 patients (6.7%) with surgical reinterventions, mostly
superficial abscess drainage and hemostasis.

More information regarding intra- and postoperative
outcomes according to the degree of emergency of OC and
the scheduled surgery is presented in Supplementary Tables
2 and 3. Emergency conversion was more associated with
significant bleeding and unplanned conversion from PN to
RN than elective conversion, but not with length of stay,
surgical reintervention, or death (Supplementary Table 2).
OC in case of planned RN occurred more frequently for
novice surgeons (Supplementary Table 3).

Thirteen patients (8.0%) had a benign tumor and 13
(8.0%) had positive surgical margins (Supplementary
Table 4).
3.3. Comparison between patients with and without OC
(matched cohort n = 489)

In the matched-paired cohort, robot-assisted surgery was
less frequent in the OC patients: 42% versus 67% without
OC (77.1% vs 93.2% in case of MIPN and 19.5% vs 41.5% in
case of MIRN). Patients with OC had a higher median tumor
size (5.2 vs 4.5 cm), higher cT stage, and higher renal score.
Patients with OC had logically worse perioperative out-
comes than patients without OC (Table 4), with significantly



Table 2 – Characteristics of surgery

Characteristic Value

Planned surgery
Partial nephrectomy, n (%) 82 (50.3)
Robot assisted surgery 53/82 (64.6)
Laparoscopic surgery 15/82 (18.3)
Missing information regarding the use of a

robot
12/82 (14.6)

Total nephrectomy, n (%) 81 (49.7)
Robot assisted surgery 15/81 (18.5)
Laparoscopic surgery 60/81 (74.1)
Missing information regarding the use of a

robot
6/81 (7.4)

Approach, n (%)
Retroperitoneal 15 (9.2)
Transperitoneal 148 (90.8)

Surgeon’s experience on mini-invasive renal surgery, n (%)
<10 28 (17.2)
10–100 45 (27.6)
>100 81 (49.7)
No data 9 (5.5)

Box of open surgical tools, n (%)
Already opened (systematically during
laparoscopic surgery)

10 (6.1)

In the operating room, not opened during
laparoscopic surgery

116 (71.2)

Not in the operating room 37 (22.7)
Dorsal decubitus repositioning during conversion, n

(%)
30 (18.4)

Call of other senior surgeon, n (%) 36 (22.1)
Incision performed during conversion, n (%)
Subcostal 113 (69.3)
Lumbotomy 38 (23.3)
Midline 5 (3.0)
Other (pararectus, bisubcostal, etc.) 4 (2.4)

Degree of emergency of open conversion, n (%)
Absolute emergency (emergency conversion) 29 (17.8)
Relative emergency (elective conversion) 134 (82.2)

Reason of open conversion, n (%)
Bleeding 42 (25.8)
Failure to progress due to anatomical difficulty 70 (42.9)
Failure to progress due to technical problems
(insufflation)

2 (1.2)

Cancer control consideration 36 (22.1)
Accidental neighboring organ injury 13 (8.0)

Unplanned conversion from partial to radical nephrectomy, n (%)
Yes 16 (9.8)
No 66 (40.5)
Not applicable (planned total nephrectomy) 81 (49.7)

Operative time, median [IQR] (extr) 180 [108–249]
(45–529)

Intraoperative transfusion, n (%) 48 (29.4)
Estimated blood loss, median [IQR] (extr) 500 [250–1200]

(0–4800)
Estimated blood loss �1000 ml, n (%) 51 (31.3)
Intraoperative complications (EAUiaiC classification), n (%)
2 134 (82.2)
3 29 (17.8)
4 0 (0)
5 0 (0)

Length of stay (d), median [IQR] (extr) 6 [4–8] (2–53)
Postoperative complications, n (%)
Postoperative transfusion 31 (19.0)
Urinary fistula 3 (1.8)
Abdominal hematoma 12 (7.4)
Wall hematoma 3 (1.8)
Wound abscess 4 (2.4)
Pseudoaneurysm 0 (0)
Ileus 4 (2.4)
Pancreatic fistula 2 (1.2)
Peritonitis 1 (0.6)
Urinary tract infection 2 (1.2)
Sepsis 6 (3.7)
Acute urinary retention 3 (1.8)
Clavien-Dindo IIIa 1 (0.6)
Clavien-Dindo IIIb 11 (6.7)
Clavien-Dindo IV 6 (3.7)

Table 2 (continued)

Characteristic Value

Clavien-Dindo V 5 (3.1)
Surgical reintervention, n (%) 11 (6.7)
Superficial abscess drainage 3 (1.8)
Upper tract drainage (JJ stent) 2 (1.2)
Renal vein tumor thrombectomy 1 (0.6)
Totalization (radical nephrectomy after initial
partial nephrectomy)

2 (1.2)

Hemostasis 3 (1.8)
Hemostasis splenectomy 1 (0.6)

Peritonitis/washing peritoneum 1 (0.6)
Death, n (%) 5 (3.1)

extr = extreme values; IQR = interquartile range.
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longer length of stay, higher EBL, and more postoperative
complications, surgical reinterventions, and death.

3.4. Factors associated with OC

In univariable analyses (including BMI, American Society of
Anesthesiologists score, tumor size, cT-stage, renal score,
history of abdominal surgery, and robot assisted surgery)
predicting OC, three factors reached independent predictor
status: BMI (odds ratio [OR]: 1.06, 95% confidence interval
[CI]: 1.02–1.09, p = 0.001), cT stage (OR: 2.23, 95% CI:
1.26–4.0, p = 0.006), and robotic assistance (OR: 0.44, 95%
CI: 0.29–0.66, p = 0.0001). After including these in multi-
variable analyses, only BMI (OR: 1.05, 95% CI: 1.01–1.09,
p = 0.009) and cT stage (OR: 2.22, 95% CI: 1.24–4.25,
p = 0.008) reached independent predictor status; robotic
assistance was close to statistical significance (OR: 0.66,
95% CI: 0.43–1.04, p = 0.0697).
4. Discussion

Based on our results, OC was a rare situation in MIS for renal
tumors (1.9%). Fortunately, emergency OC was even more
uncommon (about once every 300 procedures). However,
surgeons have to prepare for this situation as concerned
patients might have very serious complications and even
die during or right after surgery. Our results might
enlighten surgeons about various situations than can lead
to an OC and help them anticipate this technically demand-
ing surgery as best as they can.

Preoperative planning seems crucial to prevent technical
difficulty during the procedure. Careful interpretation of a
recent imaging, or even more three-dimensional recon-
struction [13,14] might help figure out anatomical bound-
aries of the tumor and better decide between nephron-
sparing nephrectomy or RN, and laparoscopic or open sur-
gery. Patient’s counseling should be adapted to each situa-
tion, detailing advantages, drawbacks, and risks of the
planned surgery [15]. OC should always be discussed with
the patient preoperatively and included in the ‘‘possibles’’
during informed consent. An elective OC during MIS due
to concerns for oncological control or tumor extension
should not be seen as a complication, but rather a judgment
call by the surgeon to modify the surgical approach for bet-
ter patient care.



Table 3 – Detailed reasons of open conversion

Characteristic All
patients
(n = 163)

Planned
partial
nephrectomy
(n = 82)

Planned
radical
nephrectomy
(n = 81)

Bleeding, n (%) 42 (25.8) 22 (26.8) 20 (24.7)
Renal artery injury 7 (4.3) 5 (6.1) 2 (2.5)
Renal vein injury 9 (5.5) 3 (3.6) 6 (7.4)
Small vessel of renal
pedicle

14 (8.6) 5 (6.1) 9 (11.1)

Vena cava 1 (0.6) 1 (1.2) 0 (0)
Aorta 1 (0.6) 1 (1.2) 0 (0)
Renal hyperpressure
and diffuse bleeding
after renal vein
ligature (unexpected
presence of accessory
renal artery)

2 (1.2) 0 (0) 2 (2.5)

Ineffective clamping
during partial
nephrectomy

3 (1.8) 3 (3.6) 0 (0)

Active bleeding after
unclamping during
partial nephrectomy

4 (2.4) 4 (4.9) 0 (0)

Adrenal gland 1 (0.6) 0 (0) 1 (1.2)
Failure to progress due to

anatomical difficulty,
n (%)

70 (42.9) 32 (39.0) 38 (46.9)

Intraperitoneal
adherences

20 (12.3) 9 (11.0) 11 (13.6)

Individualization of
renal artery

6 (3.7) 3 (3.6) 3 (3.7)

Local tumor extension 28 (17.2) 4 (4.9) 23 (28.4)
Toxic fat 14 (8.6) 14 (17.1) 0 (0)
Upper pole access 1 (0.6) 1 (1.2) 0 (0)
Obesity/lack of space 1 (0.6) 1 (1.2) 0 (0)
Hepatomegaly 1 (0.6) 0 (0) 1 (1.2)

Failure to progress due to
technical problems
(insufflation), n (%)

2 (1.2) 2 (2.4) 0 (0)

Cancer control
consideration, n (%)

36 (22.1) 21 (25.6) 15 (18.5)

Difficulty of tumor
individualization

8 (4.9) 8 (9.8) 0 (0)

Tumor effraction/cystic
rupture during
tumorectomy

5 (3.1) 4 (4.9) 1 (1.2)

Doubt regarding
positive surgical
margin

5 (3.1) 5 (6.1) 0 (0)

Unexpected renal vein
thrombus/
uncontrollable renal
vein thrombus

12 (7.3) 2 (2.4) 10 (12.3)

Unexpected vena cava
thrombus

3 (1.8) 0 (0) 3 (3.7)

Unexpected
retroperitoneal lymph
nodes to remove

3 (1.8) 2 (2.4) 1 (1.2)

Accidental neighboring
organ injury, n (%)

13 (8.0) 6 (6.1) 7 (8.6)

Superior mesenteric
artery

1 (0.6) 0 (0) 1 (1.2)

Renal pelvis 1 (0.6) 1 (1.2) 0 (0)
Duodenal diverticulum 1 (0.6) 0 (0) 1 (1.2)
Liver 4 (2.4) 3 (3.6) 1 (1.2)
Pancreas 1 (0.6) 0 (0) 1 (1.2)
Spleen 2 (1.2) 1 (1.2) 1 (1.2)
Colon 3 (1.8) 1 (1.2) 2 (2.5)
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In case of significant active bleeding, OC is not impera-
tive, but appropriate experience in MIS and composure are
mandatory to resolve the issue [16], as the surgeon has to
be as fast and precise as possible for the vascular control
(temporary clamping and effective stitches). Bed-side assis-
tant has a crucial importance in case of robot-assisted sur-
gery, since only he/she can apply clips or clean the
surgical field with the suction device. After increasing the
pneumoperitoneum, if OC is judged inevitable by the oper-
ator, at least bleeding should be decreased (application of
accurate pressure with a tonsil swab or vascular clamp)
during the critical period of OC. Nontechnical factors, such
as communication [17], teamwork (good coordination with
the anesthesiologist for hemorrhagic shock and quickly dis-
posable blood products), and decision-making, are also crit-
ical to overcome such delicate situations. Call of the other
senior surgeon could be particularly useful and was surpris-
ingly underused in our cohort. Implementation of surgical
simulation training programs addressing critical situations
such as OC [18] could be interesting to be more armed in
this exceptional situation, as processed in the aeronautic
industry for the management of failures. If done more sys-
tematically during initial formation [19], and also periodi-
cally for confirmed surgeons, it might prevent
inappropriate management of OC, facilitate communication,
and increase decision-making.

Regarding intraoperative rates of OC, our results are
slightly lower than previous data [4,7–9]. This could be
explained by a more recent cohort or more experienced sur-
geons and centers. Some OC might have been missed in our
registry if any surgery had been registered falsely as an
upfront open surgery in such situations. Another important
result of our study is the first reported (to the best of our
knowledge) rate of emergency OC: one out of 300 proce-
dures. Furthermore, OC in MIS for renal tumors is more
uncommon than in other nonurological surgeries [20,21],
attesting than MIS seems particularly appropriate for renal
tumors and that urologists have long experience of MIS,
especially robot-assisted surgery [22].

Our results are in accordance with previous studies
regarding the predictive factors of OC such as obesity [4],
nonrobotic approach [7,9], and tumor stage [8]. Male sex as
a predictive factor was also found by Klein et al [7], but we
could not confirm it, since our paired cohort was matched
on sex. These factors seem intuitive and underpin that the
more difficult the surgery is expected to be, the higher would
be the risk of OC. For the prevention of OC, surgeons should
certainly take into consideration these factors; however, OC
occurred in only 2% of MIS cases and would remain largely
uncertain. Thus, intraoperative precautions, such as a large
accessible surgical field with palpable anatomical landmarks
or a box of open surgical tools in the operative room, could
help facilitate OC and decrease its duration.

OC rate was almost twice higher for RN than for PN, and
could be explained by a smaller proportion of robot-assisted
surgeries during RN [9] and an underestimation of local
tumor extension before surgery. In case of tumors planned
for PN, unexpected local tumor extension might also be
managed by conversion to RN, staying in MIS, without the
necessity of OC. However, toxic fat leading to OC was an
exclusive PN issue. There are several models that aim to
predict adherent perinephric fat [23,24], and their use
should be encouraged. Nevertheless, the intraoperative dif-



Table 4 – Comparison between patients with or without unplanned open conversion, in a 2:1 paired cohort (matched on age, sex, and type of
surgery)

Characteristic Patients with open conversion
(n = 163)

Patients with no
conversion
(n = 326)

p value

Age, median (IQR) 66 (57–71) 66 (57–71) Paired on this
criteria

Sex, n (%)
Male 116 (71.2) 232 (71.2) Paired on this

criteria
Female 47 (28.8) 94 (28.8)

Body mass index, median (IQR) 27.8 (24.6–32.3) 26.8 (23.6, 29.8) 0.009
ASA score, n (%)
1–2 103 (63.2) 187 (57.4)
3–4 48 (29.4) 100 (30.6) 0.5
No data 12 (7.4) 39 (12.0)

Tumor characteristics
Median size (IQR) 5.2 (3.5–8) 4.50 (3.00, 6.47) 0.019
cT stage, n (%)
T1 89 (54.6) 205 (62.9) 0.006
T2 31 (19.0) 44 (13.5)
T3 27 (16.6) 26 (8.0)
No data 16 (9.8) 51 (15.6)
Right side, n (%) 91 (55.8) 154 (47) <0.001
Left side, n (%) 72 (44.2) 172 (53)
Renal score, n (%) 9 (7, 10) 9 (6, 10) 0.023

Planned surgery, n (%)
Partial nephrectomy 82 (50.3) 164 (50.3) Paired on this

criteria
Total nephrectomy 81 (49.7) 162 (49.7)

Robotic-assisted surgery, n (%) 69 (42) 217 (67) <0.001
Operative time, median (IQR) 200 (150, 240) 150 (113, 200) <0.001
Estimated blood loss, median (IQR) 500 (250–1200) 100 (50–300) <0.001
Postoperative nights, median [IQR] (extr) 6 (4–8) 3 (2, 4) <0.001
Postoperative complications, n (%)
Postoperative transfusion 31 (19.0) 7 (2.1) <0.001
Urinary fistula 3 (1.8) 1 (0.3) 0.07
Abdominal hematoma 12 (7.4) 4 (1.2) <0.001
Wall hematoma 3 (1.8) 1 (0.3) 0.07
Wound abscess 4 (2.4) 2 (0.6) 0.08
Pseudoaneurysm 0 (0) 0 (0) –
Ileus 4 (2.4) 3 (0.9) 0.17
Pancreatic fistula 2 (1.2) 0 (0) –
Peritonitis 1 (0.6) 0 (0) –
Urinary tract infection 2 (1.2) 1 (0.3) 0.21
Sepsis 6 (3.7) 1 (0.3) 0.003
Acute urinary retention 3 (1.8) 7 (2.1) 0.8

Surgical reintervention, n (%) 11 (6.7) 3 (0.9) <0.001
Superficial abscess drainage 3 (1.8) 0 (0) 0.01
Upper tract drainage (JJ stent) 2 (1.2) 1 (0.3) 0.21
Renal vein tumor thrombectomy 1 (0.6) 0 (0) 0.15
Totalization (total nephrectomy after initial partial
nephrectomy)

2 (1.2) 0 (0) 0.04

Hemostasis 3 (1.8) 1 (0.3) 0.07
Hemostasis splenectomy 1 (0.6) 0 (0) 0.15

Peritonitis/washing peritoneum 1 (0.6) 0 (0) 0.15
Evisceration 0 1 (0.3) 0.47

Death, n (%) 5 (3.1) 1 (0.3) 0.02

ASA = American Society of Anesthesiologists; extr = extreme values; IQR = interquartile range.
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ficulties caused by toxic fat, leading in worst cases to OC, are
very hard to anticipate, and widely depend on surgeon’s
experience and tumor location.

Our study has several limitations: first, detailed reasons
and modalities of OC were assessed retrospectively based
on operative reports, leading to potential information
biases. Second, OC rate could have been underestimated if
a surgery had been registered falsely as an upfront open
surgery in our multicenter database. Third, the only way
to find the predictive factors of OC was to create a paired
cohort on the UroCCR database, matched on age, size of
tumor, and type of surgery because two groups would really
be unbalanced using all the UroCCR patients (thousands of
patients). This could have led to a lack of power to detect
the predictive factors of OC.
5. Conclusions

OC was a rare situation in MIS for renal tumors (1.9%), and
emergency OC occurred once in every 300 procedures.
Increased BMI and cT stage were independent patient-
related predictive factors of OC. Patients concerned by OC
might have very serious complications and even die during
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or right after surgery. Our results might enlighten surgeons
about various situations than can lead to OC, and help them
anticipate this event as best as they can.
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