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Abstract

Introduction: Lymphocele (LC) formation isa common com-
plication which may cause severe symptoms after robot-as-
sisted radical prostatovesiculectomy (RARP) with concomi-
tant pelvic lymph node dissection (PLND). Compared to
open radical prostatectomy, the amount of data on potential
risk factors for LC formation is still limited. The aim of the
present study was to identify risk factors for symptomatic LC
formation (sLC) after RARP with PLND. Methods: We used
the data of a prospective multicentre series of 232 RARP pa-
tients which were treated between March 2017 and Decem-
ber 2017. The primary endpoint was the presence of sLC
within 90 days. Asymptomatic LC (aLC) formation was also
recorded. We evaluated clinical, perioperative, and histo-
pathological criteria and compared their distribution in pa-

tients with and without post-operative sLC. Uni- and multi-
variable logistic regression analyses (MVAs) were performed
to identify potential predictors for LC formation. Regarding
the influence of patients’ BMI, 2 models were calculated: BMI
continuously (model 1) and BMI dichotomized with cut-off
30 kg/m? (WHO definition, model 2). Results: Post-operative
sLC was present in 21 patients (9.1%), while aLC was detect-
ed in 49 patients (21.1%) 90 days after RARP with PLND. Pa-
tients with sLC showed higher median baseline PSA levels
(9.8 vs. 8.1 ng/mL), higher prevalence of obesity (BMI >30;
42.9vs.19.9%), and longer median console time (180 vs. 165
min) compared to patients without sLC. On MVA higher BMI
{model 1: OR 1.145 (confidence interval [Cl] 1.025-1.278);
model 2: OR 2.761 (1.045-7.296)}, longer console time (mod-
el1:0R1.013[1.005-1.021]; model 2: OR 1.013[1.005-1.020])
andanISUP grade =3 (model 1: OR 3.247[1.182-8.917]; mod-
el 2: OR 2.791 [1.050-7.423]) were identified as independent
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predictors for sLC development. Conclusion: Patients with
aggressive tumours and higher BMI should be informed
about a potentially increased risk for sLC formation. In case
of a long console time, a close and regular follow-up should
be considered to check for LC development.

© 2021 The Author(s)
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Introduction

Prostate cancer represents the second most frequent
cancer in men worldwide with 1,276,106 new cases diag-
nosed in 2018 [1]. Robot-assisted radical prostatovesicu-
lectomy (RARP) has emerged as the new standard of care
for the surgical treatment of nonmetastatic prostate can-
cer. Due to its good oncological and functional results on
the one hand and the low perioperative morbidity on the
other hand, it has replaced open radical prostatectomy
(RPE) in many centres [2, 3].

Depending on the patients’” preoperative risk profile,
intraoperative pelvic lymph node dissection (PLND) is an
integral part of the procedure, as it provides the most ac-
curate assessment of metastatic lymph node (LN) in-
volvement. Furthermore, even an oncological benefit has
been proposed although conflicting results have been
published [4, 5]. Typically, an extended PLND is per-
formed in patients with high- and intermediate-risk pro-
file as reccommended by current guidelines [6, 7].

The most common complication after PLND is the
formation of lymphoceles (LCs), which are encapsulated
collections of lymphatic fluid resulting from the surgical
dissection and inadequate closure of lymphatic vessels [4,
5, 8]. LC development has been reported in up to 51% af-
ter RPE with PLND [4, 9]. Although most LCs remain
asymptomatic, systematic screening has been recom-
mended as some may cause relevant problems such as
infection, pelvic or leg pain, lower urinary tract symp-
toms, lower limb oedema, or venous thromboembolism
[4, 8, 10, 11]. Therapeutic options for patients with clini-
cally symptomatic LC (sLC) include percutaneous drain-
age (with or without instillation) and open or laparoscop-
ic marsupialization, while asymptomatic patients usually
do not need LC treatment.

In previous series, the frequency of sLC formation af-
ter RPE with PLND was found to be up to 11.2% [12-16].
For the robotic approach, somewhat lower rates up to
7.9% have been reported [8, 9, 17, 18]. Several studies
aimed to identify potential risk factors for LC formation,
but predominantly with regard to open RPE [12-16, 19],
while only limited data are available for the robotic ap-
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proach [8,9, 13, 20]. Thus, the purpose of this prospective
multicentre RARP series was to further evaluate potential
clinical and surgical risk factors for sLC formation.

Patients and Methods

Study Group and Surgical Technique

The study population consisted of 232 patients who underwent
RARP between March 2017 and December 2017 in 1 Austrian and
3 German centres. Data for the current analysis originate from the
PIANOFORTE trial (evaluating the impact of a peritoneal flap on
LC development after RARP) which has been recently published
by our group [21]. The trial has an Ethics Committee’s positive
vote and was registered in the clinical trials registry (DRKS-ID:
DRKS00011115) [22].

All patients presented with clinically organ-confined PCa and
cMO-status. Each RARP was performed in a standardized manner
via transperitoneal approach. In all patients, bilateral PLND was
performed which included at least the removal of the LNs overly-
ing the external iliac artery and vein as well as the LNs within the
obturator fossa cranially and caudally to the obturator nerve. The
lymphatic vessels were sealed by bipolar cauterization; clips were
placed in addition according to the surgeon’s preference. All sur-
geons had completed their learning curve (>100 RARPs).

Perioperative and Histopathological Aspects

The following perioperative clinical criteria were recorded and
analysed with regard to their effect on post-operative sLC forma-
tion: patients’ age, Charlson Comorbidity Index (CCI), BMI,
baseline PSA levels, history of previous abdominal surgery, con-
sole time, in which technique the lymphatic vessels were closed
(clips and cauterization vs. cauterization only), and whether or
not a peritoneal flap or a nerve-sparing procedure were carried
out.

The histopathological samples in the 4 centres were evaluated
according to a standardized protocol [23]. For tumour grading, the
2014 ISUP (International Society of Urological Pathology) classi-
fication was applied [24]. The histopathological specimens were
classified according to the AJC staging system 2017 for PCa (pT
and pN status) [25]. Abdominal drainage, which was placed in all
cases, was removed depending on the drainage volume.

The development of sLC within 90 days was diagnosed based
on imaging results and patients’ symptoms. For LC diagnosis, ab-
dominal/pelvic ultrasound was the primary diagnostic tool, ab-
dominal CT scan was carried out in uncertain cases or when other
causes had to be ruled out. A LC was defined symptomatic when
either accompanied by signs of infection or by symptoms due to
mechanical compression, such as pelvic or leg pain, lower urinary
tract symptoms, lower limb oedema, or venous thromboembo-
lism. In all patients, pelvic ultrasound was scheduled at 90 days
post-operatively and LC volume was recorded if present. Routine
CT scan was not performed in asymptomatic patients.

Statistical Analysis

Continuous variables were reported as median and interquartile
range (IQR), categorical endpoints as absolute and relative frequen-
cies. The Mann-Whitney U test was used to differentiate the distri-
bution of continuous variables between patients with and without
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Table 1. Distribution of various criteria in patients with and without symptomatic lymphocele (within 90 days post-operatively)

Criteria Whole study group Pts. without sLC Pts. with sLC p value
(n=232) (n=211) (n=21)
Median age, years (IQR) 65 (60-70) 66 (60-70) 64 (58.5-70) 0.623
CCI>1,n (%) 43 (18.5) 39 (18.5) 4(19) 0.999
Median PSA, ng/mL 8.2 (6.0-12.9) 8.1 (6.0-12.7) 9.8 (7.3-7.7) 0.024
Median BMI, kg/m? (IQR) 27.2 (25.2-29.7) 26.9 (25.2-29.4) 29.6 (25.6-34.7) 0.053
BMI >30 kg/mz, n (%) 51 (22) 42 (19.9) 9 (42.9) 0.025
Previous abdominal surgery, n (%) 104 (44.8) 93 (44.1) 11 (52.4) 0.497
Median console time, min (IQR) 167 (129-217) 165 (127-215) 180 (162.5-281.5) 0.012
Peritoneal flap performed, n (%) 108 (46.6) 99 (46.9) 9 (42.9) 0.820
Median number of removed LNs (IQR) 16 (11-21) 15 (11-21) 17 (11-23) 0.227
Technique of LND, n (%)
Cauterization only 83 (35.8) 76 (36) 7 (33.3) 0.999
Additional clip placement 149 (64.2) 136 (64) 14 (66.7)
Nerve-sparing performed, # (%) 122 (52.6) 113 (53.6) 9 (42.9) 0.369
Tumour stage >pT2, n (%) 67 (28.9) 60 (28.4) 7 (33.3) 0.621
Positive lymph node status (pN1), n (%) 16 (6.9) 14 (6.6) 2 (9.5) 0.644
ISUP-GGG, n (%)
1-2 137 (59.1) 128 (60.7) 9(42.9) 0.161
3-5 95 (40.9) 83 (39.3) 12 (57.1)

IQR, interquartile range; LNs, lymph nodes; LND, LN dissection; ISUP-GGG, International Society of Urological Pathology — Glea-
son grading groups; PSA, prostate-specific antigen; LC, lymphocele; sLC, symptomatic LC; CCI, Charlson Comorbidity Index. Bold

values indicate statistical significance.

sLC. The distribution of categorical variables was analysed using the
X test (in case of 2 x 2 contingency tables: Fisher’s exact test).

Uni- and multivariable logistic regression analyses (MVA)
were performed on various criteria to evaluate their influence on
the endpoints post-operative sLC formation and asymptomatic
LC (aLC) formation >30 mL. Due to the low number of events,
the independent effect was analysed by multivariable logistical
regression models using a stepwise backward elimination of the
independent variables on the basis of the probability of the like-
lihood-ratio-statistics. The following primary independent vari-
ables were selected: age at the time of RARP (continuously in
years), CCI (=1 vs. 0), previous abdominal surgery (yes vs. no),
console time (continuously in minutes), peritoneal flap per-
formed (yes vs. no), number of LNs removed (continuously),
LND technique (clips and cauterization vs. cauterization only),
nerve-sparing procedure (yes vs. no), histopathological tumour
stage (=pT3 vs. pT2), histopathological LN status (pN1 vs. pNO0),
ISUP Gleason grading group (ISUP-GGG 3-5 vs. 1-2). The BMI
was analysed as an independent variable with regard to its effect
on LC formation in 2 models: model 1 with the BMI being ana-
lysed as a continuous variable and model 2 with a dichotomiza-
tion in 230 kg/m? versus <30 kg/m? as this cut-off represents the
definition of obesity as given by the WHO [26]. For additional
analyses of some identified risk factors, enter models were built
with covariables of particular interest.

Data analysis was carried out using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA). All men-
tioned p values are 2-tailed; the significance level was defined as
p <0.05.

Risk Factors for Symptomatic Lymphocele
Formation after RARP and PLND

Results

A total of 232 RARP patients were analysed. Post-oper-
ative sLC was present in 21 patients (9.1%). Localized pain
was observed in 14 cases, infected LC in 9 cases, LC-induced
rheological problems in 4 cases, and new-onset LUTS due
tothe LCin 1 case. A LC was detected in 49 patients (21.1%)
90 days after RARP. The LC volume in those patients was
<30 mL in 19 patients (8.2%), 31-100 mL in 17 patients
(7.3%), 101-200 mL in 8 patients (3.4%), 201-500 mL in 2
patients (0.9%), and >500 mL in 3 patients (1.3%).

Table 1 shows a selection of clinical and histopathologi-
cal study criteria with a subdivision in patients with and
without post-operative sLC. The study groups were bal-
anced with regard to age, CCI, and history of previous ab-
dominal surgery. Moreover, no statistically significant dif-
ferences were observed concerning the median number of
removed LNs, LND technique (clip placement vs. cauter-
ization only), pathological tumour stage >pT2, positive
nodal status and ISUP-GGG =3. The proportion of proce-
dures with nerve-sparing and peritoneal flap was also com-
parable. In contrast, patients with sLC showed significantly
higher baseline PSA levels (median 9.8 vs. 8.1 ng/mL; p =
0.024),ahigher proportion of obese patients (42.9 vs. 19.9%;
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Table 2. Univariable and multivariable analysis of various criteria regarding their influence on the outcome “symptomatic lymphocele

within 90 days after RARP”

Criteria

OR (95% CI), p value
[univariable]

OR (95% CI), p value
[multivariable]

Age (years, continuously)
Charlson-score (=1 vs. 0)

PSA (ng/mL, continuously)

BMI (kg/m?, continuously)

BMI dichotomized (=30 vs. <30 kg/m?)
Previous abdominal surgery (yes vs. no)
Console time (min, continuously)

Peritoneal flap performed (yes vs. no)

Number of removed LNs (continuously)

Technique of LND (clips and cauterization vs. cauterization only)
Nerve-sparing procedure (yes vs. no)

Pathological tumour stage (>pT2 vs. pT2)

Pathological lymph node status (pN1 vs. pNO)

ISUP-GGG (3-5 vs. 1-2)

0.987 (0.928-1.050), 0.681 -
1.038 (0.331-3.255), 0.949 -
1.026 (0.991-1.063), 0.147
1.143 (1.029-1.270), 0.013
3.018 (1.193-7.633), 0.020
1.396 (0.568-3.428), 0.467
1.012 (1.004-1.019), 0.002

1.145 (1.025-1.278), 0.016 [model 1]
2.761 (1.045-7.296), 0.041 [model 2]

1.013 (1.005-1.021), 0.001 [model 1]
1.013 (1.005-1.020), 0.002 [model 2]
1.179 (0.477-2.915),0.722 -
1.036 (0.987-1.088), 0.148 -
1.126 (0.436-2.911),0.807 -
0.650 (0.263-1.609), 0.352 -
1.258 (0.484-3.271), 0.637 -
1.481 (0.313-7.011), 0.620 -
2.056 (0.830-5.095),0.119  3.247 (1.182-8.917), 0.022 [model 1]
2.791 (1.050-7.423), 0.040 [model 2]

In model 1 of the multivariable analysis, the BMI is included as a continuous variable, while a dichotomized BMI (cut-off 30 kg/m?)
is used in model 2. CI, confidence interval; IQR, interquartile range; LNs, lymph nodes; LND, lymph node dissection; ISUP-GGG, In-
ternational Society of Urological Pathology — Gleason grading groups; PSA, prostate-specific antigen; RARP, robot-assisted radical
prostatovesiculectomy; LC, lymphocele; sSLC, symptomatic LC. Bold values indicate statistical significance.

p = 0.025) and a longer console time (median 180 vs. 165
min; p = 0.012) compared to patients without sLC.

On univariable logistic regression analysis, BMI (con-
tinuously, p = 0.013; 230 kg/m?, p = 0.020) and console
time (p = 0.012) were significantly associated with sLC
formation. No significant effect was observed for patients’
age, CCI, baseline PSA level, previous abdominal surgery,
the number of removed LN, technique of LND, nerve-
sparing or peritoneal flap procedure, pathological tumour
stage, pathological LN status, and ISUP-GGG (Table 2).

On MVA (stepwise backwards elimination models),
the following 3 parameters remained in the model until
the last step and were identified as independent risk fac-
tors for sLC formation: patients’ BMI (model 1: confi-
dence interval [CI] 1.025-1.278, p = 0.016; model 2: CI
1.045-7.296, p = 0.041), console time (model 1: CI 1.005-
1.021, p = 0.001; model 2: CI 1.005-1.020, p = 0.002), and
ISUP-GGG (model 1: CI 1.182-8.917, p = 0.022; model 2:
CI 1.050-7.423, p = 0.040) (Table 2).

Next, we further investigated the predictive role of
console time and ISUP-GGG. We particularly wanted to
check if the predictive effect of these variables was poten-
tially driven by a modified surgical LN management.
Therefore, again MV As were performed, but this time we
used enter models including the covariables “number of
removed LN” and “technique of LND (clips vs. cauteriza-
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tion only)” into our models. The third included variable
was “console time” for the first calculation and “ISUP-
GGG” (dichotomized) for the second. Console time re-
mained statistically significant (p = 0.002) whereas the
ISUP-GGG lost its statistical significance (p = 0.180).
Moreover, the number of removed LNs was examined de-
pending on ISUP-GGG, and here, a median number of 16
LNs (IQR 12-23) in ISUP-GGG 3-5 patients was noted,
compared to 15 (IQR 9-20) in ISUP-GGG 1-2. This small
difference proved to be statistically significant (p = 0.009).
Finally, MVAs (stepwise backwards elimination mod-
els) were performed to evaluate potential predictors for
aLC development (>30 mL) at 90 days post-operatively.
This cut-off was chosen according to the categories of LC
volumes used in the original IANOFORTE trial and here-
by 30 events could be evaluated. Two models were calcu-
lated (model 1: BMI continuously; model 2: BMI dichoto-
mized, cut-off 30 kg/ m?). In both models, BMI and console
time remained in the model until the last step. Higher BMI
(model 1: p = 0.002, OR = 1.157, CI 1.054-1.271; model 2:
p = 0.011, OR 2.910, CI 1.281-6.610) and longer console
time (model 1: p =0.024, OR = 1.008, CI 1.001-1.015; mod-
el 2: p=0.017, OR = 1.008, CI 1.001-1.015) turned out to
be independent predictive factors for the development of
aLC >30 mL. For all study results, we could prove that cen-
tre effects did not impact the findings (data not shown).
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Discussion

PLND during RPE provides the most accurate assess-
ment of metastatic LN involvement in patients with pros-
tate cancer and may even have a potential oncological
benefit although results on this topic were conflicting [4,
5]. The benefits of PLND have to be weighed against a
considerable risk of complications. It has been reported
that up to 8% of post-operative complications after RARP
with PLND might be directly connected to the PLND [27],
with LC formation being the most frequent [4, 5, 27].
Apart from infection, pain, and lower urinary tract symp-
toms, LCs may cause severe rheological problems. Beyer
et al. [11] reported an impaired pelvic vein flow in 21.7%
of their patients with post-operative LC, which proved to
be a major risk factor for venous thromboembolism at an
odds ratio of almost 3. In view of these results, they recom-
mended post-operative screening for LCs and therapeutic
intervention when LC-related impaired venous flow is ob-
served [11]. Considering the excellent visualization and
precise tissue handling, RARP might have the potential to
reduce LC rates compared to open RPE although a recent
study by Thomas et al. [28] found no differences between
the open and the robotic approach.

Several previous studies aimed to identify risk factors
for the development of sLC after RPE and PLND, in par-
ticular the extent of the PLND, extraperitoneal versus
transperitoneal approach, role of metastatic LN involve-
ment, advanced tumour stages, age, anticoagulation
management, surgical experience, pelvic drain place-
ment, and closure technique of the lymphatic vessels
(clips vs. cauterization only) have been investigated. The
majority of these studies, however, focused on open RPE
and some aspects still remain inconclusive. Therefore, the
purpose of the present study was to provide more data
with regard to the robotic approach.

Firstly, we identified a higher BMI as an independent
risk factor for aLC and sLC formation in our series. This
significant effect was observed applying BMI both as a con-
tinuous variable and dichotomized at 30 kg/ m?, which is the
WHO definition of obesity. According to our results, obese
patients may have an almost 3-fold higher risk for sLC de-
velopment compared to non-obese patients which is note-
worthy for preoperative counselling. This finding is in ac-
cordance with a recent study by Sforza et al. [18], which also
identified BMI as an independent risk factor for sLC forma-
tion following RARP. This may be due to more adipose tis-
sue in the pelvis surrounding the pelvic LNs in obese men.
Pre-existing chronic inflammation within this adipose tis-
sue might be triggered by the surgical procedure and con-

Risk Factors for Symptomatic Lymphocele
Formation after RARP and PLND

tribute to sLC formation [18, 29]. Although some other
studies did not show a statistically significant impact [8, 9,
28], the present results strongly underline a considerable
influence of the patients’ BMI on LC formation.

Secondly, a higher ISUP-GGG significantly influenced
sLC development in the present cohort. A possible expla-
nation for this might be the fact that patients with higher
ISUP-GGG tend to receive a more extended PLND than
patients with lower ISUP-GGG [30]. This hypothesis is
underlined by our findings as higher ISUP-GGG lost its
statistical significance when the number of removed LNs
was included as a covariable on a multivariable logistic
regression model. In accordance with that, a slightly high-
er median number of removed LNs was observed in pa-
tients with ISUP-GGG 3-5 compared to ISUP-GGG 1-2
patients. As the extent of the PLND has been shown to
considerably influence the risk of LC formation after RPE
[12-14, 28], we believe that our results concerning the
predictive role of more aggressive tumours are at least in
part related to a more extensive LN management.

Thirdly, our analyses revealed a longer console time as
another independent risk factor for aLC and sLC devel-
opment. So far, this association has not been reported in
literature. As console time kept its statistical significance
in the multivariable logistic regression enter model in-
cluding the number of removed LNs and the PLND tech-
nique, it has to be assumed that the console time itself has
a considerable impact on LC development. Potentially,
such longer procedures may have been caused by adhe-
sions or scarring leading to a more demanding prepara-
tion. This might result in increased lymphatic leakage
and, therefore, promote LC formation. A validation of
this finding in a larger cohort is certainly mandatory.

In contrast to other studies [12, 28], we did not find an
association of patients” age with sLC development. More-
over, the number of removed LNs did not affect sLC devel-
opment. Previous studies revealed controversial results re-
garding this issue. While some studies identified the num-
ber of removed LNs as a risk factor for LC formation [12-14,
28], other series did not [8, 9, 18, 20]. Capitanio et al. [12]
reported that the risk of developing a sLC significantly in-
creased when >20 LNs were removed. The fact that not all
patients in our study received extended PLND (especially
in the low-risk group) may explain different findings. In our
series, the median number of removed LNs was 16 and only
a minority of the patients had >20 LNs removed. Neverthe-
less, the number of removed LNs may become relevant if a
more extensive PLND is performed, but this issue remains
under debate. Furthermore, the amount of LNs within the
pelvic adipose tissue varies within individuals [31], which
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means that the number of LNs removed does not necessar-
ily correlate with the actual extent of the PLND [31].

The role of metastatic LN involvement in LC formation
has also been discussed controversially. While some series
proposed a relevant influence [9, 20], other studies did not
and argued that the usually limited nodal involvement in
RPE candidates does not cause lymphatic leakage [12, 18,
19, 21]. In line with the latter, we did not observe any im-
pact of pN1 status on post-operative LC formation. In our
study cohort, however, nodal involvement was present in
only 16 patients (6.9%), and in view of this limited num-
ber, we refrain from drawing definite conclusions.

In terms of lymphatic vessel sealing, Orvieto et al. [9]
reported higher LC rates applying only cauterization with-
out any clip placement compared to other series. Therefore,
they switched to clips for PLND afterwards [9]. In line with
some other series, we found no influence of the sealing tech-
nique on LC formation in the present study [10, 16, 20].

Finally, a surgical modification using a peritoneal flap
was suggested to potentially reduce LC formation [32,
33]. The prospective randomized PIANOFORTE trial re-
cently published by our group, however, did not show an
influence on post-operative LC rates [21].

The main limitation of the present study is the limited
number of patients, which is due to the prospective ran-
domized design of the original IANOFORTE study. Ac-
cordingly, an event size of only 21 patients with sLC
(9.1%) was present, which had to be taken into account
when designing the multivariable logistic regression
models. Due to the limited event size, other potential risk
factors might not have reached statistical significance in
this series as discussed above. Nevertheless, 3 indepen-
dent predictors for sLC were identified by MV A although
only 21 events were present. This certainly underlines the
value of these parameters. Certainly, more data on this
topic from larger studies are desirable.
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