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Abstract

Purpose Lymphoceles (LCs) are one of the most common complications after robot-assisted radical prostatectomy (RARP). 

lymphoceles and perioperative complications.
Methods 

via Medline, Web of Science, Embase, Central, ClinicalTrials.gov and the International Clinical Trials Registry Platform 

Results -

obesity.
Conclusions -

indicating a possibility for closer observation for this subgroup. With the evidence provided by this IPD-MA, creation of PF 
should be the new standard of care to reduce LC-related morbidity.
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 Background

Prostate cancer (PC) is the second most common cancer 
worldwide and a surge in cases is expected in the near future 
[1, 2]. When treated surgically, robot-assisted radical pros-
tatectomy (RARP) has become the standard approach and 
has shown to provide superior short-term continence and 
long-term potency compared to conventional laparoscopic 
radical prostatectomy [3]. Pelvic lymph node dissection 
(PLND) is a standard procedure for operative lymph node 
staging during RARP, and recent studies have suggested an 

4]. One of the most relevant post-
operative complications is the development of lymphoceles 

LND area in combination with lower abdominal pain, infec-
tion, leg swelling or thrombosis, require intervention and 
can be treated with either drain insertion (with or without 
instillation of sclerosing agents) or surgical fenestration. 
Infected lymphoceles, in particular, are associated with sig-

lymphoceles (aLCs) may become clinically relevant over 
time. Given their anatomical proximity to the iliac vessels, 
aLCs may lead to venous compression and carry a potential 
risk of secondary complications such as deep venous throm-
bosis or progression to symptomatic disease. Therefore, 
both sLCs and aLCs contribute to a relevant clinical burden 
for patients and the health-care system.

In recent years, several randomized controlled trials 

during RARP with PLND to reduce postoperative LCs 
[5– ].

This systematic review and meta-analysis (MA) aims to 
analyze the impact of PF on postoperative sLC requiring 
intervention as the primary endpoint and formation of all 
LCs and postoperative complications based on individual 
patient data (IPD).

 Methods

This systematic review and IPD-MA was performed in line 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement and prospectively registered 

-
ducted according to a prospectively developed protocol.

Eligibility criteria, search, data acquisition

A database search via Medline, Web of Science, Embase, 
Central, ClinicalTrials.gov and the International Clini-
cal Trials Registry Platform was performed by an experi-
enced librarian using key words, MeSH terms and Boolean 

There were no restrictions regarding language. The PICOS 

P: Patients with prostate cancer undergoing radical 
prostatectomy with pelvic lymph node dissection
I
lymph node dissection
C
lymph node dissection
O: Lymphoceles requiring intervention (primary out-
come), any secondary outcome
S: Only randomized controlled trials

Subsequently, title and abstract screening of the references 
were performed by two trial authors (CMH, VW). Full texts 
were acquired where possible and reviewed for inclusion 

the trial teams were contacted for IPD via email, telephone 
and personal contacts. IPD for one trial (PELYCAN) was 
already available.

data sheet. Authors of the trials either transposed the data 
themselves or provided the trial data and it was transposed 
by the systematic review team. Uncertainties were resolved 
by contacting the trial authors.

Primary outcome

The primary outcome was the occurrence of sLCs requir-
ing intervention. Intervention included insertion of a drain 
(with or without instillation of a sclerosing agent) and sur-
gical fenestration of the lymphocele. A lymphocele was 

node dissection.

Secondary outcomes

Secondary outcomes included symptomatic lymphoceles, 
lymphocele status (i.e. asymptomatic or symptomatic lym-
phoceles) and complications.

Risk of bias and certainty of evidence

certainty of evidence was assessed with the GRADE tool.

Subgroup analyses

Subgroup analyses for the primary outcome were performed 
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resected lymph nodes, used as a pragmatic surrogate for the 
extent of pelvic lymph node dissection (extended vs. limited 
PLND).

Risk factors of symptomatic lymphoceles

In addition to the stated outcomes, a prediction model for 
sLCs requiring intervention was developed as multilevel 
logistic regression. The following variables were used 
within this model: age, body mass index, PSA value, num-
ber of lymph nodes resected, lymphocele visibility at dis-

Statistical analysis

Analyses were performed using IPD where available and 
aggregate data for studies that did not supply IPD. Unless 

-
-

study to account for between-trial heterogeneity. The model 

body mass index (BMI), and preoperative PSA. Continuous 
covariates were standardized to improve model convergence. 

-
formed using the IPD mixed model results and aggregate 
data. For a complementary conventional meta-analysis, we 
reconstructed 2 × 2 tables from the IPD for each trial and 

measure. Between-study heterogeneity was summarised 

were generated for the primary outcome to visually assess 

clinically relevant subgroups was examined for the pri-

-

treatment and the subgroup variable (treatment × subgroup) 
in a single model and used likelihood ratio (or Wald) tests 
(via drop1) to obtain P-values for interaction. Results are 
summarized in subgroup tables and visualised in a forest 

plot. To explore predictors of symptomatic lymphocele, we 

which included treatment group, age, BMI, PSA, number of 
resected lymph nodes, and lymphocele at discharge (yes/no) 
as a postoperative predictor, restricting the analysis to stud-
ies and patients with complete data on this variable.

All analyses were performed in R (R Foundation for Sta-

the lme4 package (glmer), meta-analyses using the meta-
for package (rma), data wrangling with dplyr and tidyr, and 
visualisations (including forest and funnel plots) with for-
estplot and base R graphics.

 Results

Study characteristics

trial summary data extracted from the trial report and supple-
mentary material was available. A detailed overview of the 

-
gram (Fig. 1). An overview of the included studies is avail-
able in the supplementary material (Supplementary Table 
S1). Baseline variables were generally comparable across 
trials; two studies were multicentric and four were single-
center. All studies evaluated some form of lymphocele as 
their primary outcome. A detailed summary of baseline 
patient characteristics is provided in Table 1. Information 
about operative and methodological aspects of each trial, 
including the PF technique, follow-up schedules, blinding, 
and PLND templates, is summarized in the supplementary 
material (Supplementary Table S2).

Primary outcome

Data on symptomatic lymphoceles requiring intervention 
were available for all trials. Absolute and relative frequen-
cies for each trial and treatment group are summarized in 
Table 2. With high certainty of evidence, there was a statis-

p
vary substantially when only analyzing trials that provided 

p -
ings are illustrated in Fig. 2A (A1 + A2), showing a consis-
tent reduction with PF across both analyses (conventional 
MA and IPD-MA). As only one trial provided time-to-event 
data on interventions and last follow-up, no time-to-event 
analysis was performed.
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Fig. 1
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Table 1 Baseline patient characteristics for experimental groups (Flap and no Flap)
Age [years] Median 
(IQR)

PIANOFORTE POSE 
TRIAL 

FLAP 65 66
(47–76)

64.5 63 68.5
(63.7–72.3)

Not reported

NO FLAP 66 66 66 64 67.2
(61.6–71.4)

Not reported

(IQR)
FLAP 26 28.1 27.4 28.8 26.8 Not reported

NO FLAP 27 27.2 27.8
(25.7–32.3)

Not reported

n
FLAP Not reported Not reported Not reported 224 Not reported

NO FLAP Not reported Not reported Not reported 241 Not reported

PSA [ng/mL] Median 
(IQR)

FLAP 7.2 8.1
(6.2–13.5)

6.8 7.1 Not reported

NO FLAP 7.4 7.6 8.3 6.5 7.4 Not reported

Prostatic volume (11) 
Median (IQR)

FLAP 1 Not reported Not reported 26.8 Not reported

NO FLAP 1 Not reported Not reported Not reported

High risk PC (preopera-
tive) n

FLAP Not reported 582

(47.2)
Not reported 313

(28.2)
734 Not reported

NO FLAP Not reported 612 Not reported 253

(23.6)
744 Not reported

n
FLAP

(42.26)
78
(63.41)

46 Not reported 113
(41.85)

Not reported

NO FLAP 72 Not reported
(36.86)

Not reported

Pathological tumor stage 
n

FLAP
(45.61)

72
(58.54)

36
(33.33)

38
(34.55)

85
(31.48)

Not reported

NO FLAP 82
(34.75)

72 31
(46.23) (34.67)

Not reported

Lymph node count 
Median (IQR)

FLAP 14
(11–18)

17 15 15 12
(8–16)

14
(not reported)

NO FLAP 14 17
(7–56)

16
(11–21)

16
(12–21)

11
(8–16)

14
(not reported)

Baseline characteristics were extracted from original publications or derived from individual patient data where not explicitly reported, 
(ASA BMI  Body mass index, IQR interquartile range, PC prostate cancer, 
PSA
1

2According to EAU risk group (European Association of Urology)
3According to NCCN risk group (National Comprehensive Cancer Network); 4
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p
p -

p

Risk of bias and certainty of evidence

Certainty of evidence as assessed via GRADE was rated 
as high for sLCs requiring intervention, sLCs and overall 
LCs (Table 3). The certainty of evidence regarding overall 
complications was rated as moderate due to imprecision and 
selective reporting.

Overall, the risk of bias was low to moderate. In four 
-

ment, and in 3/6 studies the randomization was performed 
intraoperatively, thereby minimizing surgeon bias [6, 7, ]. 
Postoperative teams were blinded in 2/6 trials [7, 8] and the 
outcome assessors in 4/6 trials [5–7, ]. The primary out-

complete risk of bias assessment is presented in a supple-
S1). As an exception, Pose 

et al. [ ] was rated as high risk due to incomplete data.

Subgroup analyses

In our subgroup analyses, the PF reduced the risk of sLCs 

interaction -
geneity by PSA (pinteraction

interaction
Results were consistent across lymph node yield (< 15 

(pinteraction
analyses are presented in Table 4.

Secondary outcomes

Further lymphocele outcomes

Absolute and relative frequencies of symptomatic lympho-
-

ment group are provided in Table 2. With high certainty of 
evidence, the conventional MA and the IPD analyses both 

-
p
p

Also for overall lymphoceles, both analyses demon-

p
p -

responding forest plots for sLCs and overall LCs are shown 
in Fig. 2B (B1 + B2) and Fig. 2C (C1 + C2), respectively.

Complications

in overall complications was observed in patients receiving 

p -

p
stratifying complication severity, the conventional MA dem-

-
p

p -
-

are presented in Fig. 2D (D1 + D2).

Operative time, postoperative hospital stay, blood loss

three outcomes in the IPD-MA. Operative time showed a 

Table 2 Incidence of lymphoceles during Follow-up in included randomized controlled trials for experimental groups (Flap vs. No Flap)
Symptomatic LCs requiring intervention 
n

PIANOFORTE PLUS PELYCAN POSE 
TRIAL 

FLAP 3 (1.3) 2 (7.4) 38 (7.2)
NO FLAP 16 (6.8) 48 (8.8)

Symptomatic LCs n
FLAP 8 (3.3) 3 (2.4) Not reported
NO FLAP 14 (11.5) Not reported

Overall LCs n
FLAP 4 (3.6) 34 (12.3) Not reported
NO FLAP 15 (14.2) Not reported

LCs lymphoceles)
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Fig. 2 Forest Plots displaying Results from Conventional and IPD 
Meta-Analysis for the Primary and Secondary Outcomes: Odds ratios 

-
Panel A: symptomatic lymphoceles 

(sLCs) requiring intervention (= primary outcome); Panel B: symp-

tomatic lymphoceles (SLCs); Panel C: overall lymphoceles; Panel D: 
overall complications. Left (A1 – D1): conventional meta-analyses; 
Right (A2 – D2)
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Table 4 -
group and corresponding Wald p-values; interaction p

SLCS WITH INTERVENTION / 

PATIENTS 
OR (95% CI) SIGNIFICANCE OR AND 95 % CI 

FLAP NO FLAP PVALUE PINTERACTION FLAP NO FLAP 

AGE 

<65 9 / 329 22 / 363 0.41 (0.18–0.89) 0.025 0.959 

≥65 16 / 358 38 / 489 0.40 (0.22–0.72) 0.002 0.959 

PSA 

<5 4 / 135 8 / 186 0.53 (0.16–1.78) 0.304 0.894 

5–10 10 / 339 23 / 412 0.40 (0.19–0.84) 0.016 0.894 

>10 11 / 213 29 / 255 0.38 (0.18–0.77) 0.007 0.894 

BMI 

<30 10 / 492 45 / 628 0.21 (0.11–0.42) <0.001 0.003 

≥30 15 / 194 15 / 225 0.99 (0.47–2.09) 0.990 0.003 

LN COUNT 

<15 15 / 353 33 / 440 0.43 (0.23–0.80) 0.008 0.678 

≥15 10 / 333 28 / 414 0.35 (0.17–0.73) 0.005 0.678 

BMI body mass index, CI LN lymph node, OR odds ratio, PSA

Outcomes Anticipated absolute Relative -
ticipants 
(studies)

Certainty 
of the 
evidence 
(GRADE)

Risk with 
standard 
of care

Risk with 
Peritoneal 

Symptomatic lymphoceles requiring 
intervention

85 per 45 per 
1.000 (27 
to 74)

RCTs)
⊕⊕⊕⊕ 
High

Symptomatic lymphoceles 50 per 
1.000 (37 
to 66)

RCTs)
⊕⊕⊕⊕ 
High

Lymphocele status (i.e. symptomatic lym-
phocele or asymptomatic lymphocele)

188 per 90 per 
1.000 (63 
to 131)

1717 (5 
RCTs)

⊕⊕⊕⊕ 
High

Overall complications 218 per 
1.000 (184 
to 257)

1717 (5 
RCTs)

⊕⊕⊕⊕◯ 
Moderate

The risk in the intervention group
comparison group and the 
CI OR odds ratio, RCTs randomized controlled trials

-

Table 3

and GRADE assessment for the 
Meta-Analysis
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events. However, such approaches warrant prospective 

evidence supporting aLC at discharge as an early risk factor 
for subsequent sLC after RARP.

predicting risk factors for development of sLC are the body-
mass-index (BMI), the number of resected lymph nodes and 
longer operative time [16–18]. The associations of BMI and 
the number of resected lymph nodes with the rate of sLC 
were also observed in cohorts undergoing surgery for gyne-
cological malignancies [ ] and colorectal cancer [ ]. Our 

only had a higher risk of developing LCs but also derived 

-
ing space and greater perivesical fat in obesity, limiting the 

-
tomical factors, obesity is also associated with an increased 
thromboembolic risk such as deep venous thrombosis [21, 
22] and consequently a higher likelihood of perioperative 
anticoagulation [23]. While some studies have reported 
an association between the treatment with low molecular 
weight heparin and higher lymphocele incidence [24, 25], 
the available evidence remains inconsistent [26]. Taken 
together, elevated BMI may contribute to lymphocele 
development through a multifactorial interplay, including 
anatomical constraints within the pelvis as well as impaired 
lymphatic sealing, which may result from obesity-related 
compromised wound healing and more intensive periopera-
tive anticoagulation due to increased thromboembolic risk.

the importance of carefully assessing not only the indica-
tion for pelvic lymph node dissection but also its extent. 
Existing evidence suggests that LCs are more common in 
extended compared to limited PLND [17]. Recent studies 
further indicate that extended pelvic lymph node dissec-
tion (ePLND) may reduce metastasis rates compared with 
a limited template, while biochemical recurrence outcomes 
appear comparable [4]. This has renewed the discussion 
about the potential oncologic value of ePLND, particularly 
in intermediate- and high-risk prostate cancer. To date, ear-
lier evidence had not demonstrated a clear oncologic ben-

postoperative morbidity. A population-based study from 

including survival, among patients who underwent PLND 
[27]. However, this analysis was limited to patients with 
low-risk prostate cancer. In addition, a randomized trial in 
intermediate- and high-risk patients found no advantage of 
extended over limited PLND with respect to early onco-
logic outcomes [28]. Since clear evidence had been lacking, 

Risk factors of symptomatic lymphoceles

In addition to the stated outcomes, a prediction model for 
sLCs requiring intervention was developed. In this multi-

-
p

and visible lymphoceles at discharge showed the stron-

p -
p

are provided in the supplementary material (Supplementary 
Table S3).

 Discussion

This MA comprises results of all six available RCTs regard-
ing prevention of LCs by creating PFs following RARP 

-

data. It was demonstrated with high certainty of evidence 
that the creation of PFs during RARP reduced formation of 

In the analyses based on IPD the risk for sLC was reduced 

are comparable to previous MAs of RCTs which reported an 
11–15].

Regarding aLCs at the time of discharge, three of the six 
studies examined the impact of PFs on aLCs at the time 

-
6]. Notably, early aLC at discharge 

emerged as a strong predictor for later sLCs requiring inter-
vention. While routine screening for lymphoceles prior to 
discharge is currently not recommended by guidelines and 

-

patients at particularly high risk for subsequent clinically 
relevant lymphoceles. Based on the evidence provided by 
this IPD-MA, selective postoperative screening strategies 
(e.g., targeted ultrasonography) in patients undergoing 
RARP with PLND may be considered to identify this vul-

closer postoperative follow-up. This may facilitate earlier 
detection of complications in outpatient care and allow tar-
geted patient education regarding warning symptoms such 
as fever, lower abdominal pain, or leg swelling, which may 
indicate lymphocele-related infection or thromboembolic 

1 3
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-
ing, longer FU and prospective randomized evaluation is 
required. Taken together, the growing number of technically 
distinct PF variants highlights the current lack of a standard-
ized best-practice approach. Future comparative studies 

reproducible strategy and to facilitate consistent clinical 
implementation.

-
operative drains. While one study used drains in all patients 
[5], some applied the use facultatively [7, ] and others did 
not use drains at all [6, 8] or did not comment on drainage 
use [ ]. Since there is evidence from meta-analyses that 

-

seems negligible [35, 36].
-

6]. Furthermore, the 
usage of clips vs. cautery vs. vessel sealing during PLND 

clips, whereas in the PELYCAN, ProLy or Michl-technique 
surgeons were free to choose [6– ]. The PIANOFORTE and 
PLUS trial did not comment on this topic [5, -
ence, too, seems negligible since the use of either clipping 
or coagulation could not have been linked to LC formation 
in a previous RCT [37], suggesting that these technical vari-
ations are unlikely to have confounded the present results.

-
ment appears to be a safe surgical technique. Both the clas-

reduction in overall complications among patients receiving 
PF, most likely driven by fewer lymphoceles and the asso-
ciated complications (e.g., infections, thrombotic events), 
along with a reduced need for subsequent interventions such 

-

between groups. Additionally, from a surgical point of view, 
PF placement is considered safe, as it requires only a few 
simple steps that do not involve risk-prone maneuvers.

Although every additional surgical step may prompt con-
cerns about operating time, PF placement requires only a 
few minutes and did not result in relevant time delays in 

minimal [8, -
ences in overall surgical time were reported [ ]. PIANO-
FORTE and ProLy even reported shorter operative times in 

-
5, 7]. Only the PELYCAN trial 

the EAU guideline on prostate cancer recommends a risk-
adapted approach regarding lymph-node involvement in 
intermediate and high-risk groups [ ]. To better assess the 
individual risk of lymph node metastases, several risk cal-
culators like the Briganti or MSKCC nomograms have been 
developed [ , 31]. While these tools show high sensitivity, 

32]. If PLND is 
performed, the EAU recommends an extended PLND tem-
plate [ ].

These considerations are directly relevant for the inter-
pretation of the present MA, as heterogeneity across the 
six included RCTs concerned pelvic lymph node dissec-
tion among other surgical aspects. Both the extent of PLND 
(limited vs. extended) and the applied dissection templates 
varied between studies and centers. As the extent of lym-

lymphocele volume, such variability may modulate the pro-
tective capacity of PF. To address this, subgroup analyses 

-

randomization within individual trials mitigates systematic 

in PLND extent and templates cannot be entirely excluded 
and should be considered when interpreting pooled results.

-

In the PIANFORTE study [5] and the PLUS trial [ ], a 

et al. [33]. The PerFix study [8] used a running suture to 
the pubic bone, whereas the ProLy study [7] used a four-

the PELYCAN [6

and left lateral endopelvic fascia [ ]. However, all interven-
tions used a similar principle: creating an opening between 

-
-

ing and limit surgical standardization and reproducibility 
-

able across trials, this should be considered when interpret-
ing pooled results. In a recent publication, Gamal et al. [34] 
described another PF technique: the so-called “bunching” 
technique was evaluated in 2267 patients, which were pro-
pensity score matched in a 3:1 ratio. The PF group showed 

FU was extended for a year if aLC was present within the 
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FU protocols (in-person FU including ultrasonography vs. 
questionnaire-based FU) could have biased the results.

In addition, the evidence underlying this IPD-MA is 
derived from RCTs in the setting of transperitoneal RARP 

-
ings to alternative operative approaches, such as extraperi-
toneal or Retzius-sparing prostatectomy, is limited.

Strengths

RCTs on PF for prophylaxis of LC. Furthermore, it is the 

six RCTs.

Conclusion

Creation of PF after RARP with PLND is a safe, simple 

requiring intervention. Once established, PF placement does 

the number of removed lymph nodes, aLCs at the time of 
-

quent occurrence of sLCs. This subgroup should therefore 
be monitored more closely. The evidence generated by this 
meta-analysis supports consideration of targeted postopera-
tive screening strategies of patients undergoing RARP with 
PLND and PF placement as the new standard of care to 
reduce LC-related morbidity.”

Supplementary Information The online version contains 
supplementary material available at 
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