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Objectives. The purpose of this systematic review and meta-analysis was to evaluate the proportion and risk
factors of lymphoceles and symptomatic lymphoceles after PLND in early-stage cervical and early-stage high or
high-intermediate risk endometrial cancer.

Methods. Studies reporting on the proportion of lymphocele after PLND were conducted in PubMed, Embase
and Cochrane Library. Retrieved studies were screened on title/abstract and full text by two reviewers indepen-
dently. Quality assessment was conducted using the Newcastle Ottowa Scale and the Cochrane risk-of-bias tool.
Proportion of lymphocele and possible risk factors were pooled through random-effects meta-analyses.

Results. From the 233 studies retrieved, 24 studies were included. The pooled proportion of lymphocele was
14% and of symptomatic lymphocele was 3%. Routinely performing diagnostics was associated with a signifi-
cantly higher proportion of lymphocele compared to diagnostics performed on indication (21% versus 4%, p <
0.01). Laparotomic surgical approach led to a significantly higher proportion of lymphoceles than laparoscopic
surgical approach (18% versus 7%, p = 0.05). The proportion of lymphocele was significantly higher when
>15% of the study population underwent additional paraaortic lymph node dissection (PAOLND) opposed to
<15% (15% versus 3%, p < 0.01). A mean number of lymph nodes dissected of <21 resulted in a significantly
higher pooled proportion of lymphoceles opposed to when the mean number was 21 or higher (19% versus
5%, p = 0.02). Other risk factors analysed were BMI, lymph node metastasis, adjuvant radiotherapy and follow
up. There was no sufficient data to detect significant risk factors for the development of symptomatic
lymphoceles.

Conclusion. The pooled proportion of lymphocelewas 14% ofwhich symptomatic lymphoceles occurred in 3%.
Significant risk factors for the total proportion of lymphoceles were laparotomic approach, decreased number of
lymph nodes dissected and additional PAOLND.

© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

In the treatment of early-stage cervical cancer and early-stage high
or high-intermediate risk endometrial cancer, pelvic lymph node dis-
section (PLND) is widely used to identify lymph node metastasis and
determine the need for adjuvant therapy [1,2]. PLND is associated
with postoperative morbidity, such as pelvic lymphocele and lower ex-
tremity lymphedema [3].

A lymphocele is defined as lymphatic-filled cystic lesion [4]. The
peak incidence for lymphoceles is found at three to eight weeks
after surgery, yet some develop after one year [5]. Where most
asymptomatic and small uninfected lymphoceles regress spontane-
ously [5,6], large or symptomatic lymphoceles are an indication for
treatment. Symptomatic lymphoceles present with pelvic pain,
infection, lower urinary tract symptoms, leg edema, deep vein
thrombosis and other symptoms related to compression of adjacent
structures [5–7]. Additionally, symptomatic lymphoceles are associ-
ated with prolonged hospitalization and may cause a delay in onset
of adjuvant therapy [8]. Certain risk factors for the development of
(symptomatic) pelvic lymphoceles after PLND are reported, such as
body mass index (BMI), prophylactic use of subcutaneous heparin,
surgical approach (i.e. laparotomy or laparoscopy), number of lymph
nodes dissected, presence of lymph node metastasis and adjuvant
radiotherapy [6].

In literature, the incidence of lymphocele after PLND for patients
with gynecological malignancies varies from 1% to 58%. For symptom-
atic lymphoceles the incidence varies from 5% to 18% [6]. The majority
is asymptomatic and found during routine follow-up [9,10].

The aim of this systematic review andmeta-analysis is to provide an
updated overviewof the incidence and risk factors for lymphoceles after
PLND in early-stage cervical cancer and high- or high-intermediate risk
endometrial cancer.
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2. Methods

2.1. Systematic search

We systematically searched PubMed, Embase and Cochrane library
databases for relevant data on lymphocele after PLND in patients with
early-stage cervical cancer andhigh- or high-intermediate risk endome-
trial cancer [1,2]. We conducted the search on August the 14th 2022
using the following terms: “lymphocele”, “lymphocyst”, “lymph node
dissection”, “lymphadenectomy”, “uterine neoplasms”, “endometrial
cancer” and “cervical cancer”. Synonyms and alternative spellings
were included, as well as the corresponding MeSH and Emtree terms.

2.2. Eligibility criteria

All studies were screened on title and abstract by two independent
reviewers (AJ and AdJ). Discrepancies were resolved by consensus dis-
cussion and a third reviewer (CGG). The inclusion criteria for the indi-
vidual studies required that a PLND had been performed on patients
with clinically FIGO stage IA1-IB2 or IIA1 cervical cancer or FIGO stage
I-II endometrial cancer [11,12]. Furthermore, studies had to report the
proportion of identified lymphoceles. Studies were excluded if the
full-text version was irretrievable, were not written in English, did not
report original data, were case-reports or non-human studies. Full-
text screening of the potential eligible studies was performed by two
independent authors.

2.3. Quality assessment

We used the Newcastle Ottowa Scale (NOS) to assess study quality
for case-control and cohort studies [13]. The NOS evaluates the risks of
bias using nine domains within three categories. Each domain was
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assignedwith low risk, high risk or not applicable. Points were given for
each domain assigned with low risk and a total score was calculated,
with a maximum score of 9. A study score of 8 or 9 was considered as
low risk of bias, 6 or 7 as moderate risk of bias and 5 or lower as high
risk of bias. Studies with a score of 5 or lower were excluded from this
review.

The Cochrane risk-of-bias tool for randomized trials version 2
(RoB2) was used to assess the quality of randomized controlled trials
(RCT) [14]. This tool evaluates the risk of bias on five different domains:
randomization, deviations from intervention, missing outcome data,
measurement of outcome, and selection of reported result. All domains
were assignedwith either low risk, some concerns, or high risk. If all do-
mains were assigned with low risk, an overall low risk of bias was con-
sidered. If one domain was assigned with some concerns, an overall
score of moderate risk was considered. If two domains were assigned
with some concerns or if one domain was assigned with high risk, an
overall high risk of bias was considered. Studies with an overall high
risk of bias were excluded from this review. The Risk-of-bias VISualiza-
tion (robvis) tool was used to create the traffic light plots to visually
summarize the quality assessment [15].

2.4. Data collection

To collect the data, a data extraction sheet was created in advance.
The following data were collected of each study: 1) author and publica-
tion details; 2) inclusion period; 3) study design; 4) sample size of study
population; 5) type of disease; 6) type of diagnostic procedure (i.e. rou-
tine or indication); 7)median ormeanBMI; 8) type of surgical approach
(i.e. laparotomy, laparoscopy, robot-assisted laparoscopy); 9) type of
lymph node dissection (i.e. PLND with or without paraaortic lymph
node dissection (PAOLND)); 10) median or mean number of lymph
nodes dissected; 11) percentage of patients with lymph node metasta-
sis; 12) percentage of patients who received adjuvant radiotherapy;
13) lymphocele events; 14) symptomatic lymphocele events; and
15) median or mean follow-up duration in months.

The primary outcome of interest was the proportion of pelvic lym-
phocele after PLND for cervical and endometrial cancer. Pelvic lympho-
cele was subdivided in asymptomatic and symptomatic lymphocele.
Symptomatic lymphocele was defined as a lymphocele with symptoms
related to compression of adjacent structures, pelvic pain and/or infec-
tion, lower urinary tract symptoms, leg edema or occurrence of deep
vein thrombosis. Secondary outcomes were the proportions of lympho-
cele with respect to follow-up rate, detection by routine diagnostics or
diagnostics on indication, and possible risk factors.

2.5. Statistical analysis

The individual proportions and 95% confidence intervals were calcu-
lated for all studies. To determine cut-off value of subgroups the mean
or median was calculated. The proportions of the individual studies
were pooled using a random-effects model and transformed using
the Freeman-Tukey Double arcsine transformation. I2 index and chi-
squared test were performed to assess heterogeneity. Forest plots
were created to visually summarize the results. We used a randomized
effect model to test for subgroup differences. P-values between sub-
groups were calculated using the Chi-square test to determine whether
a statistically significant association was found. A P-value ≤0.05 was
deemed significant. Mixed effectmeta-regressionwas conducted to fur-
ther study covariates (e.g. BMI) and their association with the outcome
of interest, e.g. lymphocele prevalence [16]. Covariate data was derived
from the baseline data from each included study. The obtained regres-
sion coefficient and p-value from the meta-regression quantifies the
strength and statistical significance of this association (continues covar-
iate) of the difference between subgroups (categorical covariate).
All meta-analyses were performed using the statistical software R
version 4.1.2 (2021-11-01, R Foundation for Statistical Computing,
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Vienna, Austria) attachedwith the ‘meta’ package version 5.2.0, created
by G. Schwarzer, and the ‘metafor’ package version 3.0.2, created by
W. Viechtbauer.

3. Results

3.1. Systematic search and quality assessment

Fig. 1 shows an overview of the systematic search. We retrieved 233
studies, of which 125 studies were excluded based on title and abstract
screening and 78 studies were excluded based on full-text screening
(Supplement 1). Studies were excluded when inclusion criteria were
not met (n = 32), full text was irretrievable (n = 23) or not written
in English (n=15). A subsequent 30 studies underwent quality assess-
ment, whereof six case-control and cohort studies had a NOS of 5 or
lower and were excluded due to their high risk of bias (Supplement
2). Five out of the six studies described single-armed cohort studies,
which were excluded by the NOS tool due to missing data of a control
arm (Supplement 3). In the sixth study, quality issues were raised due
to missing or unreported data. Of the remaining studies, ten studies
were assessed as having a low risk of bias [3,17–25] and 14 studies
were assessed as having a moderate risk of bias [5,7,26–33] (Supple-
ment 4). A total of 24 studies were included in the quantitative analysis,
of which the characteristics are shown in Table 1.

3.2. Overall lymphocele incidence

A total of 2258 patients (24 studies) with endometrial or cervical
cancer who underwent PLNDwere included in themeta-analysis. Pelvic
lymphocele was diagnosed in 329 patients (15%). The incidence varied
from 1% to 57% between the individual studies, with a pooled propor-
tion of 14% (95%CI: 9%-.

20%) for developing a pelvic lymphocele as postoperative complica-
tion of PLND (Fig. 2). A meta-regression analysis showed no significant
association between the proportion of patients with a lymphocele and
the median follow-up rate (p = 0.28).

3.3. Asymptomatic lymphocele

A total of 1126 patients (13 studies) were investigated on the pres-
ence of asymptomatic lymphocele. Transvaginal and/or transabdominal
ultrasound (11 studies) and CT-scan (2 studies) were used within the
individual studies to diagnose lymphoceles. The incidence of asymp-
tomatic lymphoceles varied from 0% to 46%, with a pooled proportion
of 16% (95%CI: 8%–26%) (Supplement 5).

3.4. Symptomatic lymphocele

A total of 1326 patients (16 studies) were investigated on the
presence of a symptomatic lymphocele. The incidence of symptom-
atic lymphoceles varied from 0% to 32%within the individual studies
and corresponded to a pooled proportion of 3% (95%CI: 1%–6%)
(Supplement 6).

3.5. Routine diagnostics versus diagnostics performed on indication

A total of 1291 patients (14 studies) underwent routine diagnostics
to detect lymphoceles. Interval between surgery and first diagnostic
measures for lymphocele detection varied from one day to one year.
This corresponded to a pooled proportion of lymphoceles of 21% (95%
CI: 13%–30%). A total of 493 patients (7 studies) underwent additional di-
agnostics based on indication todetect lymphoceles. This corresponded to
a pooledproportion of lymphoceles of 4% (95%CI: 0%–12%). The difference
in proportions between the two types of diagnostic procedureswas found
to be significant (p < 0.01) (Supplement 7).



Fig. 1. PRISMA flow diagram of the systematic search.
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Performing routine diagnostics did not result in a higher proportion
of symptomatic lymphoceles (Supplement 8).
3.6. Risk factors overall lymphocele

Table 2 shows the pooled proportion of lymphoceles in the subgroup
meta-analyses by surgical approach, percentage of patients with
adjuvant radiotherapy, percentage of patients with metastatic
lymph nodes, number of lymph nodes dissected, BMI and percent-
age of patients with additional PAOLND. Additional subgroup anal-
ysis between type of cancer and geographical regions has been
conducted but will not be further discussed due to no significant
associations.

3.6.1. Surgical approach
A total of 1087 patients (14 studies) underwent laparotomic PLND.

This corresponded to a pooled proportion of lymphoceles of 18% (95%
CI: 11%–28%). A total of 713 patients from 12 studies underwent laparo-
scopic PLND. This corresponded to a pooled proportion of lymphoceles
of 7% (95%CI: 2%–15%). Lymphoceles occurred significantly less often
in de laparoscopy group (p = 0.05) (Table 2).
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3.6.2. Adjuvant radiotherapy
Wedivided the studies that reported the percentage of patientswith

adjuvant radiotherapy in two subgroups using the median percentage
of 21%. Subgroup analysis did not provide a significant difference
between the two subgroups (p = 0.30) (Table 2). Additionally
meta-regression analysis did not provide a significant association
between radiotherapy and the incidence of lymphocele (p = 0.14).

3.6.3. Lymph node metastasis
Percentage of patients with metastatic lymph nodes were described

in 12 studies. We divided the subgroups using themedian of 10%. Stud-
ies of which the percentage of patients with metastatic lymph nodes
was 10% or more showed a pooled proportion of lymphoceles of 17%
(95%CI: 7%–30%) in contrast studies <10% metastastic lymph nodes
corresponded to a pooled proportion of lymphoceles of 5% (95%CI:
0%–16%). (p=0.13) (Table 2) Meta-regression analysis also did not re-
sult in a statistically significant association (p = 0.32).

3.6.4. Number of lymph nodes dissected
Mean number of lymph nodes dissected was reported in 18 studies.

The mean number of lymph nodes dissected varied from 16 to 32.
Subgroup analysis with the median number of lymph nodes dissected



Table 1
Table showing the characteristics of included studies.

No. Author Region Year Inclusion
period

Study design Disease Diagnosis Surgery Surgical
approach

N
total

N
lymphocele

Follow-up
duration**

1 Kakubari et al. [24] Asia 2022 2010–2016 Retrospective CC, EC Routine PLND LT, LS 196 29 59 (LT) and 36 (LS)
2 Wrobel et al. [22] Europe 2021 2013–2014 Prospective CC, EC Routine PLND LT 50 22 12
3 Wedin et al. [17] Europe 2020 2014–2018 Prospective EC Routine PLND, PAOLND LT, LS, RALS 116* 16 12
4 Togami et al. [3] Asia 2020 2007–2017 Retrospective EC NA PLND LT, LS 230* 22 NA
5 Togami et al. [16] Asia 2018 2007–2017 Retrospective CC NA PLND LT, LS, RALS 112* 22 NA
6 Tinelli et al. [33] Europe 2016 2009–2015 Retrospective EC Indication PLND, PAOLND LS 110 1 38,5
7 Hao et al. [27] Asia 2016 2011–2013 Prospective CC Routine PLND LS 45 2 23
8 Bifulco et al. [28] Europe 2014 2011–2012 Prospective CC, EC Routine PLND LT 41* 15 3
9 Tinelli et al. [29] Europe 2013 2010–2012 Prospective EC Routine PLND LS 29* 15 3
10 Tinelli et al. [30] Europe 2012 2008–2010 Prospective EC Routine PLND LT 28* 16 3
11 Ghezzi et al. [7] Europe 2012 2002–2010 Prospective EC Routine PLND LT, LS 261 21 83 (LT) and 27 (LS)
12 Gallotta et al. [23] Europe 2010 2008–2009 Prospective CC, EC Routine PLND LS 30 9 NA
13 Camanni et al. [34] Europe 2010 2005–2007 Retrospective EC Indication PLND LS 34* 1 1
14 Park et al. [18] Asia 2010 1998–2007 Retrospective CC Routine PLND LT, LS 145* 30 NA
15 Hilaris et al. [25] Europe 2009 2004–2008 Prospective CC, EC Indication PLND, PAOLND LS 25 2 1
16 Ko et al. [19] North America 2008 2004–2007 Retrospective CC Indication PLND LT, RALS 48 1 NA
17 Han et al. [35] Asia 2008 2000–2006 Retrospective EC NA PLND, PAOLND LT 132 9 NA
18 Hertel et al. [36] Europe 2006 1995–2005 Prospective CC Indication PLND, PAOLND LS 100 1 29
19 Larciprete et al. [20] Europe 2006 1999–2003 Retrospective CC Indication PLND, PAOLND LT, LS 42 1 NA
20 Kim et al. [5] Asia 2004 1999–2003 Retrospective CC, EC Indication PLND, PAOLND LT 134* 24 NA
21 Srisomboon et al. [31] Asia 2002 1999–2000 Prospective CC Routine PLND LT 100 8 2,8
22 Logmans et al. [21] Europe 1999 1992–1994 Prospective CC Routine PLND LT 10* 0 12
23 Franchi et al. [32] Europe 1997 1991–1995 Prospective CC, EC Routine PLND LT 120 58 1,8
24 Patsner [26] North America 1995 1987–1994 Prospective CC Routine PLND LT 120 4 1,4

EC: endometrial cancer, CC: cervical cancer, PLND: pelvic lymph node dissection, PAOLND: paraaortic lymph node dissection, LT: laparotomy, LS: laparoscopy, RALS: robot-assisted
laparoscopy.
* = population within larger cohort meeting the inclusion criteria. ** = mean/median follow-up duration in months.
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(n= 22) did not result in a statistically significant association between
(p = 0.06). (Supplement 15) However, a secondary meta-regression
provided a statistically significant association between the mean
number of lymph nodes dissected and the proportion of lymphoceles
(p = 0.03). Indicating a lower proportion of lymphoceles with an
increased number of lymph nodes dissected. Subgroup analysis
with a cut-off point of 21 dissected lymph nodes resulted in a
Fig. 2. Forest plot showing the proportion
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significant association between a lower proportion of lymphoceles
and an increased number of lymph nodes dissected (5% vs 19%,
p = 0.02, see Table 2). Additional subgroup analysis was carried
out with cut-off points between 17 and 23. The subgroup analysis
with a cut-off point of 17–21 all resulted in a significant association
between lower proportion of lymphoceles and an increased number
of lymph nodes dissected.
of lymphoceles in all studies included.



Table 2
Table showing the association between risk factors and incidence of lymphocele in subgroup analysis.

Risk factor No of studies No of patients
included

Pooled
proportion
of lymphocele
(95% CI)

Heterogeneity I2

(%)
Subgroup
differences
(p value)

Supplement

Surgical approach 93 0.05 Supplement 9
Laparotomy 14 (5, 7, 18, 19, 20, 21, 22, 24, 26, 28, 30, 31, 32, 35) 1087 0.18 (0.11–0.28)
Laparoscopy 12 (7, 18, 19, 20, 23, 24, 25, 27, 29, 33, 34, 36) 713 0.07 (0.02–0.15)
Adjuvant radiotherapy (%) 93 0.30 Supplement 11
≥ 21% 4 (7, 24, 25, 32) 512 0.18 (0.06–0.36)
< 21% 4 (17, 19, 24, 27) 299 0.08 (0.00–0.22)
Metastatic lymph nodes (%) 92 0.13 Supplement 13
≥ 10% 7 (17, 20, 25, 29, 31, 32, 35) 564 0.17 (0.07–0.30)
< 10% 5 (19, 21, 24, 27, 33) 409 0.05 (0.00–0.16)
Lymph nodes dissected (n) 90 0.02 Supplement 16
≥ 21 10 (17, 20, 21, 24, 25, 26, 27, 31, 33, 34) 776 0.05 (0.01–0.12)
< 21 8 (7, 19, 20, 23, 29, 30, 32, 36) 638 0.19 (0.09–0.30)
BMI (kg/m2) 90 0.27 Supplement 18
≥ 25 10 (7, 17, 19, 22, 23, 25, 28, 29, 30, 33) 607 0.15 (0.07–0.26)
< 25 6 (7, 20, 24, 25, 27, 36) 514 0.07 (0.01–0.19)
Additional PAOLND (%) 83 <0.01 Supplement 20
≥ 15% 3 (5, 17, 25) 275 0.14 (0.09–0.21)
< 15% 3 (20, 35, 36) 274 0.03 (0.01–0.07)

A. Jansen, A. de Jong, J.P. Hoogendam et al. Gynecologic Oncology 170 (2023) 273–281
3.6.5. BMI
Subgroup and meta-regression analysis did not show a significant

difference in proportion of lymphoceles related to BMI.
3.6.6. PAOLND
The percentage of patients who underwent PAOLND in addition to

PLNDwas reported in six studies. We divided the studies who reported
the percentage of patients with PAOLND in two subgroups using
the median percentage of 15%. A total of 275 patients (three studies)
of which the percentage of patients with additional PAOLND was 15%
or more were investigated on the incidence of lymphoceles. This
corresponded to a pooled proportion of lymphoceles of 14% (95%CI:
9%–21%). A total of 274 patients from three studies of which the
percentage of patients with additional PAOLNDwas<15%were investi-
gated on the incidence of lymphoceles. This corresponded to a pooled
proportion of lymphoceles of 3% (95%CI: 1%–7%). A subgroup analysis
resulted in a statistically significant association between the two sub-
groups (p < 0.01) (Table 2). A secondary meta-regression analysis
Table 3
Table showing the association between risk factors and incidence of symptomatic lymphocele

Risk factor No of studies No of patients
included

Pooled
sympt
lymph

Surgical approach
Laparotomic 11 (7, 19, 20, 21, 22, 24, 26, 28, 30, 31, 32) 752 0.04 (
Laparoscopic 9 (7, 18, 19, 20, 23, 24, 25, 29, 33) 444 0.03 (
Adjuvant radiotherapy (%)
≥ 21% 4 (7, 24, 25, 32) 512 0.04 (
< 21% 3 (17, 19, 24) 254 0.02 (
Metastatic lymph nodes (%)
≥ 10% 6 (17, 20, 25, 29, 31, 32) 432 0.01 (
< 10% 4 (19, 21, 24, 33) 364 0.04 (
Lymph nodes dissected (n)
≥ 21 8 (17, 20, 21, 24, 25, 26, 31, 33) 697 0.02 (
< 21 7 (7, 19, 20, 23, 29, 30, 32) 538 0.05 (
BMI (kg/m2)
≥ 25 10 (7, 17, 19, 22, 23, 25, 28, 29, 30, 33) 607 0.07 (
< 25 4 (7, 20, 24, 25) 369 0.05 (
Additional PAOLND (%)
≥ 15% 2 (17, 25) 141 0.00 (
< 15% 1 (20) 42 0.02 (
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also provided a statistically significant association between the percent-
age of patients who had undergone additional PAOLND and the propor-
tion of lymphoceles (p < 0.01). This indicated that the proportion of
lymphoceles is higher when PLND is combined with PAOLND.
3.7. Risk factors symptomatic lymphocele

Table 3 shows the pooled proportion of symptomatic lymphoceles in
the subgroup meta-analysis. Subgroup analysis showed no statistically
significant association between laparotomic or laparoscopic approach
for symptomatic lymphoceles (p = 0.70) (Table 3). Only one study in
the laparoscopic subgroup described results of robot-assisted laparo-
scopic PLND. This study reported one patient (6%) with a symptomatic
lymphocele.

Furthermore, subgroup and meta-regression analysis on adjuvant
radiotherapy, lymph node metastasis, number of lymph nodes dis-
sected, BMI and additional PAOLND did not show any significant
difference in proportion of symptomatic lymphoceles (Table 3).
in subgroup analysis.

proportion of
omatic
ocele (95% CI)

Heterogeneity,
I2 (%)

Subgroup
differences
(p value)

Supplement

73 0.70 Supplement
100.01–0.08)

0.00–0.07)
80 0.60 Supplement

120.00–0.10)
0.00–0.08)

79 0.28 Supplement
140.00–0.05)

0.00–0.10)
75 0.24 Supplement

170.00–0.05)
0.02–0.10)

85 0.81 Supplement
190.02–0.14)

0.00–0.16)
18 0.14 Supplement

210.00–0.01)
0.00–0.10)
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4. Discussion

The pooled proportion of pelvic lymphoceles after PLND for cervical
and endometrial cancer was 14%; the pooled proportion rate of
symptomatic lymphoceleswas 3%. The pooled proportion for the overall
lymphocele was more than four times as high as for symptomatic
lymphoceles.Meta-analysis did not showanassociationbetween follow
up duration and the incidence of lymphocele. Routine diagnostics re-
sulted in a higher proportion of lymphocele likely by diagnosing non
clinically relevant lymphoceles. Significant risk factors for lymphocele
were surgery laparotomic approach, decreased lymph nodes dissected
and additional PAOLND.

Symptomatic lymphoceles are clinically more relevant since they
can lead to significant morbidity and often need a therapeutic interven-
tion [34]. Symptomatic lymphoceles could cause prolonged hospitaliza-
tion and a delay in onset of adjuvant oncological therapy [8,9]. The
primary treatment for symptomatic lymphocele is percutaneous cathe-
ter drainage [10]. Alternative treatment includes percutaneous finenee-
dle aspiration, sclerotherapy and surgical marsupialization.
Percutaneous catheter drainage in combinationwith antibiotics showed
to be an effective therapeutic strategywith high success rate for treating
infected lymphoceles [35].

Routinely performed diagnostics identified more lymphoceles
opposed to diagnostics performed on indication only. Between
routine diagnostics and diagnostics performed only on indication
there was no significant association found for the proportion of
symptomatic lymphocele. In practice, diagnostics on indication
are often performed, which is sufficient to detect symptomatic
lymphoceles. Since lymphoceles are underreported when perform-
ing diagnostics on indication, we advise physicians to be more
aware of this complication and perform diagnostics when patients
develop symptoms related to compression of adjacent structures,
pelvic pain and/or infection, lower urinary tract symptoms, leg
edema or deep vein thrombosis postoperatively after PLND.

Most of the included studies used transvaginal ultrasound as mea-
surement of lymphocele. Ultrasound is often implemented as the first
choice of imaging in practice and is therefore a representativemeasure-
ment of the studied outcome. One study described how features of
symptomatic and asymptomatic differ on ultrasound, which makes it
possible to diagnose if or which lymphocele causes symptoms [36]. In
practice, the distinction between asymptomatic and symptomatic lym-
phocele is mainly made based on physical examination and anamnesis.
Furthermore, accuracy of ultrasound depends on the experience of the
sonographer and may impact the results. There is no clear definition
of what sufficient expertise is and how to compare the accuracy of dif-
ferent sonographers. Therefore, expertise of the sonographer may
cause between-study variance. Due to lack of data, we were not able
to correlate our results with other imagingmodalities (i.e. computed to-
mography and magnetic resonance imaging).

In this meta-analysis we showed laparotomy as surgical approach to
be associatedwith an increased risk of lymphocele. The lower incidence
of lymphoceles in laparoscopic surgery could be associated with less
tissue damage, reduced peritoneum handling and tissue bleeding,
less contamination and less postoperative adhesions compared to
laparotomic surgery [7,37–40].

PAOLNDwas found to be a risk factor for developing lymphoceles in
this meta-analysis. It should be noted that this analysis was carried out
on a small subgroup and additional PAOLND is only carried out in
around 83 patients. In addition, by lack of insight into original data of
these studies, it is not possible to look at the incidence of lymphocele
per patient which has undergone PAOLND. The small subanalysis and
the fact that analysis is carried out over the entire group may cause
bias by inhomogeneity. A possible explanation of PAOLND as a risk fac-
tor for lymphocele could be the extendeddamage of the lymphdrainage
and storage system by removing lymph nodes in multiple subsequent
areas and in this way decreasing the number of adjacent lymph nodes
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to take over. Approved risk stratification by molecular classification
and performing sentinel lymph node (SLN) procedure instead of
PAOLND and PLND in endometrial and cervical cancer could decrease
morbidity in these patients [2,41–44]. SLN detection is demonstrated
to be a safe replacement for full lymphadenectomy in FIGO stage I-II en-
dometrial cancer and adding full lymphadenectomy would not reduce
the risk of recurrence [45–48]. An SLN procedure decreases the risk of
lymphocele formation and in low-risk endometrial cancer it is associ-
ated with a lower incidence of leg edema [49–51].

Our results on BMI and lymph nodes dissected were remarkable
compared to previous literature. Multiple previous studies identified
high BMI as a risk factor for lymphocele and lymphedema formation
[5,18,52–54], whereas we could not confirm such association. Also,
this analysis showed an association between number of lymph nodes
dissected lower than 21 and incidence of lymphocele. When looking
at previous studies, a higher number of lymph nodes removed is a risk
factor for lower extremity edema. Although it remains unclear to
whichdegree thenumber of lymphnodes removed attributes to the for-
mation of lymphocele, we would expect a similar association regarding
lymphocele [5,53–55]. Despite the fact that our findings do not corre-
spond to what is described in literature and we have to be careful in
drawing conclusions, our results could be supported by the following
two hypotheses. Firstly, operating more radically may result in diffuse
lymph drainage problems, leading to lower extremity edema, but does
not automatically mean that more local problem such as a lymphocele
occur. Secondly, when a surgeon removes more lymph nodes, it could
be that more collateral lymphatic pathways develop which could de-
crease the formation of lymphocele.

Possible surgical techniques and materials are described to prevent
the development of lymphoceles: nonperitonization (i.e. leaving the
peritoneum open after PLND), not inserting a drain postoperatively,
and the use of fibrin application or synthetic glues [9,19,29,56–58].
Nonperitonizationmay reduce the incidence of lymphocele by allowing
lymphatic fluid to drain into the abdominal cavity where it can be ab-
sorbed by the peritoneum and omentum [56,59]. A retrospective cohort
study and prospective randomized study confirmed that the formation
of lymphoceles was significantly lower when the peritoneum was left
open. After nonperitonization, it is common to insert a drain into the
peritoneum to release the excess of lymphatic fluid after lymph node
dissection. Paradoxically, drainage of the peritoneum is associated
with a higher risk of lymphocele formation. Charoenkwam et al. de-
scribed a higher rate of overall and symptomatic lymphoceles formation
in patients in whom drainage was applied compared to patients in
whom only nonperitonization was performed [60]. Drainage may
cause irritation of the peritoneum, which decreases the capacity of re-
sorption. Fibrin applications (e.g. TachoSil) and synthetic glues (e.g.
synthethic cyanoacrylic glue) were originally developed as an adjunct
to control bleeding during surgery. Beside hemostatic properties, it is
also described to have adhesive properties which may be beneficial re-
garding lymph fluid leaks and lymphocele formation. Fibrin application
reduced the proportions of overall lymphocele and symptomatic lym-
phocele, as stated in a meta-analysis by Gasparri et al. [58] Bifulco
et al. established a statistically lower incidence of lymphoceles when
synthetic cyanocrylic glue was applied opposed to the control group
[29]. Throughout the analysis it is notable that Tinelli et al. (2012),
Tinelli et al. (2013), Franchi et al. andWrobel et al. report higher propor-
tions of lymphoceles, respectively 57%, 52%, 48% and 44%, as opposed to
other individual studies within the analysis. These studies might pay
more attention to the development of lymphocele as they all investigate
prevention techniques such as the use of fibrin application and
nonperitonization. Therefore, more cases of asymptomatic lymphoceles
could be reported. This could have led to publication bias.

We applied a random-effects model to compensate for the studies
heterogeneity regarding the population and procedure. For every
outcome, the pooled proportion of symptomatic lymphoceles was
separately analysed as it is clinically more relevant. Also, a subgroup
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analysis between routine diagnostics and diagnostics on indication was
performed to determine whether it had impact on the proportions of
lymphocele. Furthermore, quality assessment was performed to ex-
clude studies with a high risk of bias. Still, results of this study should
be interpretedwithin the limitations of the original studies. A quality as-
sessment needed to be carried out to realize all criteria of a systematic
review. Although quality assessmentwas performedusing twodifferent
tools, the NOS tool showed limitations in assessing the quality of single-
armed cohort studies. No other quality assessment tool covers single-
armed cohort studies. Therefore, single-armed cohort studies were
excluded in this meta-analysis due to missing data of a control arm. A
major limitation of this study is the heterogeneity within the studies.
In addition to heterogeneity within study populations of individual
studies, inter-heterogeneity of the included studies also limited this
meta-analysis. The total proportion of asymptomatic lymphoceles
could be underreported as in a third of the patient's lymphoceles were
detected after diagnostics on indication. The included studies provided
limited data on BMI and number of dissected lymph nodes with sub-
stantial heterogeneity. Consequently, it was not possible to accurately
evaluate whether BMI and number of dissected lymph nodes are possi-
ble risk factors for the development of lymphoceles in this analysis. Due
to aggregation bias, meta-regression analysis based on aggregate data
(e.g. average patient characteristics such as BMI and number of dis-
sected lymph nodes) could reflect a logical fallacy in the interpretation
of the observed data [61]. Therefore, these results at group level may
be either an under- or overestimation between patient-level character-
istics and the proportion of lymphoceles. Another pitfall of meta-
regression analysis is the statistical power, which is lower when the
analysis is conducted using a limited number of studies. Similarly, to
minimize the risk of overfitting, we did not adjust for covariates due
to the limited number of studies. In conclusion, clinicians should be
cautious in drawing conclusions regarding risk factors because of short-
comings of this research. First, they have not been demonstrated at
patient level, but in an overarching meta-analysis. Secondly, since rou-
tine diagnostics have not been performed in one third of the study pop-
ulation the incidence of lymphoceles is underreported. Thirdly,
particularly in smaller subgroups, there is inevitable bias due to varia-
tion in diagnosticmeasures and inhomogeneity of thematerial and uni-
variate analyses. However, this meta-analysis is the best attempt so far
to provide insight into the incidence and risk factors of lymphocele
after PLND in cervical and endometrial cancer patients. With the shift
towards more minimal invasive surgery, procedures, and approaches,
robot-assisted laparoscopy (RALS) is increasingly adopted. Only limited
data was available regarding RALS, thus further research is needed to
determine the incidence of lymphocele after RALS.

5. Conclusion

This systematic review and meta-analysis showed a total pooled
proportion of lymphoceles after PLND in early-stage cervical and endo-
metrial cancer of 14%. Symptomatic lymphoceles occur less frequently
at 3%. Performing diagnostics routinely was associated with a higher
proportion of lymphocele. Significant risk factors for developing
lymphoceles were laparotomic approach, decreased number of lymph
nodes dissected and additional PAOLND. Further research is needed to
determine the incidence of lymphocele after minimally invasive
robot-assisted laparoscopic staging and to identify risk factors for symp-
tomatic lymphoceles.
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