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Introduction

Pelvic and/or para-aortic lymphadenectomy is an essential 
part of surgical treatment for most of the patients with gyne-
cologic malignancy. Comprehensive staging including lymph 
node (LN) dissection enables physicians to establish the best 
possible treatment plan for minimizing tumor recurrence. 
However, patients who underwent pelvic and/or para-aortic 
lymphadenectomy often suffer from various complications 
including bleeding, postoperative ileus, lymphedema, and 
lymphocele [1].

A lymphocele, which is defined as a collection of lymphatic 
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fluid in the retroperitoneal space, is one of the most common 
complications of pelvic lymphadenectomy in patients with 
gynecologic malignancies [2]. Most lymphoceles are small 
asymptomatic and of little clinical significance [1]. However, 
patients with larger ones may sometimes have embarrassing 
symptoms, such as, lower abdominal pain, constipation, uri-
nary frequency and edema of the genitalia or lower extremi-
ties. Worse than those, serious sequelae, including infection 
of lymphocele, hydronephrosis, intestinal obstruction, deep 
vein thrombosis, and pulmonary embolism could also be fol-
lowed [1,3]. In those conditions, more aggressive interven-
tions, including needle aspiration, percutaneous catheter 
drainage with or without sclerotherapy, and surgical marsupi-
alization may be required [4].

Theoretically, lymphoceles could be developed in anyone 
after surgical closure of afferent lymphatic vessels from the 
site of lymphadenectomy. Not all, however, only some pa-
tients, reportedly 1% to 49% of patients who underwent 
pelvic lymphadenectomy for the treatment of gynecologic 
malignancy [2,5], developed postoperative lymphoceles. 
There are several risk factors reported that could contribute 
to post-lymphadenectomy lymphocele formation. Mori [6] 
noted that the extent of lymphadenectomy was correlated 
with the development of a lymphocyst. High body mass 
index (BMI), the presence of metastatic disease in LNs, post-
operative adjuvant radiation therapy (RT), preoperative hepa-
rinization, use of retroperitoneal tube drainage and peritoni-
zation were also reported as risk factors [2,5,7-10]. However, 
tumor stage or histology was not associated with lymphocele 
formation [1].

Despite those reported risk factors of postoperative lym-
phoceles, possibility of the development of lymphoceles, 
especially for large complicated ones, is difficult to be quan-
tified because each individual risk factor has never been 
integrated into one risk-estimation system. The purpose of 
this study, therefore, is to estimate the risk of postoperative 
lymphocele development after pelvic and/or para-aortic LN 
dissection in gynecologic cancer patients through establish-
ing a nomogram.

Materials and methods

1. Study population
We retrospectively reviewed medical records of 371 consecu-

tive gynecologic cancer patients undergoing pelvic and/or 
para-aortic lymphadenectomy for the treatment of gyneco-
logic cancer in Seoul National University Bundang Hospital 
between 2009 and 2014. Of them, 146 (39.4%) had cervical 
cancer, 111 (29.9%) uterine corpus cancer, 109 (29.4%) ovar-
ian cancer, and 5 (1.3%) had other gynecologic malignancies. 
This study was approved by the Institutional Review Board of 
Seoul National University Bundang Hospital (B-1504-296-117).

2. Definition of lymphocele
Lymphocele was defined as a newly developed cystic lesion 
at lymphadenectomy sites in postoperative follow-up images 
including computed tomography (CT), magnetic resonance 
imaging (MRI), or ultrasonography within 2 years after the 
operation, but not likely a tumor recurrence when clinical situ-
ation was correlated. Size of the lymphocele was calculated 
as a single deepest diameter in the largest lymphocele. Any 
lymphocele >1 cm was included in this study. The lymphocele 
was counted as a complicated one when a procedural man-
agement including aspiration or percutaneous catheter drain-
age with or without sclerotherapy was performed.

3. Data collection
In addition to basic demographic data including age and BMI 
at the operation, menopause, hypertension, and diabetes, 
data of clinicopathologic variables that could be associated 
with the development of postoperative lymphocele were col-
lected: origin of cancer (cervical cancer, uterine cancer, ovar-
ian cancer, and others), stage, surgery type (open vs. lapa-
roscopy), number of LNs dissected, LN metastasis, operation 
time, duration of surgical drain indwelling, use of intermittent 
pneumatic compression (IPC) or anti-embolic stocking, and 
start of ambulation after surgery, and postoperative adjuvant 
RT. The criterion of drain removal was total drain amount <50 
mL per day for 2 days.

4. Build-up of nomograms and statistical analysis
All variables were compared between patients with and with-
out lymphocele using student’s t-test and χ2 test for continu-
ous and categorical variables, respectively. Univariate and mul-
tivariate regression analyses were performed to identify risk 
factors for postoperative lymphocele. Variables with P<0.25 in 
univariate analysis were selected to enter multivariate analysis. 
SPSS version 22.0 (IBM Corp., Armonk, NY, USA) was used. 
P<0.05 was considered statistically significant. Nomograms 
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Table 1. Patient characteristics and their associations with post-lymphadenectomy lymphocele (n=371)

Characteristic No. (%) L (−) (n=301) L (+) (n=70) P-value

Age (yr) - 50.7±11.4 51.1±10.3 0.806

BMI (kg/m2) - 23.8±4.0 23.8±3.7 0.981

Diabetes mellitus 26 (7.0) 23 (88.5) 3 (11.5) 0.322

Hypertension 0.025

    No 309 (83.3) 257 (83.2) 52 (16.8)

    Yes 62 (16.7) 44 (71.0) 18 (29.0)

FIGO stage 0.319

    I and II 277 (74.7) 228 (82.3) 49 (17.7)

    III and IV 94 (25.3) 73 (77.7) 21 (22.3)

Surgery type <0.001

    Open 238 (64.2) 180 (75.6) 58 (24.4)

    Laparoscopic 133 (35.8) 121 (91.0) 12 (9.0)

No. of retrieved LN - 20.5±11.1 26.4±11.1 <0.001

LN metastasis 0.010

    No 273 (73.6) 230 (84.2) 43 (15.8)

    Yes 98 (26.4) 71 (72.4) 27 (27.6)

Extent of lymphadenectomy 0.628

    Pelvic alone 258 (69.5) 211 (81.8) 47 (18.2)

    Pelvic and para-aortic 113 (30.5) 90 (79.6) 23 (20.4)

Operation time (hr) 0.268

    ≤4 283 (76.3) 283 (82.3) 50 (17.7)

    >4 88 (23.7) 67 (77.0) 20 (23.0)

Total duration of surgical drain indwelling (day) 0.005

    ≤4 121 (32.6) 108 (89.3) 13 (10.7)

    >4 250 (67.4) 193 (77.2) 57 (22.8)

Use of IPC 0.008

    No 284 (76.5) 222 (78.2) 62 (21.8)

    Yes 87 (23.5) 79 (90.8) 8 (11.4)

Use of anti-embolic stocking 0.002

    No 199 (53.6) 150 (75.4) 49 (24.6)

    Yes 172 (46.4) 151 (87.8) 21 (12.2)

Postoperative ambulation (hr)a) 0.080

    ≤24 196 (53.0) 166 (84.7) 30 (15.3)

    >24 174 (47.0) 135 (77.6) 39 (22.4)

Adjuvant RT 0.552

    No 260 (70.1) 213 (81.9) 47 (18.1)

    Yes 111 (29.9) 88 (79.3) 23 (20.7)

Values are presented as number (%) or mean ± standard deviation.
BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; IPC, intermittent pneumatic compression; L, lymphocele; 
LN, lymph node, RT, radiation therapy.
a)One patient had no data on postoperative ambulation. 
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were built on the basis of the information obtained on mul-
tivariate analysis. Its statistical performance was evaluated 
by discrimination and calibration, bootstrap corrected con-

cordance index computed as the measure of discrimination, 
and calibration assessed by comparing predicted vs. observed 
probability of postoperative lymphocele development. Then, 

Table 2. Association of post-lymphadenectomy complicated lymphocele with clinicopathologic factors

Characteristic No. (%)
Complicated L (−) 

(n=349)
Complicated L (+) 

(n=22)
P-value

Age (yr) - 50.7±11.2 52.7±10.9 0.412

BMI (kg/m2) - 23.8±4.0 23.9±3.0 0.935

Diabetes mellitus 26 (7.0) 24 (92.3) 2 (7.7) 0.693

Hypertension 0.011

    No 309 (83.3) 295 (95.5) 14 (4.5)

    Yes 62 (16.7) 54 (87.1) 8 (12.9)

FIGO stage 0.691

    I and II 277 (74.7) 262 (94.6) 15 (5.4)

    III and IV 94 (25.3) 86 (93.5) 6 (6.5)

Surgery type 0.186

    Open 238 (64.2) 221 (92.9) 17 (7.1)

    Laparoscopic 133 (35.8) 128 (96.2) 5 (3.8)

No. of retrieved LN - 21.1±11.1 29.5±12.8 0.001

LN metastasis 0.553

    No 273 (73.6) 258 (94.5) 15 (5.5)

    Yes 98 (26.4) 91 (92.9) 7 (7.1)

Operation time (hr) 0.686

    ≤4 283 (76.3) 267 (94.3) 16 (5.7)

    >4 88 (23.7) 82 (93.2) 6 (6.8)

Total duration of surgical drain indwelling (day) 0.308

    <4 121 (32.6) 116 (95.9) 5 (4.1)

    ≥4 250 (67.4) 233 (93.2) 17 (6.8)

Use of IPC 0.101

    No 284 (76.5) 264 (93.0) 20 (7.0)

    Yes 87 (23.5) 85 (97.7) 2 (2.3)

Use of anti-embolic stocking 0.158

    No 199 (53.6) 184 (92.5) 15 (7.5)

    Yes 172 (46.4) 165 (95.9) 7 (4.1)

Postoperative ambulation (hr)a) 0.553

    ≤24 196 (53.0) 183 (93.4) 13 (6.6)

    >24 174 (47.0) 165 (94.8) 9 (5.2)

Adjuvant RT 0.841

    No 260 (70.1) 245 (94.2) 15 (5.8)

    Yes 111 (29.9) 104 (93.7) 7 (6.3)

Values are presented as number (%) or mean ± standard deviation.
BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; IPC, intermittent pneumatic compression; L, lymphocele; 
LN, lymph node, RT, radiation therapy.
a)One patient had no data on postoperative ambulation. 
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1,000 bootstrap resamples were used to reduce overfit bias. 
All statistical analyses were performed using R 3.1.1. (rms 
package; R Project, Vienna, Austria).

Results

Mean age at the operation was 50.8±11.1 years. Postopera-
tive lymphocele was found in 70 (18.9%) patients. Of them, 
22 (31.4%) had complicated lymphoceles that needed inter-
vention for symptom improvement or size reduction. Diagno-
sis of lymphocele was not different according to the primary 
cancer type: 16.4%, 17.1%, 23.9%, and 20.0% in patients 
with uterine cervix, corpus, ovary, and other gynecologic ma-
lignancies, respectively.

Table 1 shows patient characteristics and their associations 
with postoperative lymphocele. Hypertension (P=0.025), 
open surgery compared with laparoscopic surgery (P<0.001), 
LN metastasis (P=0.010), and no use of perioperative IPC 
(P=0.008) or anti-embolic stocking (P=0.002) were significant-
ly associated with postoperative lymphocele development. 
Number of retrieved LN was significantly higher in patients 
with lymphocele than those without lymphocele (mean, 26.4 
vs. 20.5; P<0.001). Long placement of surgical drain >4 days 
was also associated with postoperative lymphocele (P=0.005), 
however, mean duration of surgical drain indwelling was not 
different between lymphocele-positive and -negative women 
(6.6±3.7 vs. 5.9±4.6 days; P=0.275; data not shown). Age 
and BMI were not different between the 2 groups, either. 
Advanced stage, extent of lymphadenectomy (combined 

para-aortic and pelvic lymphadenectomy vs. pelvic lymphad-
enectomy alone), late postoperative ambulation >24hr after 
surgery, and postoperative adjuvant RT were not associated 
with lymphocele.

Only for complicated lymphoceles (Table 2), most variables 
which have shown significant association with lymphocele in 
Table 1 lost the statistical significance, except hypertension 
(P=0.011) and mean number of retrieved LNs (29.5 vs. 21.1; 
P=0.001). Compared with non-complicated lymphocele, 
complicated lymphocele tended to occur more frequently in 
ovarian cancer (10.0%) and other gynecologic malignancies 
including vulvar cancer (20.0%) than in cervical (2.7%) or 
uterine corpus cancer (5.4%) (P=0.067; data not shown). Of 
note, size of the majority of complicated lymphocele (86.4%) 
was greater than 5 cm whereas only 2.9% of non-complicat-
ed lymphocele was 5 cm or more (P<0.001; data not shown).

Multivariate analysis revealed that hypertension (hazard ratio 
[HR], 3.0; 95% confidence interval [CI], 1.5 to 6.0; P=0.003), 
open surgery (HR, 3.2; 95% CI, 1.4 to 7.1; P=0.004), retrieved 
LN >21 (HR, 1.8; 95% CI, 1.0 to 3.3; P=0.042), and no use of 
IPC (HR, 2.7; 95% CI, 1.0 to 7.2; P=0.047) were independent 
risk factors for the development of postoperative lymphocele 
(Table 3). Those variables entering multivariate regression 
analysis were used for building up a nomogram to calculate 
the probability of the development of postoperative lympho-
cele (Fig. 1). The concordance index of the nomogram was 
0.754 (Fig. 2). The calibration plot of the nomogram showed 
good agreement between predictions and observations (Fig. 
3). Predictions for the groups between 12% and 30% tended 
to be underestimated, while those over 30% were slightly 

Table 3. Univariate and multivariate analyses of risk factors for lymphocele

Risk factor
Univariate

P-valuea) Multivariate
P-value

HR 95% CI HR 95% CI

Hypertension 2.0 1.1–3.8 0.027 3.0 1.5–6.0 0.003

Open surgery 3.2 1.7–6.3 <0.001 3.2 1.4–7.1 0.004

High No. of retrieved LN >21 2.3 1.4–4.0 0.002 1.8 1.0–3.3 0.042

LN metastasis 2.0 1.2–3.5 0.011 1.6 0.8–3.0 0.154

Long operation time >4 hr 1.4 0.8–2.5 0.269 - - -

Long indwelling of surgical drain >4 day 2.5 1.3–4.7 0.007 1.3 0.6–2.7 0.485

No use of IPC 2.8 1.3–6.0 0.011 2.7 1.0–7.2 0.047

No use of anti-embolic stocking 2.3 1.3–4.1 0.003 1.8 0.9–3.7 0.105

Postoperative ambulation >24 hr 1.6 0.9–2.7 0.081 1.2 0.6–2.3 0.602

CI, confidence interval; HR, hazard ratio; IPC, intermittent pneumatic compression; LN, lymph node.
a)Variables with P<0.25 in univariate analysis were selected to enter multivariate analysis.
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overestimated.
On the other hand, complicated lymphocele was indepen-

dently associated with only hypertension (HR, 3.7; 95% CI, 1.4 
to 9.7; P=0.007) and high number of retrieved LN >21 (HR, 
2.9; 95% CI, 1.1 to 8.0; P=0.034) (Supplementary Table 1). The 
concordance index of the nomogram was 0.727 (data not 
shown).

Discussion

Our study demonstrated that hypertension, open surgery 
compared with laparoscopic approach, high number of re-
trieved LN, and no use of perioperative IPC were independent 
risk factors for the development of postoperative lymphocele 
in patients who underwent lymphadenectomy for the treat-
ment of gynecologic cancer. Of those, in particular, hyperten-
sion and high number of retrieved LN were also risk factors 

for complicated lymphocele which needs intervention. Nomo-
grams may predict the possibility of lymphocele development. 
For example, a woman with ovarian cancer, who underwent 
open staging operation including lymphadenectomy (100 
points), had hypertension (90 points), had 30 LNs retrieved 
during lymphadenectomy but no LN metastasis (50 points), 
had surgical drain only for 3 days after surgery (0 point), used 
both of anti-embolic stocking and IPC (0 point), and ambula-
tion started from 2nd postoperative day, has total score of 
240 and the probability of development of postoperative 
lymphocele is 20% (Fig. 1). In this woman, the probability of 
complicated lymphocele is estimated around 10% (Supple-
mentary Fig. 1).

There were lots of reports of risk factors for the occurrence 
of lymphocele even though they were inconsistent. High BMI 
was significantly associated with lymphocele in the study 
of Kim et al. [4], however, it was not the case in other stud-
ies including ours [2]. The association of type of tumor and 

Fig. 1. Nomogram for the risk of development of postoperative lymphocele in gynecologic cancer patients. IPC, intermittent pneumatic 
compression; LN, lymph node; PLN, pelvic lymph node.
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adjuvant RT with lymphocele was also inconsistently reported 
between studies [2,4,11,12]. Even high number of retrieved LN, 
which was the most commonly reported risk factor, was not 
shown to be associated with lymphocele formation in the study 
of Tam et al. [12]. Placement of suction drains with the perito-
neum open was reported to increase the risk of lymphocyst for-
mation with related symptoms in a systematic review [5]. To the 
best of our knowledge, however, the possibility of lymphocele 
development has not been evaluated before as a function of 

how long she had the surgical drain. Although mean duration of 
drain placement was not different between lymphocele-positive 
and -negative patients in our study (Table 1), median duration 
was significantly longer in patients with lymphocele than 
those without lymphocele (6.0 vs. 4.0 days; P=0.030). Thus, 
long indwelling of surgical drain was incorporated into vari-
ables for building a nomogram even though it failed to show 
a statistical significance in multivariate analysis. Hypertension 
was demonstrated for the first time in our study as an inde-
pendent risk factor for the development of lymphocele in-
cluding complicated ones. The plausible explanations include 
increased leakage of lymphatic fluid through the disrupted 
lymphatic channels by secondary overpressure due to the sys-
temic hypertension.

To the best of our knowledge, this is the first study demon-
strating clinical utility of a nomogram for predicting the pos-
sibility of lymphocele development in post-lymphadenectomy 
patients with gynecologic cancer. We tried to build up an-
other nomogram for predicting complicated lymphoceles. It 
is noteworthy that most lymphoceles are reported to occur 
within 3–8 weeks [4], during which postoperative adjuvant 
treatment, if indicated, is supposed to start. Complicated 
lymphoceles can affect quality of life but also potentially com-
promise the success of cancer treatment by delaying planned 
treatment such as chemotherapy and/or RT [3]. The incidence 
of complicated lymphocele of our study was 5.9% (22 out 
of 371), which was compatible with previous reported range 
of infected lymphocele (2.1% to 15.3%) [1,12,13]. However, 
there were only a few independent risk factors for compli-
cated lymphocele in a multivariate regression analysis and, 
therefore, the corresponding nomogram for predicting com-
plicated lymphocele did not seem to be more accurate than 
that of general lymphocele. This might be due to the low 
incidence of complicated lymphocele in our study. However, 
Benedetti-Panici et al. [13] also reported that there was no 
significant association of lymphocyst infection with other risk 
factors including tumor origin, type of hysterectomy, or re-
gion of lymphadenectomy. In the same study, all lymphocele 
with a diameter <5 cm were asymptomatic, whereas all but 
2 lymphocysts with a diameter of >5 cm were symptomatic 
[13]. Mean diameter of lymphocele of our study subjects was 
5.6±3.7 cm. Complicated lymphocele was significantly larger 
than non-complicated ones (mean diameter, 9.5±3.5 vs. 
3.8±2.2 cm; P<0.001) (data not shown).

Our study has a few limitations. First, the study population 
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was retrospectively collected from a single tertiary center, 
which might be the cause of missing values. Second, every-
one had surgical drain and the possible protective effect on 
lymphocele development, if any, could not be evaluated in 
this study. Lastly, the prediction model requires further exter-
nal validation before being adopted for general use.

On the basis of readily obtained clinical variables, we devel-
oped a nomogram to predict risk of lymphocele in gyneco-
logical cancer patients. And predictive accuracy of the model 
was 0.754. This accuracy is not excellent, however, definitely 
better than chance. Thus, predicted risk of lymphocele in this 
nomogram could be used for patient counseling. Surgeons 
could try to reduce the risk of lymphocele development by 
minimizing total number of retrieved LNs during surgery, for 
example, using sentinel LN mapping technique if indicated. 
In addition, based on the result of great contribution of open 
surgery to high risk of lymphocele, surgeons might do his 
or her best not to convert from laparoscopic operation into 
laparotomy even if it takes longer. Postoperative use of IPC 
could also be one of the effective strategies for lowering the 
nomogram score and preventing postoperative lymphocele 
development. Although the nomogram itself cannot replace 
clinical observation, however, nomogram not only shows 
priority of predictors simply through scale’s interval but also 
expresses the probability with user-friendly number.

In conclusion, we developed a nomogram to predict risk 
of lymphocele in gynecologic cancer patients on the basis 
of readily obtained clinical variables. It could be helpful for 
patient consultation and treatment decision making. External 
validation of this nomogram in different group of patients is 
needed for gaining popularity in daily routine practice.
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