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Purpose: To observe the feasibility and efficacy of Pseudomonas aeruginosa-mannose
sensitive hemagglutinin (PA-MSHA) in refractory lymphatic leakage following lymphade
nectomy among patients with gynecological cancers.
Patients and Methods: Ten cases with post-operative massive lymphatic leakage were
collected, in which patients failed to respond to conservative treatment. Topical PA-MSHA
injection of a single dose (2mL) was performed through drainage tube or transvaginal
catheter into pelvic or peritoneal cavity. Drainage volumes and side effects were recorded.
Results: The incidence of refractory lymphatic leakage following pelvic and para-aortic
lymphadenectomy was 2.44% (10/409). All ten patients (100%) had quick recovery and were
discharged within 72 hours. Among them, one patient (10%) experienced fever and six patients
(60%) experienced abdominal pain, one of which was moderate and relieved by routine analgesic
treatment. During 11 (6–38) months of follow-up time, no long-term side effect was observed.
Conclusion: Topical injection of PA-MSHA of a single dose appears a feasible and
effective treatment for refractory post-operative lymphatic leakage.
Keywords: Pseudomonas aeruginosa-mannose sensitive hemagglutinin (PA-MSHA)
injection, pelvic and para-aortic lymphadenectomy, lymphatic leakage, chylous leakage
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Post-operative lymphatic or chylous leakage following lymph node dissection is an iatro
genic complication, of which the two main leading causes are the injuries of lymphatic
vessels and the consequent differential pressure.1,2 The interruption of lymphatic circulation
causes the differential pressure between the crevasse and its surrounding space, thus making
lymphatic fluid leak out into the interstitial space or coelomic cavity. Patients often present
with increased pelvic/abdominal drainage output or vaginal discharge, and a few complaints
of abdominal distension. The discharge is usually characterized by clear yellow liquid or
milky appearance, and the latter is caused by injuries of lacteal ducts, namely chylous
leakage. In clinical practice, lymphatic and chylous leakage are administrated in similar
management with similar pathogenesis and symptoms. With the spread of laparoscopy and
harmonic scalpel techniques, the lymphatic leakage could be transiently blocked during the
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operation by the effect of carbon dioxide (CO2) pressure and the
coagulation of lymphatic vessels, making it challenging to imme
diately notice the leakage.3 The difficulties in diagnosis and lack
of consensus of diagnosis contribute to poor recognition of
lymphatic leakage.
With significant prolonged hospitalization and discomfort,
attention to this complication has been recently raised in those
gynecological cancer patients who received laparoscopic
lymphadenectomy.4 Conservative treatments, including fatfree diet, parenteral nutrition, and drainage, are partially effec
tive with prolonged hospital stay but less efficient in those
refractory cases. Several successful surgeries have been
reported,5,6 but surgical treatment is still controversial with
demands for surgical technical at a high level and difficulties
in identifying leakage sites at re-operated fields. Consequently,
optimal treatments towards lymphatic leakage are still in need.
PA-MSHA has been recently identified as an immune
modulator and anti-cancer reagent against malignancies.7–9

In the present study, PA-MSHA was introduced to ten patients
with refractory lymphatic leakage, according to successful
treating experience in lymphatic leakage following neck
dissection.10,11 The efficacy and side effects of PA-MSHA
were observed to provide further evidence for lymphatic leak
age treatment in clinical practice.

Patients and Methods
Clinical Data
From January 2017 to September 2019, ten gynecological
cancer patients with similar lymphadenectomy extent were
collected who developed massive lymphatic/chylous leakage
following laparoscopic lymphadenectomy and failed to
respond to conservative treatments. The cancer type, patients’
age, the extent of surgery, the peak volume per day before
treatment, chyle test results, and previous treatment modalities
were recorded (Table 1). Informed consent was acquired from
each patient. This study was conducted in accordance with the

Table 1 Patients’ Demographics and Clinical Characteristics
Patient
No.

Drainage

Cancer

Age

Lymph Node

Upper

Positive/

Chylous

Pre-PA-

Leakage

Type

(Year)

Dissection

Border of

Total Lymph

Test

MSHA

Peak per

Time

Range

Dissection

Nodes

Treatment

Day

(Day)

1

CC

43

PLN

Common iliac
vessels

0/61

_

FFD+DN
+PN

980

15

2

OC

47

PLN+LPAN

Inferior
mesenteric

0/67

+

FFD+DN
+PN

400

13

0/42

+

FFD+DN

400

15

0/21

+

FFD+DN

300

8

7/27

+

FFD+DN

380

18

artery
3

EC

45

PLN+LPAN

Inferior
mesenteric
artery

4

OC

35

PLN

Common iliac
vessels

5

EC

49

PLN+LPAN

Renal vessels

+UPAN

+PN

6

OC

48

LPAN+UPAN

Renal vessels

17/28

+

FFD+DN

200

4

7

CC

47

PLN

Common iliac

0/41

+

FFD

MVF

6*

0/67

+

FFD

MVF

6*

0/31

+

FFD

MVF

5*

0/54

+

FFD

MVF

4*

vessels
8

CC

44

PLN

Common iliac
vessels

9

CC

65

PLN

Common iliac
vessels

10

CC

51

PLN

Common iliac
vessels

Note: *Refer to the indwelling time of drainage during the previous hospital stay.
Abbreviations: PLN, pelvic lymphadenectomy; LPAN, lower para-aortic lymph node dissection; UPAN, upper para-aortic lymph node dissection; PN, parenteral nutrition;
FFD, fat-free diet; DN, drainage; MVF, massive vaginal fistula.
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Lymphadenectomy
According to NCCN guidelines and Clinical Practice
Guidelines in Gynecological Oncology, the lymph node
dissection range was decided depending on patients’ physi
cal status as well as pre-operative radiographic data. The
pelvic lymphadenectomy (PLN) includes the pelvic lymph
node region with upper border of common iliac vessels. The
lower para-aortic lymph node dissection (LPAN) includes
the para-aortic lymph node region with upper border of the
inferior mesenteric artery. The upper para-aortic lymph
node dissection (UPAN) includes the para-aortic lymph
node region with upper border of renal vessels.
Lymphadenectomy extent, number, and upper border of
each patient are illustrated in Table 1.

Diagnostic Criteria
The diagnosis of lymphatic leakage should be considered
based on massive abdominal/pelvic drainage or vaginal
discharge (>200 mL per day or >1000 mL in total) with
the appearance of clear yellow or milky liquid and the
symptom of abdominal distension. The diagnosis of refrac
tory lymphatic leakage should be considered in a situation
where conservative treatments, including drainage, parent
eral nutrition, and fat-free diet, were received but ineffec
tive (persistent drainage or discharge without obvious
decreases (decrease <50mL)). Lymphatic leakage with
a positive chyle test result further supports the diagnosis
of chylous leakage.12

Treatment of Pseudomonas aeruginosa
Injection
The medication of Pseudomonas aeruginosa-mannose sen
sitive hemagglutinin (PA-MSHA) was produced by Beijing
Wanteer Biopharmaceutical Company Limited (co., Ltd.),
with the trade name Wantepu ’An, (1.0mL/ dose), which
contains a total bacteria count of 1.6×109~2.0×109 per mL.
For patients with retained indwelling drainage, 2.0 mL undi
luted PA-MSHA with 30 mL of normal saline was injected
through the drainage tube into the pelvic cavity, which were
then clamped for 24 hours to prevent medication leakage and
re-opened after that. When drainage was less than 20 mL/d
with a normal diet, the tube was removed and the patient was
then discharged. For patients without indwelling drainage
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retained, the PA-MSHA injection was performed after trans
vaginal catheterization (16F). Six hours’ immobilization was
instructed to prevent the medicine leakage. Once the injec
tion was started, no diet modification would be performed.
All methods were carried out in accordance with relevant
references.10,11

Results
Ten gynecological cancer patients with similar lymphade
nectomy extent were collected who developed massive
lymphatic/chylous leakage following laparoscopic lym
phadenectomy and failed to respond to conservative treat
ments. The incidence of refractory lymphatic leakage was
2.44% (10/409). Among 10 refractory cases, four patients
presented with massive vaginal leakage after being dis
charged. With iatrogenic urinary tract injuries and infec
tion excluded, they were then readmitted 11–21 days after
operation. The other six cases were noted because of
a persistent large amount of drain output (200–1000mL/
d) during hospitalization. After PA-MSHA injection, leak
age outputs of each patient were regularly recorded, which
turned out to be timely and satisfactorily decreased. The
four readmitted patients with the massive vaginal dis
charge had their discharge amount significantly reduced
6–8 hours after injection. Symptoms of discharge turned to
be vaginal spotting within 24 hours and completely
stopped within 72 hours. The other six patients with
retained tubes had their drain output significantly reduced
and had their pelvic drainage tube removed within 48
hours. All patients (100%) had quick recovery and were
discharged within 72 hours. The follow-up time ranged
from 6–38 months, of which the median is 11 months.
During the follow-up time, there was not any fluid in the
abdominal or pelvic cavity observed through regular ultra
sound tests.
Medication-associated side effects were observed and
recorded (Table 2), and there were no severe complications
observed during follow-up. Six patients had abdominal pain
after PA-MSHA administration: one patient (10%) com
plained of moderate abdominal pain which was relieved
by analgesic treatment of tramadol injection; Five patients
(50%) had mild abdominal pain which was spontaneously
ameliorated an hour later without treatment. Only one
patient (10%) had fever four hours after PA-MSHA injec
tion which was relieved after physical cooling therapy. Four
patients (40%) experienced an uneventful recovery without
any discomfort. No medication-related allergy was
observed, and no patient was found to be complicated
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Table 2 PA-MSHA Treatment Outcomes
Patient No.

Leakage Output, mL
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Pre-PA-MSHA

Post-PA-MSMA

Peak 24h

24h

48h

Fever

Pain

1

980

200

DR

38.1°C

+

2

400

0

DR

_

+

3
4

400
300

0
2

DR
DR

_
_

+
+

5

380

30

DR

_

++

6
7

200
MVF

30
Vaginal spotting

DR
DR

_
_

_
_

8

MVF

Vaginal spotting

DR

_

_

9
10

MVF
MVF

Vaginal spotting
Vaginal spotting

DR
DR

_
_

_
+

Abbreviations: DR, drain removed; PA-MSMA, Pseudomonas aeruginosa injection; +, mild; ++, severe; MVF, massive vaginal fistula.

with infection, necrosis, hematoma, and wound dehiscence.
During the follow-up time, no long-term side effects
occurred in any patient.

Discussion
Lymphatic/chyle leakage following pelvic and para-aortic
lymphadenectomy has been recently noticed in gynecolo
gical malignancies, of which the incidence is reported to
be 1.20%-3.00%.13 The incidence of refractory cases,
which fails to respond to conservative treatment, occupies
more than half in the study of Chen et al among patients
with neck dissection,10 was 2.44% in the present study.
Primarily recommended conservative treatments,
including diet modification, persistent drainage, and
octreotide therapy, are time-consuming and usually pro
long hospital stay. Diet modification is reported to dimin
ish chyle production and promote spontaneous fistula
closure. Octreotide therapy mainly inhabits the secretion
of multiple hormones and promotes chyle leakage closure
potentially by decreasing blood flow to the hepatic, portal,
and splanchnic circulation.14 In refractory cases where
conservative modalities are less effective, patients suffer
from indwelling tube-associated discomfort and develop
metabolic, infective complications and malnutrition during
long-term diet and drainage, which causes extra costs and
threatens patients’ life quality. After the failure of conser
vative management, the effectiveness of surgical treat
ment, embolization under lymphangiography,15 and
topical injection of PA-MSHA have been proved in the
cases, among which the treatment of PA-MSHA has been
a spotlight for its least invasiveness. In the present study,
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after the failure of conservative treatment as self-control,
the feasibility and quick therapeutic effect of topical injec
tion of PA-MSHA have also been proved towards refrac
tory lymphatic leakage, similar to the promising results in
neck dissection associated chyle fistula.10,11 Despite the
common limitation in sample size, 100% cure rates were
observed without any long-term side effects in three stu
dies including ours, besides one patient being cured after
a second injection.11
The medication of PA-MSHA has been genetically
engineered originally as an immunoadjuvant against
cancer.7–9 PA-MSHA can promote apoptosis of cancer
cells by inhibiting proliferation, invasion, and migration
by inducing immune cells,7–9 through activation of the
hedgehog, EGFR, and PTEN/AKT pathway.16–18 The ten
uous and upright fimbriae on its surface are recognized to
activate immune response,10 which may play the role of
plugging the stoma of the lymphatic fistula. PA-MSHA has
also been reported to regulate inflammation and then ame
liorate the prognosis of rats with septic shock.19,20 Induced
inflammation by PA-MSHA is possibly another potential
mechanism to treat lymphatic leakage through promotion
of lymphatic vessels rehealing. But there is still a lack of
related studies revealing specific therapeutic mechanisms
towards lymphatic leakage.
Pelvic and para-aortic lymphadenectomy are essential
parts of surgical staging for early-stage patients and cytore
duction for advanced-stage patients in gynecological malig
nancies. The safety of lymphadenectomy should be raised by
effective treatment towards complications, as well as further
strategies of prophylaxis, such as individualized lymph nodes

Cancer Management and Research 2021:13
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dissection21 and sentinel lymph node mapping22 to avoid
unnecessary dissections, and treatment of PA-MSHA before
conservative management.23
The promising results of cure rate and acceptable side
effects of this medication provide clinicians with a noninvasive, convenient, and economical treatment towards
refractory lymphatic leakage. Future prospective studies
with an enlarged sample size could be performed to further
verify the feasibility of this medication and relevant phar
macological studies to explore the mechanism of treating
lymphatic leakage.
To our knowledge, this is the first report regarding the
application of PA-MSHA for lymphatic leakage in gyne
cological malignancies. Another strength of this study
should be that follow-up work was done well and none
of these patients were lost. Some limitations of this study
should be considered. Since the incidence of refractory
lymphatic leakage is low, the results of this study were
compromised by the small sample size and retrospective
nature. Despite these limitations, the high cure rate and
quick effect through observation still encourage us to raise
attention to this promising therapy.

Conclusions
The PA-MSHA appears a feasible and effective medica
tion towards lymphatic leakage following pelvic and paraaortic lymphadenectomy in gynecological malignancies.
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