
Observational Study Medicine®

OPEN
Bilious pleuritis due to he
patic microwave
ablation
Two illustrative cases and literature review
Meimei Wu, MSa,b, Qi Zhu, BSa, Lingling Chen, MSa, Dong Yan, MDb,c,∗

Abstract
Ultrasound guided percutaneous thermal ablation has been well acknowledged in treating hepatic malignancy. Although thermal
ablation is safe for the treatment, it may induce some lethal complications such as diaphragmatic injury, bile-stained pleural fistula,
and bilious pleuritis.
We presented 2 cancer patients in hepatic diaphragmatic dome showed diaphragmatic injury, bile-stained pleural fistula, and

bilious pleuritis after microwave ablation (MVA). The symptoms were attenuated after chest drainage and anti-infection therapy. In the
literature review, 17 articles published in the recent 10 years on diaphragmatic injury after MVA for treating hepatic cancer were
available. Twenty-three cases were obtained, among which 2 showed bilious pleuritis after radiofrequency treatment. Most of the
lesions were adjacent to the diaphragma. Among the articles reporting the localization of lesions, most of the cases showed lesions in
S8, 2 in S7, 3 in S4, and 3 in S5, respectively. Surgical recovery was required for the patients with massive diaphragmatic injury. Only
2 cases underwent thorascopic surgery. After chest drainage and anti-infection, their symptoms were attenuated to some extent.
Radiofrequency or MVA may induce pleural effusion, and special attention should be paid to the diaphragmatic injury induced by

thermal ablation.

Abbreviations: CT = computer tomography, MVA =microwave ablation, RFA = radiofrequency ablation, TACE = transcatheter
arterial chemoembolization.

Keywords: artificial ascites, bilious pleuritis, hepatic, microwave ablation
1. Introduction

Ablation is one of the major treatment options for metastatic liver
cancer andprimary liver cancer.Currently, there are several ablation
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techniques, such as cryotherapy, laser ablation, microwave ablation
(MVA), radiofrequency ablation (RFA), high power focused
ultrasound ablation, and dehydrated alcohol injection. Among
these techniques, MVA and RFA have been frequently utilized in
clinical settings as they can hamper the cancer tissues via heat
energy.[1,2] Although thermal ablation is proved to be safe, it induces
some complications such as postoperative infection, hemorrhage,
pneumothorax, and adjacent organ damages.[3,4] The most severe
complications for MVA and RFA are diaphragmatic injury and
perforation. Inparticular, theablation to theadjacentdiaphragmatic
lesions may subsequently leads to empyema, bilious pleuritis, and
bronchopleuralfistula. In this study,we presented 2 caseswithHCC
presenting MWV-induced diaphragmatic perforation, and bile-
stained pleural fluid. Besides, a literature review was performed to
further summarize the treatment experiences on it.

2. Case presentation

A 46-year-old male patient presented to our department on
October 25, 2016, due to dyspnea and shortness of breath for 2
days. He was diagnosed with hepatic cancer on September 15,
2016. Three months later, he received transcatheter arterial
chemoembolization (TACE), ultrasound-guided fine-needle aspi-
ration biopsy and MWV for treating hepatic tumor. Chest
radiography and computer tomography (CT) indicated massive
pleural effusion at the right body side. Then release of
hydrothorax was performed via thoracentesis, and the dyspnea
and shortness of breath showed attenuation. Nevertheless,
repetitive fever occurred with a body temperature of up to
39.0°C. CT scan demonstrated deposition of lipiodol in the
lesions beneath the diaphragm near the right liver, part of which
leaked to the thoracic cavity. Additionally, effusion was noticed
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in the right thoracic cavity. Routine blood examination findings
were as follows: WBC, 7.5�109/L; neutrophil percentage, 83%;
platelet, 339�109/L; C-reactive protein, 334.8mg/L. Persistent
thoracic drainage was given. The hydrothorax was in a brown
color with a turbid texture, and the cell count was more than
10�109/L. The lactate dehydrogenase (LDH) was 24,783U/L.
The germiculture for hydrothorax was negative. Hepatic CT scan
and contrast enhanced scan indicated leakage of lipiodol into the
thoracic cavity (Fig. 1). On this basis, diaphragmatic injury was
considered. For the treatment, persistent thoracic drainage and
anti-infection therapy were given for more than 1 month, and
then the symptoms were eliminated. Pulmonary CT indicated the
pleural effusion was almost absorbed. Finally, the patient was
discharged from our department, and no pleural effusion related
complications were available in the 1-year follow-up. Written
informed consent was obtained from the patient. The study
Figure 1. A. The liver capsule was not intact, and leakage of lipiodol was
noticed in the right thoracic cavity. B. Massive pleural effusion. C. The pleural
effusion was absorbed almost as revealed by computer tomography scan.

2

protocols were approved by the Ethical Committee of Zhejiang
University.
A 62-year-old female patient referred to our hospital on July 1,

2018, due to fever combined with upper abdominal pain for 4
days. The patient was diagnosed with hepatic cancer on July
2017. For the treatment, she received 4 courses of TACE and
chemotherapy. Hepatic MR performed in May 2018 indicated
postoperative TACE conditions for space-occupying lesions in
right liver, and postoperative interventional conditions in liver
S7, together with peripheral cancer activities. Additionally, small
liver carcinoma was noticed in S7. Compared with the previous
findings on March 4, the enhanced lesions showed increase in
size. Therefore, color ultrasound-guided MVA was performed to
the bilateral lesions on June 5, 2018. The power was set at 60W,
and the ablation duration was 6minute. Three weeks after
discharge, she showed fever (up to 39.9°C) and upper abdominal
discomforts. No obvious dyspnea or shortness of breath was
noticed. Pulmonary CT indicated right pleural effusion and less
pneumatosis, combined with atelectasis in the superior lobe of
right lung. Part of the effusion was wrapped. Deposition of
lipiodol was observed in the thoracic cavity (Fig. 2). Hepatic MR
demonstrated diaphragmatic defect (3.8cm). Routine blood
examinations findings were as follows: WBC, 8.8�109/L;
neutrophil percentage, 78.6%; hemoglobin, 100mg/L; platelet,
Figure 2. A. Massive pleural effusion was observed in the upper part, and
leakage of lipiodol was noticed in the thoracic cavity. B. The liver capsule was
almost coincident with the diaphragma. Local defect was noticed in
diaphragma (3.8cm). The liver ablation area was communicated with the
thoracic cavity. C. Obvious attenuation was noticed in the volume of
hydrothorax about 1 month after treatment. The size of the diaphragmatic
defect showed significant decline (1.7cm). D. hydrothorax was in a color of
chocolate.
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103�109/L; C-reactive protein, 159.9mg/L. Hydrothorax in a
chocolate color (700mL) was observed after thoracentesis. The
Rivalta test findings were negative. The cell count was 7500/mL.
The percentage of neutrophil was 93%. The LDH concentration
was 10,186U/L. For the hydrothorax culture, multidrug
resistance of Escherichia coli and Enterococcus faecalis was
observed. On this basis, primary liver cancer (post-MVA) was
considered, together with diaphragmatic injury, bilious pleuritis
and bile-stained pleural fluid. Subsequently, the symptoms were
attenuated after anti-infection therapy using tigecycline and
linezolid, and the drainage volume from thoracic cavity showed
gradual decrease. Finally, the drainage tube was removed and the
patient was discharged from our department. The patient was
followed up until now, and she showed no disease progression,
fever or pleural effusion.

3. Discussion

The most effective strategy for treating HCC is liver transplanta-
tion, as it may lead to attenuation of the potential hepatic
diseases. Nevertheless, due to rarity of donor organs, most of the
HCC cases do not receive liver transplantation. During the RFA
and MWA, thermal ablation may trigger cell apoptosis and the
migration of antigen presenting cells and immune effector cells,
which promoted the specific anti-cancer immunological reac-
tions.[5] Therefore, percataneous thermal ablation, RFA and
MWA were considered an alternation for the surgery. RFA and
MVA show high safety for treating cancer nodules. The major
complications for RFA are thermal injuries to the adjacent organs
of liver, with a prevalence of 3.54%. In most cases, the
complications are characterized by hemorrhage, liver functional
lesions, liver failure, infection, intestinal perforation, pneumo-
thorax and hemothorax. Generation of radiofrequency induced
pleural effusion is usually associated with the injury of pleura. In
rare conditions, patients may present diaphragmatic injury and
bilious pleuritis, which may be related to the application of
telescopic lobes and inadequate RF localization.[6] In a previous
study, Kobayashi et al reported a 84-year-old male HCC patients
presenting right thoracalgia about 24 days after ablation.
Imaging technique indicated massive pleural effusion. Contrast
enhanced CT scan revealed leakage of contrast media from
hepatic lesions to thoracic cavity, which proved that there might
be communication between lesions and thoracic cavity. The
sagittal plan of the CT clearly displayed diaphragmatic defect.
After thoracoscopic repairment and nasobiliary drainage, the
symptoms showed attenuation.[7] Recently, Kalin et al reported a
55-year-old liver metastasis patient presenting dyspnea, shortness
of breath and upper abdominal pain about 6 weeks after RF.
Imaging technique and examination confirmed pleural effusion
and the hydrothorax was in a brown color. The bilirubin level
was 185mmol/L. Hydrothorax culture indicated presence of
gastro-enteric bacteria (i.e., E faecalis and E coli). Besides, there
were bilirubin and gastrointestinal tract organisms in the
hydrothorax. On this basis, communication between liver and
pleural space was considered. Afterwards, thoracic and abdomi-
nal CT sagittal reconstruction demonstrated diaphragmatic
defect, together with communication between the ablation area
and supradiaphragmatic thoracic cavity.[8]

Our cases were similar with these 2 cases presenting bilious
pleuritis after RFA above mentioned. All the cases showed a
history of TACE. Meanwhile, CT scan revealed leakage of
3

lipiodol from the hepatic lesions to the thoracic cavity, which
indicated the lesions were communicatedwith the thoracic cavity.
Indeed, there are some differences. The complications in our cases
were induced by MVA. Actually, MVA and RFA utilize heat
energy to ablate the tumor via the probes, which shows similarity
in complications. Compared with RFA,MVA is featured by large
ablation area, high intra-tumor temperature, short ablation
duration and rapid temperature rising. These cases showed
lesions with a size of >5cm, all of whom received MVA for the
treatment. The lesions were close to the envelope in distance, and
the lesion of HCC was large (>5cm). The microwave ablation
size was large. On this basis, diaphragmatic inflammation and
perforation triggered by thermal injury were considered. As the
perforated diaphragm was adhered with the local liver capsule,
no symptoms of acute abdomen were observed.[9] In the ablation
region, there might be small cholangitic lesions and injuries,
which may trigger bile leakage to the thoracic cavity. Pleural
aspirate confirmed fluid culture grew gastrointestinal tract
bacteria (E. faecum, E coli). Additionally, similar with previous
study,[10] the inflammatory reaction and bile may stimulate the
generation of pleural effusion, which then resulted in bile-stained
empyema (Figs. 1A and 2A). For the treatment, anti-infection
therapy was given using antibiotics together with persistent
drainage to the pleural effusion. For Case 1, the pleural effusion
showed gradual decrease after treatment until complete absorp-
tion (Fig. 1D). For Case 2, antibiotic-based anti-infection therapy
and persistent thoracic close drainage were given, and 1 month
later, the fever and shortness of breath showed attenuation.
Nevertheless, brown liquid in a volume of 60 to 80mL was
drainaged. The diaphragmatic defect showed obvious decrease in
size as revealed by sagittal view of CT. Two months later, the
drainage volume was only 3 to 5mL. CT scan indicated the
volume of pleural effusion was mall, and the effusion was
wrapped. Then the drainage tube was removed, followed by local
dressing. No exudate was noticed in the gauze 1 week later, and
the pleural effusion was almost absorbed as revealed by CT scan.
Diaphragmatic defect or perforation and biliary duct injury

are the major causes for bilious pleural fistula. We searched the
PubMed and Embase databases using the following We
conducted a literature review in the recent 10 years; and a total
of 18 articles[7,8,11–26] involving 23 cases on ablation induced
diaphragmatic defect were obtained (Table 1). Among the 23
cases; 90% of the lesions were localized near the diaphragma.
Among the articles reporting the localization of lesions; 14 cases
showed lesions in S8; 2 in S7; 3 in S5, and 3 in S4; respectively. No
one receivedMVA; and 21 received RFA. About 60%of the cases
showed pleural effusion; among which 1 showed bilious pleural
effusion.[15] For the articles reporting liver function; about 60%
of the cases showed a Child-plgh grade of B (7–9 score). The
diagnosis duration was about 28 months. One case presented
diaphragmatic perforation 24 days after ablation; and the resting
cases showed diaphragmatic perforation at least 2 months after
ablation in which 1 showed perforation 8 years after ablation.[13]

Our cases and another 2 cases with bilious pleuritis were initially
manifested as pleural effusion with or without infection related
symptoms. The prevalence of pleural effusion after thermal
ablation was 7.4%.[25] In cases of repetitive pleural effusion after
ablation; special attention should be paid to the diaphragmatic
defect induced by persistent ablation. Specially; diaphragmatic
injury should be considered in the presence of ablation near the
adjacent lesions of diaphragma.[14] Moreover; bilious pleural
effusion may also serve as an indirect sign for diaphragmatic
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defect.Whereas; the bilious pleural effusion could be identified by
evaluating pH value; bilirubin content[7] or ratio of pleural
effusion to serum bilirubin (>1).[8]

Diaphragmatic injuries mainly consisted of needle tract injury
and thermal injury. The needle tract injury is associated with the
ablation path. For instance, the trans-thoracic RFA is easily to
trigger pricking wound of diaphragma. Thermal injury is mainly
related to the lesion location, size, and hepatic function.[24]

Particularly, thermal injury is easily triggered in cases of a
distance of less than 1cm from thermal injury margin to the
hepatic surface.[27] In this literature review,more than 90%of the
lesions in the 21 cases were localized near the diaphragma. In
order to reduce the possibility of thermal injury of diaphragma, it
is crucial to increase the distance between the diaphragma and
ablation area. The diaphragmatic perforation is presented at least
2 months after ablation. Such delay may be associated with the
fact that the thermal injury of diaphragma did not trigger defect,
but it triggered inflammation and fibrosis that finally resulted in
defect even after attenuation.[25] The other reason is that the
subdiaphragmatic lesions showed atrophy and fibrosis after
ablation, which led to generation of Chlaiditi sign. On this basis,
the intestinal canal may enter such space, which may result in
diaphragmatic hernia. This is consistent with the fact that about
half of the cases with diaphragmatic defect combined with
intestinal canal hernia.[20]

Spontaneous recovery may be obtained in the majority of cases
with slight diaphragmatic injuries. Thoracic drainage and anti-
infection therapy are the major treatment options for bilious
pleural fistula. In cases with severe defect, surgery especially
transabdominal surgery is required. In this literature review, 2
cases received surgery under the guidance of thorascope. For the
patients with poor tolerance to surgery, the following treatment
options are usually given:
(i)
 Nasobiliary drainage tube was placed in order to attenuate
the intra-biliary tract pressure, which then inhibited the
possibility of bilious pleural fistula. Some studies proposed
the percutaneous transhepatic biliary drainage in the lesions
sites.
(ii)
 Re-ablation may induce solidification and necrosis of lesions
to the thoracic cavity, which then inhibited the leakage of bile
from the thoracic cavity.
(iii)
 Liver transplantation is the basic method for primary lesions
and bilious pleural fistula related complications. If possible, it
should be the preferred treatment. Our cases showed gradual
decrease in the drainage volume from thoracic cavity.
Besides, the size of diaphragmatic injury site showed gradual
decrease. After taking the health conditions and surgical risks
into consideration, drainage and anti-infection therapy were
given. All the cases showed satisfactory outcomes after
surgery.
Nowadays, great advances have been achieved in the RF and
MVA. Contrast enhanced US could provide accurate position for
the thermal ablation and may serve as an effective method to
evaluate the efficiency of ablation.[28,29] Intraperitoneal water
infusion (artificial ascites) and artificial pleural effusion can be
used to ameliorate the diaphragmatic injuries induced by ablation
of critical regions. These procedures contribute to the interference
of gas on ultrasonic findings and increase of the distance between
ablation area and diaphragma.[30] During the color ultrasound
guided ablation, the imaging of tumor is easily interfered by the
air in lung due to sonic spread. Artificial ascites could improve the
5

ultrasonic images, and increase the distance between the lesions
and diaphragma, which then protected the diaphragma and lung
from thermal injuries.[31] In this study, artificial ascites was
utilized in this study, however, it is inevitable that diaphragmatic
injury and bilious pleural fistula may occur.
In summary, diaphragmatic defect and bilious pleuritis are rare

complications induced by thermal injury during ablation. Special
attention should be paid to the hepatic tumor adjacent to the
diaphragma. There might be possibilities of diaphragmatic injury
in cases of postoperative thoracic infection. For the patients with
refractory pleural effusion, it is necessary to identify whether it is
bilious pleural effusion, or whether it is associated with
diaphragmatic injury. This facilitates the early diagnosis and
treatment for diaphragmatic injury.
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