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Background: Radiofrequency ablation (RFA) is one of the definitive treatment modalities
for liver cancer and has been increasingly used in the scenario of small-sized liver cancer. It is
generally believed that RFA is minimally invasive and associated with a favorable safety profile
in liver cancer patients. However, this interventional technique is subject to some morbidity
in high-risk patients, such as those with complicating cirrhosis or a liver cancer located at a
refractory segment.
Methods: Herein, we report the case of a middle-aged woman who developed acute liver
failure with a complicating respiratory failure after RFA of recurrent intrahepatic cholangio
carcinoma.
Results: A diagnosis of hepatopulmonary syndrome was established. The patient was hospitalized in the intensive care unit for mechanical ventilation. Finally, the patient recovered from an
eventful clinical course and survived free of recurrence until the last follow-up visit at 1 year
after the discharge.
Conclusion: Our case report warns that hepatopulmonary syndrome, a less common morbidity
secondary to liver cancer RFA, should require timely identification and appropriate management
due to its life-threatening outcome.
Keywords: liver cancer, radiofrequency ablation, acute liver failure, hepatorenal syndrome,
intensive care
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Liver cancer is the sixth leading cause of cancer-associated mortalities, with a worldwide
prevalence, especially in eastern Asian population due to endemic hepatitis viral
infection.1 Radiofrequency ablation (RFA) is one of the definitive interventional treatment
modalities for liver cancer and is associated with a documented minimal invasiveness
and a favorable safety profile.2 This interventional technique also exhibits an oncologic
efficacy comparable to radical resection in hepatocellular carcinoma 3 cm.2
RFA is subject to some morbidity in high-risk patients, such as those with a
complicating cirrhosis or a liver cancer located at a refractory segment. Previously
reported major liver RFA-associated complications are as follows: intraperitoneal/
hepatobiliary/gastrointestinal type, such as peritoneal bleeding/sepsis, tumor cell
seeding, liver hematoma, hepatic arterial pseudoaneurysm, liver abscess with a complicating diaphragmatic abscess,3–5 liver failure,3–6 biliary tract injury,4–6 gastrointestinal
bleeding,5,6 and biliary-enteric fistula;7 pulmonary/pleural type, such as pulmonary
embolization4 and pleural effusion; renal type, such as hemolysis, hemoglobinuria,
myoglobinuria, rhabdomyolysis, and acute renal failure;8 and other types, such as
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skin burn,3,9,10 hyperglycemia,5 cardiac infarction,3,6 cardiac
arrest, and pericardial effusion.11
Hepatopulmonary syndrome (HPS) is characterized by an
oxygenation defect induced by pulmonary vascular dilation in
patients with end-stage liver disease.12 Approximately 20% of
liver transplant candidates show HPS.13 When patients are diagnosed with HPS, their survival may be significantly decreased
compared to other liver transplant candidates.14 However, the
therapeutic methods for HPS, including pentoxifylline, methylene blue, and garlic, are not very effective.15,16 In fact, timely
identification of HPS is an effective method and an appropriate
management to decrease the life-threatening outcome.
Acute respiratory failure (ARF) alone rarely occurs
secondary to RFA but may manifest as HPS in liver cancer
patients experiencing acute liver failure (ALF) after RFA.
Previous studies have shown that RFA is used in the setting
of cholangiocarcinoma.17–19 Herein, we report the case of a
middle-aged woman who developed ALF with a complicating ARF after RFA of recurrent intrahepatic cholangiocarcinoma (ICC).

Case report
The study was reviewed and approved by the Institutional
Review Board and the ethics committee of Southwestern
Hospital, People’s Liberation Army Third Military Medical
University, Chongqing, People’s Republic of China. The

patient or her legal representative provided the written
informed consent prior to receiving any invasive diagnostic
and therapeutic procedures. The patient had also approved
participation in this study.
A 56-year-old woman was referred to our surgical unit
with a left-sided liver mass on abdominal ultrasound scan
during a routine health check in January 2014. The patient
denied a previous history of chronic hepatitis, alcohol
abuse, or blood transfusion but had transabdominal subtotal
hysterectomy and concomitant unilateral ophorectomy for
uterine leiomyoma and histologically confirmed benign
ovarian cyst. Physical examination was unremarkable, and
routine laboratory tests showed normal results with a serum
alpha-fetoprotein level of 3.2 ng/mL (reference limits,
0–20 ng/mL). A more specific marker for cholangiocarcinoma, CA19-9, was also examined, with a serum level of
488.43 U/mL (reference limits, 0–37 U/mL).
Contrast-enhanced upper abdominal ultrasonography
revealed multiple liver tumors involving the left liver lobe
and the left–right lobe junction, with the maximum dimensions of 12.1 cm ×7.1 cm (Figure 1A). Further magnetic
resonance cholangiopancreatography was performed
to delineate the anatomy of the left-sided liver tumor
(Figure 1B) as contrast-enhanced computed tomography
was contraindicated due to hypersensitivity to radiographic
contrast medium. A diagnosis of left-sided liver cancer was

Figure 1 Preoperative imaging workup of the left-sided liver tumor.
Notes: (A) Contrast-enhanced ultrasonography shows three liver space-occupying diseases (as indicated by the arrows), with a maximum size of 12.1 cm ×7.1 cm.
The second image illustrates the overall image, and the first, third, and fourth images illustrate the amplification image. (B) Contrast-enhanced magnetic resonance
cholangiopancreatography further delineates the anatomy of the liver tumors in four livers, with a maximum dimension of 8.9 cm ×5.5 cm. The white arrows represent the
liver tumors in four livers.
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suspected, and the liver function reserve in this patient was
determined to be Child-Pugh class A. The patient voluntarily
gave the written informed consent for elective laparotomy.
Under general anesthesia, the patient underwent successful
laparotomic left-sided hepatectomy, hilar lymphadenectomy,
and concomitant cholecystectomy. Histology showed moderately differentiated ICC and chronic cholecystitis. The patient
underwent an uneventful postoperative course.
Follow-up upper abdominal ultrasonography on the
eighth postoperative week identified three recurrent diseases
located in the right lobe, involving Couinaud segments V,
VII, and VIII, with sizes of 1.5 cm ×1.3 cm, 1.2 cm ×1.0 cm,
and 0.9 cm ×1.0 cm, respectively (Figure 2A–E). The
liver function reserve remained class A, and serum alphafetoprotein level was 2.9 ng/mL. After obtaining written
informed consent from the patient, Doppler ultrasoundguided RFA was performed for these three recurrent diseases
using LDRF-120S (Lead Electron Corporation, Mianyang,
Sichuan, People’s Republic of China) under conscious
sedation anesthesia. The puncture was made through the
right subcostal margin, and a total of three sessions of RFA
were given at an initial power of 78 W for a total duration of
16 minutes. Follow-up ultrasound scan on post-RFA day 3
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identified a filling defect in the ablated area (Figure 3A–C)
and a 1.0 cm ×0.8 cm hypoechogenic residual mass located
in segment VIII (Figure 3D). Repeated liver and coagulation
function tests showed no clinically significant abnormality.
A second RFA was performed using the same protocol, at an
initial power of 50 W for a total duration of 7 minutes.
On the second day of the repeated RFA, the patient
became febrile (39.2°C); hematology showed hemoglobin
80 g/L (110–160 g/L) (Figure not shown) and white cell count
10.4×109/L (4–10×109/L) (Figure not shown); liver biochemistry showed alanine transferase 5,304 IU/L (0–42 IU/L),
asparate transferase 7,906 IU/L (0–42 IU/L) (Figure 4A),
albumin 30.7 g/L (38–51 g/L) (Figure 4B), and total bilirubin
38.9 μmol/L (6–21 μmol/L) (Figure 4C); and coagulation
function test showed prothrombin time 22.4 seconds and
international normalized ratio 1.91. Emergency contrastenhanced magnetic resonance imaging scan showed extensive liver necrosis (Figure 5A–E); therefore, a diagnosis of
RFA-associated ALF was established. Symptomatic treatment included prophylactic antimicrobial therapy, blood
transfusion, and nutritional liver support. Lactose enemas
in combination with intravenous infusion of a mixture of
aspartic acid, ornithine, and arginine were administered

Figure 2 Pre-RFA contrast-enhanced ultrasonography of recurrent ICC.
Notes: Three recurrent diseases (as indicated by the arrows) are identified and located in segments V, VII, and VIII: (A–C), belonging to one recurrent disease; (D) is the
second recurrent disease; and (E) is the third recurrent disease, therefore, three recurrent diseases are shown here.
Abbreviations: ICC, intrahepatic cholangiocarcinoma; RFA, radiofrequency ablation.
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Figure 3 Follow-up contrast-enhanced ultrasonography on the third day after the first session of RFA.
Notes: (A–C) The ablated recurrent disease shows no enhancement and manifests as a filling defect (as indicated by the white arrows). (D) A hypoechogenic mass residual
(1.0 cm ×0.8 cm) is located in segment VIII (as indicated by the small green arrow).
Abbreviation: RFA, radiofrequency ablation.
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Figure 4 (Continued)
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Figure 4 In-patient changes in liver function test.
Notes: (A) Serum ALT and AST; (B) serum albumin; and (C) serum TBIL, CB, and UCB.
Abbreviations: ALB, albumin; ALT, alanine transferase; AST, asparate transferase; CB, conjugated bilirubin; TBIL, total bilirubin; UCB, unconjugated bilirubin; RFA,
radiofrequency ablation.

due to the presence of hyperammonemia (blood nitrogen
102 μmol/L [10–47 μmol/L]).
On the same day, the patient suddenly had respiratory
distress and also became agitated and subsequently confused
and her heart rate progressively increased with a deteriorating pulse oxygen saturation. Arterial blood gas analysis
with the patient on nasal inhalation of oxygen at a flow rate
of 4 L/min showed PO2 71 mmHg (75–100 mmHg), PCO2

50 mmHg (35–55 mmHg), and pH 7.32 (7.35–7.45). Chest
X-ray showed bilateral pulmonary extensive inflammatory
changes with complicating pleural effusion. Furthermore, we
performed a contrast echocardiogram with agitated saline,
which is a gold standard for HPS diagnosis. The contrasted
echocardiogram also provided the diagnosis of HPS. Therefore, a diagnosis of HPS was added, considering the sequential occurrence of ALF and ARF (type 1, hypoxia without

Figure 5 Contrast-enhanced magnetic resonance imaging scan on the first day after the second session of RFA.
Notes: Extensive liver parenchymal necrosis is present on the (A–C) transverse and (D and E) coronal planes.
Abbreviation: RFA, radiofrequency ablation.
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Figure 6 Follow-up bedside chest plain X-ray examination.
Notes: (A) Bilateral extensive pulmonary inflammatory changes with elevation of the right-sided diaphragm on the third day after the second session of RFA. (B) Worsening
bilateral extensive pulmonary inflammatory changes with complicating pleural effusion on the seventh day. (C) Resolving bilateral pulmonary inflammatory changes on the
tenth day. (D) Significant improvement in bilateral pulmonary inflammatory changes with complicating right-sided pleural effusion and lower lobe atelectasis (as indicated by
the arrow).
Abbreviation: RFA, radiofrequency ablation.

hypercapnia). Meanwhile, the possibility of acute respiratory
distress syndrome or systemic inflammatory response syndrome as a cause of the respiratory pattern observed in the
patient was differentiated and excluded.
The patient was maintained on transnasal intubation and
transferred to the respiratory care unit (RCU) for mechanical ventilation with tracheostomy. Repeated chest X-ray and
ultrasound scan revealed progressively improving pulmonary
sepsis and pleural effusion (Figure 6A–D), and the patient was
weaned from the ventilator 2 weeks after hospitalization in the
RCU. The liver function test also showed a steady improvement from the fifth week after RFA (Figure 4A–C). Finally,
the patient was discharged from the hospital at the eleventh
week after RFA and followed up at the outpatient clinic. The
patient was in a generally good condition and has survived
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free of recurrence as of the last follow-up visit at 1 year after
the discharge.

Discussion
Percutaneous RFA under ultrasonographic guidance can
effectively ablate small-sized liver cancers, such as primary
and recurrent hepatocellular carcinoma, using heat generated from high-frequency alternating current.20,21 Although
this interventional technique is generally safe, RFA may be
subject to some procedural morbidities, especially in highrisk patients, such as those with an underlying liver condition
or an exophytic tumor located in segment V or VIII. In the
former condition, the liver has a poor function reserve, while
in the latter condition, the neighboring tissues or organs are
at a high risk of iatrogenic injury.
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ALF is a common complication after RFA for liver cancer
and is associated with a high risk of short-term mortality.5
Risk factors predictive of post-RFA ALF are relatively less
studied, while the underlying poor liver function reserve was
one of the reported significant predictive factors.5 Although
our patient had a well-compensated liver disease (noncomplicating ICC) and multiple small-sized tumors ablated within
a short time, RFA was initiated and repeated within a short
time after the primary surgery, which resulted in the extensive
liver necrosis and a consequent hepatic decompensation. A
delayed, staged RFA protocol might be required for patients
with multiple liver tumors even at a small size, especially if
located in the right lobe.
Chest- or lung-associated complications may occur after
liver RFA and mainly manifest as pneumothorax and pleural
effusion, especially when the liver tumor is located in proximity to the diaphragm.22 These respiratory complications are
normally transient and mild and usually resolve after symptomatic treatment.23 ARF is rarely reported in liver cancer
patients undergoing RFA. HPS is a relatively less common liver-associated critical condition occurring secondary to acute or
chronic liver failure. The major pathogenesis of HPS is believed
to result from pulmonary microvascular dilation and angiogenesis caused by a decreased clearance of vasodilators, such
as nitric oxide, by the liver,24,25 namely, ventilation–perfusion
mismatch. Our patient developed respiratory failure of sudden
onset, mimicking acute respiratory distress syndrome, while
she had a mild hypercapnia, suggesting the presence of carbon
dioxide retention but excluding the possibility of alveolar gas
exchange impairment. ARF in this patient could be explained as
the result of multiple factors, including ARF, RFA-associated
pulmonary and pleural injury, and systemic sepsis. If a confirmed diagnosis of HPS is desired, advanced critical care
medicine techniques, such as transthoracic or transesophageal
contrast echocardiography and technetium 99m-labeled macroaggregated albumin emission computed tomography scan,
can be attempted if applicable.26 However, these techniques
were less feasible in this critically ill patient.
HPS is associated with a high short-term mortality rate
up to 45% in most severe cases.27 Liver transplantation is
believed to be the definitive treatment modality for HPS,
while oxygen therapy, including mechanical ventilation and
extracorporeal membrane oxygenation,28 and medication with
vasoconstricting somatostatin29 have also been attempted, but
they exhibited a controversial therapeutic efficacy. In our
case, the patient recovered from ALF with a complicating
ARF after multimodal treatment, including liver function
support, antisepsis, and oxygen therapy, involving an
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assigned medical team consisting of hepatobiliary surgeons,
gastroenterologists, respiratory physicians, critical care
physicians, radiologists, and clinical microbiologists. The
nonrequirement of liver transplantation in this patient could
be primarily attributed to a favorable function reserve before
RFA and the absence of underlying liver condition associated
with ICC, in contrast to hepatocellular carcinoma frequently
with complicating chronic hepatitis and cirrhosis.30,31

Conclusion
To the best of our knowledge, the present case is the first report
regarding HPS after RFA of recurrent ICC. ARF may occur in
patients who had received RFA for multiple liver tumors even
at a small size, and HPS should be timely identified in a patient
experiencing ALF with a complicating ARF, as it is associated
with serious or even life-threatening consequences. Multimodal
treatment should be given to HPS patients, preferably in a
well-facilitated RCU. Liver function support and even liver
transplantation play an essential role in HPS management.
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