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Abstract
Percutaneous interventions for liver diseases are currently essential for diagnosis and treatment. The
most frequent complication of percutaneous interventions is intraperitoneal hemorrhage. Recently, the
number of patients with liver diseases and administered antithrombotics has been increasing. This
retrospective cohort study aimed to evaluate the risk factors for intraperitoneal hemorrhage after
percutaneous interventions for liver diseases. This study recruited 1025 patients who underwent
percutaneous interventions for liver diseases from April 2015 to March 2020. All interventions were
performed using an ultrasound-guided approach. Intraperitoneal hemorrhage after percutaneous
interventions was detected by abdominal computed tomography. Intraperitoneal hemorrhage occurred in
9 patients (0.88%), and these adverse events weren’t severe. We compared clinical characteristics
between the patients with intraperitoneal hemorrhage and without. There were differences regarding
patients who underwent percutaneous treatments of liver tumor (p = 0.1271), administration of
antithrombotics (p = 0.1961), and prothrombin time (p = 0.1683). Thereafter, to evaluate the in�uence of
antithrombotics on hemorrhage, we compared the patients with antithrombotics and without. After
propensity score matching, hemorrhage in patients treated with antithrombotics was signi�cantly
increased than in those without (p = 0.0407). The administration of antithrombotics was a risk factor for
intraperitoneal hemorrhage in patients undergoing percutaneous interventions for liver diseases.

Introduction
Percutaneous interventions for liver diseases are currently essential for both diagnosis and treatment1–3.
Although, these interventions were previously performed blindly or guided by computed tomography (CT),
recently, most of them have been ultrasound-guided4. Percutaneous interventions for diagnosis are
mostly performed by liver biopsy. There are globally 123 million prevalent cases of cirrhosis in 2017
worldwide5. Liver biopsy is performed for histopathological interpretation when information for
diagnosis, management, or prognostication is not available from non-invasive techniques. Percutaneous
interventions for the treatment of liver diseases are mainly performed for liver tumors, including
hepatocellular carcinoma and metastatic liver tumor. In addition, radio frequency ablation (RFA) and
microwave ablation (MWA) are used in these treatments. These are treatments that use ultrasound image
guidance to place a needle through the skin into liver tumors. Worldwide, liver cancer was the �fth most
common cancer in 2017, with an estimated 953,000 new cases 6. However, complications of
percutaneous interventions such as hemorrhage, liver abscess, hepatic injury, extrahepatic organ injury,
tumor progression, and thermal injuries to the skin have been reported. Moreover, the most frequent
complication of these interventions is intraperitoneal bleeding (0.2%)7–9. In most cases of intraperitoneal
hemorrhage, it is possible to be controlled by observation and hemostatic agents. However, some cases
have been reported to require blood transfusion or become fatal10,11.

Recently, patients with chronic liver diseases who were administered antithrombotic drugs such as
antiplatelet and anticoagulant drugs have been increasing12. There are two reasons why: these patients
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are aging and sometimes have multiorgan diseases13. The other reason might be that the ratio of non-
alcoholic steatohepatitis (NASH) among other causes of chronic liver diseases in these patients is
increasing14. NASH is associated with extrahepatic manifestations such as cardiovascular disease,
hypertension, and hyperlipidemia15,16. Therefore, these patients need to be administered single or dual
antithrombotic therapy. However, in many patients with chronic liver disease, there are inherently
abnormalities in hematological parameters, with disturbances in both thrombolysis and coagulation.
Usually, we performed interventions according to the guidelines for liver biopsy17. In these guidelines for
liver biopsy, discontinuation of antithrombotic therapy is recommended for patients before interventions.
However, this recommendation is based on other guidelines for perioperative management of
anticoagulation and antiplatelet therapy from the British Society for Hematology18. Moreover, there are no
speci�c recommendations for patients requiring liver biopsy in these guidelines by the British society of
gastroenterology (BSG), and it is stated that the evidence is weak. Furthermore, there is no guideline for
percutaneous treatments of liver tumors. In addition, no recommendations for using antithrombotic drugs
before procedures are available. Therefore, there are concerns that the discontinuation of antithrombotic
drugs may worsen the disease19,20. In this retrospective cohort study of patients who received
percutaneous interventions for liver diseases, we evaluated the in�uence of history of antithrombotic drug
administration on the incidence rate of intraperitoneal hemorrhage in patients after percutaneous
interventions.

Results
Patient characteristics

Baseline clinical characteristics of 1025 patients who underwent percutaneous interventions (liver biopsy
and treatment of liver tumor, such as RFA and MWA) are shown in Table 1. There were 648 (63.2%) male
patients who underwent percutaneous interventions, and the median age of patients was 73.0 years.
Antithrombotic drugs were administered to 163 patients (15.9%) who underwent percutaneous
interventions. A total of 138 patients (13.4%) were treated with monotherapy of antithrombotic drugs and
25 patients (2.4%) received combination therapy. The most common antithrombotic therapy was
antiplatelet drugs (102 patients [10.0%] ), and only 47 patients (4.6%) were treated with anticoagulant
drugs. One hundred and sixty patients discontinued these antithrombotic drugs before percutaneous
interventions according to the American Association for the Study of Liver Disease (AASLD) guidelines
for liver biopsy and the guidelines on the use of liver biopsy from the BSG 17,21. In 547 patients who
received percutaneous treatments, the number of targeted tumors was 1.5 ± 0.8, the average maximum
tumor size was 1.63 ± 0.66 cm, and the minimum distance from the liver surface to targeted tumors was
2.03 ± 1.85 cm. These patients underwent one or two sessions of percutaneous treatment. Clinical
background before percutaneous interventions showed serum albumin levels of 3.72 ± 0.55 g/mL, total-
bilirubin levels of 0.85 ± 1.09 mg/mL, prothrombin time levels (PT) of 89.5 ± 15.7 %, and Child-Pugh
score of 5.59 ± 0.94. Intraperitoneal hemorrhage occurred in 9 patients (0.88%), and hemoglobin levels
decreased by 1.77 ± 1.02 g/dL after these hemorrhages. Although blood transfusion was required in 4
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patients, invasive hemostatic operation was not required in this study. When patients discontinued
antithrombotic therapies before interventions, three-point major adverse cardiovascular events
(cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke) were not detected in these
patients until discharge to home. Twenty-�ve patients treated with combination therapy discontinued
these drugs according to the AASLD guidelines for liver biopsy and guidelines on the use of liver biopsy
from the BSG17,21, and there was no intraperitoneal hemorrhage after interventions in these patients. In
conclusion, intraperitoneal hemorrhage occurred in only nine patients (0.88%), and these adverse events
were not severe.

Risk factors of intraperitoneal hemorrhage in patients after percutaneous interventions

We evaluated which factors were associated with intraperitoneal hemorrhage after percutaneous
interventions (Table 2). Baseline clinical characteristics between the patients with intraperitoneal
hemorrhage (positive group) and those without (negative group) were compared. The ratio of patients
with liver cirrhosis and the etiology of liver disease were not different between the two groups. The
number of patients who underwent percutaneous treatments of liver tumor in the positive group was also
higher than those in the negative group (p = 0.1271). In addition, the number of patients who were
administered antithrombotic drugs in the positive group was slightly higher than those in the negative
group (p = 0.1961). Regarding clinical parameters, prothrombin time in the positive group was slightly
lower than that in the negative group (p = 0.1683).

Thereafter, we assessed the clinical characteristics of 9 patients with intraperitoneal hemorrhage after
percutaneous interventions (Table 3). Seven patients underwent percutaneous treatments (RFA or MWA).
Intraperitoneal hemorrhage was observed in the treatment of tumors of 2 cm or less and was also
observed in those with a distance of 4 cm or more from the liver surface. In four patients, no abnormality
of hematological parameters with disturbance of thrombolysis or coagulation was detected. Furthermore,
three patients were administered antithrombotic drugs, and all of them responded according to the
guidelines for antithrombin drugs.

In Table 4, we examined the risk factors for intraperitoneal hemorrhage in patients who underwent
percutaneous treatments (RFA and MWA). There were no differences in age, sex, the ratio of cirrhosis, and
etiology. The proportion of patients administered antithrombotic drugs was higher in the positive group.
However, no signi�cant difference was observed (p = 0.1492). The Serum PT level was slightly lower in
the positive group (77.57 ± 19.92 %) than in the negative group (86.34 ± 14.26 %). Platelet count, serum
albumin, and total bilirubin levels did not differ between the groups. Then, we compared tumor factors in
the two groups. The number of targeted tumors, maximum size of targeted tumors, and distance from the
liver surface to targeted tumors were almost the same between the two groups. These results suggest
that percutaneous treatment may be associated with intraperitoneal hemorrhage after treatment in
patients with liver diseases.
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In�uence of antithrombotic drugs on intraperitoneal hemorrhage in patients who underwent percutaneous
interventions

The in�uence of antithrombotic drug administration in patients who underwent percutaneous intervention
was evaluated. We divided the patients into patients with and without antithrombotic drugs. Because
there were some confounding factors in the clinical background in the two groups of patients, we
performed propensity score matching for some factors between these two groups of patients (Table 5). A
total of 163 patients were matched in the two groups, and most of them in patients treated with
antithrombotic drugs and then discontinued these drugs according to the guidelines before percutaneous
interventions. There was no difference in liver function and hematological parameters between the two
groups. Three patients treated with antithrombotic drugs experienced intraperitoneal hemorrhage after
interventions. However, this adverse event was not detected in patients without antithrombotic drugs (p =
0.0407). Based on these results, the administration of antithrombotic drugs was a risk factor for
intraperitoneal hemorrhage in patients who underwent percutaneous interventions.

Discussion
In this study, we performed interventions according to the guidelines for liver biopsy17. According to these
guidelines, discontinuation of antithrombotic therapy is recommended in patients before biopsy. However,
the evidence is weak. To the best of our knowledge, this is the �rst study to indicate that administration of
antithrombotic drugs is a risk factor for intraperitoneal hemorrhage in patients who underwent
percutaneous interventions for liver diseases. In this study, intraperitoneal hemorrhage occurred in 9
patients who underwent percutaneous interventions (0.91%). In addition, 7 patients had hemorrhage after
interventions (1.28%). It has been reported that hemorrhage was detected in 0.4% – 0.5% of patients who
underwent abdominal interventions. However, in these reports, hemorrhage was de�ned as the
requirement for blood transfusion after interventions or reducing serum hemoglobin by more than 3 g/dL
before interventions. In this study, intraperitoneal hemorrhage was de�ned as that was diagnosed by CT
until 7 days after interventions. The patients with intraperitoneal hemorrhage in our study included even
milder hemorrhage than in other studies, suggesting an increase in the frequency of these complications.
In all 9 patients with intraperitoneal hemorrhage, a reduction in serum hemoglobin level by 3 g/dL or more
was not observed and there were no abdominal symptoms. In these cases, 5 patients were conservatively
followed up with hemostatic agents alone, and 4 patients required blood transfusions. They extended
hospital stays by an average of 7.57 ± 3.82 days. However, events in all these patients were not fatal. It
has been reported that the posterior intercostal artery could be injured by these interventions22. There are
some reports that hemorrhage could not be controlled by blood transfusion and patients died after these
interventions10,23. Therefore, these interventions should be performed carefully.

In this study, the patients who underwent RFA or MWA had more adverse events of intraperitoneal
hemorrhage than those who underwent liver biopsy. The number of punctures per intervention was higher
than that per liver biopsy. At the time of liver biopsy, we performed a single puncture per one intervention.
On the other hand, at the time of RFA or MWA, we often treated multiple tumors in the liver. Therefore,
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multiple punctures were required for these treatments. The difference in frequency of hemorrhage
between interventions may be due to the number of punctures.

It has been reported that localization of targeted tumors is one of the risk factors for intraperitoneal
hemorrhage in patients with liver tumors after percutaneous treatments24. A high frequency of
hemorrhage occurred in cases where tumors existed near the liver surface7. In this study, the distance
from the targeted tumors to the liver surface was compared. However, no signi�cant difference was
observed in patients with or without hemorrhage. There were two cases of hemorrhage in patients with
tumors ≥ 4 cm from the liver surface. Moreover, in both cases, these patients were administered
antithrombotic drugs that were withdrawn according to the guidelines. The distance from the liver surface
was a risk for damaging hepatic arteries or portal veins in interventions, and antithrombotic drugs may
have been di�cult to stop bleeding.

There were 3 patients in whom liver biopsy was performed while administered aspirin and no hemorrhage
was observed in all patients after liver biopsy. Regarding aspirin, as stated in the BSG guideline about
liver biopsy published in 2020, if it cannot be discontinued for various reasons, it may be acceptable to
perform under administration17. According to the guidelines for gastroenterological endoscopy in
patients undergoing antithrombotic treatment from the Japanese Gastroenterological Endoscopy Society,
thromboembolic complications due to warfarin withdrawal in procedures occurred in 12 stroke of 1137
cases. It has been reported that those who are 80 years old, a history of stroke, and hyperlipidemia were
risk factors for stroke due to warfarin withdrawal25,26. In this study, the antithrombotic therapies were
discontinued before the intervention, three-point major adverse cardiovascular events did not occur in
these patients27. This may be related to the inherent abnormalities of hematological parameters, with
disturbance of both thrombolysis and coagulation in patients with chronic liver disease.

This study has several limitations. It has all limitations inherent to retrospective studies: prone to
selection bias and subject to confounding. However, we performed propensity score matching for some
factors between these the two groups of patients to avoid the effect of confounding variables on the
results. The small sample size is another limitation to the study that could have reduced the power of the
study and increased the margin of error.

In conclusions, the administration of antithrombotic drugs was a risk factor for intraperitoneal
hemorrhage in patients who underwent percutaneous interventions. It is also necessary to deeply
consider whether these interventions are needed in these patients. In addition, these interventions should
be performed carefully.

Methods
Ethics statement
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This retrospective study was approved by the Institutional Review Board of Osaka Medical College (IRB
approval number: 2020–070). Informed consent was obtained in the form of opt-out, and patients who
rejected them were excluded from the study. Ethical approval was obtained from the Ethical and Scienti�c
Committee of the Osaka Medical College.

Accordance and guideline

All procedures performed in this study were in accordance with the ethical standards of the institution
and ethical guideline for medical and human subject in Japan and with the 1964 Helsinki declaration and
its later amendments.

Study design and human participants

At Osaka Medical College Hospital, 1025 patients who underwent percutaneous interventions for liver
diseases (liver biopsy and percutaneous ablation such as RFA and MWA) from April 2015 to March 2020
were enrolled in this study. All interventions were performed under an ultrasound-guided approach using
XALIO ultrasound system or APLIO i800 (Canon Medical Systems Corporation, Tochigi, Japan). Two
hundred and sixty-three patients underwent non-targeted liver biopsy and 181 patients underwent
targeted biopsy for liver tumors. A total of 547 patients who were diagnosed with liver tumors (522
hepatocellular carcinoma and 25 metastatic other cancers) underwent percutaneous interventions (RFA
or MWA). Four hundred and ninety-nine patients underwent RFA and 57 patients underwent MWA. We
retrospectively collected the following patient data on their clinical backgrounds: age, sex, etiology of liver
disease, administration of antithrombotic drugs, laboratory data, and information about tumors (tumor
size, number of tumors, and distance from the liver surface to tumor). We used a 14-G side-cutting needle
for liver biopsy and a 21-G needle for targeted biopsy for liver tumors. Regarding percutaneous
interventions for treatment, we used 17-G needles (cool-tip™ RF needle) for RFA and 14-G needles
(Thermosphere Technology with Emprint™ Long Percutaneous Antenna) for MWA. When patients
administered antithrombotic drugs were scheduled to undergo percutaneous interventions, antiplatelet
drugs were paused 7days before interventions. In addition, warfarin was discontinued 5 days before
intervention with point-of-care testing before the intervention to ensure adequate reversal. Only 28
patients who were administered warfarin were switched from warfarin to low-molecular-weight heparin
via subcutaneous injection, and this injection was discontinued 12 hours before interventions.
Intraperitoneal hemorrhage after percutaneous interventions was detected by abdominal CT until seven
days after interventions.

Statistical analysis

Clinical laboratory values were not normally distributed. Therefore, the Mann-Whitney U test was used to
analyze proportional scales. Fisher’s exact test was used to analyze nominal scales. All recorded p values
were two-sided, and a value of p < 0.05 was considered statistically significant. All analyses were
performed using JMP software, version 13 (SAS Institute Inc., Cary, NC, USA). In the analysis of the
prevalence of intraperitoneal hemorrhage in patients who were administered antithrombotic drugs and
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without, propensity score matching was used by using variables of the entire logistic regression model. In
this analysis, we performed the matching for some factors (age, sex, liver cirrhosis, and percutaneous
treatments).
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