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Pulmonary arteriovenous malformations (PAVMs) are rare congenital vascular anomalies characterized by a direct connection be-
tween pulmonary arteries and veins, resulting in right-to-left shunting, arterial hypoxemia, and an increased risk of paradoxical 
embolic events. Endovascular embolization has become the standard of care for the treatment of PAVMs, significantly reducing the 
risk of neurologic and hemorrhagic complications. However, optimal patient selection, choice of embolic materials, procedural strat-
egies, and post-treatment surveillance remain areas of active evolution. This review provides an interventional radiologist–focused 
overview of contemporary practice in PAVM management. Key topics include the clinical relevance of hereditary hemorrhagic telan-
giectasia, current indications for treatment in adult and pediatric populations, and periprocedural strategies to minimize complica-
tions such as air embolism and catheter-related thrombosis. Advances in embolic materials, including detachable coils, venous sac 
embolization techniques, and vascular plugs, are discussed with an emphasis on their relative efficacy and impact on recanalization 
and reperfusion rates. Procedure-related complications and their management are reviewed, highlighting both common self-lim-
iting events and rare but serious adverse outcomes. Finally, current approaches to post-embolization surveillance are summarized, 
with a focus on the role of computed tomography, metal artifact reduction techniques, and emerging dynamic imaging modalities 
such as time-resolved magnetic resonance angiography for detecting treatment failure. By integrating recent evidence and practical 
procedural considerations, this review aims to support interventional radiologists in optimizing the safety, durability, and long-term 
outcomes of PAVM embolization.
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Introduction

Pulmonary arteriovenous malformations (PAVMs) are rare 

congenital vascular anomalies of the lung characterized by 

direct communication between a pulmonary artery and vein 

without an intervening capillary bed [1]. This leads to the di-

rect passage of arterial blood into the venous system, resulting 

in arterial hypoxemia and an increased risk of paradoxical 

embolism. Such paradoxical embolism can lead to complica-

tions like brain infarction, brain abscess, transient ischemic 

attack, or even myocardial infarction [2-5]. Additionally, 

PAVMs carry a risk of rupture and hemorrhage, which can 

lead to significant complications for the patient [6]. As an in-

terventional radiologist specializing in the embolization of 

PAVMs, it is essential to understand the clinical implications 

of the associated hereditary hemorrhagic telangiectasia 

(HHT), as well as the advantages and limitations of current 

embolic materials. Furthermore, a comprehensive evaluation 
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of the various embolization techniques and the appropriate 

post-procedural follow-up is crucial. This review article aims 

to provide a thorough synthesis of these aspects, thereby en-

hancing clinical practice and patient outcomes.

Hereditary Hemorrhagic Telangiectasia

HHT is an autosomal dominant disease with an estimated 

prevalence of 1 in 5,000 [7]. It is characterized by clinically sig-

nificant vascular lesions involving the skin and mucosa (nasal 

and gastrointestinal), as well as the brain, lungs, and liver. It is 

underdiagnosed, and a long diagnostic delay is common [8]. 

A diagnosis of HHT allows appropriate screening and preven-

tive treatment to be undertaken in a patient and their affected 

family members. The most common symptom of HHT, epi-

staxis, has an age-related expression, as does the appearance 

of the typical telangiectasia (Fig. 1). The diagnosis of HHT is 

well described in Curaçao criteria (Table 1). In patients with 

symptoms or signs of a PAVM by history and/or physical ex-

amination, contrast-enhanced or agitated saline bubble echo-

cardiography remains the best initial screening tool because 

of its high sensitivity and negative predictive value approach-

ing 100% (Fig. 1) [9]. According to the expert panel, if HHT is 

confirmed or suspected, a workup for PAVMs is necessary, 

and for this workup, contrast-enhanced echocardiography is 

recommended [10].

Treatment Indications

To prevent paradoxical embolism or life-threatening bleed-

ing, all detected PAVMs should be treated in adult patients. 

Historically, a feeding artery diameter of ‘3 mm’ was consid-

ered the minimal diameter criterion for treatment of PAVMs 

[2]. However, with advances in embolic devices and catheter 

systems, less than 3 mm feeding arteries ≥ 2 mm can now be 

embolized (Fig. 2) [11]. Pregnancy is a special risk factor in 

Fig. 1. Agitated saline bubble echocardiography images. (A) After injection of agitated saline bubbles into a peripheral vein, echogenic bubbles are seen 
filling the right heart. Under normal conditions, the bubbles are completely filtered by the pulmonary capillary bed, and no bubbles appear in the left 
cardiac chambers. (B) After the appearance of bubbles in the right cardiac chambers, bubbles are subsequently observed in the left cardiac chambers 
after three cardiac cycles, indicating the presence of an extracardiac shunt (pulmonary arteriovenous malformation). RA, right atrium; RV, right ventricle; 
LA, left atrium; LV, left ventricle.

AA BB

Table 1. Curaçao criteria for clinical diagnosis of HHT

Criteria Description
Epistaxis Spontaneous and recurrent
Telangiectasias Multiple, at characteristic sites: lips, oral cavity, fingers, nose
Visceral lesions Gastrointestinal telangiectasia, pulmonary, hepatic, cerebral or spinal arteriovenous malformations
Family history A first-degree relative with HHT according to these criteria

A diagnosis of hereditary hemorrhagic telangiectasia (HHT) is considered ‘definite’ if three or more Curaçao criteria are present, ‘possible or suspected’ if 
two criteria are present, and ‘unlikely’ if 0 or 1 criterion is present.



https://doi.org/10.64961/kjir.2026.00010

3Korean Society of Intervention Radiology

patients with PAVM, especially in the second and third tri-

mesters due to a decrease in peripheral vascular resistance 

and an increase in cardiac output by nearly 50% [12]. A recent 

study in 244 pregnant women with HHT showed major com-

plications in 13%, all in patients who had not been screened 

or treated for PAVMs prior to pregnancy [13]. Thus, all women 

with HHT considering pregnancy should be screened for 

PAVM with computed tomography (CT) and eventually treat-

ed prior to conception.

For pediatric patients with PAVMs, it is recommended to 

treat only if they have symptoms, and if they are asymptomat-

ic or have associated complex anomalies, the approach 

should be considered on a case-by-case basis [14]. According 

to recent studies [15,16], PAVMs treated in pediatric patients 

before puberty show a high recurrence rate because PAVMs 

may enlarge and evolve with somatic growth, making it diffi-

cult to determine the optimal timing for intervention. Howev-

er, experts suggest that if there are symptoms or if the risk level 

increases—for instance, when a PAVM is large enough to risk 

rupture or causes significant hypoxemia—then, it is advisable 

to treat regardless of age. Otherwise, for asymptomatic PAVMs 

detected through screening, treatment is recommended after 

puberty [10,11].

Periprocedural Care and Strategies to 
Minimize Air Embolism

Although the evidence regarding the necessity of intrave-

nous sedation or general anesthesia for the procedure is un-

clear, in the case of pediatric patients, the procedure typically 

requires general anesthesia. For PAVM embolization, the right 

common femoral vein is generally used for access, and intra-

venous heparin (60–80 units/kg or 3,000–5,000 units) is ad-

ministered after sheath insertion to prevent catheter-related 

Fig. 2. Embolization of a 1.5-mm feeding artery associated with an arteriovenous malformation in the left upper lobe of a 36-year-old female patient. (A) 
On the computed tomography (CT), a slender 1.5 mm feeding artery to the left upper lobe (black arrows) and a dilated venous sac (white arrow) are 
visible. (B) On angiography, the same finding as on the CT is observed (black arrows and white arrow), and the angulated course makes plug 
embolization difficult. (C, D) A scene of coil embolization (C) and a post-embolization angiography image (D). In panel (D), the tri-axial system was 
utilized, including a 6-Fr Shuttle guiding catheter, a 5-Fr angled catheter, and a 1.9-Fr microcatheter, to access the feeding artery. Coil embolization was 
performed using Concerto 3D and Helix coils.
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thrombosis. After sheath insertion, a 7- to 8-Fr vascular sheath 

is typically used, and long guiding catheters of about 80–90 

cm, as well as diagnostic catheters, are employed to access the 

pulmonary artery via the right atrium. The reason for using a 

sufficiently long guiding catheter is to reduce catheter ex-

changes, thereby minimizing arrhythmias and reducing the 

risk of air embolism. Additionally, it provides more stable 

support during the embolization procedure, helping to ensure 

precise placement and control. There is no evidence support-

ing the use of prophylactic antibiotics for this procedure.

In PAVM embolization, the selection and catheterization of 

the target feeding artery can be challenging. It is important to 

analyze the detailed anatomy and branching patterns using 

pre-procedural CT scans. If fusion imaging is available, incor-

porating those fused images is also recommended [17]. In 

cases such as the right middle lobe or the lingular division of 

the left upper lobe, where there is a sharp angulation of about 

90 degrees, it is important to choose a diagnostic catheter 

shape that corresponds appropriately. If the feeding artery is 

identified, a guidewire or microcatheter can be used to ap-

proach the feeding artery more closely. This allows advance-

ment of a 4- or 5-Fr catheter or guiding sheath deeper into the 

feeding artery, improving stability during embolization. Spe-

cial caution is required to prevent air embolism and intrapro-

cedural thrombus formation. To minimize the risk of throm-

boembolism, meticulous heparinized saline flushing using a 

rotating Y-connector is essential. At the author’s institution, 

two separate heparinized saline flushing systems (5,000 U of 

heparin mixed with 500 mL of saline) are routinely prepared: 

one for the 6-Fr guiding sheath and another for flushing 4- or 

5-Fr catheters. These systems can be connected between the 

diagnostic catheter and the microcatheter or the Amplatzer 

vascular plug adaptor to ensure continuous flushing and re-

duce the risk of air or thrombus introduction. Special caution 

is required to prevent air embolism. To prevent air embolism, 

it is important to use a heparinized saline flushing technique 

with a rotating Y-connector. Additionally, performing guide-

wire or coil insertion and exchanges under a water seal, es-

sentially submerged in fluid, can also be helpful (Fig. 3). 

During the procedure, when injecting contrast material—par-

ticularly into the feeding artery—it is essential to aspirate 

blood and confirm that all air has been completely removed 

from the catheter. This is especially important when accessing 

small-caliber feeding arteries, as the catheter tip may become 

Fig. 3. Techniques to prevent air embolism and intracatheter thrombosis 
during pulmonary arteriovenous malformation procedures. The 
illustration demonstrates the use of two rotating Y-connectors (red circles) 
with heparinized saline flushing (A) one for guiding catheter and another 
for 5-Fr catheter, as well as underwater insertion techniques (B) to 
minimize the risk of air embolism and catheter-related thrombosis. Note, 
second flushing line is connected to vascular plug adaptor (arrow).

AA

BB

wedged within the vessel lumen, increasing the risk of air be-

ing introduced or trapped inside the catheter. When air em-

bolism occurs, issues can arise mainly if the air enters the cor-

onary arteries or the cerebral circulation. If an air embolism 

occurs in the heart, the patient may experience sudden-onset 

chest discomfort and difficulty breathing, which usually im-

proves with conservative management such as providing oxy-

gen.

Embolic Materials and Techniques

Historically, detachable balloons were used as an emboli-

zation material; however, they are no longer utilized in cur-

rent practice [18]. In the context of PAVM embolization, the 

use of coils, vascular plugs, or a combination of both is now 

standard practice [19-21]. Since the development of detach-

able coils, they have offered advantages over pushable coils, 

particularly in terms of repositioning during the procedure. 

They can even be fully retrieved and redeployed if necessary, 

enhancing procedural safety and control. It is crucial to prior-

itize minimizing the recanalization rate while ensuring the 
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overall safety of the procedure when selecting the appropriate 

embolic materials and techniques. Feeding artery coil embo-

lization was historically regarded as the standard approach, 

whereas venous sac embolization was discouraged because of 

the perceived risk of rupture [22]. However, with the introduc-

tion of newer venous sac embolization techniques, recent 

findings now indicate that tightly packing the venous sac with 

coils can achieve a higher success rate than the traditional 

feeding artery approach (Fig. 2) [22-25]. Additionally, vascular 

plugs, including micro-vascular plugs (Medtronic, Minneapo-

lis, MN, USA) and Amplatzer vascular plugs (Abbott Vascular, 

Saint Paul, MN, USA) have also demonstrated a higher suc-

cess rate compared to feeding artery coil embolization (Fig. 4) 

[26-28]. In the case of vascular plugs, the risk of device migra-

tion is relatively low. Moreover, an additional advantage is 

that the device can be repositioned if the sizing is not ideal or 

if it is not deployed in the exact desired location. This flexibili-

ty enhances the precision of the procedure (Fig. 5). In a recent 

European guideline, there is also a recommendation to con-

sider vascular plug embolization as a first-line option when-

ever possible, rather than coil embolization [11]. Additionally, 

a recent meta-analysis recommended vascular plugs or ve-

nous sac coil embolization, noting that vascular plugs had a 

recanalization rate of 13.6% compared to 32.7% for coil-only 

embolization. Similarly, venous sac embolization showed a 

3.8% recanalization rate, while feeding artery embolization 

had a rate of 24.3%. Additionally, a recent meta-analysis has 

recommended the use of vascular plug or venous sac coil em-

bolization, as these techniques have demonstrated a lower 

persistence rate compared to other methods [21]. This shift is 

Fig. 4. The images show a 38-year-old female patient undergoing pulmonary arteriovenous malformation embolization using an Amplatzer vascular 
plug. (A) A simple pulmonary arteriovenous malformation is observed in the right pulmonary angiography, and the feeding artery diameter is measured 
at 3.7 mm. (B) An 8-Fr, 80-cm guiding catheter and a 5-Fr Berenstein angled catheter were used to advance to the distal end of the feeding artery. (C) A 
7-mm Amplatzer vascular plug type IV (arrow) was deployed at the distal portion of the feeding artery with a 100% oversizing. (D, E) The large venous sac 
(arrow) that was visible on the pre-procedure non-enhanced chest computed tomography (CT) (D) had only a trace remaining (arrow) on the CT 
performed 6 months later (E).

AA

CC DD EE
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Fig. 5. Embolization procedure in a patient with a feeding artery diameter of 2.6 mm and a venous sac diameter of 8 mm in the right lower lobe. (A) 
Selective angiography of the right lower lobe pulmonary arteriovenous malformation. (B) A 7 mm Amplatzer vascular plug type IV (arrow) was deployed 
into an approximately 8 mm venous sac, and it was determined that this would not provide adequate embolization effect. (C) By repositioning the 
Amplatzer plug and deploying it at the distal part of the feeding artery (arrow), it becomes clear that an Amplatzer vascular plug sufficiently larger than 
the feeding artery’s size is needed to effectively achieve embolization.

AA BB CC

largely in response to the relatively high recanalization rate 

associated with feeding coil embolization. In the case of em-

bolization using vascular plugs, the plug should be deployed 

at the most distal segment of the feeding artery just before the 

venous sac in order to preserve the normal pulmonary artery. 

Since the pulmonary artery contains less elastin and has a 

thinner wall compared to systemic arteries, it is more disten-

sible [29]. Therefore, in the author's experience, oversizing by 

about 50% to 100% has been effective in reducing the recanal-

ization rate. When performing venous sac coil embolization, 

it is important to use coils large enough to create a stable 

framing coil larger than the draining vein diameter, thereby 

preventing coil migration. After establishing this frame, the 

venous sac and the proximal feeding artery should be careful-

ly packed to achieve complete occlusion.

Procedure-Related Complications

The most common complication during PAVM emboliza-

tion is pleuritic chest pain [1]. In addition, transient arrhyth-

mias may occur due to intracardiac catheter manipulation, 

although these are typically self-limiting. A small amount of 

air may also be inadvertently introduced during the proce-

dure, potentially leading to acute chest discomfort or dys-

pnea. Such symptoms are usually transient and can be man-

aged with intravenous nitroglycerin or atropine, resolving 

spontaneously as the air is absorbed. Additionally, patients 

may experience arrhythmias caused by intracardiac catheter-

ization during the procedure, but these are typically self-limit-

ing. A small volume of air can be introduced during the pro-

cedure, which typically enters the coronary arteries and may 

cause sudden-onset chest discomfort or dyspnea. In such 

cases, this can be managed with intravenous nitroglycerin or 

atropine, and it generally resolves once the air is absorbed 

without significant issues [30]. In contrast, device-related 

complications primarily include migration of embolic materi-

als into the pulmonary vein. Given that the pulmonary vein 

generally has a larger diameter than the corresponding pul-

monary artery, appropriate device sizing is essential. The use 

of a framing coil larger than the draining vein diameter or an 

adequately oversized vascular plug is recommended to mini-

mize the risk of device migration. In addition, continuous 

flushing with heparinized saline helps prevent thrombus for-

mation within the catheter. To prevent these complications, it 

is advisable to use the framing coil or an appropriately over-

sized plug to prevent device migration into the pulmonary 

vein. Additionally, flushing through a heparinized saline line 

can help prevent thrombus formation within the catheter. 
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Pulmonary parenchymal hemorrhage can occur due to the 

device or catheter, and it is usually self-limiting, often accom-

panied by mild hemoptysis. In cases where the device causes 

pulmonary artery perforation, quickly occluding the feeding 

artery with an appropriate embolic material can reduce fur-

ther complications such as hemothorax [31].

Surveillance after Embolization

Long-term follow-up after treating PAVMs is needed to de-

tect newly developed PAVMs and to identify persistence or re-

current flow [10,11]. Treatment failure in PAVMs can be classi-

fied as recanalization and reperfusion. Recanalization refers 

to the reopening of blood flow through spaces between the 

previously placed embolic material (Fig. 6). Reperfusion, on 

the other hand, occurs when blood flow from an adjacent pul-

monary artery reopens the previously embolized distal vein 

or venous sac (Fig. 7) [32]. As the primary follow-up modality, 

CT is recommended, but there are currently no specific guide-

lines on whether or not to use contrast enhancement [33]. It is 

recommended to perform an initial evaluation by CT about 6 

months after PAVM embolization, and then follow-up with CT 

every 3–5 years thereafter (Fig. 8). In CT follow-up, the evalua-

tion is based on the reduction rate of the venous sac or the 

draining vein, and the traditional criterion is that there should 

be at least a 70% reduction in the size of the venous sac or 

draining vein [34,35]. In recent studies, there have been opin-

ions that this 70% size reduction criterion is too strict. In re-

sponse, some research using angiographic-confirmed cases 

or time-resolved magnetic resonance angiography (TR-MRA) 

has proposed a 50%–60% guideline [36,37]. When using CT, 

repeated radiation exposure and metal artifacts from the coils 

can be problematic. By using metal artifact reduction tech-

niques, it is possible to obtain clear images of the surrounding 

Fig. 6. Time-resolved magnetic resonance angiography (TR-MRA) and procedural images of a pulmonary arteriovenous malformation showing 
recanalization. (A) In the TR-MRA performed before the procedure, a venous sac (arrow) is observed concurrently with the feeding artery (dashed arrows). 
(B) Recanalization was confirmed in the selective angiography. (C) Utilizing additional coils and an 8 mm Amplatzer vascular plug type IV (AVP 4) (arrow), 
the feeding artery embolization was carried out. (D) On the 6-month follow-up TR-MRA, the feeding artery is no longer visible, and the venous sac is also 
not observed.
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Fig. 7. Example of a patient showing reperfusion after pulmonary 
arteriovenous malformation (PAVM) embolization using an Amplatzer 
vascular plug type IV (AVP 4). (A) Angiography of a simple-type PAVM in 
the right lower lobe accessed with a 5-Fr catheter. (B) Early pulmonary 
arterial phase image from a diagnostic angiography performed three 
years later due to suspected reperfusion on follow-up computed 
tomography, showing that the pulmonary vein is not visible distal to the 
AVP 4 (indicated by the arrow). (C) Delayed phase image confirming the 
pulmonary vein, marked by dashed arrows, which corresponds to the 
venous sac and draining vein seen in (A), now reduced in size. (D) A typical 
example of reperfusion shown on angiography using a microcatheter in 
an adjacent pulmonary artery, illustrating multiple newly formed tortuous 
collaterals leading to the draining vein (marked by dashed arrow). In this 
patient, additional AVP 4 embolization was performed at the tip of 
microcatheter (black arrow). However, draining vein size persisted even 
after additional treatment (not shown).
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Fig. 8. Computed tomographic (CT) images of a pulmonary arteriovenous malformation before the procedure (A), 20 days after embolization (B), and at 
the 6-month follow-up (C). After the procedure, at both 20 days and 6 months, the diameter of the feeding artery and the draining vein is gradually 
reduced. In this case, the embolization was performed using an Amplatzer vascular plug type IV. Notably, the Amplatzer vascular plug produces minimal 
beam-hardening artifacts on CT, aiding in the evaluation of vessel diameter and the surrounding parenchyma.

AA BB CC

parenchyma, and this also helps in assessing parameters like 

the draining vein diameter reduction rate (Fig. 9) [38]. Fur-

thermore, low-dose CT protocols may help reduce cumulative 

radiation exposure during repeated follow-up imaging.

Fig. 9. Computed tomographic images of a patient with bilateral lower 
lobe pulmonary arteriovenous malformations treated with coil 
embolization. (A) Image without metal artifact reduction, showing 
prominent beam-hardening artifacts that obscure the evaluation of 
surrounding vessels and parenchyma. (B) Image with metal artifact 
reduction technique applied, significantly reducing beam-hardening 
artifacts and allowing for better evaluation of the adjacent vessels and 
parenchyma.

AA

BB
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In parallel, increasing attention has been directed toward 

the role of dynamic imaging modalities, particularly TR-MRA 

[39-42]. Reperfusion can be confirmed if the draining vein is 

observed simultaneously with the pulmonary artery on TR-

MRA. Because TR-MRA can clearly distinguish between the 

pulmonary arterial and pulmonary venous phases, and be-

cause it is less affected by coil artifacts, it allows for a more re-

liable differentiation between residual arteriovenous malfor-

mation and residual sac filling caused by normal pulmonary 

vein drainage (Fig. 10) [41].

Fig. 10. Images before and after embolization using a vascular plugs in a patient with a large pulmonary arteriovenous malformation (PAVM) in the left 
lower lobe. (A) In the time-resolved magnetic resonance (MR) angiography, a PAVM in the left lower lobe exhibiting an early draining vein is observed. (B, 
C) The pulmonary arteriography also shows the same findings, and feeding artery embolization was performed using one Amplatzer vascular plug type 
II and six Amplatzer vascular plugs type IV devices. (D, E) In the 6-month follow-up time-resolved MR angiography, no rapidly appearing vein is observed 
in the arterial phase, and in the delayed phase, there is enhancement within the venous sac (arrow), which is considered part of the normal draining vein. 
(F–H) In the computed tomographic images taken at 1 month (F), 6 months (G), and 18 months (H) post-treatment, the thrombosed venous sac 
gradually diminishes, leaving only the normal draining vein (arrows) inside.
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Conclusion

Endovascular embolization remains the cornerstone of 

treatment for PAVMs, offering effective prevention of paradox-

ical embolism and hemorrhagic complications when appro-

priately performed. Ongoing advances in embolic materials 

and techniques—particularly the use of vascular plugs and 

venous sac embolization—have significantly improved treat-

ment durability by reducing recanalization and persistence 

rates.

A thorough understanding of PAVM anatomy, careful pro-

cedural planning, and meticulous attention to periprocedural 

techniques are essential to minimize complications such as 

air embolism, device migration, and vascular injury. Long-

term surveillance is equally critical, as treatment failure may 

occur through either recanalization or reperfusion. In this 

context, evolving imaging strategies, including metal artifact–

reduced CT and TR-MRA, provide valuable tools for accurate 

post-treatment assessment while mitigating limitations of 

conventional imaging.

As evidence continues to evolve, individualized treatment 

strategies that balance procedural safety with long-term effi-

cacy are paramount. An interventional radiologist–centered, 

evidence-based approach is essential for optimizing out-

comes in patients with PAVMs, particularly those with HHT 

who require lifelong surveillance and management.
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Transarterial chemoembolization (TACE) has long been the standard locoregional therapy for unresectable hepatocellular carcinoma, 
while transarterial radioembolization (TARE) using yttrium-90 microspheres has emerged as a promising alternative driven by ad-
vances in dosimetry and improved outcomes. TARE offers high complete response rates, durable local control, and minimal post-em-
bolization syndrome, particularly in patients with localized or large tumors and preserved hepatic function. However, its broader use 
is limited by radiation-related toxicity, technical challenges, and socioeconomic factors, including high cost and limited repeatability. 
In contrast, TACE remains widely applicable, repeatable, and cost-effective, achieving excellent tumor control through refined su-
perselective techniques, especially in Korea. Rather than competing modalities, TARE and TACE should be integrated within a tailored 
treatment strategy, with the choice determined by tumor characteristics, hepatic reserve, and institutional expertise.
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Introduction

Hepatocellular carcinoma (HCC) is a hypervascular malig-

nancy that arises predominantly in cirrhotic livers, and its ar-

terial vascularity makes transarterial therapy a key compo-

nent of disease management [1-5]. Since the 1980s, 

transarterial chemoembolization (TACE) has been estab-

lished as the cornerstone of locoregional therapy for unresect-

able HCC, with its efficacy in improving tumor response and 

survival confirmed by pivotal randomized controlled trials, 

large-scale Japanese cohort studies, and subsequent me-

ta-analyses [6-10]. Building on this robust evidence, TACE re-

mains the most widely recommended treatment for patients 

with large or multifocal HCC and is also extensively employed 

both as an initial therapy and as a salvage option for post- 

treatment recurrence [3-5].

In recent years, transarterial radioembolization (TARE) us-

ing yttrium-90 (Y-90) microspheres has shown a rapid in-

crease in clinical use, driven by advances in personalized do-

simetry, improved treatment planning, and accumulating 

evidence of favorable tumor control and survival outcomes 

[11,12]. In Korea, the expansion of National Health Insurance 

coverage for TARE since December 2020 has accelerated its 

clinical adoption, especially in patients with larger tumor bur-

dens or in those considered unsuitable for surgical resection 

or other locoregional therapy [13].

This review is based on two recent publications in the Kore-

an Journal of Radiology: the 2023 Korean Liver Cancer Associ-

ation expert consensus on TACE and the 2025 review on opti-
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mizing Y-90 TARE dosimetry for HCC [13,14]. Building on the 

core principles discussed in these works, this article provides 

a comparative overview of TACE and TARE, focusing on their 

therapeutic mechanisms, advantages, limitations, and opti-

mal indications within Korean clinical practice. This context 

inevitably leads to a central clinical question: Can TARE real-

istically replace TACE in the management of HCC?

TARE Compared with TACE: Treatment 
Mechanisms

TACE achieves tumor necrosis through ischemic injury and 

cytotoxic effects induced by transarterial infusion of chemo-

embolic materials [14,15]. To enhance tumor response and 

minimize injury to non-tumorous parenchyma, superselec-

tive catheterization is crucial. In conventional TACE, chemo-

therapeutic agents are mixed with lipiodol, an iodized poppy 

seed oil that has been used for more than a century as an oil-

based contrast agent in radiology (e.g., lymphangiography 

and myelography), to form a radiopaque emulsion that allows 

real-time fluoroscopic visualization of the chemoembolic ma-

terial distribution [14].

TARE, also known as selective internal radiation therapy, 

delivers Y-90 labeled microspheres into the hepatic artery [13]. 

These particles lodge in the tumor microvasculature and emit 

β-radiation, producing tumoricidal effects without causing 

complete arterial occlusion. In the aspect of treatment mech-

anism, TARE more closely resembles external beam radiation 

therapy (EBRT) than TACE. However, EBRT delivers homoge-

neous, calibrated doses to a defined target, whereas TARE dis-

tributes radiation heterogeneously according to tumor vascu-

larity and microsphere deposition, even with advances in 

predictive dosimetry modeling. Two types of Y-90 micro-

spheres are commercially available in Korea: glass micro-

spheres and resin microspheres. In glass microspheres, Y-90 

is embedded within a glass matrix, resulting in higher density 

and a high specific activity of approximately 4,000 Bq per par-

ticle, producing minimal embolic effect. In contrast, resin mi-

crospheres consist of Y-90 coated onto a resin core, with lower 

specific gravity and specific activity of around 50 Bq per parti-

cle, leading to a relatively greater embolic effect and a more 

uniform distribution within the tumor vascular bed.

The dose–response relationship in Y-90 TARE is a critical 

determinant of therapeutic efficacy. Because glass and resin 

microspheres differ in their physical and radiologic character-

istics, they exhibit distinct dose–response thresholds. Glass 

microspheres generally require a higher tumor-absorbed 

dose to achieve comparable treatment outcomes, whereas 

resin microspheres, with their lower specific activity and larg-

er particle number, can exert a stronger radiobiologic effect 

even at lower absorbed doses [16]. For HCC, the tumoricidal 

absorbed dose is generally considered to be approximately in 

the range of > 205–260 Gy for glass microspheres and > 100–

157 Gy for resin microspheres [13]. Increasing evidence sup-

ports a strong positive correlation between tumor-absorbed 

dose and tumor response, emphasizing the importance of 

personalized dosimetry to achieve adequate tumor irradia-

tion while minimizing radiation injury to non-tumorous liver 

parenchyma [11,17].

TARE Compared with TACE: Pros

Recent advances in dosimetry optimization have markedly 

improved the therapeutic outcomes of TARE. Radiation seg-

mentectomy and radiation lobectomy have expanded the role 

of TARE from a palliative treatment to a potentially curative 

modality. In early or localized HCC, radiation segmentectomy 

can achieve complete necrosis by delivering ablative radiation 

doses confined to one or two hepatic segments (Fig. 1). In the 

LEGACY study, which included patients with solitary HCCs 

(median diameter, 2.7 cm; range, 1.0 to 8.1 cm), radiation seg-

mentectomy achieved a 2-year complete response (CR) rate 

of 84% [12]. In the RASER trial, a single-center prospective 

study conducted in patients with solitary HCCs ≤  3 cm, the 

initial objective response rate was 100 % [18]. This outcome 

was superior to that reported in a Korean retrospective study 

(2-year CR rates in 1–10 cm HCCs: 66.2% with conventional 

TACE and 30.5% with drug-eluting bead TACE [DEB-TACE]) 

and a Japanese randomized controlled trial (3-month CR 

rates in 1–5 cm HCCs: 75.2% with conventional TACE and 

27.6% with DEB-TACE) [19,20]. Several studies have further 

demonstrated that radiation segmentectomy can achieve lo-

cal tumor control rates comparable to those of surgical resec-

tion or local ablation, when appropriate dosimetry is achieved 

[21]. Even for multifocal or bulky tumors, Korean investigators 

have expanded this principle beyond segmentectomy into a 
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Fig. 1. Radiation subsegmentectomy in an 86-year-old man with a single nodular hepatocellular carcinoma. (A) Liver magnetic resonance imaging 
shows a 2.2-cm hypervascular tumor (arrow) with exophytic growth in segment 6. (B) Hepatic arteriography shows a hypervascular tumor (arrows), and 
the microcatheter was advanced into a subsegmental branch of A6 (right side image). A total activity of 0.35 GBq of glass microspheres was infused. (C) 
Post-treatment Y-90 positron emission tomography shows intense uptake at the tumor (arrow), confirming a perfused liver dose of 508.7 Gy and a tumor 
dose of 1,794.7 Gy. Voxel-based dosimetry showed a D95 of 625 Gy and a V200 of 100% (D95: the minimum dose delivered to 95% of the target volume, 
V200: the percentage of target volume receiving ≥ 200 Gy). (D) Twenty-month follow-up computed tomography shows complete response with 
dystrophic calcification (arrow).

broader concept of radiation “major hepatectomy,” applying 

ablative doses to larger anatomical territories when disease 

remains confined and hepatic reserve is adequate (Fig. 2). A 

Korean study reported a median time to progression of 17.1 

months in patients with tumors averaging 11.4 cm in size 

treated at mean absorbed doses of 418.8 Gy [22]. Radiation lo-

bectomy can also be used when resection is technically feasi-

ble but unsafe because the future liver remnant (FLR) is insuf-

ficient [23]. By intentionally delivering sufficient radiation 

dose to non-tumorous parenchyma in the target lobe, contra-

lateral hypertrophy can be induced while simultaneously 

suppressing tumor progression in the treated lobe [24]. Taken 

together, these results indicate that territory-based TARE with 

high radiation dose can serve as a reasonable alternative in 

patients who are technically resectable but medically inoper-

able, or in those initially considered for resection who later 

become unsuitable because of comorbidities or limited he-

patic reserve [25].

Because the therapeutic effect of TARE is driven by radia-

tion-induced cytotoxicity rather than ischemic injury, the in-

cidence of post-embolization syndrome, which presents with 

abdominal pain, fever, and transient elevation of liver en-
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Fig. 2. Radiation major hepatectomy in a 60-year-old woman with hepatocellular carcinoma. (A) Contrast-enhanced computed tomography (CT) shows 
a 9.0-cm hypervascular tumor (arrows) with two satellite nodules (not shown) in segments 7 and 8. (B) Cone-beam CT hepatic arteriography shows 
tumor staining (arrows) supplied by A7 and A8 (arrowheads). A total of 9.11 GBq of glass microspheres was infused via A7 and A8. (C) Post-treatment 
Y-90 positron emission tomography shows intense uptake throughout the tumor, consistent with complete microsphere coverage, with a perfused liver 
dose of 355.3 Gy and a tumor dose of 609.9 Gy. (D) Fifty-month follow-up CT shows complete response with dystrophic calcification (arrows), atrophy of 
segments 7 and 8, and compensatory hypertrophy of the left hepatic lobe (double arrowheads).

zymes, is lower than that observed after TACE [26]. As a result, 

patients experience faster recovery, shorter hospitalization, 

and better overall tolerance. In Western countries, TARE is 

frequently performed on an outpatient basis, whereas in Ko-

rea it is typically carried out during a short-term hospital stay, 

reflecting differences in healthcare systems, reimbursement 

policies, and institutional practice patterns.

The minimal ischemic insult associated with TARE also 

translates into improved quality of life after treatment [27]. 

Patients generally experience fewer postprocedural symp-

toms and require less analgesic or supportive care. Further-

more, because radiation segmentectomy achieves high CR 

rates, TARE provides durable tumor control that often reduces 

the need for repeated transarterial sessions. This decreased 

frequency of retreatment lowers the cumulative treatment 

burden and enhances long-term patient convenience and 

satisfaction. Collectively, these features make TARE a well-tol-

erated and patient-friendly therapeutic option, particularly 

for individuals who may not tolerate the ischemic and sys-

temic stress associated with TACE.

TARE Compared with TACE: Cons

TARE carries several radiation-related and technical limita-
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tions that restrict its broader clinical application. Radiation 

pneumonitis is one of the significant complications of TARE, 

resulting from inadvertent shunting of Y-90 microspheres into 

the pulmonary circulation [28]. To minimize this risk, Western 

guidelines typically recommend limiting the lung dose to < 30 

Gy per TARE session and < 50 Gy cumulatively over a lifetime. 

However, Korean cohort data indicate that clinically signifi-

cant radiation pneumonitis has occurred even at lung doses 

below these Western thresholds, which may be related to 

smaller lung mass and higher effective radiation exposure per 

unit dose [29]. Therefore, a more conservative lung dose limit 

is advisable in Korean practice, particularly for patients with 

preexisting pulmonary disease or advanced liver cirrhosis 

[13]. For example, modified thresholds are generally applied 

in my clinical practice; < 25 Gy for males and < 20 Gy for fe-

males when using glass microspheres, and < 15 Gy for resin 

microspheres, assuming a lung mass of approximately 1 kg. 

Because of this cumulative radiation constraint, patients who 

have undergone prior TARE often become ineligible for repeat 

treatment, even when intrahepatic recurrence later develops. 

This inherent limitation contrasts with TACE, which can be 

safely repeated multiple times as long as hepatic function is 

preserved, thereby allowing more flexible long-term disease 

control.

Another significant complication is radioembolization-in-

duced liver disease (REILD), caused by radiation injury to 

non-tumorous liver parenchyma. REILD typically manifests 

as jaundice, ascites, and hepatic failure in the absence of tu-

mor progression, and histologically corresponds to sinusoidal 

obstruction and veno-occlusive injury [30]. Because the ab-

sorbed radiation dose to normal liver correlates directly with 

hepatotoxicity, adequate hepatic reserve and a sufficient FLR 

are critical prerequisites for safe treatment. Patients with 

Child-Pugh class B or C liver function or marginal FLR are at 

markedly increased risk of hepatic decompensation. In prac-

tice, the safety threshold for TARE should approximate that of 

hepatic resection, with an FLR of at least 30% of total liver vol-

ume while preserving two contiguous Couinaud segments 

considered essential [5,13]. Given the higher prevalence of 

cirrhosis and smaller baseline liver volumes in Korean pa-

tients, a more conservative approach is often warranted. In 

my clinical practice, the irradiated liver volume should not 

exceed approximately 50% of the total normal parenchyma, 

and treatment should be limited to Child-Pugh class A pa-

tients with clearly demarcated arterial territories, such as lo-

calized HCCs. These precautions are crucial to minimize the 

risk of REILD and to preserve post-treatment hepatic func-

tion, especially when repeat or sequential therapy is anticipat-

ed, as most HCC patients ultimately require additional treat-

ments during their lifetime. Although TARE often achieves 

higher CR rates, this does not necessarily translate into longer 

survival. There have been no large-scale randomized con-

trolled trials comparing TARE with TACE. According to three 

small comparative studies and subsequent meta-analyses 

published before 2020, there were no significant differences in 

overall survival or safety outcomes between the two treat-

ments [31].

From a procedural standpoint, TARE also presents inherent 

technical challenges. Unlike conventional TACE, in which 

chemoembolic materials are radiopaque and their distribu-

tion can be continuously observed under fluoroscopy, Y-90 

microspheres are invisible during infusion, making real-time 

monitoring impossible [13]. Although a technetium-99m–la-

beled macroaggregated albumin (99mTc-MAA) scan is per-

formed pre-procedurally to simulate microsphere distribu-

tion, actual flow dynamics during treatment may differ, often 

resulting in a wider-than-anticipated infusion territory and 

unintended radiation exposure to non-tumorous liver paren-

chyma. This unpredictability can contribute to hepatotoxicity 

or even REILD, particularly when the functional liver reserve 

is marginal. In addition, for central or hilar lesions, the inabil-

ity to monitor microsphere flow raises another critical con-

cern. When excessive embolic effect occurs in fine caudate or 

peribiliary arteries, flow stasis cannot be detected in real time, 

leading to prolonged high-dose radiation exposure to the 

peribiliary plexus and subsequent central bile duct injury [32] 

(Fig. 3). Therefore, achieving a truly selective and controlled 

infusion is technically more challenging with TARE than with 

TACE, where the infusion of chemoembolic materials can be 

directly visualized and adjusted during the procedure. These 

limitations underscore a fundamental difference between the 

two modalities: whereas TACE allows dynamic control and 

immediate correction of reflux or over-embolization, TARE 

relies entirely on pre-procedural planning and hemodynamic 

prediction, making the actual treatment field less predictable 

and inherently less selective.
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TARE is also resource-intensive and logistically demanding. 

It requires close coordination among interventional radiolo-

gy, nuclear medicine, and radiation safety teams. The Y-90 

microspheres must be imported and used within a limited 

calibration window, complicating scheduling and procedural 

timing [13]. Comprehensive pre-treatment work-up, includ-

ing mapping angiography, prophylactic embolization, and 

MAA scanning is mandatory, followed by post-treatment Y-90 

positron emission tomography for dose verification. Further-

more, the procedure demands substantial expertise and expe-

rience. Mastery of radiation physics, dosimetry modeling, and 

complex hepatic flow dynamics requires a long learning 

curve, and the actual procedure often takes longer than con-

ventional TACE due to detailed dose planning and safety veri-

fication. In the Korean healthcare environment, the cost of a 

single TARE session remains several times higher than that of 

TACE. As TARE use expands, its impact on the National 

Health Insurance expenditures is expected to increase al-

though there are some clinical scenarios the need for fewer 

repeat treatments may partially offset the overall cost. These 

technical, educational, and socioeconomic challenges collec-

tively limit the accessibility and scalability of TARE despite its 

proven therapeutic potential.

Comparative Indications and Clinical Ap-
plications

Given the advantages and limitations discussed above, it is 

evident that TARE cannot fully replace TACE in the treatment 

of HCC. Instead, these two modalities should be considered 

complementary tools that can be selectively applied accord-

ing to tumor characteristics, liver function, and patient condi-

tion (Table 1). The therapeutic goal should not be to choose 

one modality over the other, but rather to combine them in a 

way that maximizes efficacy while minimizing hepatic injury.

TARE is particularly advantageous in early or localized HCC 

where curative-intent therapy is feasible, but surgery or abla-

tion is not possible. Radiation segmentectomy can achieve 

high CR rates and durable local control, making it a reason-

able alternative for patients who are technically resectable but 

medically inoperable. Because it induces minimal ischemic 

injury and has a low incidence of post-embolization syn-

drome, TARE is also suitable for elderly patients, those with 

comorbidities, or individuals with poor performance status 

who may not tolerate TACE. In addition, for patients with 

large tumor burden, TARE can be used as an initial debulking 

strategy to reduce tumor volume before subsequent TACE or 

systemic treatments.

Conversely, TACE remains the backbone of transarterial 

Fig. 3. Central bile duct injury after transarterial radioembolization in an 80-year-old woman with ruptured hepatocellular carcinoma. (A) Computed 
tomography obtained 5 months after selective infusion of Y-90 microspheres via A1, A4, and A8 shows extensive radiation necrosis (arrows) in segments 
4 and 8, with dilatation of the intrahepatic bile ducts (circle) in the left lateral segments. (B) Because of progressive jaundice and pruritus, percutaneous 
transhepatic biliary drainage was performed, and cholangiography showed segmental occlusion of the left main bile duct (arrow), suggesting radiation-
induced ductal injury.
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therapy due to its broad applicability, repeatability, and con-

trollability. It can be safely performed in a wide range of clini-

cal settings as long as hepatic function is preserved. The Na-

tional Cancer Center–Korean Liver Cancer Association 

guidelines continue to recommend TACE as the best or alter-

native treatment option across most stages of HCCs, under-

scoring its versatility and reliability [5]. Moreover, the ability to 

visualize lipiodol-based emulsions under fluoroscopy allows 

for real-time monitoring and precise control, enabling su-

perselective embolization that maximizes tumor necrosis 

while sparing functional parenchyma [14] (Fig. 4). There is a 

report that superselective TACE yielded survival outcomes 

similar with early HCC for patients beyond Milan but within 

up-to-seven criteria [33]. Korean interventional radiologists, 

in particular, have achieved remarkable tumor control 

through refined superselective techniques, even in anatomi-

cally complex or high-risk cases where other modalities may 

not be feasible. The technical sophistication developed in 

East Asia, especially in Korea and Japan, has produced out-

comes that often exceed those reported in Western studies [6]. 

Using meticulous microcatheter techniques, embolization 

can be performed safely even in patients with marginal hepat-

ic reserve or tumors near critical structures, minimizing 

non-target injury while maintaining high tumor response 

rates. In Korea, TACE is not only technically advanced but also 

widely accessible and cost-effective, supported by a national 

Table 1. Comparison of TARE and cTACE in key clinical domains

Domain TARE cTACE
Treatment mechanism Radiation-induced cytotoxicity Ischemia and intra-arterial chemotherapy
Local tumor control/CR rates Higher and more durable in localized tumors (radiation 

segmentectomy)
Slightly lower, operator-dependent

Overall survival Comparable Comparable
Contralateral hypertrophy induction Effective (radiation lobectomy) Less effective
Superselective delivery Limited (invisible microsphere delivery) Excellent (real-time Lipiodol visualization under fluoroscopy)
Repeatability Limited by cumulative lung dose and hepatic reserve Repeatable as long as liver function preserved
Post-embolization syndrome Less frequent More frequent
Hospital stay Shorter Longer
Cost/reimbursement burden Higher Lower
Medical resource requirement Higher (multidisciplinary, complex scheduling) Lower

TARE, transarterial radioembolization; cTACE, conventional transarterial chemoembolization; CR, complete response.

Fig. 4. Superselective transarterial chemoembolization (TACE) for five nodular tumors in a 60-year-old man. (A) Common hepatic arteriography shows 
five nodular tumors. Superselective TACE was performed through tumor-feeding arteries including A1, A3, A4, A6, and A8. (B) Post-TACE fluoroscopy 
shows dense lipiodol uptake within the tumors without significant parenchymal deposition.
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Fig. 5. Combined transarterial radioembolization and superselective transarterial chemoembolization (TACE) performed during planning angiography 
in a 78-year-old man with multifocal hepatocellular carcinoma (two lesions). (A) Liver magnetic resonance imaging (MRI) shows a recurrent 4.7-cm 
lobulating tumor (arrows) at the previous TACE-treated site. To change the treatment mechanism from chemoembolization to radiation-based therapy, 
radiation segmentectomy was performed with 1.18 GBq of glass microspheres via A7 and A8. (B) Liver MRI also shows a new 0.6-cm nodule (arrow) in 
the Spiegel lobe. During planning angiography, superselective TACE was performed for this lesion to avoid excessive radiation exposure to the central 
liver. Lipiodol computed tomography (CT), obtained immediately after chemoembolization, shows dense lipiodol uptake (arrowhead) confined to the 
tumor. Y-90 PET, yttrium-90 positron emission tomography.

Fig. 6. Sequential transarterial radioembolization (TARE) followed by transarterial chemoembolization (TACE) in a 77-year-old man with large 
hepatocellular carcinoma. (A) Magnetic resonance imaging and angiography show a 12.5-cm conglomerated mass (arrows) with multiple satellite 
nodules in segments 5, 6, and 7. (B) Sequential TARE was planned because a single session could not achieve sufficient tumor dose owing to lung dose 
limitation. In TARE #1 (5.0 GBq resin microspheres), perfused liver dose was 178 Gy and lung dose was 9.6 Gy. In TARE #2 (5.5 GBq resin microspheres), 
perfused liver dose was 255 Gy and lung dose was 12.2 Gy. Post-treatment Y-90 positron emission tomography/computed tomography demonstrates 
heterogeneous intratumoral Y-90 activity in the tumors. (C) Angiography 5 months after TARE #2 shows decreased tumor staining (arrows) in the right 
lobe. TACE was performed through multiple subsegmental branches supplying residual tumor. (D) After two additional TACE sessions (not shown), the 
computed tomography obtained 2 years after the initial TARE showed decreased tumor size, near-complete disappearance of arterial enhancement, and 
partial lipiodol uptake (arrows) in the tumor.
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insurance system that enables most tertiary and regional hos-

pitals to perform the procedure. In my opinion, perhaps half 

in jest, no other country can offer such highly selective TACE 

at such an affordable cost, which reflects both the skill of Ko-

rean interventional radiologists and the efficiency of the 

healthcare system.

Conclusion

TARE and TACE should not be regarded as competing proce-

dures but as complementary components of a personalized 

treatment strategy for HCC. TARE offers durable local control 

and better tolerability, making it suitable for localized or large 

tumors in patients with preserved hepatic function or limited 

procedural tolerance. In contrast, TACE provides procedural 

precision, broad applicability, and repeatability, maintaining its 

role as the backbone of transarterial therapy across most clini-

cal stages. In clinical practice, sequential or combined use may 

achieve a better balance between efficacy and safety (Figs. 5, 6) 

[34]. Ultimately, the choice between TARE and TACE should be 

individualized according to tumor characteristics, hepatic re-

serve, and institutional expertise, and that optimal HCC man-

agement depends on integration rather than substitution.
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Pyrrolizidine alkaloid–induced hepatic sinusoidal obstruction syndrome (PA-HSOS) is highly prevalent in Asia, primarily due to the 
widespread use of traditional herbal medicines containing hepatotoxic pyrrolizidine alkaloids. This condition poses significant clini-
cal challenges, including diagnostic difficulties and limited therapeutic options, frequently leading to severe liver damage and portal 
hypertension. Transjugular intrahepatic portosystemic shunt (TIPS) treatment has emerged as a key intervention for managing 
complications associated with PA-HSOS, such as refractory ascites and variceal bleeding, by reducing portal pressure and support-
ing liver function recovery. However, TIPS has not been widely accepted as a salvage therapy for severe PA-HSOS unresponsive to 
anticoagulation therapy, mainly due to concerns about post-TIPS complications, particularly hepatic encephalopathy. Consequently, 
careful patient selection and risk stratification are critical. This review synthesizes the current evidence on PA-HSOS in Asia, evaluates 
the clinical utility of TIPS, and discusses strategies to optimize outcomes while minimizing adverse effects. Specifically, we review the 
epidemiology, pathophysiology, and diagnostic advancement of PA-HSOS, with a particular focus on the evolving role of TIPS in its 
management.

Keywords: Hepatic sinusoidal obstruction syndrome; Pyrrolizidine alkaloids; Portal hypertension; Transjugular intrahepatic portosys-
temic shunt; Treatment
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Introduction

Hepatic sinusoidal obstruction syndrome (HSOS) is a vas-

cular liver disorder characterized by damage to hepatic sinu-

soidal endothelial cells, resulting in sinusoidal congestion, 

portal hypertension (PH), and potential liver failure [1-3]. In 

Western countries, HSOS is predominantly associated with 

hematopoietic stem cell transplantation (HSCT) or certain 

chemotherapeutic agents [4,5]. On the other hand, pyr-

rolizidine alkaloid (PA)–induced HSOS (PA-HSOS) in Asia is 

primarily induced by the consumption of traditional herbal 

medicines containing PAs, such as Gynura japonica [1,6]. 

There are notable clinical and histopathological differences 

between the two entities. Clinically, PA-HSOS typically pres-
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ents with abdominal pain, ascites, jaundice, and liver dys-

function, whereas HSCT-related HSOS is more frequently as-

sociated with rapid weight gain and renal impairment [7]. 

Histopathologically, PA-HSOS is characterized by prominent 

sinusoidal congestion and hepatocyte necrosis, whereas 

HSCT-related HSOS lacks these specific damage mechanisms 

inherent to PA exposure [8]. Despite growing clinical recogni-

tion, PA-HSOS remains a diagnostic challenge due to overlap-

ping features with other causes of acute liver injury and PH 

[9]. Histopathologically, PA-HSOS is characterized by sinusoi-

dal dilation, erythrocyte extravasation, and fibrosis, which can 

be confirmed by liver biopsy [10,11].

PA-HSOS constitutes a substantial health burden in several 

Asian countries, particularly China, South Korea, and India, 

where the use of traditional herbal medicines is widespread 

[12-15]. The market size and diversity of herbal products vary 

across these countries [16,17]. South Korea shows a clear pref-

erence for traditional herbal products, particularly with a 

growing trend in dietary supplements. A survey of 1,134 Kore-

an respondents revealed that 726 individuals had used herbal 

products, indicating a high prevalence rate [16]. Notably, 

Socheongryongtang is the most commonly used herbal for-

mula for treating allergic rhinitis [18]. Similarly, India, often 

referred to as the 'World's Medicinal Plant Garden,' possesses 

approximately 8,000 medicinal plant species and provides an 

estimated 25,000 effective herbal formulations [19,20]. In Chi-

na, PA-HSOS accounts for a substantial proportion (50.0%–

88.6%) of all HSOS cases, frequently linked to herbal products 

like Gynura japonica [21]. Retrospective studies from China 

have identified PA-HSOS as a leading cause of drug-induced 

liver injury (DILI) [11,22]. The condition is closely associated 

with unregulated herbal products, which underscores the 

need for greater public awareness and regulatory control 

[10,23]. Socioeconomic factors, including reliance on folk 

remedies in rural populations, further increase the risk of PA-

HSOS [24]. The condition predominantly affects older indi-

viduals and those with chronic exposure to herbal substances, 

emphasizing the need for targeted preventive strategies 

[10,25].

Clinical management of PA-HSOS differs notably from 

Western HSOS, reflecting distinct etiologies and pathophysi-

ology. In PA-HSOS, early anticoagulation or transjugular in-

trahepatic portosystemic shunt (TIPS) is commonly pursued, 

especially in severe cases, to reduce portal pressure and im-

prove hepatic perfusion. Liver transplantation is considered 

for refractory PA-HSOS. By contrast, Western guidelines em-

phasize defibrotide prophylaxis and broader supportive care 

as central strategies, with liver transplantation reserved for re-

fractory cases. TIPS appears to show superior outcomes over 

conservative therapy specifically in PA-HSOS but is rarely 

used and less favored in Western HSOS. These differences un-

derscore the need for region-specific, tailored management 

algorithms that account for exposure patterns, resource avail-

ability, and clinical trajectories.

This review highlights the key clinical challenges of PA-

HSOS, including delayed diagnosis due to nonspecific mani-

festations such as ascites and hepatomegaly, as well as the 

lack of reliable biomarkers. We evaluate the current evidence 

supporting the use of TIPS as a therapeutic option, noting its 

efficacy in reducing portal pressure despite variable post-pro-

cedural outcomes. Management strategies for PA-HSOS are 

compared with Western HSOS protocols, with a focus on re-

gion-specific considerations in Asia. The review also explores 

emerging treatments, including anticoagulation therapy (AT) 

with rivaroxaban and gut microbiota modulation. Finally, we 

advocate for the adoption of standardized diagnostic frame-

works, such as the Drum Tower Severity Scoring (DTSS) sys-

tem, to improve diagnostic accuracy and consistency in PA-

HSOS management.

Epidemiology and Etiology

Epidemiology
PA-HSOS is a significant public health concern in Asia, pri-

marily attributed to the widespread use of herbal medicines 

and dietary supplements containing PAs. In China, PA-HSOS 

has emerged as the leading cause of DILI, with PA-rich herb 

products, such as Gynura japonica, playing a central role in its 

etiology [26]. A systematic review based on 2,156 reported 

cases of HSOS related to Gynura japonica from 1980 to 2019 

indicated that HSOS caused by this herb accounts for over 

50% of DILI cases [26]. The cultural reliance on traditional 

herbal remedies, often consumed without adequate aware-

ness of their hepatotoxic potential, further contributes to the 

high prevalence of PA-HSOS (Table 1). However, despite its 

clinical relevance, comprehensive epidemiological data on 
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PA-HSOS remain limited, as the majority of existing studies 

are retrospective and involve small cohorts. This highlights a 

critical gap in systematic surveillance and standardized re-

porting in the region [1,27].

Etiology
The hepatotoxicity of PAs is primarily mediated by meta-

bolic conversion into reactive intermediates, such as dehy-

dro-PAs, which directly damage liver sinusoidal endothelial 

cells (LSECs) [26,28]. This injury disrupts the sinusoidal archi-

tecture, leading to the characteristic features of HSOS, includ-

ing hepatomegaly, hyperbilirubinemia, and ascites [3,26]. 

LSECs are particularly vulnerable to PA-induced damage due 

to their fenestrated structure and high exposure to circulating 

toxins. The resulting injury to LSECs triggers a cascade of 

pathological events, including sinusoidal capillarization, 

perisinusoidal matrix deposition, and impaired vascular ex-

change, which are key hallmarks of HSOS [29,30]. Additional-

ly, PAs are known to disrupt bile acid homeostasis, aggravat-

ing liver injury. The imbalance in bile acid metabolism leads 

to heightened oxidative stress and hepatocellular damage, 

contributing to the progression of HSOS [31,32].

Emerging evidence further implicates gut microbiota dysbi-

osis in PA-HSOS pathogenesis. Experimental models have 

shown that fecal microbiota transplantation can modulate 

disease severity, suggesting a role for the gut-liver axis in PA-

HSOS development [33,34]. Additionally, macrophage activa-

tion and subsequent inflammatory responses amplify sinu-

soidal injury, creating a pro-fibrogenic microenvironment 

[29,34]. Over time, PA-HSOS may progress to chronic liver dis-

ease, with the development of hepatic fibrosis; however, the 

precise mechanisms underlying this transition remain incom-

pletely understood [30,35].

High-Risk Populations
Middle-aged and elderly individuals with prolonged expo-

sure to PA-containing herbal products are the highest-risk 

group for developing PA-HSOS [27,36]. The early mortality 

rate in this population is approximately 10.3% to 14%, and the 

3-year cumulative mortality ranges from 24% to 30.8% [37,38]. 

Notably, in patients receiving only supportive care, mortality 

can reach as high as 43.9% [39]. This high mortality rate is 

concerning, as these individuals often rely on traditional rem-

edies for chronic conditions, typically without awareness of 

their potential hepatotoxic effects. For instance, Gynura ja-

ponica, a popular herb used for treating blood stasis or trau-

matic injuries, has been strongly associated with numerous 

cases of HSOS due to its high PAs content [36]. Inadequate 

regulation of herbal products in many Asian countries exacer-

bates the risk, as contamination or misidentification of 

PA-producing plants is not uncommon [32,40]. Reducing the 

burden of PA-HSOS in these populations requires a multifac-

eted approach, including enhanced public education, stricter 

regulatory oversight, and improved strategies for early diag-

nosis. Additionally, the effects of PAs on individuals are sto-

chastic, characterized by significant variability [41]. Evidence 

indicates that individual differences in metabolism, species 

sensitivity, and chemical structure lead to diverse toxic re-

sponses, underscoring the non-deterministic nature of these 

effects rather than a uniform response across all individuals 

[42].

Table 1. Common plants causing PA-HSOS (Asia region)

Plant family Common genera/species Notes
Asteraceae (Compositae) Gynura japonica (Tusanqi) Leading cause of PA-HSOS in China; roots/herbs used in traditional medicine

Gynura segetum Widely used herbal plant containing PAs; linked to HSOS in China
Senecio spp. PAs (e.g., retrorsine) damage sinusoidal endothelial cells
Tussilago farfara (coltsfoot) Traditional herb with PAs; potential HSOS risk

Boraginaceae Heliotropium spp. Plants containing hepatotoxic PAs; implicated in HSOS cases
Symphytum spp. (comfrey) Traditional medicinal herb; PAs cause HSOS and chronic liver damage
Echium spp. PA-containing plants associated with liver injury

Fabaceae (Leguminosae) Crotalaria spp. Plants containing monocrotaline, a PA that induces sinusoidal obstruction in animal models

PA-HSOS, pyrrolizidine alkaloid–induced hepatic sinusoidal obstruction syndrome; PAs, pyrrolizidine alkaloids; HSOS, hepatic sinusoidal obstruction 
syndrome.
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Diagnosis

The diagnosis of PA-HSOS relies on a comprehensive as-

sessment that includes clinical features, imaging findings, and 

histopathological evaluation [15]. Patients typically present 

with the hallmark triad of abdominal distension, hepatic re-

gion pain, and ascites, often accompanied by jaundice and 

hepatomegaly (Fig. 1). The widely adopted "Nanjing criteria" 

for PA-HSOS diagnosis require a confirmed history of expo-

sure to PA-containing plants, such as Gynura segetum, along 

with at least one of the following: abdominal or hepatic symp-

toms, elevated serum bilirubin or abnormal liver function 

tests, imaging evidence of hepatic vascular changes, or com-

patible pathological findings after excluding other liver inju-

ries [15].

In addition to these criteria, the validated DTSS system has 

proven useful in stratifying disease severity and guiding thera-

peutic decisions [27,43]. Imaging modalities such as comput-

ed tomography (CT) and magnetic resonance imaging (MRI) 

play an important non-invasive role in the diagnostic process, 

often revealing characteristic signs such as hepatic sinusoidal 

congestion, hepatic vein narrowing, and a "clover-like" en-

hancement pattern [3,44] (Fig. 1). Enhanced CT typically 

shows heterogeneous low-density areas in the liver, which is 

the most common manifestation, alongside hepatomegaly, 

ascites, and thickening of the gallbladder wall. During the ar-

terial or portal venous phase, patchy liver enhancement re-

flects abnormal perfusion [45]. On MRI, gadolinium ethoxy-

benzyl diethylenetriamine pentaacetic acid (Gd-EOB-DTPA) 

enhanced imaging during the hepatobiliary phase consistent-

ly shows low signal intensity in PA-HSOS patients, correlating 

positively with prothrombin time (PT) and international nor-

malized ratio, thus serving as an independent mortality risk 

factor. Additionally, susceptibility-weighted imaging and 

T2-weighted imaging reveal low signal areas associated with 

hemosiderin deposition [46]. Nevertheless, liver biopsy re-

mains the diagnostic gold standard, allowing for the identifi-

cation of characteristic histopathological lesions. Differentiat-

ing PA-HSOS from other vascular liver diseases, including 

Budd-Chiari syndrome and cirrhotic PH, continues to present 

Fig. 1. A 62-year-old man diagnosed with hepatic sinusoidal obstruction syndrome 4 months after ingestion of Gynura segetum. (A) Abdominal 
computed tomography (CT) during the hepatic venous phase demonstrated patchy parenchymal enhancement with characteristic clover-like 
enhancement around the hepatic veins. Significant ascites and bilateral pleural effusions were also observed. (B) Coronal CT revealed patchy liver 
enhancement and narrowing (thinning) of the portal vein, accompanied by abundant ascites. (C, D) Portography before and after transjugular 
intrahepatic portosystemic shunt (TIPS) creation. A guidewire, introduced via the right hepatic artery, was used to provide real-time guidance during the 
procedure. (E–H) Post-TIPS abdominal CT showed well-defined opacification of hepatic veins with substantial resolution of both ascites and pleural 
effusions. Long-term follow-up CT, extending up to 24 months, confirmed homogeneous enhancement of the liver parenchyma and sustained patency 
of the TIPS shunt.



Tan-Yang Zhou et al. TIPS for PA-HSOS

28 Korean Society of Intervention Radiology

a significant clinical challenge (Table 2) [47,48]. Future re-

search should prioritize the validation of non-invasive bio-

markers and the refinement of scoring systems such as DTSS 

to enhance diagnostic accuracy and allow timely intervention, 

particularly in high-prevalence regions.

Treatment Strategies

Medical Management
The treatment of PA-HSOS remains challenging due to the 

lack of specific therapeutic options. AT, including low-molec-

ular-weight heparin (LMWH) and rivaroxaban, is often em-

ployed as an initial treatment. Specifically, LMWH is dosed at 

4,000 IU subcutaneously twice daily [39]. In a study involving 

five PA-HSOS patients treated with LMWH for 8–21 days, asci-

tes resolved, symptoms improved, and hepatic venous blood 

flow was restored [49]. However, in severe cases, AT alone ap-

pears limited in efficacy. Another study reported a mortality 

rate of 34.1% with AT versus 0% with TIPS [50]. A multicenter 

study involving 249 PA-HSOS patients indicated that AT im-

proved survival in some cases; however, the benefits were in-

consistent, highlighting the need for better patient stratifica-

tion [39]. Defibrotide, which has proven effective for 

managing HSOS after HSCT, has also been studied in PA-

HSOS [51]. In HSCT-associated HSOS, defibrotide is dosed at 

6.25 mg/kg intravenously every 6 hours (equivalent to 25 mg/

kg per day) and continued for at least 3 weeks until total bili-

rubin (TBIL) levels normalize. However, its efficacy may be 

constrained by the unique pathogenesis of PA-HSOS, and its 

limited availability in China raises uncertainties about its ef-

fectiveness in treating PA-induced HSOS. A study assessing 

defibrotide effectiveness in monocrotaline-induced rat HSOS 

found that it improved outcomes, suggesting that defibrotide 

may be a preferable option to LMWH in clinical practice [8].

Transjugular Intrahepatic Portosystemic Shunt
TIPS has emerged as an important therapeutic option for 

PA-HSOS patients with refractory PH or ascites, and although 

it has no specific contraindications for treatment, guidelines 

recommend considering it for patients with ineffective medi-

cal therapy, highlighting the importance of individualized as-

sessment [15]. Studies have shown that ascites and pleural ef-

fusions can markedly improve within a short period after TIPS 

placement, with previously obstructed hepatic veins often re-

gaining patency in the short term when combined with AT 

(Figs. 1, 2) [10,52]. Various studies have confirmed the safety 

and efficacy of TIPS in managing PA-HSOS (Table 3) [50,52-

57]. A retrospective study involving 30 PA-HSOS patients 

demonstrated that TIPS significantly reduced portal pressure, 

alleviated ascites, and improved clinical symptoms [52]. The 

Table 2. Key features for differential diagnosis of PA-HSOS, Budd-Chiari syndrome, and typical cirrhotic decompensation

Feature PA-HSOS Budd-Chiari syndrome Typical cirrhotic decompensation
Etiology Exposure to PAs Thrombosis of large hepatic veins or inferior 

vena cava
Chronic liver disease (e.g., viral hepatitis, 

alcohol)
Onset Acute/subacute Acute or subacute Chronic, with acute exacerbations
Portal hypertension Yes, post-sinusoidal portal hypertension 

due to hepatic outflow obstruction
Yes, due to obstruction of major veins Yes, due to cirrhosis

Imaging findings Patchy parenchymal enhancement on CT/
MRI

Hepatic vein occlusion, collateral circulation Nodular liver surface, ascites, and 
splenomegaly on imaging

Ascites Common, often refractory to diuretics Common, often with significant fluid 
accumulation

Common, usually associated with other 
signs of cirrhosis

Clinical presentation Ascites, hepatomegaly, jaundice Acute liver failure, abdominal pain, ascites Varices, jaundice, hepatic encephalopathy
Histopathology Sinusoidal dilatation, necrosis, fibrosis Thrombosis-related changes in the liver Fibrosis, cirrhosis, regenerative nodules
Coagulation status Often coagulopathy present Prothrombotic states common Coagulopathy may be present due to liver 

dysfunction
Risk factors Herbal medicine use, exposure to specific 

plants
Myeloproliferative disorders, pregnancy, 

oral contraceptives
Alcohol use, viral hepatitis, metabolic 

disorders
Management Supportive care, TIPS for refractory cases Anticoagulation, TIPS for severe cases Management of underlying liver disease, 

TIPS for refractory ascites

PA-HSOS, pyrrolizidine alkaloid–induced hepatic sinusoidal obstruction syndrome; PAs, pyrrolizidine alkaloids; CT, computed tomography; MRI, magnetic 
resonance imaging; TIPS, transjugular intrahepatic portosystemic shunt.
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median time to complete ascites remission was 52 days, while 

the median recovery time for liver CT radiological manifesta-

tions was 196.5 days. However, the timing of the procedure is 

critical, with preoperative TBIL levels identified as a key prog-

nostic factor. Early intervention, when TBIL levels are below 

10 mg/dL, is associated with improved recovery [53].

In the context of treatment strategy selection, a multicenter 

study comparing the efficacy between TIPS and AT in 164 PA-

HSOS patients revealed that TIPS conferred significantly bet-

ter mid- to long-term survival rates compared with those of 

AT, particularly in patients with moderate to severe PA-HSOS 

[54]. This suggests that TIPS should be considered a viable 

initial treatment option for this patient cohort [50]. Similarly, 

another retrospective study involving 69 patients in the TIPS 

group and 95 patients in the supportive treatment group con-

firmed that TIPS placement significantly improved survival 

rates and effectively alleviated PH-related clinical symptoms 

in PA-HSOS patients [54].

Despite its promising efficacy, the use of TIPS in Asian pop-

ulations faces several challenges. Research indicates that a 

significant proportion of PA-HSOS patients present at ad-

vanced stages of the disease, complicating the identification 

of appropriate candidates for TIPS [58]. Additionally, postop-

erative anticoagulation management protocols vary widely 

among medical institutions, and there is currently no stan-

dardized approach for preventing shunt thrombosis or dis-

ease progression [59]. To address these challenges, a research 

team developed the DTSS system, which incorporates prog-

nostic factors such as liver function and imaging findings to 

guide treatment strategy selection, including TIPS candidacy 

[11,27].

Regarding prognostic assessment, several studies have ex-

plored predictive factors that may influence the effectiveness 

of TIPS treatment. One study found that prolonged baseline 

PT and elevated serum TBIL levels 5 days post-TIPS are inde-

pendent risk factors predicting mortality in PA-HSOS patients 

following TIPS placement [55]. Another study suggested that 

preoperative measurement of the hepatic venous pressure 

Fig. 2. A 23-year-old woman presented with pyrrolizidine alkaloid–induced hepatic sinusoidal obstruction syndrome following ingestion of oral weight-
loss medications. (A) Pre–transjugular intrahepatic portosystemic shunt (TIPS) computed tomography (CT) (portal venous phase) demonstrated 
heterogeneous, patchy hepatic enhancement with multiple regenerative nodules (yellow arrow), accompanied by massive ascites and bilateral pleural 
effusions. (B) Histopathological analysis from a transjugular liver biopsy revealed focal hepatic atrophy, marked sinusoidal dilatation, and hepatocellular 
cholestasis, consistent with hepatic venous outflow obstruction. Immunohistochemical staining was negative for hepatitis B surface antigen, hepatitis B 
core antigen, diastase-periodic acid-Schiff, and periodic acid-Schiff, while showing positivity for cytokeratin 7 (biliary epithelium), reticulin, and Masson’s 
trichrome (indicating underlying fibrosis) (H&E, × 400). (C) Due to the diminished caliber (slenderness) of the portal vein, percutaneous transhepatic 
balloon-assisted TIPS placement was performed. Initial portal venography confirmed narrowing of the intrahepatic portal branches, stagnant portal flow, 
and the presence of prominent esophagogastric varices. (D) Post-TIPS venography demonstrated a widely patent shunt with unobstructed portal venous 
return and successful decompression of the varices. (E-H) Follow-up contrast-enhanced CT scans (venous phase) obtained at 1 month (E), 6 months (F), 
12 months (G), and up to 72 months (H) post-TIPS demonstrated persistent heterogeneous enhancement and intrahepatic nodules (yellow arrows).
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gradient may assist in assessing disease severity and predict-

ing TIPS treatment efficacy [60]. Notably, the response to TIPS 

may vary depending on the underlying cause of PA-HSOS. For 

example, a study involving nine patients with HSOS related to 

Gynura segetum found that TIPS treatment significantly im-

proved clinical symptoms; nevertheless, further research is 

needed to determine the optimal timing for intervention [61]. 

Additionally, pathological studies have shown that TIPS 

placement can lead to significant improvements in pathologi-

cal features, such as hepatic congestion and hepatocyte swell-

ing, over time [56].

Despite the promising outcomes of TIPS, its long-term effi-

cacy in PA-HSOS requires further validation. A multicenter 

study involving 117 PA-HSOS patients emphasized the impor-

tance of establishing a reliable prognostic assessment system 

to better guide treatment decisions [38]. Additionally, for 

some advanced PA-HSOS patients, TIPS may serve primarily 

as a bridge to liver transplantation [25,62]. In PA-HSOS pa-

tients without severe underlying cirrhosis, post-TIPS compli-

cations, such as hepatic encephalopathy (HE), are less com-

mon than in cirrhotic cohorts [52,63]. A systematic review 

included 19 studies and 465 HSOS patients, reported an over-

all HE incidence of 13.2% post-TIPS; however, this data en-

compasses all types of HSOS and is not limited to the PA-

HSOS subgroup [64]. Conversely, a retrospective review of 30 

PA-HSOS patients who underwent TIPS found no post-proce-

dure HE cases [52]. By comparison, the pooled HE incidence 

among cirrhotic patients ranges from 33.2% to 58% [65,66]. 

The absence of advanced liver disease likely reduces the risks 

associated with portosystemic shunting, including hyperam-

monemia and HE, making TIPS a relatively safer option for 

these patients [10,25]. Overall, existing evidence suggests that 

TIPS may be an effective means of managing PA-HSOS asso-

ciated with PH; however, careful consideration of patient-spe-

cific factors is essential to determine the appropriate indica-

tions and timing for intervention. Future research should 

focus on establishing standardized preoperative assessment 

systems and postoperative management protocols to further 

Table 3. Summary of major studies on TIPS for PA-HSOS in Asia

Country Author (Year) Sample size Type of study Aim of study Outcomes
China Dai et al. (2025) 

[52]
30 Patients Retrospective analysis Evaluated safety/efficacy 

of TIPS
The PPG significantly decreased post-TIPS, with 

ascites remission occurring in 52 days (median) 
and liver CT showing recovery in 196.5 days. 
Disease severity and ALBI grade were key 
recovery time predictors.

China Huang et al. 
(2023) [50]

20 Patients (TIPS) and 41 
patients (AT)

Comparative study Compared mid-long-
term outcomes of TIPS 
vs. AT as initial 
treatment

TIPS demonstrated superior mid- to long-term 
outcomes compared to anticoagulation 
therapy, particularly for patients with severe or 
very severe PA-induced HSOS.

China Wu et al. (2021) 
[53]

4 in 10 PA-HSOS patients 
received TIPS

Retrospective analysis Evaluated TIPS timing 
using TBIL as a measure

TIPS timing based on TBIL levels affected efficacy.

China Huang et al. 
(2023) [57]

12 Patients (TIPS) and 10 
patients (conservative 
treatment)

Retrospective cohort Investigated efficacy and 
safety of TIPS in 
PA-HSOS

TIPS may be a safe and effective therapeutic 
strategy for PA-HSOS patients who do not 
respond to conservative treatment.

China Zhou et al. 
(2020) [56]

37 Patients (TIPS) and 17 
patients (conservative 
treatment)

Retrospective analysis Evaluated TIPS as 
treatment for PA-HSOS

Better outcomes may be achieved with TIPS 
compared with conventional symptomatic 
treatment in patients with PA-HSOS.

China Wang et al. 
(2024) [54]

164 Patients (69 in TIPS 
group vs. 95 in 
supportive group)

Retrospective analysis Compared clinical 
outcomes and liver 
histology between TIPS 
and supportive 
treatment

In comparison with supportive treatment, TIPS 
treatment improved clinical outcomes and liver 
histology.

China Xiao et al. (2021) 
[55]

116 Patients Retrospective analysis Evaluated predictors of 
poor outcomes in 
PA-HSOS patients 
receiving TIPS

Prolonged prothrombin time at baseline and 
increased serum TBIL levels 5 days after TIPS 
were independent risk factors for predicting 
death after TIPS treatment in PA-HSOS patients.

TIPS, transjugular intrahepatic portosystemic shunt; PA-HSOS, pyrrolizidine alkaloid–induced hepatic sinusoidal obstruction syndrome; PPG, portal 
pressure gradient; CT, computed tomography; ALBI, albumin-bilirubin; AT, anticoagulation therapy; PA, pyrrolizidine alkaloid; HSOS, hepatic sinusoidal 
obstruction syndrome; TBIL, total bilirubin.
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enhance treatment outcomes [7,45,67].

Liver Transplantation
For end-stage PA-HSOS patients who do not respond to 

medical and TIPS therapies, liver transplantation is the last 

resort. However, data on transplantation outcomes in PA-

HSOS are limited, as most cases are managed conservatively 

or with TIPS [25]. Although the high mortality rate and rapid 

disease progression highlight the importance of early referral 

to transplant centers, organ availability and patient selection 

criteria complicate the transplantation process, particularly in 

Asia [38]. Future studies should aim to optimize the timing of 

liver transplantation and refine post-transplant management 

strategies to improve survival outcomes in this critically ill 

population.

Conclusion

Recent studies have advanced our understanding of PA-

HSOS, particularly regarding the underlying toxicity pathways 

and the role of the gut-liver axis in disease progression. 

Emerging evidence suggests that the PU.1 signaling pathway 

plays a vital role in mediating PA-induced hepatotoxicity, pri-

marily by driving damage to sinusoidal endothelial cells [68]. 

Additionally, the gut microbiota has been implicated in PA-

HSOS pathogenesis, with studies on fecal microbiota trans-

plantation revealing that dysbiosis exacerbates liver injury 

through macrophage activation [33,34]. Experimental models 

of monocrotaline-induced HSOS have demonstrated the po-

tential therapeutic benefits of modulating the gut microbiota 

[34,69], further underscoring the importance of investigating 

specific microbial taxa and their interactions with host im-

mune pathways.

The lack of standardized diagnostic criteria for PA-HSOS in 

Asia highlights the urgent need for multicenter collaborative 

efforts to establish region-specific guidelines. Current diag-

nostic challenges include the overlap of PA-HSOS with other 

liver diseases and the variable sensitivity of non-invasive di-

agnostic tools [70]. Furthermore, although TIPS is crucial for 

managing severe PA-HSOS, its clinical efficacy is often ham-

pered by complications and inconsistent outcomes [55]. The 

development of enhanced TIPS techniques and public educa-

tion on the risks associated with the unregulated use of herbal 

medicines are essential for prevention and improved patient 

care [71].
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Purpose: Transcatheter arterial embolization (TAE) is widely used for managing renal angiomyolipoma (AML) to prevent hemor-
rhage and control symptoms while preserving renal function. However, the optimal embolic material remains undetermined due to 
limited comparative data. This study aimed to compare the effectiveness of ethanol-based embolization versus polyvinyl alcohol (PVA) 
and to evaluate additional benefits of microcoil use in ethanol-based treatments.
Materials and Methods: We retrospectively analyzed 119 patients with single renal AML who underwent TAE at two tertiary cen-
ters between 2005 and 2023. Patients were grouped into ethanol-based (ethanol alone or ethanol plus microcoil, n =  93) and PVA 
(n =  26) cohorts. Subgroup analysis compared ethanol alone (n =  24) versus ethanol plus microcoil (n =  69). Inverse probability 
treatment weighting and linear mixed-effects models were used to assess tumor volume reduction and treatment response ( ≥ 50% 
volume reduction).
Results: After adjustment, the ethanol group demonstrated significantly greater tumor volume reduction than the PVA group at 6 
and 12 months (adjusted mean difference =  –23.9%, p =  0.002; –23.1%, p =  0.001) and a higher response rate (92.1% vs. 78.4%, p 
=  0.043). In the subgroup analysis, ethanol plus microcoil achieved higher response (91.3% vs. 73.8%; odds ratio [OR], 3.73; p =  0.038) 
and lower recurrence (7.1% vs. 30.2%; OR, 0.18; p =  0.008) compared with ethanol alone.
Conclusion: Ethanol-based embolization provides superior tumor control compared to PVA in renal AML, and the addition of micro-
coils enhances early volume reduction and reduces recurrence, supporting its use as an effective treatment strategy.
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Introduction

Renal angiomyolipoma (AML) is a benign mesenchymal 

tumor characterized by a composite structure of dysmorphic 

blood vessels, smooth muscle cells, and mature adipose tissue 

[1-3]. These tumors can manifest sporadically or in associa-

tion with tuberous sclerosis complex, displaying a higher 

prevalence in women in sporadic cases [2-4]. Although AML 
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typically shows subtle clinical manifestations, large tumors 

exceeding 4 cm or containing aneurysms larger than 5 mm 

pose a risk for severe complications such as rupture, hemor-

rhage, or renal failure [4].

Transcatheter arterial embolization (TAE) is currently the 

favored nephron-sparing approach for AML treatment, uti-

lized both prophylactically and emergently, particularly in 

high-risk bleeding situations [2,5-7]. Various embolic agents 

have been employed, including particulate materials such as 

polyvinyl alcohol (PVA), liquid embolics (ethanol), and coils, 

aiming to reduce tumor vascularity and size while preserving 

renal function. Previous studies using liquid or particulate 

embolic agents reported various tumor reduction percentag-

es, ranging from 55% to 77% [8-10]. However, no embolic 

agent has consistently demonstrated superior clinical out-

comes, and comparative studies focusing on embolization 

materials remain scarce [11-15].

Therefore, we aimed to compare clinical outcomes of TAE 

using ethanol-based embolization (ethanol alone or ethanol 

plus microcoil) versus PVA particles in patients with single re-

nal AML.

Materials and Methods

Patient
This study was approved by the Institutional Review Board 

(B-2412-944-104), and the need for consent was waived. From 

2005 to 2023, electronic medical records of two tertiary aca-

demic hospitals (Seoul National University Bundang Hospital, 

Seongnam, Korea, and Jeonbuk University Hospital, Jeonju, 

Korea) were reviewed for patients who underwent TAE for re-

nal AML. Inclusion criteria were adult ( > 18 years old), a sin-

gle renal AML with maximal diameter ≥ 4 cm or symptomatic 

lesion with any size, preprocedural computed tomography 

(CT)/magnetic resonance imaging (MRI) within 3 months be-

fore TAE. Exclusion criteria were patients with ruptured AML 

before TAE, previous history of TAE for the lesion, multiple/

bilateral lesions, contrast allergy or impaired renal function 

(estimated glomerular filtration rate <  30 mL/min/1.73 m2), 

lost to follow-up within 1 month after TAE. Baseline charac-

teristics of enrolled patients, including age, sex, presence of a 

symptom, the date of preprocedural and follow-up cross-sec-

tional image studies including CT or MRI, TAE-procedure 

date, and any occurrence or change of symptom after an em-

bolization, were identified.

Transarterial Embolization
During the study period, seven interventional radiologists 

performed TAE for renal AML, and embolic materials were 

chosen based on the operator's preference. The procedure 

began with 5-Fr sheath inserted via right common femoral ar-

tery access under local anesthesia, followed by renal arteriog-

raphy to evaluate tumor location and feeding arteries. A 2.0-Fr 

microcatheter (Progreat alpha, Terumo, Tokyo, Japan) was 

then advanced into the feeding artery, ensuring the preserva-

tion of normal renal parenchyma. In the PVA group, emboli-

zation was performed with 355–500 μm PVA particles (Con-

tour, Boston Scientific, Marlborough, MA, USA). In the 

ethanol group, 99% absolute ethanol (Daihan Pharma, Seoul, 

Korea) was infused to ablate the vascular endothelium of the 

feeding arteries. In both groups, the embolization endpoint 

was the cessation of inflow to the target feeding arteries. In 

ethanol with microcoil group, 99% absolute ethanol emboli-

zation was first performed in a manner similar to the ethanol 

group. After confirming occlusion, one or two microcoils (2–3 

mm; Concerto, Medtronic, Minneapolis, MN, USA; Tornado, 

Cook Medical, Bloomington, IN, USA) were placed in the 

proximal portion of the target vessels to prevent recanaliza-

tion and achieve durable embolization. Final angiography 

confirmed the devascularization of the tumors in all groups.

Follow-up and Image Analysis
Follow-up was performed at 6 and 12 months after emboli-

zation and then at 1-year intervals thereafter, with CT or MRI. 

Two radiologists with more than 10 years of clinical experi-

ence reviewed the patients' preprocedural and follow-up CT/

MRI images in consensus. The date of the cross-sectional im-

aging, the long and short diameters on the axial image, and 

the z-axis diameter on the coronal image of the target lesion 

were acquired. Tumor volume at each time point was calcu-

lated using the ellipse volume formula (long diameter ×  short 

diameter ×  z-axis diameter ×  0.52). Tumor volume reduction 

was assessed using pre- and post-TAE imaging. A positive 

treatment response was defined as a volume reduction of the 

tumor by 50% or more after TAE [16].
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Outcome Assessment
Technical success was defined as the successful cannula-

tion of all feeding arteries and complete embolization of the 

targeted vascular network. Tumor volume changes were eval-

uated at each follow-up to assess therapeutic efficacy, and 

long-term efficacy was determined by tumor volume reduc-

tion at the 24-month follow-up. Multivariable logistic regres-

sion analysis was performed to identify independent predic-

tors of achieving this response. Tumor recurrence was defined 

as an increase in tumor volume compared to the preceding 

follow-up, assessing the durability of embolization effects 

over time [7].

Statistical Analysis
Continuous variables were summarized using means ±  

standard deviation and categorical variables as frequencies 

and percentages. Differences between groups were compared 

with Student's t-test or Wilcoxon rank-sum test for continuous 

data, and chi-square or Fisher's exact test for categorical vari-

ables.

Missing follow-up data were addressed by multiple imputa-

tion using chained equations. Propensity scores were calcu-

lated using multivariable logistic regression incorporating 

age, sex, and baseline tumor volume to balance baseline dif-

ferences. Inverse probability of treatment weighting (IPTW) 

based on these propensity scores was performed to adjust for 

confounding factors in the main comparison between ethanol 

and PVA groups. After IPTW, standardized mean differences 

< 0.1 were considered indicative of adequate balance.

Linear mixed-effects modeling was used to assess longitu-

dinal tumor volume changes over the follow-up periods. The 

models included random intercepts for subjects and fixed ef-

fects for treatment group, follow-up time, and their interac-

tions. Additionally, within the ethanol group, subgroup analy-

ses comparing Ethanol alone and Ethanol plus microcoil were 

conducted following the same statistical methodology.

Multivariable logistic regression analysis identified inde-

pendent predictors of achieving treatment response, defined 

as a tumor volume reduction greater than 50%. A p-value 

< 0.05 was considered statistically significant. All analyses 

were performed using SPSS version 21.0 (IBM Corp., Armonk, 

NY, USA) and R version 4.0.3 (R Foundation for Statistical 

Computing, Vienna, Austria). 

Results

Patient Demographics
A total of 119 patients (mean age, 48.6 ±  13.3 years; 70.6% 

female) were enrolled (Fig. 1). The mean follow-up period 

was 33.1 ±  26.5 months (median, 27.8 months), with 

group-specific means of 43.6 ±  37.2 months (PVA), 22.9 ±  

14.2 months (ethanol), and 32.6 ±  23.4 months (ethanol with 

microcoil). Patients were categorized into two groups based 

on embolization agents: the ethanol group (n =  93, including 

ethanol alone (n =  24) and ethanol plus microcoil (n =  69) 

and the PVA group (n =  26). No significant differences in age 

or sex were observed between groups. However, baseline tu-

mor volume tended to be larger in the PVA group compared 

to the ethanol group (262.8 ±  334.2 cm³ vs. 118.1 ±  158.6 cm³, 

p =  0.098). After IPTW adjustment, baseline characteristics 

including age, sex, and tumor volume were balanced (Table 

1).

Technical Success and Safety
Technical success was achieved in all cases, with complete 

embolization confirmed by final angiography. The emboliza-

tion endpoints—cessation of inflow to target feeding arteries 

in the PVA and ethanol groups—were consistently reached in 

all groups. No immediate post-procedural complications were 

recorded.

195 Source population
Adult patients with renal AML underwent TAE from January 2005 to 

December 2023 from two institutions

119 Study population 

26 PVA 24 Ethanol 69 Ethanol with 
microcoil

76 Exclusion
14 History of previous treatment before TAE
22 Multiple/bilateral lesion 
1 Impaired renal function (eGFR < 30 mL/min/1.73 m2) 
39 Follow-up loss less than 1 month after the TAE

Fig. 1. Flow diagram of patient selection and inclusion in the study. AML, 
angiomyolipoma; TAE, transcatheter arterial embolization; eGFR, 
estimated glomerular filtration rate; PVA, polyvinyl alcohol.
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Treatment Response and Recurrence
After IPTW adjustment, ethanol-based embolization 

achieved significantly greater tumor volume reduction com-

pared with PVA embolization at 6 and 12 months (adjusted 

mean difference =  –23.9%, p =  0.002; –23.1%, p =  0.001, re-

spectively), whereas the difference was not significant at 24 

months (p =  0.266). The ≥ 50% response rate was higher in 

the ethanol group than in the PVA group (92.1% vs. 78.4%; 

odds ratio [OR], 2.86; p =  0.043), with no difference in recur-

rence (p =  0.844) (Table 2). In the subgroup analysis, ethanol 

+ microcoil achieved a higher response rate (91.3% vs. 73.8%; 

OR, 3.73; p =  0.038) and lower recurrence (7.1% vs. 30.2%; OR, 

0.18; p =  0.008) compared with ethanol alone, indicating im-

proved treatment durability without significant differences in 

overall volume reduction (Table 3).

Predictor for Favorable Treatment Response
Table 4 highlights the results of univariable and multivari-

able logistic regression analyses. The type of embolic material 

was an independent predictor of favorable treatment re-

sponse. Patients treated with the ethanol with microcoil ap-

proach were significantly more likely to achieve ≥ 50% tumor 

volume reduction (adjusted odds ratio, 4.667; p =  0.011).

Discussion

This study demonstrated that embolization using ethanol 

with microcoil outperformed single-agent embolization with 

either PVA or ethanol in terms of treatment response and re-

currence rate. Technical success was achieved in all cases, 

and the ethanol with microcoil group exhibited the highest 

treatment response rate (91.3%) and tumor volume reduction. 

These findings highlight the efficacy and durability of this eth-

anol with microcoil approach for managing renal AML.

Historically, embolization with PVA is one of the earliest 

embolic agents, with modest therapeutic effects and relatively 

higher recurrence rates attributed to incomplete vessel occlu-

sion [17,18]. In contrast, ethanol-based embolization has 

yielded more favorable outcomes [10,12,17,18]. A recent me-

ta-analysis of 13 studies (478 patients) reported that ethanol 

embolization produced the greatest tumor shrinkage (95.8%) 

and the lowest re-intervention rate (3.4%) [18]. Theoretically, 

ethanol offers distinct advantages over particulate agents: as a 

liquid, it penetrates the distal microvasculature, produces en-

dothelial destruction and tumor necrosis, and provides per-

manent occlusion at the arteriolar and capillary level.

However, ethanol-only embolization may result in incom-

plete occlusion due to rapid washout in high-flow vessels, in-

creasing the risk of recanalization and recurrence [13,15]. The 

low viscosity of ethanol makes it difficult to control high-flow 

vessels, potentially compromising durable occlusion and ne-

cessitating adjunctive devices such as micro-balloons or coils.

In our study, these issues were addressed by combining 

ethanol with microcoil. Our study demonstrated superior out-

comes with this combined ethanol and microcoil approach, 

achieving ≥ 50% tumor volume reduction in 91.3% of cases 

and the lowest recurrence rate of 7.1%, compared to etha-

nol-only or PVA-only treatments.

The enhanced efficacy of the ethanol with microcoil meth-

od likely stems from its mechanism of action. Ethanol initiates 

endothelial injury and thrombus formation, while the micro-

coil acts as a physical barrier to stabilize the thrombus and 

prevent washout, allowing for better contact time between 

ethanol and endothelium [19]. This synergy ensures complete 

and durable vessel occlusion, a key factor in its superior out-

comes. The significantly greater tumor volume reduction ob-

Table 1. Patient demographics before and after IPTW

Parameter
Before IPTW

p-value SMD
After IPTW

p-value SMD
Ethanol

Ethanol + 
microcoil

PVA Ethanol
Ethanol + 
microcoil

PVA

No. 24 69 26 – 47 42 30 – –
Women (%) 41.7 52.5 65.4 0.333 0.23 – – – – –
Age (years) 47.6 ±  12.8 50.9 ±  14.5 52.0 ±  16.5 0.334 0.18 – – – – –
Baseline long diameter (mm) 53.4 ±  19.6 61.9 ±  25.7 77.2 ±  27.2 0.001 1.02 63.5 ±  23.6 65.4 ±  28.6 66.0 ±  20.7 0.85 0.05
Baseline volume (cm3) 93.5 ±  133.8 132.4 ±  172.6 281.1 ±  315.9 0.001 1.15 136.8 ±  184.9 159.5 ±  202.7 169.8 ±  217.1 0.72 0.04

IPTW, inverse probability of treatment weighting; PVA, polyvinyl alcohol; SMD, standardized mean difference.
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Table 2. Tumor volume reduction between ethanol (ethanol and ethanol plus microcoil) and PVA before and after IPTW adjustment

Parameter
Before IPTW After IPTW

PVA Ethanol p-value PVA Ethanol Adjusted mean difference (ethanol – PVA) p-value
Tumor volume (% of baseline)
  6-Month follow-up 70.0 43.8 0.003 68.7 44.8 –23.9 0.002
  12-Month follow-up 49.2 25.1 0.018 48.9 25.8 –23.1 0.001
  24-Month follow-up 41.2 25.6 0.200 40.1 26.1 –14.0 0.266
≥ 50% Tumor reduction (response rate, %) 69.2 87.1 0.031 78.4 92.1 OR, 2.86 0.043
Recurrence rate (%) 15.4 12.9 0.743 14.8 13.3 OR, 0.88 0.844

PVA, polyvinyl alcohol; IPTW, inverse probability of treatment weighting; OR, odds ratio.

Table 3. Tumor volume reduction between ethanol and ethanol plus microcoil before and after IPTW adjustment

Parameter
Before IPTW After IPTW

Ethanol only Ethanol + microcoil p-value Ethanol only Ethanol + microcoil Effect (microcoil vs. ethanol only) p-value
Tumor volume (% of baseline)
  6-Month follow-up 46.6 42.8 0.621 47.3 42.1 –5.2 0.510
  12-Month follow-up 25.4 25.0 0.936 27.2 24.7 –2.5 0.669
  24-Month follow-up 23.5 26.3 0.736 25.9 26.3 0.4 0.977
≥ 50% Tumor reduction (response 

rate, %)
75.0 91.3 0.040 73.8 91.3 OR, 3.73 0.038

Recurrence rate (%) 29.2 7.2 0.006 30.2 7.1 OR, 0.18 0.008

IPTW, inverse probability of treatment weighting.

Table 4. Univariable and multivariable analyses of predictors for favorable treatment response

Parameter
Univariable analysis Multivariable analysis

OR (95% CI) p-value aOR (95% CI) p-value
Embolic material type
  PVA 0.026 0.026
  Ethanol 1.333 (0.384–4.625) 0.650 1.333 (0.384–4.625) 0.650
  Ethanol with microcoil 4.667 (1.433–15.203) 0.011 4.667 (1.433–15.203) 0.011
Age (years) 0.974 (0.939–1.010) 0.148 - -
Female sex 0.406 (0.111–1.489) 0.174 - -
Initial tumor size
  Long diameter (mm) 0.990 (0.973–1.007) 0.256 - -
  Short diameter (mm) 0.984 (0.960–1.008) 0.196 - -
  Z-axis diameter (mm) 0.989 (0.975–1.004) 0.146 - -
  Tumor volume (cm3) 1.000 (1.000–1.000) 0.474 - -

aOR, adjusted odds ratio; CI, confidence interval; PVA, polyvinyl alcohol.

served in the ethanol with microcoil group, even before IPTW 

adjustment, supports this mechanism. These findings are 

consistent with prior observations of embolization approach-

es that emphasize the importance of stable vessel closure 

[3,12].

Treatment response analysis revealed that the ethanol with 

microcoil strategy achieved 91.3% favorable outcomes, sur-

passing those of the PVA (69.2%) and ethanol (75%) groups. 

This is a promising result compared to the treatment response 

rates reported in earlier studies, which ranged from 60% to 

80% with single-agent embolization [12,15,17]. These findings 

highlight the potential of the ethanol with microcoil approach, 

offering enhanced efficacy and reduced recurrence risks.

The ethanol with microcoil group demonstrated the lowest 

recurrence rate, likely due to the combined effect of ethanol’s 

distal embolization, inducing endothelial injury and throm-

bosis, and microcoils’ proximal embolization, ensuring stable 

vascular occlusion. This dual strategy minimizes the risk of 
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recanalization, offering superior long-term efficacy compared 

to single-modality approaches.

Multivariable analysis further reinforces the robustness of 

our results. After adjusting for confounding variables, the type 

of embolic material emerged as an independent predictor of 

favorable treatment response ( ≥ 50% tumor volume reduc-

tion). Specifically, patients treated with the ethanol with mi-

crocoil approach demonstrated significantly higher odds of 

achieving a positive treatment response than those in the PVA 

or ethanol groups.

Despite these results, this study's limitations should be ac-

knowledged. As a retrospective analysis, inherent biases such 

as operator variability and loss to follow-up may affect the 

outcomes. However, this real-world setting reflects diverse 

operator expertise, enhancing the generalizability of the find-

ings. Furthermore, variations in baseline tumor volume across 

groups were adjusted using IPTW, mitigating confounding ef-

fects. The study lacked long-term follow-up, leaving questions 

about the durability of outcomes unaddressed. Additionally, 

this study did not evaluate variations in tumor composition or 

preprocedural CT and angiographic findings—such as hyper-

vascularity, aneurysm formation, or arteriovenous shunts—

that may influence embolization strategy and outcomes. Mi-

nor complications, including post-embolization syndrome, 

were also not systematically recorded, which may underesti-

mate their incidence. These factors should be considered 

when interpreting our results and warrant further prospective 

investigation.

In conclusion, ethanol with microcoil embolization is an ef-

fective and durable treatment for renal AML, achieving supe-

rior tumor volume reduction and treatment response com-

pared to single-agent embolization. These findings highlight 

the effectiveness of this combination of embolic materials, 

supporting its use as the preferred approach for treating large 

or symptomatic AML.
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Introduction

Ovarian endometriomas are common cystic lesions that 

can cause chronic pelvic pain and infertility. While laparo-

scopic cystectomy is the standard surgical treatment, it often 

leads to a significant decline in ovarian reserve due to the re-

moval of healthy ovarian tissue and excessive electrocoagula-

tion. Catheter-directed sclerotherapy (CDS) with ethanol has 

emerged as an effective, minimally invasive alternative that 

achieves high technical success while preserving ovarian 

function [1,2].

Indications and Patient Selection

CDS is particularly indicated for patients with a reduced 

ovarian reserve, typically indicated by anti-Müllerian hor-

mone (AMH) levels < 2 ng/mL. It is also highly recommended 

for patients with recurrent endometriomas following previous 

surgery [1]. Cysts ≥ 3 cm in diameter are ideal to facilitate 

smoother guidewire insertion and catheter placement [2]. 

Contraindications include suspected gynecologic malignan-

cy, active pelvic infection, or abnormal coagulation profiles.

Access Strategies

Transvaginal Access
While recent literature suggested that transvaginal access 

may be a risk factor for technical failure due to the inherent 

complexity of deep-seated lesions and the operator's learning 

curve [3], we still prefer this route as the primary approach. Its 

proximity to the pelvic floor and superior image resolution al-

low for precise targeting, provided the operator is sufficiently 

experienced in endocavitary procedures [1,4].

Transabdominal Access
This alternative is considered if high-risk structures like 

blood vessels lie between the endometrioma and the vaginal 

probe, or if the patient prefers it for personal reasons (e.g., 

preservation of virginity). However, this route may be techni-

cally challenging or contraindicated if there is no safe win-

dow; for instance, when the bowel or other vital organs are 

positioned along the needle path, increasing the risk of peri-

toneal or visceral injury.

Technical Procedures (Video 1)

Intravenous sedoanalgesia is administered using 25 mg 

pethidine hydrochloride (Hana Pharm. Co. Ltd., Seoul, Korea) 

and 50 μg fentanyl (Hanlim Pharmaceutical Co. Ltd., Seoul, 

Korea). Following placement in the lithotomy position, the 

vagina is disinfected with 0.5% chlorhexidine gluconate solu-

tion (Hexitane 0.5%, Firson, Cheonan, Korea). Following the 

insertion of a vaginal speculum, an ultrasound probe 

equipped with an in-plane endocavitary needle guide (EVN4-
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9, Aspen Surgical, Caledonia, MI, USA) is inserted to facilitate 

precise targeting. The use of a 7-F or 8.5-F catheter (Daw-

son-Mueller Drainage Catheter, Cook Medical, Bloomington, 

IN, USA) is crucial, as it provides a lumen cross-sectional area 

significantly larger than conventional needles, allowing for 

the effective aspiration of thick, highly viscous "chocolate" 

contents often found in these cysts [1,2]. To further optimize 

the drainage efficiency, the existing side holes of the catheter 

are occasionally enlarged using surgical scissors prior to in-

sertion. For example, in cases showing T2 dark signal intensity 

on pre-procedural magnetic resonance imaging, which is a 

significant risk factor for technical failure due to extremely 

high viscosity [3], this technical modification is combined 

with repeated saline irrigation to dilute the thick chocolate 

content, eventually allowing for the complete aspiration of 

even the most tenacious materials.

1. Puncture and catheterization: Under ultrasound guid-

ance, the cyst is punctured with an 18-gauge Chiba needle 

( ≥  20 cm, Cook Medical). A 0.035-inch hydrophilic guidewire 

(Terumo, Tokyo, Japan) is then advanced into the lesion [2]. 

To minimize resistance, the metal inner stylet is first advanced 

alone over the guidewire to pre-dilate the track through the 

tough vaginal wall or adherent tissues. Its superior stiffness 

ensures more effective penetration than plastic dilators. The 

pigtail catheter is then assembled with the stylet and intro-

duced as a unit, preventing kinking and ensuring seamless 

placement despite significant tissue resistance. Notably, CDS 

enables the mechanical breakdown of internal septa via 

guidewire manipulation, converting multiloculated cysts into a 

single cavity. This maneuver maximizes ethanol contact, there-

by enhancing the efficacy of sclerotherapy for complex, multi-

septated lesions [4].

2. Aspiration and irrigation: The content is completely aspi-

rated, followed by saline irrigation until the return is clear [1].

3. Contrast injection: Before injecting the sclerosant, 5–20 

mL of a nonionic contrast medium is instilled under fluoros-

copy to rule out any leakage into the pelvic cavity [1,2].

4. Ethanol sclerotherapy: 99% ethanol (Taiwan Biotech Co., 

Ltd., Taoyuan, Taiwan) is instilled, typically 50% of the aspirat-

ed volume. While conventional protocols often suggest a 

maximum of 100 mL for safety, there is no strictly defined up-

per limit, and up to 150 mL can be administered without sig-

nificant complications based on the operator's experience 

and cyst size. The patient changes position every 5 minutes 

for 20 minutes to maximize ethanol contact with the cyst wall. 

After the dwell time, the ethanol must be completely re-aspi-

rated [2].

5. Two-session protocol: Although not a universal standard, 

a two-session protocol can be performed to minimize recur-

rence, particularly for large cysts (e.g., ≥ 10 cm) or those with 

internal septa where a single session may be insufficient. In 

this approach, the catheter is clamped and left in situ over-

night after the first session. The same sclerotherapy procedure 

(ethanol instillation, positioning, and re-aspiration) is repeat-

ed the following day. The catheter is finally removed under 

fluoroscopic guidance to prevent catheter kinking only after 

the completion of the last re-aspiration in the final session 

[1,2].

Clinical Outcomes

– �Volume reduction: CDS demonstrates a high-volume re-

duction ratio, reaching an average of 96.4% at 6 months 

post-procedure [2].

– �Ovarian reserve preservation: Studies have shown that 

post-procedural AMH levels remain stable without signifi-

cant decline, confirming that CDS spares the healthy ovar-

ian cortex [2,5].

– �Low recurrence: While needle-directed sclerotherapy has 

a reported recurrence rate of around 13.8%, CDS has 

achieved recurrence rates as low as 0% in prospective co-

horts [1,2].

Conclusion

CDS with ethanol is a safe and effective treatment for ovari-

an endometriomas. Its ability to provide superior cyst drain-

age and prolonged ethanol contact makes it highly effective in 

reducing recurrence while successfully preserving the ovarian 

reserve.
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manuscripts to the Korean Journal of Interventional Radiolo-

gy (KJIR). Authors should ensure their submissions meet the 

formatting standards, article type specifications, ethical re-

quirements, and follow the proper submission process.
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Korean Journal of Interventional Radiology, the official En-

glish-language journal of the Korean Society of Interventional 

Radiology (KSIR), is an international peer-reviewed academic 

journal dedicated to interventional radiology. KJIR will pub-

lish cutting-edge and impactful scientific research articles in 

the field of interventional radiology.

KJIR will feature peer-reviewed original articles, authorita-

tive reviews, systematic reviews and meta-analysis, case re-

ports, and expert opinion on novel techniques and technolo-

gies.

Contact Information
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Publication and Research Ethics

The KJIR follows international standards for peer-reviewed 

journals in interventional radiology (IR), in line with guide-

lines used by major IR journals and recommendations by the 

International Committee of Medical Journal Editors (ICMJE) 

and Committee on Publication Ethics (COPE).

Statement of Human and Animal Rights and Informed 
consent

Human and Animal Rights

All studies involving human subjects must comply with the 

ethical principles outlined in the Declaration of Helsinki and 

must be approved by an appropriate institutional review 

board (IRB) or ethics committee. Authors must provide a 

statement within the manuscript confirming IRB approval 

and adherence to ethical guidelines.

For studies involving animals, authors must confirm com-

pliance with institutional and national guidelines for the care 

and use of laboratory animals. Experiments should follow the 

ARRIVE

(Animal Research: Reporting of In Vivo Experiments) 

guidelines and be approved by the appropriate animal ethics 

committee.

Informed Consent

For studies involving human participants, authors must en-

sure that informed consent was obtained from all subjects (or 

their legal guardians) before participation. Any information 

that could identify individual patients (such as images, medi-

cal records, or personal data) must be anonymized or accom-

panied by explicit written consent for publication.

If informed consent was not required for the study, a clear 

statement explaining the exemption should be included in 

the manuscript.

Statement on Informed Consent for Case Reports

For case reports, informed consent may be waived if the study 

is retrospective and does not include identifiable personal in-

formation. Authors must ensure that patient confidentiality is 

strictly maintained. If identifiable patient details (such as im-

ages or medical history that could lead to identification) are 

included, authors must obtain explicit written informed con-
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sent from the patient or their legal guardian before submis-

sion.

The authors should state in the manuscript whether in-

formed consent was obtained or if an IRB waiver was granted.

Informed consent is an ethical requirement for case reports 

involving identifiable patient information. However, in certain 

circumstances, a waiver of informed consent may be accept-

able. Authors may request a waiver if the following conditions 

are met:

1. �The information presented in the case report is fully ano-

nymized, ensuring that neither the patient’s identity nor 

any identifying details can be inferred.

2. �The study or case report has received approval or exemp-

tion from the relevant institutional review board (IRB) or 

ethics committee, specifically indicating that informed con-

sent is not necessary.

3. �The studies include images such as x rays, laparoscopic im-

ages, ultrasound images, brain scans, pathology slides

Authors seeking a waiver must provide documentation of 

IRB or ethics committee approval, where applicable, and en-

sure compliance with ethical publishing standards as outlined 

by the journal.

Authorship and Author’s Responsibility

Authorship Criteria

Authorship should be based on the guidelines set forth by the 

International Committee of Medical Journal Editors (ICMJE). 

To qualify as an author, individuals must meet all of the fol-

lowing four criteria:

1. �Substantial contributions to the conception, design, data 

acquisition, analysis, or interpretation of the work.

2. �Drafting the manuscript or critically revising it for import-

ant intellectual content.

3. �Final approval of the version to be published.

4. �Agreement to be accountable for all aspects of the work, 

ensuring that any questions related to its accuracy or integ-

rity are appropriately addressed.

Contributors who do not meet all four criteria should be ac-

knowledged in the manuscript’s acknowledgment section 

rather than being listed as authors.

Corresponding Author’s Responsibilities

The corresponding author is responsible for:

• �Ensuring that all listed authors meet the authorship criteria.

• �Managing all communication with the journal during sub-

mission, peer review, and publication.

• �Handling responses to reviewers and providing any addi-

tional data or clarification as requested.

• �Confirming that all authors have approved the final version 

of the manuscript.

Changes to Authorship

Any changes to authorship (addition, removal, or order 

change) after initial submission require approval from all au-

thors. A written request explaining the reason for the change 

must be submitted to the editorial office, signed by all authors 

(including those being added or removed). The journal re-

serves the right to request supporting documentation or deny 

authorship changes if necessary.

Author Contributions and Conflicts of Interest

All authors must disclose their specific contributions to the 

work in a designated Author Contributions section. Addition-

ally, any potential conflicts of interest, financial or otherwise, 

must be declared according to the journal’s conflict of interest 

policy.

Ethical Responsibility

Authors must ensure that their work is original, has not been 

published elsewhere, and is not under consideration for pub-

lication in another journal. Any form of plagiarism, data fabri-

cation, or image manipulation is strictly prohibited. If ethical 

concerns arise, the journal may investigate and take necessary 

actions, including retraction.

Conflict of Interest Disclosure

Definition of Conflict of Interest

A conflict of interest (COI) exists when an author, reviewer, or 

editor has financial, personal, or professional relationships 

that could inappropriately influence (or appear to influence) 

the content or integrity of the submitted manuscript. COI may 

arise from financial interests, consulting roles, institutional af-

filiations, or personal relationships that could be perceived as 

influencing the work.
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Authors’ Responsibilities

All authors must disclose any potential conflicts of interest 

that could affect the interpretation of the manuscript. Exam-

ples of COI include, but are not limited to:

• �Financial relationships (e.g., employment, consultancies, 

honoraria, stock ownership, grants, or patents).

• �Personal relationships or competing academic or profes-

sional interests.

• �Funding sources that may have influenced the study design, 

data analysis, or conclusions.

A COI statement must be included in the manuscript, either 

declaring the absence of conflicts or specifying any relevant 

conflicts.

Conflict of Interest Statement Format

At the time of submission, all authors must provide a state-

ment in the manuscript under the Conflict-of-Interest sec-

tion in full title page. Example statements:

• �If there are no conflicts of interest:

The authors declare that there are no conflicts of interest related 

to this study.

• �If there are potential conflicts of interest:

Author A has received research grants from [Company Name]. 

Author B serves as a consultant for [Company Name]. Author 

C holds stock in [Company Name]. These relationships had no 

influence on the study design, data interpretation, or manu-

script preparation.

Reviewers’ and Editors’ Responsibilities

Reviewers and editors must disclose any conflicts of interest 

that could affect their impartial evaluation of a manuscript. If 

a reviewer has a COI, they should decline the review assign-

ment. Editors should recuse themselves from handling man-

uscripts where a potential COI exists.

Consequences of Non-Disclosure

Failure to disclose relevant conflicts of interest may result in 

manuscript rejection or retraction if discovered post-publica-

tion. The journal follows the Committee on Publication Ethics 

(COPE) guidelines for handling COI-related ethical concerns.

Authorship and Author’s Responsibility
Data Sharing Policy and Responsibility

Commitment to Data Transparency

The journal encourages authors to share research data to pro-

mote transparency, reproducibility, and further scientific dis-

covery. Authors submitting original research must adhere to 

data sharing principles and provide clear information regard-

ing data availability.

Data Availability Statement

All submitted manuscripts must include a Data Availability 

Statement that specifies:

• �Whether the data supporting the findings of the study are 

available.

• �Where and how the data can be accessed (e.g., public repos-

itories, institutional databases, or upon reasonable request).

• �Any restrictions on data sharing due to ethical, legal, or pri-

vacy concerns.

Copyrights

All articles published in the Korean Journal of Interventional 

Radiology are under the terms of the Creative Commons At-

tribution Non-Commercial License (http://creativecommons.

org/licenses/by-nc/4.0/), which permits unrestricted non- 

commercial use, distribution, and reproduction in any medi-

um, provided the original work is properly cited.

Manuscript Formatting Requirements

• �File Format: Manuscripts must be submitted as a Microsoft 

Word document (DOC or DOCX).

• �Page Layout: Use A4 size paper (21.0 cm ×  29.7 cm) with at 

least 3 cm margins on all sides.

• �Font and Spacing: Use a clear, standard font (e.g., Times 

New Roman) at 12-point size, and set line spacing to dou-

ble-spaced throughout the document.

• �Page Numbering: Number all pages consecutively, starting 

with the title page.

• �Language Policy: Manuscripts must be written in English 

using clear, concise, and professional language. Authors 

should ensure proper grammar, spelling, and scientific ter-

minology. The use of acronyms and abbreviations should be 

minimized. All acronyms and abbreviations must be fully 

spelled out at their first appearance in the text, followed by 
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the abbreviation in parentheses (e.g., computed tomography 

(CT)). Thereafter, the abbreviation may be used consistently. 

Radiation measurements and laboratory values should con-

form to the International System of Units (SI) to maintain 

consistency and standardization. Authors are encouraged to 

have their manuscripts professionally edited for language 

clarity before submission, if necessary.

• �The names and locations (city and state/province or coun-

try) of the manufacturers of equipment and generic names 

should be given.

• �KJIR encourages authors to consult the reporting guidelines 

relevant to their specific research design; examples include 

CONSORT for randomized trials, STROBE for observational 

studies, PRISMA for systematic reviews and meta-analyses, 

CARE for case reports, and STARD for studies of diagnostic 

accuracy.

• �Refer to the most recent articles published in KJIR for style.

Article Types

Original Research
• �Scope: Should present novel techniques, significant new 

data, or new insights in interventional radiology.

• �Structure: IMRaD format: Introduction, Materials and 

Methods, Results, and Discussion.

• �Length: Maximum 3,500 words (excluding abstract, refer-

ences, tables, and figure legends).

• �Abstract: Up to 250 words, structured (Purpose, Materials 

and Methods, Results, Conclusion).

• �References: Up to 40 references.

• �Tables/Figures: Maximum 5 tables and 7 figures.

Review
• �Scope: Provide a comprehensive analysis of a topic in inter-

ventional radiology.

• �Structure: Flexible, but typically includes Introduction, 

Subsections, and Conclusion.

• �Length: Maximum 4,000 words.

• �Abstract: Up to 250 words, systematic review: structured 

(Background, Methods, Results, Conclusion), narrative re-

view: unstructured typically one or two paragraph.

• �References: Up to 100 references.

• �Tables/Figures: Maximum 10 figures and 5 tables.

Case Report
• �Scope: Describe unique cases, novel techniques, or rare 

complications.

• �Structure: Introduction, Case Report, Discussion.

• �Length: Maximum 2,500 words.

• �Abstract: Up to 125 words, unstructured.

• References: Up to 15 references.

• �Tables/Figures: Maximum 3 tables and 7 figures.

Technical Note
• �Scope: Focus on innovative techniques, new devices, or pro-

cedural modifications.

• �Structure: Introduction, Materials and Methods, Results, 

Discussion.

• Length: Maximum 2,500 words.

• Abstract: Up to 250 words, structured.

• References: Up to 15 references.

• Tables/Figures: Maximum 5 tables and 7 figures.

Editorial
• �Scope: Commentary or perspective on interventional ra-

diology topics.

• �Invitation: Typically invited; unsolicited editorials should 

be pre-approved by the Editor-in-Chief.

• �Length: 1,000–1,500 words.

• �References: Minimal (typically 5–10 references).

Letter-to-Editor
• Scope: Commentary or perspective on a published article.

• Structure: non-structured. Do not require abstract. 

• Length: 1,000–1,500 words.

• �Tables and figures: Three tables or figures are allowed in to-

tal.

• References: Minimal (typically 5–10 references).

How I do It
• �Scope: Technical issues on interventional radiology via short 

comments and video presentation.

• �Structure: Flexible, both structured or non-structured forms 

are acceptable. Do not require abstract. It should include 

video materials including procedural process.

• Invitation: Typically invited

• �Length: Maximum 1,200 words in text and 6 minutes in video.

• References: up to 5 references.
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Ethical Considerations

Conflict of Interest Disclosure
• �Declaration Required: All authors must disclose potential 

conflicts of interest.

• �Funding Transparency: All sources of financial support 

should be acknowledged.

• �Editor and Reviewer COI: The journal ensures conflicts of 

interest are managed in peer review.

Patient Consent and Confidentiality
• �Informed Consent: Case reports and any articles including 

identifiable patient information require written informed 

consent.

• �Privacy Protection: Do not include identifying patient in-

formation in text or images unless consent is provided.

Clinical Trial Registration
• �Prospective Registration: Any research qualifying as a clin-

ical trial must be registered before patient enrollment.

• �Accepted Registries: CRIS, ClinicalTrials.gov, WHO registry, 
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• �Manuscript Requirements: Registration number must be 

included in the manuscript.

Submission Process

Online Submission
• �All manuscripts must be submitted through KJIR Submis-

sion Portal. (https://submit.kjironline.org/)

• �First-time users must register; returning authors can log in.

Submission Steps
1. �Manuscript Information – Enter title, authors, affiliations, 

and article type.

2. �Cover Letter – Briefly introduce the submission, highlight 

significance, and confirm originality.

3. �File Upload – Upload the manuscript, figures, tables, and 

supplementary materials as required.

4. �Conflict of Interest and Copyright Forms – All authors 

must complete and submit these forms.

5. �Review and Submit – Ensure compliance with guidelines 

and finalize submission.

Full Title Page
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- Title

- Abbreviated title

- �Names, affiliations, and addresses of the corresponding 

author

- Contact information of the corresponding author

- Type of manuscript

- ORCID

- Acknowledgments

- Conflict of interest statement

• �Each author’s full name, not initials, must be provided in the 

order of first name, middle name, and last name for all par-

ticipating authors

• �The abbreviated title should be no longer than 50 characters 

(including spaces). When authors from different institu-

tions/addresses are included, the authors should be 

matched with their organizations by placing the relevant or-

ganization number in superscript after each author’s name.

�The contact information of the corresponding author should 

include the mailing address, phone number, fax number, 

and e-mail address.

• �ORCID: Authors are encouraged to provide their Open Re-

searcher and Contributor ID (ORCID). To obtain an ORCID, 

authors can register on the ORCID website at https://orcid.

org/.

�Any funding, financial, or material support for the work 

must be disclosed in the conflict-of-interest statement. If 

none of the authors have conflicts of interest, this should be 

explicitly stated.

�Individuals who contributed to the work but who did not 

meet the requirements for authorship should be included in 

the acknowledgments.

Main Document
• �The main document is a blinded document for review and 

should contain the following components in Microsoft Word 

file, each component starting on a separate page: blinded ti-

tle page, abstract, main body, references, tables, and figure 

legends.

• Images should not be embedded in the main document.

• �Tables should not be placed within the text. The tables 

should be placed collectively following the references, each 

on a separate page.
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keywords (index terms) should appear after the abstract.

Figures
All figure parts related to one patient should have the same 

figure number and use English letters after the numerals to 

distinguish each figure part, e.g., Fig. 1A, 1B, etc.

Each figure part should be sent as a separate image file.

Labels and arrows should be presented with a professional 

appearance.

All names and all other identifiers of the patient, authors, 

and authors’ institutions should be removed from the figures.

• �After cropping to the area of interest, the images should be 

at least 300 DPI in resolution and 10-15 cm in width.

• �Color figures should be in RGB color mode and line draw-

ings should be black on a white background.

• �Figure files should be submitted as TIF/TIFF files.

• �Written permission from the prior publisher should be ob-

tained for the use of all previously published illustrations 

and copies of the permission letter should be submitted.

Video clips
Video clips can be submitted for placement on the journal 

website. All videos are subject to peer review and can be up-

loaded as supplementary materials. A video file submitted for 

consideration for publication should be in complete and final 

format and at as high a resolution as possible. Any editing of 

the video will be the responsibility of the author. KJIR recom-

mends Quicktime, AVI, MPEG, MP4, or RealMedia file formats 

not exceeding 30 MB and of less than 5 minutes duration.

Supplementary Data
Nonessential tables and figures may accompany articles as 

online-only supplementary files. All online only supplemen-

tary files should be uploaded separately during the submis-

sion process. These files must be referenced in the main text 

of the manuscript at least once (e.g. Supplemental Table 1).

Peer Review
• �Manuscripts undergo peer review by at least two experts in 

the field.

• �KJIR uses a double-blind review process for submitted man-

uscripts. Authors’ names, affiliations, or any identifying in-

formation should not appear in the main document, figures, 

appendix, or supplementary materials. If such details are 

found, the editorial office will either request the correspond-

ing author to resubmit the files with this information re-

moved or will remove it on behalf of the authors before 

sending the manuscript for external peer review.

• �Authors must respond to reviewer comments and submit a 

revised version if required.

Acceptance and Publication
• �Accepted papers will be scheduled for publication in the 

next available issue.

• �Proofs will be sent to the corresponding author for final re-

view.

• �There are no publication charges (unless specified otherwise 

by the journal).

• �Conflict of Interest and License to Publish forms, available 

on the KJIR website, must be submitted.

References and Citation Style

• �The references should start on a separate page and be num-

bered consecutively as appear in the text.

• �All references ought to be cited in the text.

• �Reference citations in the text should be identified by num-

bers in square brackets. e.g., [1].

• �Journal names should be abbreviated according to the style 

of the National Library of Medicine.

• �All authors should be listed up to six; when more than six 

author, the first six author should be given and followed by 

“et al.”

• �References should be numbered in the order of citation in 

the text.

• �Use a reference manager (e.g., EndNote, Mendeley) for ac-

curate citation formatting.

• �Author(s). Title of the article. Journal name. Year;Volume: 

page. DOI

• Full page numbers should be used (eg. 112–116).

•� KJIR encourages use of digital object identifier (DOI) in Ref-

erence (e.g. “https://doi.org/article_number”).

• Example

Journal article

Lee S, Shim DJ, Kim D, Cho SB, Baek SH, Lee EW, et al. 

Angiographic Anatomy of the Prostatic Artery in the Kore-
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an Population: A Bicentric Retrospective Study. Korean J 

Radiol. 2024;25:1011-1021. http://doi.org/10.3348/kjr. 

2024.0451

Article in press.

Ko E, Kim J, Gwon DI, Chu HH, Kim GH, Ko GY. Emergen-

cy Plug-Assisted Retrograde Transvenous Obliteration 

(PARTO) for Active Bleeding from Ruptured Gastric Vari-

ces. J Vasc Interv Radiol. 2025 Feb 1 [Epub] http://doi.

org/10.1016/j.jvir.2025.01.049

Books

Binkert CA, Inferior vena cava filters. In: Mauro MA. Im-

age-guided interventions. 2nd ed. Philadelphia, PA: Else-

vier, 2014; e105-e110.

Web content

Provide the authors, title of the webpage or content; own-

er of the Web site; URL; publication, update, and access 

date

Rockville, Estimating the Additional Hospital Inpatient 

Cost and Mortality Associated With Selected Hospital-Ac-

quired Conditions. Agency for Healthcare Research and 

Quality. https://www.ahrq.gov/hai/pfp/haccost2017-re-

sults.html. Published November 2017. Accessed Decem-

ber 25, 2025

Citations in main text: Number the references in the order 

in which they appear in the text. Reference numbers appear 

inline within square brackets.

For further details, visit KJIR Author Guidelines (https://

kjironline.org/) or contact editor@kjironline.org

By adhering to these guidelines, authors contribute to the 

quality and impact of the Korean Journal of Interventional Ra-

diology.
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Author’s checklist

☐ Cover letter.

☐ All texts files in Microsoft Word format (doc or docx).

☐ Complete Full Title Page as a separate Microsoft Word file

☐ �Main Document as a separate Microsoft Word file, including in the order of blinded title page, abstract, keywords, body text, 

references, tables, and figure legends.

☐ Supplement (if present) as a separate Word document instead of adding it to the end of the main document.

☐ Word limit for abstract
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☐ �Statement of ethical approval and informed consent at the start of the materials and methods (for manuscripts reporting data 
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☐ Digital figures must be at least 300 dpi and a minimum of 3 inches to a maximum of 7 inches in width and height.

☐ For previously published materials, send written permission to reprint.
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