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Pulmonary Lipiodol Accumulation after Transarterial

Chemoembolization: CT Findings and Its Radiologic Outcomes
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Purpose: To evaluate CT findings and radiologic outcomes of pulmonary lipiodol
accumulation (PLA) after transarterial chemoembolization (TACE).

Materials and Methods: This retrospective study involved 488 TACEs for hepato-
cellular carcinoma (HCC) (n = 160) and hepatic metastasis for non-hepatic malig-
nancies (n = 7) in 167 patients. We reviewed the patient clinicoradiologic findings
before and after TACE and calculated the incidence of PLA and PLA resolution time
after initial CT and after TACE.

Results: Lipiodol accumulation in the lungs was seen under CT after TACE in seven
patients (M : F = 6 : 1, mean age 61 years). The incidence of PLA at CT was 4.1%
(7/167 patients). In five patients, associated intrathoracic abnormalities including
pleural effusion with (n = 3) or without consolidation (n = 2) were revealed at CT
scans. The CT resolution time and PLA recovery time were 56 + 54 days and 66 + 52
days, respectively.

Conclusion: The recovery time for lipiodol accumulation was 66 days. It is believed
that the clinical and radiologic outcome of PLA without respiratory failure is prom-
ising, and conservative treatment will suffice when lipiodol accumulation in the
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lungs is seen in CT images after TACE.

INTRODUCTION

Transarterial chemoembolization (TACE) is widely used
for the treatment of hepatocellular carcinoma (HCC) by the
obstruction of hepatic arterial flow using gelfoam, iodized oil
(lipiodol), and cytotoxic agents (adriamycin) (1, 2). TACE is
known to be a safe technique for selectively targeting tumors;
however, several complications in non-target organs have
been reported including post-embolization syndrome (fever,
abdominal pain, nausea, vomiting), ischemic cholecystitis,
splenic infarction, gastrointestinal mucosal lesions, pulmo-
nary lipiodol embolism (PLE) and infarction, spinal cord in-

jury, and ischemic skin lesions (1, 2). PLE with or without
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pulmonary lipiodol accumulation (PLA) is a rare pulmonary
complication after TACE, which can occur by the accidental
perfusion of lipiodol into the arteriovenous shunts and inferi-
or phrenic artery that subsequently result in the accumulation
of lipiodol in the pleura and lung (1, 2).

Radiographic findings of PLE reported by Chung et al. (3)
identified diffuse bilateral pulmonary infiltrate and pleural ef-
fusion. In a CT study of pulmonary complications after
TACE, Tajima et al. (4) reported that CT findings of pulmo-
nary complication after TACE included lipiodol accumula-
tion in the lung or pleura, as well as consolidation and pleural
effusion. Recently, in a case report of a lipiodol embolism,
Choi et al. (5) reported that a lipiodol cast in the pulmonary

arteries corresponded to high-attenuation linear branching
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opacities on non-contrast CT. To our knowledge, there are no
reports in the literature about radiologic outcomes of PLA af-
ter TACE.

The purpose of our study was to evaluate these CT findings
and radiologic outcomes of PLA after TACE.

MATERIALS AND METHODS

Between January 2006 and November 2008, one hundred sixty
seven patients underwent four hundred eighty eight TACE pro-
cedures for HCC (n = 160), cholangiocarcinoma (n = 1), or
hepatic metastasis of rectal cancers (n = 3), prostate cancer (n
= 1), carcinoma of the ampulla of Vater (n = 1), and urothelial
transitional carcinoma (n = 1). We retrospectively reviewed
their radiologic and clinical findings before and after TACE.
Since this was a retrospective study, institutional review board
approval was not required, and patient informed consent was
waived. Written informed consent was obtained from all pa-
tients for TACE and CT scans. We excluded individuals with
previously existing pulmonary calcifications (sequelae of tu-
berculosis or other granulomatous disease), preexisting lipiodol
accumulation or isolated intrathoracic abnormalities (consoli-
dation, pleural effusion or pleural thickening without lipiodol
accumulation in the lung or pleura), and patients who did not
undergo liver or chest CT scans after TACE from the study.

Hepatic arterial superselection was performed with con-
trast media (Visipaque, 320 mg I/mL, GE Healthcare, Cork,
Ireland) using digital subtraction angiography (Axiom Artis,
Siemens, Erlangen, Germany; 70 kV, 297 mA) via the femoral
artery using the Seldinger method. A lipiodol emulsion was
made out of 8.0 mg adriamycin (Adriamycin-RDF injection,
II-dong, Seoul, Korea) with 2.0 mL normal saline, 6.0 mL
contrast media, and 6.0 mL lipiodol (Lipiodol Ultra-Fluide,
Guerbet, Aulnay-sous-Bois, France). The amount of lipiodol
injected was based on the number and the maximum diame-
ter of the tumors, and Child-Pugh score.

After TACE, chest radiography or CT and liver CT scans
were performed to evaluate the post-procedural complica-
tions or treatment response. Post-TACE chest radiographs
were obtained in 445 TACE procedures from 129 patients,
and no post-TACE chest radiographs in 43 TACE procedures
from 38 patients. The time interval from TACE to post-TACE
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chest radiography was 25.7 + 39.3 days (range, 0-194 days;
median, 1 day; 0-3 days, 265 Post-TACE chest radiography;
4-30 days, 35; 31-60 days, 61; > 60 days, 84). The liver or chest
CT scans were performed using multidetector computed to-
mography (Lightspeed Pro 16, GE Medical Systems, Milwau-
kee, WI, USA) at 120 kVp with 3.8 or 5.0 mm scanning thick-
nesses, respectively. The liver CT scans covered 3 cm above
the hepatic dome including the entire liver, and the chest CT
scans covered the entire lungs from the apex to the base. The
CT contrast medium included 120 mL of non-ionic material
with a velocity of 2.8 to 3.0 mL/s for liver scans, and 100 mL
non-ionic material with a velocity of 2.0 mL/s for chest scans.
All liver or chest CT scans contained non-enhanced images.
In all 167 patients, 488 liver CT scans were performed before
and after TACE, and 28 chest CT scans were performed for
other respiratory symptoms such as fever, cough, dyspnea,
hemoptysis or chest pain after TACE. The time interval from
TACE to initial post-TACE CT was 24.9 + 12.7 days (range,
0-146 days; median, 22 day), while the time interval between
initial and follow-up post-TACE CT was 53.1 + 55.4 days
(range, 0-651 days; median, 31 days).

A thoracic radiologist with 7 years experience, an interven-
tional radiologist with 21 years experience, and a radiology
resident reviewed the radiographic, CT, and angiographic
findings by consensus. On chest radiographs and CT scans,
the presence or absence of lipiodol accumulation at the pleu-
ral surface or in the lung, the location of lipiodol accumula-
tion and associated intrathoracic abnormalities such as con-
solidation and pleural effusion, were evaluated. On non-
enhanced CT, we evaluated the presence or absence of high-
attenuation linear branching opacities in the lung.

In patients with PLA, TACE angiographic images were
evaluated for tumor location, presence or absence of vascular
abnormalities including arterioportal (AP) or arteriovenous
(AV) shunt and systemic supplies by the inferior phrenic or
hepatic arteries, and the amount of injected pure lipiodol or
lipiodol emulsion.

We calculated the incidence of PLA, time interval from
TACE to post-TACE chest radiography, initial CT interval
(time interval from TACE to initial post-TACE CT), time in-
terval from initial post-TACE CT to post-TACE chest radiog-
raphy, CT resolution time (time from when PLA disappeared
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in follow up post-TACE CT after initial post-TACE CT), and
PLA recovery time (time from when PLA disappeared in fol-
low up post-TACE CT after TACE), and whether any respira-
tory symptoms such as fever, cough, dyspnea, or hemoptysis

were present after TACE.

RESULTS

Table 1 summarizes the TACE and post-TACE CT findings
in patients with PLA.

Seven patients (M : F = 6 : 1; age range, 42-76 years; mean
age, 61 years) had lipiodol accumulation in the lung at chest
(n = 3) or liver (n = 7) CT after TACE, from which the inci-
dence was 4.1% (7 of 167 patients) (Figs. 1, 2). However, there
were no high-attenuation linear branching opacities in the lung
on non-enhanced CT. The locations of lipiodol accumulation
included the right lower lobe (n = 6), right middle lobe (n =
4), and left lower lobe (n = 1). In five patients, associated in-
trathoracic abnormalities including pleural effusion with (n =
3) or without consolidation (n = 2), were revealed on CT scans.
In all patients, lipiodol accumulation was not detected at the
chest radiographs. Two patients had no associated intratho-

racic abnormalities at their chest radiographs; however, asso-
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ciated intrathoracic abnormalities were found in five patients,
including consolidation (n = 1), pleural effusion (n = 3), or
both (n =1) (Fig. 1).

At TACE, tumor locations included the right hepatic dome
(n = 4), the segment 3 (n = 2), and whole liver (n = 1). Of the
seven patients examined, one had no detailed information on
the angiographic findings including vascular abnormalities,
superselected artery, and the injected materials because TACE
had been performed at another institute. The hepatic artery
was superselected in five patients, and the right inferior phrenic
artery was superselected in three patients during TACE. The
AP shunt was visible in only one patient, while no AV shunt
was visible.

In seven patients with PLA, the time interval from TACE to
post-TACE chest radiography was 12.6 + 14.7 days (range,
0-38 days; median 2 days), the initial CT interval after TACE
was 15 + 13 days (range, 0-34 days), and the time interval from
initial post-TACE CT to post-TACE chest radiography was
14.3 £ 24.5 days (range, 0-68 days; median 3 days). The CT
resolution and recovery time of PLA was not calculated in
two patients because follow-up CT scans were not performed.
In five patients, the CT resolution time was 56 + 54 days (range,
23-150 days; median, 29 days) based on the initial post-TACE

Table 1. TACE and Post TACE CT Findings in Seven Patients with Pulmonary Lipiodol Accumulation

TACE Initial Post-TACE CT Follow Up Post-TACE CT
Patient Pure Lipiodol Initial CT Location of . CcT Recove! .
No. Lipiodol Er:ulsion Superselected Interval Symptom Lipiodol As.socllated Resolution Timery AS.SOC,I ated
(mL) (mL) Artery (days) Accumulation Findings Time (days) (days) Findings
1 14 14 Both HA 34 - RLL Consolidation NA* NA* NA*
Pleural effusion
2 4 - Left HA 19 - RML, RLL - 52 71 -
3 3 n Both HA, 5 Hemoptysis RML, RLL - 23 28 -
Right IPA
4 3 4 Right IPA 22 - RML Pleural effusion 25 47 Completely improved
Consolidation Partially improved
5 NA' NA' NA* 0 Fever RLL, LLL Pleural effusion 29 29 Completely improved
Dyspnea
6 1 3 Right HA 3 Hemoptysis RML, RLL Pleural effusion 150 153 Partially improved
Consolidation
1 1 Right IPA
7 4 12 Both HA 22 - RLL Pleural effusion NA* NA* NA*

Note.—*Loss of follow up.
*No data from other institute.

HA = hepatic artery, IPA = inferior phrenic artery, LLL = left lower lobe, NA = Not available, RLL = right lower lobe, RML = right middle lobe, TACE = transar-

terial chemoembolization
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C
Fig. 1. A 76-year-old man who presented with hemoptysis after TACE for hepatocellular carcinoma via right inferior phrenic (pure lipiodol 1.0 mL
and emulsion 11 mL) and right hepatic arteries (pure lipiodol 1.0 mL and emulsion 3.0 mL) (A). Immediate chest radiograph after TACE (B) shows
segmental atelectasis in the right lower lung zone (arrow) as well as right pleural effusions and a lipiodol laden mass lesion (arrowheads) in the
right upper abdomen. At 3 days after TACE, a non-enhanced initial chest CT scan (C) shows consolidation with lipiodol accumulation in the right
lower lobe (arrow) and right pleural effusions (star). At 153 days after TACE, a non-enhanced follow-up liver CT scan (D) shows complete improve-
ment of the lipiodol accumulation and partial improvement of consolidation in the right lower lobe (arrow), as well as right pleural effusion.
Note.—TACE = transarterial chemoembolization

A

Fig. 2. A 42-year-old man who underwent TACE for hepatocellular carcinoma via both the hepatic and right inferior phrenic arteries (pure lipi-
odol 3.0 mL and emulsion 11 mL).

At 5 days after TACE, initial non-enhanced chest CT scan (A) shows lobular consolidation with lipiodol accumulation in the posterior basal seg-
ment of right lower lobe (arrow) and a lipiodol laden mass lesion in the hepatic dome (star). At 28 days after TACE, a non-enhanced follow-up
liver CT scan (B) shows complete improvement of the lobular consolidation with lipiodol accumulation in the posterior basal segment of right
lower lobe and no interval change of the lipiodol laden mass lesion in the hepatic dome.

Note.—TACE = transarterial chemoembolization
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CT and 21.4 + 46.7 days (range, 0-105 days; median, 0 day)
based on the last follow up post-TACE CT. The PLA recovery
time after TACE was 66 * 52 days (range, 28-153 days; medi-
an, 47 days) (Figs. 1, 2).

DISCUSSION

Pulmonary lipiodol accumulation (PLA) is a rare and po-
tentially fatal complication of TACE (1, 3). The incidence of
PLA has been reported to be 1.8%, 4.5% and 23% based on
clinical findings and radiography, CT scans, and perfusion scans,
respectively (3, 6). In our study, the incidence of PLA was 4.1%
(7 of 167 patients) based on CT scans, which is similar to the
incidence reported by Wu et al. (6). Of the four patients with
PLA in their study, two patients died of acute respiratory fail-
ure. No patients had respiratory failure with a fatal course in
our study, although three patients had hemoptysis, fever, and
dyspnea.

Lipiodol has been used as a carrier vehicle for therapeutic
agents since Raoul et al. (7) reported that lipiodol concentrat-
ed mainly in the liver and the lungs after hepatic artery injec-
tion. Although the mechanism of PLE after TACE is still un-
clear, the most probable hypothesis for symptomatic pulmonary
injury in PLE is pulmonary capillary leakage and edema
caused by a high concentration of unbound free fatty acids re-
sulting from the breakdown of oil, and causing microemboli
(3). In severe cases, pulmonary fat embolisms can cause atel-
ectasis or pneumonia due to the reduction of pulmonary sur-
factants (8, 9).

Since PLE has been first reported in 1990 by Samejima et al.
(8, 10), many researchers have evaluated the clinical and radio-
logic features of PLE. Lorcher et al. (11) proposed four stages of
intrathoracic distribution of the contrast medium: stage 1, No
contrast medium in the pleura and lung; stage 2, contrast me-
dium only in the pleura; stage 3, contrast medium distributed
focally in the lung; and stage 4, contrast medium distributed
diffusely in the lobe or segment. Chung et al. (3) described
the possible relationship of clinical manifestations such as
cough, hemoptysis, and dyspnea, while the radiographic find-
ings such as diffuse bilateral pulmonary, infiltrate after TACE
with iodized oil infused into the hepatic artery. Tajima et al. (4)

modified the previous Lorcher’s classification into five grades of
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pulmonary complications after TACE: grade I, no definite ev-
idence of intrathoracic abnormality; grade II, intrathoracic
abnormalities such as consolidation, pleural effusion, or pleural
thickening, although there is no intrathoracic lipiodol accumu-
lation; grade III: lipiodol accumulation at the surface of the
pleura; grade IV: scattered lipiodol accumulation in the lung
field; and grade V, diffuse lipiodol accumulation in the lung
field, occupying more than one pulmonary segment. Recently,
in a case report of a lipiodol embolism, Choi et al. (5) reported
that a lipiodol cast in the pulmonary arteries corresponded to
high-attenuation linear branching opacities on noncontrast
CT. In our study, we analyzed the CT findings and CT resolu-
tion time of PLA according to lipiodol accumulation in the
lung or pleura and high attenuated branching linear pulmo-
nary opacities on CT scans.

In a TACE study, Chung et al. (3) reported diffuse and bi-
lateral chest radiographic abnormalities and fine reticulonod-
ular interstitial or flocculent alveolar opacities. These radio-
graphic findings were most severe two to ten days after TACE,
and then slowly disappeared until they completely cleared ten
to twenty-eight days later. The presence or absence of lipiodol
accumulation in chest radiographs was not evaluated in their
study. We evaluated the presence or absence of lipiodol accu-
mulation, but did not detect it in chest radiographs. In our study,
consolidations were partially recovered, and pleural effusions
were completely (n = 2) or partially (n = 1) improved at CT.
Lipiodol accumulation at the pleural surface or in the lung dis-
appeared 47 to 153 days after TACE. To our knowledge, the
outcome of lipiodol accumulation at the pleural surface or in
the lung has not been reported in the literature. We are the first
to report the CT recovery time of PLA, which was 66 days.

The risk factors of PLE after TACE are known to include the
amount of lipiodol infused, the presence of an arteriovenous
shunt, and embolization via the inferior phrenic artery (3, 4). The
amount of lipiodol infused is one of the most important risk
factors, especially when more than 20 mL of lipiodol is used
(3, 6, 8). In addition, Lin and Kuo (8) reported a significant
correlation between the amount of lipiodol used and the time
until patient recovery. In our study, no more than 20 mL of
lipiodol was injected in all patients with PLA, and all recov-
ered without a fatal course.

Superselective inferior phrenic artery (IPA) angiography is
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necessary to improve the therapeutic effects before TACE be-
cause IPA can be a parasitic artery of abdominal malignancies
such as hepatocellular carcinomas, which cause hepatic arterial
obstructions (12, 13). However, in a prospective TACE study
using IPA, Tajima et al. (4) reported that the estimated rate of
PLE was 52% after TACE. In our retrospective study, the IPA
was superselected in 3 of 6 patients with PLA. Therefore, to
prevent pulmonary complications, embolization for shunts to
pulmonary vessels or hepatic veins is required in TACE via
the IPA.

Our study has several limitations. First, we could not statis-
tically analyze PLA risk factors because the number of patients
with PLA was too small. This was mainly due to the fact that
PLA is a rare complication of TACE. Second, a post-TACE
chest radiography was not performed in about 10% of all TACE
procedures and time intervals between TACE and post-TACE
chest radiography were very variable because our study was
retrospective. To our knowledge, there were no reports about
the direct visualization of lipiodol accumulation at radiograph
in patients with PLE (3, 14, 15). Therefore, we could calculate
the incidence of lipiodol accumulation on CT because post-
TACE CT scans were performed in all patients. Third, the cov-
erage of lungs in the liver CT was variable and chest CT scans
were not performed in all patients. Fourth, the initial CT in-
terval after TACE was variable and we could not obtain CT
images immediately after TACE because our study was retro-
spective. In the future, a more accurate CT resolution time for
PLA should be subscribed through prospective studies.

In conclusion, lipiodol accumulation in the lungs was seen
only in CT images, although PLE radiologic findings can in-
clude lipiodol accumulation with or without consolidation or
pleural effusion. Recovery time of lipiodol accumulation was
66 days. We believe that the clinical and radiologic outcome
of PLA without respiratory failure is good, and conservative
treatment will be sufficient when lipiodol accumulation in the

lungs is seen in CT images after TACE.
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