Reduction of Postembolization Syndrome After Ablation of Renal
Angiomyolipoma

John J. Bissler, MD, John Racadio, MD, Lane F. Donnelly, MD, and Neil D. Johnson, MD

® Approximately 75% of patients with tuberous sclerosis complex develop renal angiomyolipomas. These hamar-
tomatous lesions distort and damage renal parenchyma and can lead to hemorrhage. To reduce the risk of
hemorrhage, transarterial embolization is used to necrose the angiomyolipoma while sparing normal renal tissue.
Although an effective renal-sparing procedure, embolization most often is associated with an inflammatory
response that causes significant fever and pain that can last for several days despite the use of acetaminophen.
Reported cases show that 49 of 55 patients who underwent embolization developed this syndrome. The use of such
nonsteroidal anti-inflammatory drugs as aspirin is contraindicated because of their adverse effects on platelet
function. To reduce pain and fever associated with postembolization syndrome (PES), we changed our clinical
management of patients postembolization to include a tapering dose of prednisone over a 2-week period. Nine
patients underwent this pharmacological intervention, and one patient abstained. All patients were monitored for
pain and fever. Only two patients treated with steroids developed fever, which was assuaged with acetaminophen,
and no patient reported pain. The tapering dose of prednisone was well tolerated, and there were no postprocedure
infections. The use of a short-term tapering dose of prednisone appeared to reduce PES compared with the reported
literature and improved patient comfort.
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UBEROUS SCLEROSIS complex (TSC)is mas also can undergo malignant degenerdtion.

an autosomal dominant inherited disease Dysmorphic blood vessels in the angiomyoli-
with a variable phenotypeRenal manifestations  poma can have microaneurysfhsr macroaneu-
of TSC are angiomyolipomas, cysts, and malig- rysms!¢ These aneurysms may rupture and hem-
nant tumors. Angiomyolipomas occur in 75% of orrhage, resulting in significant morbidity and,
children with renal lesiorfsand are described as  possibly, death.
hamartomatous lesions consisting of abnormal  Symptomatic angiomyolipomas have been
vessels, smooth muscle, and adipose tiSsue. treated by total nephrectomy, partial nephrec-
These tumors demonstrate a clonal nature as welltomy, enucleation, and embolization. Because of
as a loss of heterozygosity, such that only the the |oss of renal tissue, total nephrectomy is not
mut?glt allele can be identified at the TSC lo- gptimal and is reserved for life-threatening con-
cus®® These lesions may be discretely focal or itions, Uncontrollable hemorrhage during par-
coallgsce into diffuse ma;ses. Tyglcallgl, anglo- tja| nephrectomy and enucleation may necessi-
myolipomas are present in the yourand CON- 446 total nephrectomy. Transarterial embolization,
tinue to grow during adulthoot!! These lesions first used more than 20 years adias become
distort renal architecture and can compromise the treatment of choice because of the renal-
function. I?;gal failure is a long-term complica- sparing nature of this procedufeEmbolization
tion ofl'3I'S "2and the leading cause .Of dea’gh N can stop active bleeding or may be used prophy-
adultst3Although somewhat rare, angiomyolipo- . . ;

lactically to treat large lesions believed to be at

risk for hemorrhage.
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diseases are being aggressively studied in athero-mum dose, 260 mg). Patients were administered four doses

sclerotic heart diseasé3® Because of the pes
sible immunologic cause of PES, steroids would
be predicted to be a therapeutic benefit. Such
therapy has been proposed to reduce #&8d
has reduced pain after pulmonary resectiamd
interleukin-6 release after cardiopulmonary by-
pass’®

Because of data in the literature and our own
experience with patients with PES, we made a
change in our clinical protocol for patients under-
going embolization for treatment of angiomyoli-
poma. With the new protocol, patients were
administered prophylactic steroids after emboli-
zation. In this study, we retrospectively review
our experience with this protocol.

PATIENTS AND METHODS
Patients

Ten patients, 1 of whom underwent two embolization
procedures, were identified from more than 200 patients
with TSC who attend a multisubspecialty clinic at Children’s
Hospital Medical Center (Cincinnati, OH). Two patients
were identified by symptomatic lesional hemorrhage, and 7
patients were identified by angiomyolipoma lesions greater
than 4 cm. One additional patient also was identified and
underwent angiography without embolization. Two patients
had single kidneys.

Informed consent and institutional review board approval
were both sought and obtained for this work.

Angiography and Embolization

Indications for diagnostic angiography and embolization
included acute hemorrhage or potentially prophylactic embo-
lization of an angiomyolipoma greater than 4 cm. Proce-

of antibiotics, with subsequent oral dosing. Beginning on the

first postoperative day, patients were administered 2 mg/kg
of prednisone in three divided doses per day for 2 days, with

a maximum dose of 60 mg/d. Every 2 days, the dose was
tapered to finish approximately 14 days after embolization,

except for patients 1 and 3a, in whom doses were tapered
more aggressively over 7 days to see whether the steroid
taper could be more rapid. Patient 10 was not administered
steroid therapy. For the first day after embolization, patients

also were administered acetaminophen every 6 hours orally
if needed.

Follow-Up

Patients were monitored for fever greater than 100.5°F
and flank or abdominal pain during and after the 2-week
course of steroids. Response to therapy was determined by a
decrease in angiomyolipoma size shown on computed tomo-
graphic scan 2 to 3 months after the procedure. Serum
creatinine levels, a measure of renal function, were deter-
mined before and approximately 1 month after embolization
for all patients.

Literature Review

The published literature was searched for citations address-
ing PES and embolization of renal angiomyolipomas. The
incidence of PES was calculated from the identified studies.

RESULTS

Patients and Angiomyolipomas

All patients met diagnostic criteria for TSC
and were postadolescent (mean age, 26.8.5
years)-37 Ten patients underwent angiography
(Table 1). One patient was studied twice (Table
1; patient 3). Of these studied patients, only one
patient (no. 4) did not meet embolization criteria.

dures were performed under general anesthesia. Through aThe other nine patients (patients 1 to 3 and 5 to

common femoral artery, puncture and placement of an
arterial sheath, an aortagram, and bilateral (when both kid-
neys were present) selective renal arteriograms were per-
formed. Angiographic criteria used to proceed to emboliza-
tion included the presence of abnormal severely tortuous
arterial structures or microaneurysms and/or macroaneu-
rysms within the angiomyolipoma. Microcatheters were
used to superselect arterial branches supplying the angiomyo-
lipoma. These branches were embolized using a combina-
tion of polyvinyl alcohol particles (250 to 35@m) and
embolization coils. In an effort to preserve as much normal
renal parenchyma as possible, arteriograms were performed
after each stage of embolization to determine the complete-
ness of the embolization and identify other arteries that also
might require embolization.

Postembolization Anti-Inflammatory Therapy

Before embolization, patients were administered the first
dose of prophylactic first-generation cephalosporin and an
intravenous dose of 250 mg#mf methylprednisolone (maxi

10) underwent embolization therapy. Patient 3
underwent two separate embolization procedures
at different times on a single kidney, one of an
upper-pole lesion and the other of a lower-pole
lesion. Two patients presented because of hemor-
rhage (patients 3a and 8), whereas the remaining
patients were studied and underwent emboliza-
tion prophylactically based on lesion size.

Before embolization, mean angiomyolipoma
size was 10t 6.5 cm, not statistically different
from that found in the literatur¥.23.27All angio-
myolipomas underwent marked reductions in
size (>2-cm reduction, often with a significant
necrotic central portion), except for patient 5.
This likely is because this patient’s lesion was
predominantly lipoma, and failure of size reduc-
tion for such adipose-predominant lesions previ-
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Table 1. Angiomylipoma Characteristics and corroborate the parental rating of the patient's
Presence of PES in Children's Hospital Medical pain in our four nonverbal patients. We screened
Center Patients patients for such steroid side effects as hypergly-
Patient Maximum Size Stay cemia, abdominal pain consistent with gastritis
No. Location ~ of AML(cm) Sex Length(d) PES or pancreatitis, and blood pressure elevations,
_ but failed to find these complications.
1*  Right upper 9 M 2 +
2 Left lower 8 F 2 - DISCUSSION
3a* Right upper 16 F 10 +
3b  Right lower 9 F 2 - The risk for hemorrhage from angiomyolipo-
4 Bilateral Perinephric  F 2 - mas is unknown. Published series suggest that
5 Right lower 9 F 1 - hemorrhage occurs in half the patients and is
s bzf;l:or"lveef; Z:i '\If i - related to the size of the lesih°In reviewing
8 Leftupper 25 M 1 - 178 patients in the published literature who had
9 Right upper 5 F 1 - angiomyolipomas of 4 cm or greater, Oesterling
10*  Right upper 8 F 9 + et aP® reported that 51% of these patients had a

lesion hemorrhage. Because of the nature of

NOTE. PES fi tient 1 isted of a fi to 101.5°F, . . . ..
of patient © consisied o' a 1ever 1o publications, this result may not reflect the inci-

for which a single dose of acetaminophen was required 2

days after the procedure. Patients 3a and 10 had several dence in the population of patients with tuberous
days of fever greater than 101°F and flank pain. sclerosis. Furthermore, some series showed that
Abbreviation: AML, angiomylipoma. smaller lesions also can hemorrhd§éVe hy
*The patient did not receive the recommended dose and pothesize that vascular abnormalities, such as

duration of prednisone therapy. . . .
P Y dysplastic arteries or aneurysms, contribute to

the risk for hemorrhage.
ously has been reportédFigurel shows typical Interventions to reduce the risk for hemor-
computed tomographic and angiographic appear- rhage have included open surgical and transcath-
ances of an angiomyolipoma before, during, and eter radiological methods. Selective emboliza-

after therapy. tion has become the favored renal-sparing therapy
- for these lesion$? PES is a frequent complica
Vascular Abnormalities tion of this therapy and much more common than

Because symptoms, including hemorrhage, infection in reported cases. The morbidity of
have been associated with angiomyolipoma size, PES led us to modify our therapy. Because we
we studied patients angiographically to assessfound such a dramatic improvement in patient
the risk for bleeding. All angiomyolipomas on tolerance, we chose to compare our patients with
our study, except that of patient 4, contained those previously reported instead of using a
tortuous blood vessels, and seven angiomyolipo- control group that underwent embolization with-
mas contained aneurysms. We also noted that inout the use of steroid therapy. Using the literature
patient 3, aneurysms developed over a 6-month as a control group is justified because lesion sizes

period. in those reports were statistically similar, and the
rate of the syndrome is similar for different
PES tissues® In our series, the use of steroid anti-

The incidence of PES among the 55 treated inflammatory therapy reduced the adverse conse-
patients with angiomyolipomas reported in the quences of embolization therapy for angiomyoli-
literature is 89% (Table 2). This rate of PES is pomas associated with TSC. Additional studies
similar to rates seen after embolization of other may show that steroid therapy improves the
tissues® The use of prednisone significantly postoperative course of other transarterial embo-
reduced the rate of this complication. Only 3 of lization procedures.
our 11 embolization patients had fever or pain,  The use of steroid therapy to reduce swelling has
and these procedures were performed earlier in been suggested for the postoperative management
our experience and prednisone taper was over of embolized arteriovenous malformatiéhsnd
the course of a week. Physiological data, such ashas been shown to reduce pain associated with
heart rate and blood pressure, were used to thoracic surge? and reperfusion injury after car
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Fig 1. Angiomyelolipoma with spontaneous hemorrhage in a 26-year-old man with tuberous sclerosis. (A)
Computed tomography shows areas of low attenuation within the kidneys bilaterally (arrows on the left), consistent
with angiomyolipomas. Note abnormal soft tissue within the left perirenal space (black arrowheads), consistent
with hemorrhage. Hemorrhage displaces the kidney anteriorly. An aneurysm is visible within the lesion (white
arrowhead). (B) Arteriogram of the lower-pole branch of the left renal artery shows multiple areas of abnormal
tortuous blood vessels and multiple small aneurysms (arrows). Embolization was performed of this region. Note
displacement of capsular artery branches (arrowheads) by angiomyolipoma. (C) Arteriogram of vessels shown in B
after embolization shows the cessation of blood flow to the angiomyolipoma. (D) Follow-up computed tomography
several months later shows marked reduction in the size of the angiomyolipoma, good preservation of renal
parenchyma, and the coil location (white arrowhead).

diopulmonary bypas¥.Steroid therapy is used for  use of antibiotics in our patients was an attempt to
immune modulation of autoimmune disorders and reduce the risk for infection. Further investigation
organ transplantation. With the use of such a power- into the need for prophylactic antimicrobial therapy
ful agent comes the risk for infection. Prophylactic and better methods to screen for vascular abnormali-
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Table 2. Reported PES in the Literature

Reference No. of Patients No. with PES

Yanai et al'®
Edelman et al?®
Moorhead et al'’
Sanchez et al?!
van Baal et al?2
Kessler et al?3
Kennelly et al'!
Soulen et al?*
Hamlin et al?®
Mourikis et al2®
Lee et al?’
Uchino et al?®
Kehagias et al®
Total

[y

N
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N
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NOTE. Not all articles discussing experience with embo-
lization syndrome report PES; therefore, only articles that
discuss this outcome are presented. Embolization proto-
cols were variable.

ties in angiomyolipomas will aid greatly in the care
of patients with TSC.
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