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Abstract. We reported the preliminary outcomes of CT-guided percutaneous injection therapy for aldosterone-

producing adrenocortical adenoma (APA). Five sessions of injection therapy, 4 percutaneous acetic acid injections 
(PAI) and 1 percutaneous ethanol injection (PEI) were performed in 3 patients with APA. A small amount of acetic 
acid or ethanol solution was injected via a needle placed precisely inside the tumor. The procedure was frequently 
monitored by repetitive CT scanning. The follow-up period ranged from 5 to 27 months. 
 After the treatment, hypertension was normalized or controlled by a low dose of conventional anti-hypertensive 

drug. In 2 of 3 cases the plasma aldosterone levels were normalized. Although temporary symptoms of alcoholic 
intoxication were observed in the single session of PEI, the 4 sessions of PAI were associated with no adverse sym-

ptoms or complications. 
 Although this study covers only short-term results in 3 patients, CT-guided PAI appears to be a safe and effective 
treatment and may be a promising alternative as a simple and far less invasive therapy for APA.
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PERCUTANEOUS ethanol injection (PEI) has been 
commonly used as a simple and effective treatment 
for hepatocellular carcinomas measuring 3 cm or less 
in diameter [1-2]. Recently PEI has also been em-

ployed for the treatment of endocrine tumors of the 
thyroid and parathyroid [3-5] . In addition, the use 
of a high concentration of acetic acid, instead of 
ethanol, has achieved safer and more effective results 

[6-7] 
 With respect to percutaneous injection therapy for 
adrenocortical solid tumors, however, only 1 case 
with aldosterone-producing adenoma (APA) has ever
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been reported to be successfully treated by PEI in 
spite of associated massive leakage [8]. Here we 

present 3 cases with APA who have undergone com-
puted tomography(CT)-guided percutaneous acetic 
acid injection (PAT) therapy.

Patients

Subjects and Methods

 Three patients with APA underwent the treatment 

between March 1997 and March 1999. They fea-

tured typical primary aldosteronism including hyper-

tension, increased plasma aldosterone, reduced plas-

ma renin and hypokalemia (Table 1). Also CT scan 

revealed a tumor of the adrenal gland, and an i31I_ 

adosterol scintiscan showed unilaterally increased
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uptake, which was consistent with the tumor site. 

Before the treatment sessions, hypertension, hypo-

kalemia and reduced plasma renin level had been 

normalized by spironolactone. 

Methods

 The patient was placed prone on the bed of a CT 
scanner. The scout scan confirmed the location of 
tumor, the appropriate puncture point on the skin, 
which should be positioned vertically above the 
tumor, and the distance from the puncture point to 
the tumor. We used a 21-gauge PEI puncture needle 
with 3 pores 4 mm from the tip (Hakko Shoji Co., 
Tokyo). This is the same type of needle used for 
treatment of hepatocellular carcinoma. The needle 
was inserted along the puncture line toward the ade-
noma with frequent CT scanning. The monitoring 
was repeated 4 to 6 times until we delivered the needle

tip precisely inside the tumor. Puncturing adjacent 
vessels and penetrating the tumor with the needle 
were meticulously avoided. Then, an aliquot of 
0.5 ml of 36% or 50% acetic acid mixed with ap-

proximately 10% contrast medium was injected and 
repeated. After every injection, the absence of 
leakage outside the tumor or into the vascular system 
was confirmed by CT scan. The patients were 
monitored carefully overnight after the treatment 

procedures. 
 This study was approved by the local ethical com-

mittee and conducted in accordance with the Helsinki 
Declaration. An informed written consent was ob-
tained from the patient.

Results

Case 1: A 56-year-old woman received injection of

Table 1. Patient Characteristics

Fig. 1. Profiles of plasma aldosterone level. 

   See the text for details of treatment.

PAI: percutaneous acetic acid injection . PEI: percutaneous ethanol injection.
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1.2 ml of 36% acetic acid in the left adrenal adenoma 
measuring 20 mm in diameter. The plasma aldo-
sterone level was decreased from 630 pg/ml to 
250 pg/ml (Fig. 1). Since the suppression of aldo-
sterone was incomplete and the hormone level was 
rising steadily, 3.0 ml of pure ethanol was addition-
ally injected 8 months after the first injection. On 
the second injection, symptoms of acute alcoholic 
intoxication such as feelings of drunkenness and 

palpitation transiently appeared. Soon after the 
treatment, the plasma aldosterone level was normal-
ized, and blood pressure was controlled by a low dose 
of a Cat+-channel blocker. Six months after the 
second injection, CT scan revealed an irregularly 
diminished tumor with a higher density compared to 

the untreated APA. 
  Case 2: A 37-year-old man underwent PAI with 
2.0 ml of 50% acetic acid to treat the right adrenal 
adenoma measuring 19 mm. The plasma aldoster-
one level was markedly decreased, but it still 
remained over 300 pg/ml. After the second PAI 
with 1.2 ml of 50% acetic acid, serum kalium was 
normalized and blood pressure was controlled by a 
low dose of anti-hypertensive drug, although the 
aldosterone level was still incompletely suppressed. 
 Case 3: A 45-year-old man had 1.5 ml of 50% 

acetic acid injected into the right adrenal adenoma 
measuring 20 mm with minimum leakage (Fig. 2). 
Six days after treatment, the plasma aldosterone

level dramatically decreased to 61 pg/ml from the 

pretreatment level of 480 pg/ml. Blood pressure 
was also promptly normalized. CT scan showed a 
reduction of tumor size 3 months after the PAI. No 
adverse symptoms or complications were observed 
after the injection treatment.

              Discussion 

  Open adrenalectomy has long been the standard 

treatment of adrenal tumor. Recently laparoscopic 

adrenalectomy has been employed for small adrenal 

lesions as a minimally invasive therapy [9-11]. 

However, laparoscopic surgery also has several dis-

advantages; learning the required technical skill is an 

important issue, and hemorrhages and various com-

plications may develop during the initial induction 

phase of the treatment [111. 
 In our study 5 treatment sessions of PAI or PEI 

were performed in 3 cases with APA. Hypertension 

was normalized or controlled by a low dose of con-

ventional anti-hypertensive drug in all cases. The 

plasma aldosterone levels were normalized in 2 of 
3 cases after one or two percutaneous procedures 

(Fig. 1). The remaining one case is awaiting the 
third session of therapy. In treatment sessions no 

sporadic hypertensive episodes or complications were 

observed except for temporary symptoms of alco-

Fig. 2. CT scan imaging during the PAI in Case 3. (a) The most appropriate insertion point was selected. (b) The needle was 
   inserted and placed precisely within the tumor after repeated CT monitoring. (c) Acetic acid solution containing contrast 

   medium was injected. (d) Total amount of injected 50% acetic acid solution was 1.5 ml.
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holic intoxication in a case receiving PEI. CT-guid-
ed PAI or PEI appears to be a simple, cost-effective 
and far less invasive treatment for small, hyper-fun-
ctioning adrenocortical tumors compared to open 
surgery and laparoscopic adrenalectomy. 

  Percutaneous injection of ethanol has been recog-
nized as an alternative therapy for cystic or solid le-
sions in the liver, endocrine glands and various other 
organs. The mechanism of action of ethanol would 
be related to its sclerosing properties, which results in 
a direct coagulative necrosis and partial or complete 
vascular thrombosis and occlusion [1-5]. Acetic acid 
induces swelling in the fibers and promotes dissocia-
tion of the intermolecular cross-links of collagen in 
the tumor tissue owing to its low pH. The sclerosing 
effect of acetic acid at 15% was equal to or greater 
than absolute ethanol for hepatocyte necrosis in rats. 
Consequently, 50% acetic acid would have greater 
necrotizing effects than ethanol [6-7] . In addition, 
ethanol is not ideal as the injectable, since it may 
cause severe and/or persistent alcoholic intoxication 
due to the delayed metabolism in vivo, especially 
when directly mis-infused into the blood vessels. 
Acetic acid is rapidly metabolized in vivo, thus safer 
than alcohol. 
 The most important technical point of this therapy 

would be that the injection volume per shot should be 
minimized. An excessive dose to achieve complete 
ablation of tumor must definitely be avoided in a 
single session, since the therapy could be repeated at

appropriate intervals. 

 A disadvantage of the injection therapy is the lack 

of histological confirmation of the lesions. 

However, we have so far experienced a large number 

of adrenocortical tumors including APA or inciden-

tally discovered adrenal tumors [12-14]. Owing to 
various advanced diagnostic examinations such as 

endocrinological survey, CT scan, MRI and scinti-

graphy, accurate pretreatment diagnosis of APA is 
now feasible in almost all cases. Malignant lesions 

should be considered in tumors larger than 4-5 cm in 

diameter. To our knowledge, no aldosterone-produc-

ing cancers smaller than 3 cm have been reported. 

 While the follow-up period is insufficient in this 

study, we expect that PAI may be a promising alter-

native for the treatment of hyper-functioning adreno-

cortical adenomas in the near future. Further stud-

ies incorporating a larger number of patients with 

longer follow-up period would be mandatory.

Conclusion

 Five sessions of CT-guided percutaneous injection 
therapy (4 PAI and 1 PEI) were performed in 3 

patients with APA. The treatment yielded successful 
short-term effects without any serious complications. 
PAI is a simple, cost-effective and far less invasive 
alternative therapy for the management of selected 

patients with APA.

1.

2.

3.

4.

References

Ebara M, Ohto M, Sugihara N, Okuda K, Kondo F, 
Kondo K (1990) Percutaneous ethanol injection for 
the treatment of small hepatocellular carcinoma: 
Study of 95 patients. J Gastroenterol Hepatol 5: 
616-626. 
Livraghi T, Giorgio A, Mann G, Mann G, Salmi A, 
Siode I, Bolondi L, Pompili M (1995) Hepatocellular 
carcinoma and cirrhosis in 746 patients: long-term 
results of percutaneous ethanol injection. Radiology 
197: 101-108. 
Bennedb ek FN, Karstrup S, HegedUs L (1997) Per-
cutaneous ethanol injection therapy in the treatment 
of thyroid and parathyroid diseases. Eur J Endo-
crinol 136: 240-250. 
Monzani F, Caraccio N, Goletti 0, Lippolis PV, 
Casolaro A, Del Guerra P, Cavina E, Miccoli P 

(1997) Five-year follow-up of percutaneous ethanol

   injection for the treatment of hyperfunctioning 
   thyroid nodules: a study of 117 patients. Clin Endo-

   crinol 46: 9-15. 
5. Zingrillo M, Collura D, Ghiggi MR, Nirchio VN, 
   Trischitta V (1998) Treatment of large cold benign 

   thyroid nodules not eligible for surgery with per-
   cutaneous ethanol injection. J Clin Endocrinol Metab 

  83: 3905-3907. 
6. Ohnishi K, Yoshioka H, Ito S, Fujiwara K (1998) 
   Prospective randomized controlled trial comparing 

   percutaneous acetic acid injection and percutaneous 
   ethanol injection for small hepatocellular carcinoma. 

  Hepatology 27: 67-72. 
7. Ohnishi K (1998) Comparison of percutaneous acetic 
   acid injection and percutaneous ethanol injection for 
   small hepatocellular carcinoma. Hepato-Gastroent 
  45: 1254-1258.



CT-GUIDED PAI FOR ALDOSTERONOMA 189

8. Rossi R, Savastano S, Tommaselli AP, Valentino R, 
    Iaccarino V, Tauchmanova L, Gigante M, Luciano 

   A, Lombardi G (1995) Percutaneous computed 
    tomography-guided ethanol injection in aldosterone-

    producing adrenocortical adenoma. Eur JEndocrinol 
   132: 302-305. 

9. Higashihara E, Tanaka Y, Hone S, Aruga S, Nuta-
   hara K, Minowada S, Aso Y (1993) Laparoscopic 
   adrenalectomy: the initial 3 cases. J Urol 149: 973-
   976. 

10. Gasman D, Droupy S, Koutani A, Salomon L, 
   Antiohon P, Chassagnon J, Chopin DK, Abbou 
   CC (1997) Laparoscopic adrenalectomy: The retro-

   peritoneal approach. J Urol 159: 1816-1820. 
11. Gagner M (1996) Laparoscopic adrenalectomy. Surg 
   Clin N Amer 76: 523-537. 

12. Aso Y, Homma Y (1992) A survey on incidental 
    adrenal tumors in Japan. J Urol 147: 1478-1481. 

13. Kasperlik-Zaluska AA, Roslonowska E, Slowinska-
   Srendnicka J (1997) Incidentally discovered adrenal 

   mass (incidentaloma): investigation and management 
   of 208 patients. Clin Endocrinol 46: 29-35. 

14. Barzon L, Scaroni C, Sonino N, Fallo F, Gregianin 
   M, Macri C,Boscaro M (1998) Incidentally discovered 

    adrenal tumors: Endocrine and scintigraphic corre-
   lates. J Clin Endocrinol Metab 83: 55-62.


