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Persistent Primary Aldosteronism Despite Iatrogenic Adrenal 
Hemorrhage After Adrenal Vein Sampling
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Abstract

Before surgery for primary aldosteronism (PA), localization is evalu-
ated with adrenal vein sampling (AVS). A 56-year-old Japanese woman 
had a right adrenal mass, hypokalemia, and a high aldosterone/renin ra-
tio. Stress tests confirmed the diagnosis of PA. Subsequently, preopera-
tive AVS was performed and right adrenal hemorrhage (AH) occurred 
unexpectedly. Because hypertension persisted, laparoscopic right ad-
renalectomy was performed. Postoperatively, the blood pressure was 
normalized. Pathological examination revealed an adrenal cortical ad-
enoma largely unaffected by necrosis and hemorrhage. Previous reports 
have also indicated that AH may not ameliorate PA. We discussed the 
clinical progress of AH and the measures to prevent causing AH.
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Introduction

Primary aldosteronism (PA) is a cause of secondary hypertension 
that accounts for 5-10% of hypertension [1]. Patients with PA can 
develop cardiovascular events unrelated to high blood pressure 
(BP) [2]. In addition to aldosterone-producing adenoma (APA), 
which can be diagnosed by CT scanning, PA can be caused by 
aldosterone-producing microadenoma and by idiopathic hyperal-
dosteronism. Patients can also have a non-functioning adenoma. 
Accordingly, adrenal vein sampling (AVS) is essential before sur-
gical treatment [3-6], since the wrong adrenal gland is selected in 
37.8% of patients when localization is only based on imaging mo-
dalities such as CT and magnetic resonance imaging (MRI) [7].

One of the important complications of AVS is adrenal 
hemorrhage (AH), which is more likely to occur on the right 
side [8]. This is possibly because the left adrenal vein empties 
into the left renal vein and engagement of a catheter is relative-
ly easy, while the right adrenal vein is smaller in diameter and 
runs directly to the inferior vena cava, thereby making catheter 
engagement more difficult [9]. Here we report the details of a 
patient with AH due to AVS and discuss preventive measures 
for this complication.

Case Report

The patient was a 56-year-old Japanese woman. Hypertension 
was diagnosed by a local doctor when she was around 42 years 
old and oral medication was started. At the age of 56 years, ul-
trasound identified a right adrenal mass during a routine medi-
cal check-up and CT confirmed a 1.4 cm adrenal mass (Fig. 
1). Laboratory tests revealed hypokalemia (3.4 mmol/L). En-
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Figure 1. Plain CT prior to AVS. CT detected an adrenal mass 1.4 cm 
in diameter (arrows).
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docrine studies demonstrated a high plasma aldosterone con-
centration (PAC: 336 pg/mL) and low plasma renin activity 
(PRA: 0.4 ng/mL/h). The aldosterone/renin ratio (PAC/PRA) 
was also high at 840. The patient was admitted as possible PA 
to the Department of Endocrinology of our hospital.

MRI with chemical shift imaging showed that the adrenal 
mass was lipid-rich, while a high signal intensity on diffusion-
weighted images suggested adenoma. The response of PRA 
and PAC to the furosemide upright stress test, captopril stress 
test, and saline infusion test showed PA. Oral administration of 
nifedipine (40 mg/day) and potassium chloride (600 mg/day) 
was commenced and the patient was admitted for AVS.

To perform AVS, infusion of synthetic ACTH (tetracosac-
tide acetate) was commenced at 0.1 mg/h and a 5-French (Fr) 
catheter was inserted via the right inguinal vein. AVS was con-
ducted smoothly on the left side. For AVS on the right side, the 
standard 5-Fr RRA catheter (Terumo Co. Ltd; Tokyo, Japan) 
and 5-Fr right adrenal gland catheter (Medikit Co. Ltd; Tokyo, 
Japan) only provided poor backup, so a microcatheter (OM 
type 2.2-Fr Gold Crest split tip; Koshin Medical, Co. Ltd; To-
kyo, Japan) was advanced into the right adrenal vein. However, 
the catheter was displaced by body movement with respiration 

and sampling failed. It was switched to an MK ADRENAL-R 
5-Fr catheter (Koshin Medical, Co. Ltd) with stronger backup, 
and engagement in the right adrenal vein was achieved and 
imaging was performed with tip injection.

After sampling with this microcatheter, the patient com-
plained of chest discomfort and back pain, and pooling of con-
trast medium was noted in the entire right adrenal gland (Fig. 
2).

CT performed immediately after AVS revealed a hema-
toma and pooling of contrast medium in the right adrenal gland 
(Fig. 3). Although chest and back pain continued, the ECG and 
laboratory findings ruled out myocardial ischemia. Buprenor-
phine was administered for the pain and the patient was kept in 
hospital for bed rest. Her symptoms improved after 3 days and 
she was discharged.

The results of AVS at 15 sites are shown in Figure 4. 
Whether a catheter has been inserted into the adrenal vein 
is judged from the plasma cortisol concentration (PCC) fol-
lowing ACTH stimulation, which should be ≥ 200 µg/dL [3]. 
Based on this criterion, blood sampling sites (4), (7), (8), and 
(9) were considered to correspond to the adrenal gland. Based 
on a selective index (adrenal vein PCC/inferior vena cava PCC 
× 5) as the criterion [10], which was 24.3 × 5 = 121.5 in this 
patient, sites (3), (4), (7), (8), and (9) were considered to cor-
respond to sampling from the adrenal gland.

When aldosterone hypersecretion was defined as PAC ≥ 
14,000 pg/dL in the adrenal vein following ACTH stimulation 
[11], sites (3), (4), and (8) were judged to show hypersecretion 
of aldosterone. Based on a right/left difference of the PAC/
PCC ratio ≥ 2.6 [11], sites (3) and (4) showed hypersecretion 
of aldosterone. From the above, PA due to a right adrenal gland 
adenoma was diagnosed.

The right adrenal gland hematoma was followed up by CT 
for 60 days (Fig. 5). Although the hematoma diminished, slight 
enlargement of the adrenal gland persisted. It was anticipated 
that necrosis due to the hematoma would lead to improvement 
of PA, so the patient was followed by monitoring her blood 
pressure, PRA, and PAC (Table 1). However, the blood pres-
sure and aldosterone/renin ratio did not decline.

Figure 2. Fluoroscopy images immediately after AVS. Left: LAO90, CRA0; right: RAO90, CRA0. The patient complained of chest 
discomfort and back pain after AVS, and pooling of contrast medium was noted at that time in the entire right adrenal gland (dot-
ted circle).

Figure 3. Plain CT after AVS. Immediately after AVS, pooling of con-
trast medium in the entire right adrenal gland was observed (arrow).
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At 68 days after AVS, laparoscopic right adrenalectomy 
was performed. The blood pressure and aldosterone/renin ratio 
improved after surgery, and the blood pressure was normalized 
without oral medication.

Pathological examination of the resected adrenal gland 
showed that the tumor was heterogeneous, ranging from large 
lipid-rich cells to smaller cells with relatively little lipid and 
cells with compact eosinophilic cytoplasm (Fig. 6). The his-
tological features were consistent with a diagnosis of adrenal 
cortical adenoma. The adrenal gland showed focal necrosis, 
hemorrhage cystic change, a mild chronic inflammatory in-
filtrate, mild interstitial fibrosis, foreign body giant cells, and 
hemosiderin-laden macrophages. These changes were con-
sidered to be secondary to AH and the adenoma was largely 
spared.

Discussion

AH is an important complication of AVS and occurs due to 
adrenal vein rupture, dissection, infarction, or thrombosis [12]. 
AH is usually associated with severe pain requiring opioid an-
algesia. However, the hemorrhage itself does not usually need 
invasive treatment or blood transfusion [8].

The incidence of AH associated with AVS is reported to be 
0.6% [12]. It has been suggested that limited procedural expe-
rience leads to a higher incidence of AH [12], but it was also 

Figure 4. Results of AVS. Blood sampling site numbers are in parentheses. Plasma aldosterone concentration (pg/mL)/plasma 
renin activity (ng/mL/h) = aldosterone-renin ratio.

Figure 5. Plain CT at 60 days after AVS. The hematoma is smaller, but 
the adrenal gland is slightly enlarged (arrows).
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reported that occurrence of AH was unrelated to the experience 
of the operator [8]. While AH may not be closely related to 
procedural experience, it tends to occur more often on the right 
side [8]. This is probably due to the vascular anatomy since the 
right adrenal vein has a smaller diameter and directly enters 
the inferior vena cava. Accordingly, catheter engagement is 
more difficult on the right side [9].

The present patient had PA due to a right adrenal adenoma. 
Since AH affected the gland with the tumor, we expected that 
adrenal dysfunction due to tissue necrosis would ameliorate 
the patient’s PA. However, her blood pressure and aldosterone/
renin ratio did not improve during follow-up. Subsequently, 
pathological examination of the resected specimen indicated 
that the adenoma had not been significantly affected by hem-
orrhage. According to a previous report about three patients 
with AH on the side of the APA, hemorrhagic damage was 
observed in both the tumors and adjacent adrenal tissue, but 
none of the patients developed adrenal insufficiency and PA 
did not resolve either [8]. Rather than curing PA, occurrence 
of AH makes laparoscopic adrenalectomy more difficult due 
to adhesions. Thus, bleeding from the adrenal vein may not 
have much effect on the tumor despite extensively involving 

the adrenal gland.
In patients with aldosterone-producing microadenoma or 

idiopathic hyperaldosteronism and no obvious tumor mass, 
AH may reduce aldosterone production by damaging the adre-
nal gland. It has been reported that if AH occurs opposite to the 
APA, long-term corticosteroid replacement may be needed due 
to adrenal insufficiency after adrenalectomy, so careful follow-
up should be conducted in patients with contralateral AH [8]. 
Specifically, AH frequently occurs on the right side, so right 
AVS should be conducted with great care in patients with APA 
of the left adrenal gland.

There have been few comprehensive reports about AH and 
there is no consensus regarding its management. AVS is con-
ducted before surgical intervention and a clear result is needed. 
It was reported that performing CT to assess the anatomy of 
the right adrenal vein improves the success rate of AVS and 
shortens the procedure time [9]. Accordingly, performing CT 
is essential before this procedure and should reduce the risk 
of AH.

If cannulation of the adrenal vein can be conducted easily, 
the incidence of AH would also be reduced. Rapid measure-
ment of cortisol during AVS is effective [13], and increases 
the success rate of this procedure [14]. However, equipment 
for rapid measurement is expensive and not readily available, 
so clinical adoption is difficult. Furthermore, rapid measure-
ment of cortisol during AVS requires stable engagement of the 
cannula for about 30 min. A qualitative cortisol assay based on 
immunochromatography has been developed as a test kit, but 
it is not yet available commercially [15].

Cone beam CT rotational angiography with 3D recon-
struction of retrograde venous contrast images can accurately 
locate the catheter [16] and we employ this method for right 
AVS. During contrast imaging, the medium should be injected 
carefully via a microcatheter to prevent AH.

Even after successful engagement of a catheter in the 
adrenal vein, the tip of the catheter can easily be disengaged 
as the adrenal gland moves with respiration and body move-
ments. In order to prevent this, the patient should be instructed 
to avoid deep breathing and should keep as still as possible. 
Moreover, unnecessary conversation with the patient should 
be avoided.

When the tip of a standard microcatheter is in close con-
tact with the vein wall, the vein may collapse and blood sam-
pling will become difficult. Accordingly, we used a 5-Fr cath-

Figure 6. Cut surfaces of the resected right adrenal gland. The adrenal 
gland shows focal necrosis and hemorrhage cystic change, probably 
due to AVS.

Table 1.  Changes of BP, PR and Endocrine Markers

Before AVS (nifedipine 40 mg) 2 weeks after AVS (nifedipine 40 mg) After adrenalectomy (no medication)
SBP, mm Hg 136 137 121
DBP, mm Hg 80 95 83
PR, bpm 78 92 67
PRA, ng/mL/h 0.2 0.1 0.4
Cortisol, µg/dL 9.9 9.1 7.2
PAC, pg/mL 355 105 124
ARR 1,775 1,050 310

PR: pulse rate; PRA: plasma renin activity; PAC: plasma aldosterone concentration; ARR: aldosterone-renin ratio.
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eter and a microcatheter (OM type 2.2 Fr Gold Crest®) for AVS 
on the right side. The OM type microcatheter had a diameter 
of 0.73 mm and side holes near the tip that prevented complete 
obstruction by contact with the vein wall.

We also used an MK ADRENAL-R 5-Fr to stabilize the 
catheter. However, use of a back-up catheter may increase the 
risk of AH. When a back-up catheter is employed, care must be 
taken to avoid dissection as with coronary procedures.

Moreover, when the guidewire and microcatheter are ad-
vanced together, the microcatheter occupies the inner lumen of 
the 5-Fr catheter and contrast injection via the catheter cannot 
be done. If the guidewire is removed from the microcatheter, 
contrast imaging or blood sampling is possible, but a 5-Fr cath-
eter is easily disengaged when the wire is removed. If a 6-Fr 
catheter is used instead, a microcatheter can be advanced to 
the segmental adrenal vein branch with a 0.018 mm guidewire 
while contrast imaging is conducted. Accordingly, this method 
could improve safety. In addition, a larger catheter has stronger 
back-up. A 6-Fr RDC1 catheter for percutaneous transluminal 
renal angioplasty can achieve good engagement, but is expen-
sive. A 6-Fr ITA1 diagnostic catheter is inexpensive and can 
also be used. However, 6-Fr diagnostic catheters for coronary 
procedures are rarely available, since 4- to 5-Fr catheters are 
mainly used. We previously used a 6-Fr ITA1 catheter. At pre-
sent, a 6.5-Fr tapered tip sampling catheter is available for 
AVS. However, at the time of obtaining a catheter, we found 
that AVS with 6-Fr or larger catheters is rarely conducted in 
western Japan and such catheters are not well known. It seems 
that there are regional variations of the AVS technique in Ja-
pan.

After unilateral or bilateral hypersecretion of aldoster-
one is diagnosed by AVS, total adrenalectomy on the affected 
side is the standard treatment for functioning adenomas such 
as an APA or cortisol-producing adenoma. However, partial 
adrenalectomy including the tumor is performed at some in-
stitutions. For partial adrenalectomy, detailed localization of 
the site of excessive aldosterone secretion inside the adrenal 
gland is performed by segmental adrenal venous sampling (S-
AVS) [17-19]. If excessive hormone production is confined 
to the tumor itself, partial resection of the adrenal gland in-
cluding the tumor is conducted while retaining the normal 
adrenal tissues. In patients with bilateral lesions, it has been 
reported that subtotal adrenalectomy is effective [20], and 
surgical treatment of both adrenal glands for bilateral APA is 
possible without postoperative adrenal failure [21]. To per-
form S-AVS, it is necessary to advance a 0.018 mm wire and 
a microcatheter deep into the adrenal gland. Accordingly, if 
S-AVS becomes more popular, the incidence of AH will prob-
ably increase [18].

If AH leads to hemodynamic instability, emergency resec-
tion of the affected adrenal gland will be required. If surgery 
cannot be conducted promptly, trans-catheter adrenal arterial 
embolization [22], which is a treatment option for unilateral 
PA, may be effective for AH.

Because PA is a benign disease, AH should be avoided 
when AVS is performed for preoperative assessment. In order 
to conduct AVS in a safe and reliable manner, it is important 
to take appropriate measures to prevent AH before and during 
the procedure.
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