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Introduction: Earlier reports of laparoscopic adrenalectomy (LA) for adrenal myelolipoma are limited.
Presentation of case: Between June 2000 and September 2012, we performed right adrenal resections
using LA and open adrenalectomy (OA) in patients with myelolipoma (n ¼ 3 and n ¼ 3, respectively).
Then, we evaluated patients’ background characteristics and short- and long-term outcomes for both
groups. The median maximum diameters of tumors were 3.5 (3.0e4.4) cm and 7.1 (7.0e9.5) cm for the LA
and OA groups, respectively. The median durations of the operation were 152 (117e188) min and 218
(153e230) min, and the median blood loss volumes were 50 (20e160) mL and 290 (62e1237) mL in the
LA and OA groups, respectively. The median postoperative lengths of hospital stay were 4 (4e4) days and
11 (11e13) days for the LA and OA groups, respectively. Conversion from LA to an open approach during
surgery was not necessary in any of the cases. Additionally, perioperative morbidity and mortality were
not observed.
Discussion: The limitation of this study is its methodological design; it is a case series and not a matched-
control study, which would be difficult to conduct owing to the rare nature of adrenal myelolipoma.
However, we esteem that LA will become widespread in the future because it is feasible, cosmetic, and
less invasive.
Conclusion: LA was a safe, feasible, and effective approach to adrenal myelolipoma, assisted by
advancement in preoperative imaging diagnostic techniques.
� 2014 The Authors. Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Adrenal myelolipoma was first described in 1905 by Gierke and
was named by Oberling [1]. Its incidence varies between 0.08% and
0.4%, and is usually discovered incidentally on autopsies, surgeries,
or imaging studies such as ultrasonography or computed tomog-
raphy (CT) performed for other purposes. Adrenal myelolipomas
constitute 1.9% of adrenal incidentalomas [2], often occur in both
men and women between the ages of 50 and 70 years, and more
frequently affect the right adrenal gland [2e4]. Most of the extra-
adrenal myelolipomas develop in the presacral region (50%), fol-
lowed by the stomach, liver, lymph nodes, spleen, and skull. With
the recent advancement in diagnostic imaging methods, the dis-
covery of small adrenal incidentalomas has been increasing.
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Considering the benign and non-functioning nature of these tu-
mors, feasible and less-invasive surgical removal is desirable.
Earlier reports of laparoscopic adrenalectomy (LA) for benign non-
functioning adrenal incidentalomas are limited, but the results
showed a considerable decrease in perioperative morbidity, hos-
pital stay, and postoperative revival period compared with open
adrenalectomy (OA) [5]. In the present study, we evaluated and
compared the background characteristics and outcomes of patients
who underwent surgical resection of adrenal myelolipoma using
either LA or OA.
2. Materials and methods

2.1. Study population

We retrospectively reviewed and analyzed adrenal myeloli-
poma cases treated by 2 of the authors (KI and SK) at the NTT
Medical Center in Tokyo, Japan, between June 2000 and
September 2012, by examining patient records for details of
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Fig. 1. Laparoscopic port sites for adrenalectomy. In laparoscopic adrenalectomy, the scope was placed between the operator’s hands. The operator manipulated C and D ports in
Case 1, and B and D ports in Cases 2 and 3, respectively. The first assistant manipulated the B port in Case 1, and A and E ports in Case 2. A port was used in Case 3 to facilitate liver
and gall bladder retraction by the first assistant.
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demographic characteristics, therapeutic procedures, complica-
tions after treatment, pathological findings, and postoperative
long-term outcomes.

2.2. Preoperative examinations

We evaluated tumor size and components using ultrasonogra-
phy, CT, and magnetic resonance imaging (MRI), and analyzed
initial laboratory data including hemograms, biochemical analyses
results, and endocrine function test results.

2.3. Technical aspects of LA and OA

To perform LA, patients (Case 1e3) were placed in the supine
position. A 5-mm scope was set between trocars for manipulation.
One or two 5-mm trocars were placed around the epigastric region
to facilitate retraction of the liver and gall bladder (Fig. 1). During
the operation, the right liver and second portion of the duodenum
were moved to identify the vena cava. Short hepatic veins were
sacrificed, if they prevented identification. Meticulous dissection
along the lateral vena cava allowed identification of the right ad-
renal vein. The surgeon then applied clips and ligated the adrenal
vein, and dissected the residual tissue surrounding the right adre-
nal gland mainly using an ultrasonically activated cautery device
with care to avoid tumor rupture. The resected tumor was placed in
a sterilized specimen bag and removed through the most lateral
incision. In OA, patients (Case 4e6) underwent laparotomy in the
lateral or semi-lateral position using a reverse L incision or a
retroperitoneal approach using a flank incision [6,7].

2.4. Postoperative follow-up

Systemic follow-up including physical examinations and CT
were performed every year for up to 5 years after surgical resection.

3. Results

3.1. Characteristics of patients

Adrenalectomy was performed in 6 patients with adrenal
myelolipoma (5 men and 1 woman, median age, 43 [26e52] years)
during the study period (Table 1). Three patients underwent LA and
the remaining 3 underwent OA. The median body mass index (BMI)
was 29.8 (24.4e31.5) kg/m2. Initially, Cases 1 and 2 were diagnosed
with right adrenal cortical adenoma, but the maximum tumor
diameter progressively increased (increases of 14 mm during 4
years and 15 mm during 2 years, respectively). The other patients
were diagnosed with right adrenal myelolipoma initially and un-
derwent right adrenalectomy promptly after the diagnosis. Preop-
erative imaging studies showed that all the tumors included fat
components of various degrees, and that the median maximum
diameter of the tumors was 5.1 (3.5e8.0) cm as illustrated in the
enhanced abdominal CT and MR images of Case 2 (Fig. 2). While
Case 6 preoperatively developed sudden right flank pain, other
patients were asymptomatic. All these tumors were incidentally
discovered during either routine medical check-ups or ambulatory
follow-up for unrelated disorders. None of the patients presented
with obvious abnormalities during endocrine examinations.

3.2. Characteristics of operative procedures and pathological
findings

Themedian duration of the operative procedures was 152 (117e
188) min and 218 (153e230) min, and the median blood loss vol-
ume was 50 (20e160) mL and 290 (62e1237) mL in the LA and OA
groups, respectively. The median hospital stay after adrenalectomy
in the LA and OA groups was 4 (4e4) days and 11 (11e13) days,
respectively. Postoperative pathological examinations confirmed
adrenal myelolipomas in all cases. The macroscopic and micro-
scopic findings of Case 2 are shown in Fig. 3. Pathological findings
revealed intratumoral hemorrhage in Case 6.

3.3. Short- and long-term outcomes after adrenalectomy

As for postoperative complications, vocal cord paralysis was
observed in one case but no patient developed intraperitoneal
complications. Conversion from LA to an open approach during
surgery was not necessary in any of the cases. None of the patients
presented with recurrent tumors during the median follow-up
period of 44.5 (3e89) months.

4. Discussion

Adrenal myelolipoma is a neoplasm composed of various de-
grees of fatty tissue and hematopoietic elements [8]. Hematopoietic
components develop outside sinusoids, and thus, cannot enter the
systemic circulation, which makes myelolipomas hormonally
nonfunctional [2,9]. Differential diagnoses for this condition based
on imaging studies include retroperitoneal lipoma and lip-
osarcoma, upper pole renal angiomyolipoma, retroperitoneal
teratoma, adrenal cortical adenoma, and adrenal carcinoma. In rare
cases, it is difficult to attain a definitive diagnosis of myelolipoma



Table 1
Background characteristics and clinical data of all patients.

Case Sex Age
(years)

BMI Site Symptom Maximum diameter
of the tumor (cm)

Operation Operative
time (min)

Blood loss
volume (mL)

Hospital
stay (days)

Morbidity Follow-up
duration
(months)

1 M 49 24.4 Right e 4.5 LA 117 20 4 e 60
2 F 40 29.8 Right e 5 LA 188 160 4 e 20
3 M 45 29.7 Right e 3.5 LA 152 50 4 e 3
4 M 26 31.5 Right e 8 OA 218 62 11 e 52
5 M 52 30.8 Right e 5.2 OA 153 290 11 e 89
6 M 30 26.9 Right Right

flank pain
8 OA 230 1237 13 Vocal cord

paralysisa
37

BMI, body mass index; LA, laparoscopic adrenalectomy; OA, open adrenalectomy.
a One patient experienced postoperative vocal cord paralysis owing to the compression of tracheal tube during general anesthesia.
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by cross-sectional imaging because of low fat content. While the
origin of this neoformation has not been identified, Pascual et al.
suggested that adrenal myelolipoma might be a site of extra-
medullary hematopoiesis [10]. In contrast, Meaglia and Schmidt
proposed in 1992 that these tumors might originate from meta-
plasia of reticuloendothelial cells of blood capillaries in the adrenal
gland in response to stimuli such as infection, stress, necrosis, or
prolonged exposure to adrenocorticotropic hormone; this has
become the most widely accepted theory [8,10]. Actually, some
studies have reported adrenal myelolipomas concomitant with
hypertension, obesity, diabetes mellitus, and hematological ab-
normalities [11,12]. For instance, obesity-related hyper-
aldosteronism may lead to myeloid metaplasia through
overproduction of steroids, as well as degeneration and destruction
Fig. 2. Imaging findings of a typical right adrenal myelolipoma. (a) Computed tomography s
80 Hounsfield units, which is suggestive of fat. (b) In-phase (left) and out-of-phase (right) g
with a partial fatty component.
of adrenal cortical cells. In the present study, most of the patients
were obese and their bodily habitus might mediate myelolipoma-
tous changes of the adrenal medulla. Additionally, certain diseases
and conditions such as Cushing syndrome, Addison disease, adrenal
hyperplasia, and chronic exogenous administration of steroids have
been associated with the development of myelolipomas. Moreover,
these tumors can be induced in subcutaneous tissue in the labo-
ratory by grafting pituitary tissue and stimulating it with thyroid
hormones or androgens (mainly testosterone) [13e15].

While most cases are clinically asymptomatic, according to the
earlier reports, approximately 20% of patients can experience
abdominal or lumbar pain secondary to hemorrhage, tumor ne-
crosis, or mechanical compression by the tumor [2]. Some rarer
symptoms include hematuria and abdominal mass. Treatments of
hows a right adrenal tumor, measuring up to 5.0 cm in diameter with approximately e

radient-echo magnetic resonance imaging reveals a right adrenal tumor (white arrow)



Fig. 3. Macroscopic and microscopic findings of a typical case (a) A section of the
surface of the resected tumor with a 5-cm diameter showed a mixture of tan-brown
and pale yellow areas with abundant cells and fat, respectively. (b) Microscopically,
the section showed characteristics of myelolipoma with mature fat and hematopoietic
elements such as megakaryocytes (black arrow; hematoxylin and eosin, �200). (For
interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
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adrenal myelolipoma vary from case to case and there is no global
consensus. Doddi et al. argued that asymptomatic cases with a
small lesion <3e4 cm in diameter should be followed up for 1 or 2
years and monitored by CT or MRI [2]. Symptomatic patients with a
tumor diameter >4e5 cm or a tumor considered to be malignant
are indicated for surgical intervention. Even asymptomatic tumors
need to be removed if growth is detected during the follow-up
period. Indeed, Gershuni et al. established that abdominal or
flank pain, large tumor size, atypical radiologic appearance, and/or
inferior vena cava compression were operative indications for pa-
tients with a presumptive diagnosis of adrenal myelolipoma [16].
Retroperitoneal hemorrhage caused by spontaneous rupture of
adrenal myelolipoma is very rare, and surgical resection is also
recommended in those cases [17e20]. However, the correlation
between rupture rate and tumor size has not been established.

We performed OA in 3 cases (Cases 4e6) using the reverse L
incision or a retroperitoneal approach using a flank incision in
laparotomy, and LA in 3 cases (Cases 1e3) successfully. The limi-
tation of this study is its methodological design; it is a case series
and not a matched-control study, which would be difficult to
conduct owing to the rare nature of this tumor. However, we
esteem that LA will become widespread in the future because it is
feasible, cosmetic, and less invasive. Toniato et al. demonstrated
that LA had superior short-term outcomes comparedwith OA in the
majority of pheochromocytoma cases regardless of the tumor size
[21]. Additionally, Gershuni et al. reported that the safety of LA for
adrenal myelolipomas and other pathologies appeared comparable
in a retrospective cohort study of prospectively collected data [16].
Additional data, ideally noninferiority and case-matched control
data, relevant to adrenal myelolipomas are needed to establish the
safety and superiority of laparoscopic surgery versus the open
approach. Through the recent advancement of diagnostic imaging
methods, the discovery of smaller adrenal incidentalomas,
including myelolipomas, will continuously increase. Under these
circumstances, LA is considered a more efficient technique. In the
present study, patients in the LA group were diagnosed with tu-
mors in earlier stages than those in patients in the OA group, and
progressive size increments were confirmed in 2 out of 3 cases in
the LA group. LA revealed more favorable short-term outcomes in
terms of operative duration, blood loss volume, and length of
hospital stay than OA despite the small patient sample. Some sur-
geons stated that there was no tumor size limit for LA indication,
although this approach should not be used when there are adhe-
sions or infiltration to adjacent organs [10,22]. In addition, retro-
peritoneoscopic adrenalectomy is an increasingly valuable
alternative to LA, especially for small tumors, and may reduce
postoperative pain and length of hospital stay [23,24].

LA for adrenal myelolipoma has been sporadically reported, but
short- and long-term outcome studies based on sufficient patient
samples are lacking. The results of the present case series needs to
be supported by further trials with longer follow-up periods to
understand the real role of this laparoscopic surgical approach.

5. Conclusion

The study showed that LA was a safe, feasible, and effective
approach for the treatment of adrenal myelolipoma assisted by the
advancement in preoperative diagnostic imaging techniques.
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