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ABSTRACT

Bilateral adrenalectomy (BLA) is a treatment option for patients
with Cushing’s Disease (CD) if transsphenoidal pituitary surgery
fails or is not a therapeutic option. For most patients, BLA elim-
inates endogenous glucocorticoid and mineralocorticoid pro-
duction, but for a small number of patients, endogenous se-
cretion of adrenal hormones from adrenal tissue continues or
recurs, leading to signs and symptoms of hypercortisolism. If
adrenal tissue is confined to the adrenal bed, it is considered
adrenal remnant tissue, while if it is outside the adrenal bed, it
is considered adrenal rest tissue. We retrospectively evaluated
morning serum cortisol, nighttime serum cortisol, nighttime
salivary cortisol, and 24-h urine free cortisol on at least three
occasions in 10 patients suspected of having endogenous cor-
tisol production. Imaging of adrenal remnant tissue was also
reviewed. Ten of 51 patients who underwent BLA during this
time period had adrenal remnant/rest tissue marked by detect-
able endogenous glucocorticoid production; 9 of the 10 pa-
tients had signs and symptoms of hypercortisolism. Localiza-
tion and treatment proved difficult. We conclude that the
incidence of adrenal remnant/rest tissue in those undergoing
BLA following unsuccessful pituitary surgery was 12 % although
there may have been a selection bias affecting this prevalence.
The firstindication of remnant tissue occurrence is a reduction
in glucocorticoid replacement with symptoms of hypercorti-
solism. If this occurs, endogenous cortisol production should
be tested for by cortisol measurements using a highly specific
cortisol assay while the patient is taking dexamethasone or no
glucocorticoid replacement. Endocrinologists need to monitor
the development of both adrenal remnant tissue and Nelson’s
syndrome following BLA.

Introduction

Cushing’s Disease [CD, pituitary-dependent Cushing’s Syndrome
(CS)]is characterized by increased cortisol secretion from the ad-
renal glands due to dysregulated secretion of ACTH by a corti-
cotroph adenoma [1, 2]. It is a relatively rare disease with an esti-
mated annual incidence of 2-3 new cases per year per million [3]
and primarily affects women between the ages of 20 to 50 years
[4]. Signs and symptoms of hypercortisolism include central obe-
sity with rapid weight gain, striae, hypertension, fatigue, and sleep
disturbances [5]. The first line of treatment is transsphenoidal pi-
tuitary surgery, with remission rates ranging from 42 % to 97 % (me-

dian=78 %) when done by an experienced neurosurgeon [6]. If the
surgery is unsuccessful or CD recurs, second-line therapeutic op-
tions include repeat transsphenoidal surgery, medical treatment,
radiation, or bilateral adrenalectomy (BLA) [7]. BLA is usually used
after transsphenoidal surgery has failed and the patient’s hyper-
cortisolism cannot be resolved with medical treatment. The disad-
vantages of BLA include the need for lifelong glucocorticoid and
mineralocorticoid replacement and the risk of the subsequent de-
velopment of adrenal crisis or Nelson’s syndrome (pituitary corti-
cotroph enlargement leading to hyperpigmentation following BLA)
[8,9].
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Endogenous cortisol production should cease following BLA,
but there have been several case reports of hypercortisolism and
CD recurrence following this procedure [10-15], although the rate
of recurrence is poorly characterized in the literature. Cortisol pro-
duction following complete BLA can come from one of two sourc-
es. One source, adrenal remnant tissue, is adrenal tissue (often mi-
croscopic) left behind following surgery that continues to secrete
cortisol either immediately after surgery or following a period of
regeneration often driven by high ACTH levels. The second poten-
tial source, adrenal rest tissue, is adrenal tissue that arises ectopi-
cally that can be from an accessory adrenal gland that are develop-
mental anomalies that occur when a small fragment breaks off from
the parent adrenal gland during intrauterine life, and usually atro-
phy with age [16, 17]. ACTH controls adrenal gland development
[18], regeneration [19], the differentiation of cells into a zona fas-
ciculata phenotype that produces cortisol [20], and cortisol syn-
thesis and secretion [1]. Consistent with this, the ability of adrenal
remnant tissue, adrenal rest tissue, and accessory adrenal glands
to grow and upregulate cortisol secretion under ACTH secretion
following adrenal gland removal has been demonstrated in numer-
ous animal and human studies [21-25].

The rate of adrenal remnant/rest tissue appears to be more com-
mon in congenital adrenal hyperplasia (CAH) [26], possibly due to
the high ACTH associated with the condition. One early report by
Kemink et al. [11] evaluated 37 CD patients who had BLA surgery
performed between 1962 and 1988; many of the surgeries were
performed before 1980 when BLA was the first-line treatment for
CD. The authors found that 9 patients (24 %) continued having en-
dogenous cortisol secretion and one patient (3 %) had arecurrence
in the symptoms and signs of CS [11]. Later, in a review article on
BLA outcomes following CS, Ritzel et al. [8] examined PubMed ar-
ticles published between 1980 and 2012 and noted five studies
(containing 236 patients in total) that reported residual cortisol
secretion after an operation. From these studies, the authors con-
cluded that accessory adrenal tissue or adrenal remnant tissue was
found in 3-34 % of patients and less than 2 % had a relapse of CS
[8]. However, another more recent report that examined 21 pa-
tients with BLA between 1970 and 2012 found a 14 % CS recurrence
rate [27].

Due to the heretofore small number of cases of adrenal rem-
nant/rest tissue in patients with CS, there have been few individu-
al case studies and even fewer publications that characterize and
compare the management of a group of patients. In 1972, Siegal
etal. [13] described four patients who experienced a CS recurrence
following BLA. Given that the management of CS, imaging tech-
niques, and both surgical and medical treatment options have
changed dramatically since this report was published, a more con-
temporary study is needed to provide guidance on the detection
and management of this condition. This article describes the eval-
uation and treatment of 10 patients with CD who demonstrated
adrenal remnant or rest tissue following BLA surgery, 9 of whom
had recurrent hypercortisolism.

Subjects and Methods

The Institutional Review Board (IRB) of Charles R. Drew University
of Medicine and Science deemed that retrospective review of the

collected data was exempt from formal IRB review, in accordance
with federal regulations (45CFR 46.101[b]).

The biochemical evaluation for patients with CS consisted of
multiple measurements of 24-h urinary free cortisol (UFC) and
17-hydroxycorticosteroids, and measurements of nighttime sali-
vary and serum cortisol. Many of the patients were reported in our
prior publications [28-30]. All patients had persistent hypercorti-
solemia despite one or more transphenoidal pituitary surgeries. All
patients had complete BLAs performed laparoscopically through
a retroperitoneal approach, which is associated with similar out-
comes as a transperitoneal lateral approach [31, 32], with 6 of the
10 patients having this procedure performed by MC. The other four
patients were operated by surgeons with extensive experience with
adrenal surgeries.

The 10 patients in this study were treated by the senior author
(TCF) from 2006-2020. During this time, 51 patients seen by TCF
underwent BLA. Six of these patients developed adrenal remnant
tissue following surgery, thus the incidence or remnant/rest tissue
following BLA can be estimated at 12% (6/51). These six patients
are included in this study, and the remaining four patients in the
study (P1, P4, P5, and P7) were referred to TCF after their adrenal-
ectomy with subsequent suspicion of adrenal remnant tissue. The
other45 patients who underwent bilateral adrenalectomy were on
stable, physiological glucocorticoid replacement and did not re-
port symptoms of hypercortisolism.

We measured morning serum cortisol, nighttime serum corti-
sol, nighttime salivary cortisol, and 24-h UFC on at least three oc-
casions for 10 patients suspected of having endogenous cortisol
production. Patients who could safely refrain from glucocorticoid
replacement (or were already off glucocorticoid replacement) for
testing were told to do so. Patients at risk of developing adrenal in-
sufficiency were given physiological dexamethasone replacement
(0.5-1mg per day, which does not cross-react with cortisol assay)
to avoid adrenal insufficiency for 2-3 days prior to and during test-
ing for endogenous cortisol production. All hormones were meas-
ured by Esoterix Endocrinology (Calabasas Hills, CA, USA). Salivary,
plasma, and UFC were measured by HPLC MSMS (high pressure lig-
uid chromatography with tandem mass spectrometry detection)
after solvent extraction. For 0800 plasma cortisol measurement,
the 95 % tolerance interval (normal range) as reported by Esoterix
Endocrinology is 221-524 nmol/l, with an assay sensitivity of
27.6nmol/l[33]. The range of nighttime salivary is 0.3-2.5 nmol/l
and the range of 24-h UFCinwomen is 27.6-93.8 nmol/day. There
was no cross-reactivity in the cortisol assay with dexamethasone
or fludrocortisone.

Results

Surgical results

The adrenals with capsules were removed en bloc and the pathol-
ogy of all patients showed enlarged adrenal glands with focal nod-
ular cortical hyperplasia. » Table 1 shows clinical data from 10 fe-
male patients who developed adrenal remnant or rest tissue fol-
lowing BLA. One patient had rest tissue in her ovary in addition to
remnant tissue in her adrenal bed; the other nine patients had rem-
nant tissue found or suspected in their adrenal beds. None of the
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patients had accessory adrenal glands. Since these patients had
complete BLAs, their endogenous cortisol secretion should have
been undetectable when measured when on either dexametha-
sone or no cortisol replacement. However, following surgery the
patients had detectable cortisol levels, confirming the presence of
endogenous cortisol production, with 9 patients developing symp-
toms and signs of recurrent hypercortisolism.

Hormonal replacement

At the time recurrence was confirmed, only 3 patients (P6, P7, and
P9) were taking physiologically appropriate levels of glucocorticoid
replacement. The other patients had either greatly reduced or
stopped replacement doses to minimize their hypercortisolism
symptoms. This was a key sign that endogenous cortisol produc-
tion was occurring. Three patients (P5, P8, and P9) were able to
stop their glucocorticoid replacement and did not develop symp-
toms associated with adrenal insufficiency. P9 did require full glu-
cocorticoid replacement following adrenal remnant removal. In
contrast, 8 patients were taking physiologically appropriate levels
of mineralocorticoid replacement at the time of recurrence confir-
mation. This consisted of fludrocortisone replacement titrated to
achieve asitting plasma renin activity in the normal range, yield-
ing daily dosing between 0.05 mg and 0.3 mg. Serum potassium
levels were normal in all patients. The remaining two patients did
not require fludrocortisone replacement. In one patient (P5), ad-
renal remnant tissue was making sufficient amounts of both glu-
cocorticoids and mineralocorticoids, which was balanced by prior
pituitary surgery and radiation. She did not need exogenous glu-
cocorticoid or mineralocorticoid replacement. Following adrenal
remnant removal, patient P9 appeared cured of her endogenous
cortisol production and required physiological glucocorticoid and
mineralocorticoid replacement.

As shown in » Table 2, despite BLA surgery, all 10 patients had
detectable cortisol measurements, with 9 out of 10 patients hav-
ing detectable cortisol measurements in at least two different types

of assessment. As can be seen in » Table 2, nighttime serum and
salivary measurements were often much higher than morning lev-
els, suggesting a dysregulation in cortisol secretion from the adre-
nal remnant tissue. This corresponded to several patients report-
ing symptoms of hypercortisolism at night, including insomnia,
without symptoms of adrenal insufficiency in spite of subphysio-
logical glucocorticoid replacement.

DHEAS levels, measured in patients who are either not taking
DHEA or withheld DHEA for several days prior to testing, varied con-
siderably. In six patients, serum DHEAS levels were below the de-
tection limit (0.27 pmol/l), in two patients they were in the normal
range (<6.2 pmol/l), in one patient they were elevated, and no
measurement was performed for one patient.

Adrenal remnant tissue imaging

High-resolution CT scans was the primary means to localize adre-
nal remnant or rest tissue; possible adrenal tissue was localized in
all 8 patients. The identified tissue was usually seen in the adrenal
bed but was also found near the aorta, just behind the adrenal ar-
tery (P3) and in the posterior upper pancreas (P8). Although mass-
es identified by CT were removed from all patients, surgery direct-
ed at the lesions seen on imaging was only successful in three pa-
tients (P6, P7, and P9). All other surgeries yielded tissue of negative
pathology that represented fat necrosis (P2, P3, and P4), benign
lymph nodes (P8), or ganglionic neural tissue (P10) with continued
endogenous cortisol secretion.

Both PET and MRI scans were used once, and the PET scan was
not successful in localizing the adrenal remnant tissue. In one pa-
tient (P3), abdominal imaging showed an ovarian mass that was
then removed. The pathology of the ovarian tissue did not show
adrenal tissue. Some of the patient’s hypercortisolism-related
symptoms improved following surgery, but she still experienced
endogenous cortisol secretion. Thus, it is likely she had both adre-
nal rest tissue (ovary) and remnant tissue (adrenal bed). Only one
patient (P1) had adrenal remnant tissue identified using MRI, which

> Table 2 Detection of exogenous glucocorticoid secretion following bilateral adrenalectomy.

Initials Glucocorticoid replacement at Morning serum
time of testing cortisol (nmol/l)

P1 Dexamethasone BDL

P2 Dexamethasone 91.0, 386

P3 Dexamethasone 224

P4 Dexamethasone 91.0, 80.0, 66.2,

71.7,88.3

P5 Dexamethasone 607, 99.3, 141, 199

P6 No replacement

P7 Dexamethasone 2.8

P8 No replacement

P9 No replacement

P10 Dexamethasone 38.6, 116, 135, 331

BDL: Below detectable limit.

24-h UFC Night time salivary Midnight serum
(nmol/d) cortisol (nmol/l) cortisol (nmol/l)
BDL, 6.6 19.0 BDL

5.2,19.0, 2.6, 4.1

248, 304, 359

16.8,4.7 18.2,5.0,4.7,3.0, 1.6
497
5.0 12.1,19.0

4.1,08,1.1,1.4
BDL 364, 477

9.8
16.0
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> Fig. 1 a CT with contrast of adrenal remnant tissue measuring
11.2mm by 4.5mm. b CT posterior approach for ethanol ablation of
residual adrenal tissue.

was successfully treated with ethanol ablation. CT-guided ethanol
ablation (P1) and CT-guided radio frequency ablation (P9) were
each used on one occasion, with only the ethanol ablation being
successful [34].

> Figure 1a shows the CT scan of patient P1, showing adrenal
remnant tissue measuring 11.2mm by 4.5 mm. > Figure 1b shows
a posterior approach for ethanol ablation of the adrenal remnant
tissue.

Discussion

Adrenal remnant prevalence and comparison to
literature

In the present study, we characterized 10 patients who were found
to have endogenous cortisol secretion following a BLA for CD that
was not successfully treated with pituitary surgery. All patients had
complete BLA performed laparoscopically via a retroperitoneal ap-
proach, but the development of adrenal remnant or rest tissue
probably occurred independent of this surgical technique. Our 12 %
rate of adrenal remnant/rest tissue causing hypercortisolism was
similar to the 3-34 % rate yielded by a literature review (5 studies,
236 patients) and the 2 % rate who had a CS relapse, as reported by

Ritzel et al. [8] Our rate is in agreement with a report by Morris et
al. [27] who found recurrence in 3 of 21 (14 %) patients who were
treated with steroidogenesis inhibitors and BLA for their ACTH-de-
pendent CS. Although their report was attributed to inexperience
of the surgeon with the particular BLA surgical technique used (i. e.,
posterior retroperitoneoscopic adrenalectomy), the study obtained
a similar rate of recurrence of endogenous cortisol production as
seen in the present study.

Patient characteristics

The most challenging aspect in both the diagnosis and treatment
of patients was the episodic and intermittent nature of cortisol se-
cretion from adrenal remnant tissue. This is consistent with our se-
ries in 2010 in which we found that 65 of the 66 patients with CS
had at least one normal test of cortisol status [35], a finding that
was confirmed by others [36, 37]. Although 9 of 10 patients in our
current series presented with symptoms and signs of hypercorti-
solism such as weight gain (truncal and generalized), anxiety with
sleep disturbance, moon faces, tachycardia, buffalo hump (some-
times painful), and striae, their morning serum cortisol levels were
often low and frequently below the measurable limit. Further com-
plicating diagnosis was the finding that these patients frequently
also exhibited symptoms of adrenal insufficiency such as morning/
daytime fatigue (all patients) and nausea with vomiting (P2, P3, P8,
P9, and P10). Repeated measurements of serum morning and
nighttime cortisol, 24-h UFC, and nighttime salivary cortisol meas-
urements showed inappropriately normal or elevated cortisol se-
cretion. Many patients in this study had reversed circadian rhythm
with relatively high nighttime cortisol levels and low levels in the
morning. As ACTH secretion of the pituitary tumor may have been
under regulation by dexamethasone, endogenous cortisol might
have been suppressed when testing was done on dexamethasone.
Thus, the detectable cortisol may have been higher if not on dex-
amethasone.

Imaging characteristics

Once the presence of endogenous cortisol secretion was con-
firmed, we used various imaging techniques to localize the corti-
sol-secreting tissue, with use often limited by availability or the pa-
tient’s health insurance. CT scans have long been used in the im-
aging and diagnosis of adrenal causes of CS [38,39] and we used
thisimaging technique in 8 of the 10 patients to localize their rem-
nant tissue; possible adrenal remnant lesions in the adrenal bed
were found in 7 of 8 patients. Otherimaging techniques reported
for finding such tissue include cosyntropin-stimulated '8F-fluoro-
2-deoxy-D-glucose PET/CT ('8F-FDG-PET/CT) and '37I-labeled
6B-iodomethyl-19-norcholesterol (NP59) scans. '8F-FDG-PET/CT
scans use radiolabeled glucose molecules as a marker for tissue that
has increased levels of glycolysis. This technique is primarily used
to detect malignancies [40,41], but can also be used to detect met-
abolically active adrenal tissue [42]. In previous case reports,
T8F-FDG-PET/CT successfully localized adrenal rest tissue in a pa-
tient with CAH [43] and in a patient with Nelson’s syndrome with
persistent hypercortisolism [44]. In the present study, in patient
(P2), we used a "8F-FDG-PET/CT scan to visualize potential adrenal
remnant tissue after it was clearly visualized on a CT scan. Her
18F-FDG-PET/CT scan gave only a faint signal at that location, sug-
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gesting that the tissue seen on CT scan probably was not remnant
tissue, and destruction of this tissue via ethanol ablation would not
relieve symptoms. NP59 scanning uses a radiolabeled cholesterol
that is a precursor of cortisol and tracks its uptake in steroidogen-
ictissue [45, 46]. Before it became unavailable in the United States,
it was used in patient P5, but scanning was unable to localize any
potential cortisol-producing tissue. New imaging modalities includ-
ing Metomidate PET/CT [47] and [68Ga]-DOTATATE PET/CT [48]
have the potential to localize adrenal remnant/rest tissues.

Adrenal remnant treatment

Adrenal remnant or rest tissue, if found, can be treated by a varie-
ty of procedures. Six patients underwent exploratory surgery in
order to find and remove the aberrant tissue found on CT scan.
However, in only two patients (P6 and P7) did this lead to a success-
ful surgical outcome, with resolution of endogenous cortisol secre-
tion and hypercortisolism symptoms and subsequent return to nor-
mal glucocorticoid replacement. For the other patients (P3, P4, and
P8), aberrant tissue was removed, but adrenal tissue was not seen
on pathology, of which the pathology usually showed fat tissue.
Two patients (P1 and P5) did not need to undergo surgery to re-
move potential adrenal remnant or rest tissue, with patient P1 hav-
ing successful ethanol ablation and patient P5 having normal cor-
tisol secretion due to her prior pituitary surgery/radiation.

As an alternative to exploratory surgery, other techniques can
be used to eliminate pathological tissue. Ethanol ablation therapy
is performed by placing several small (19-22 gauge) needles under
the guidance of CT, real-time CT fluoroscopy or ultrasound, and in-
jecting ethanol into the target tissue [49, 50]. This causes protein
denaturation leading to coagulative necrosis and thrombosis of
small vessels. This procedure was successfully performed on one
patientin this study (P1) [34] (> Fig. 1) but was unsuccessful in an-
other patient (P2). Another technique is radiofrequency ablation
[51], in which electrodes are placed inside the target tissue and
heated with high intensity radio waves, which leads to tissue de-
struction in a manner analogous to ethanol ablation [52]. This pro-
cedure was previously done on both adrenal beds in a patient with
CS [53] and was performed on one of the patients in this study (P9),
leading to short-term resolution of hypercortisolism symptoms,
which later recurred. Additionally, pituitary surgery or radiation can
be used to decrease ACTH secretion, especially if a lesion is identi-
fied on pituitary imaging. All of our patients underwent periodic
pituitary imaging with no lesions seen, so pituitary surgery or ra-
diation were not performed.

While waiting to undergo surgery, or as an alternative to surgery,
several drugs can be used to treat CS [54, 55]. Ketoconazole is a syn-
thetic imidazole that was once widely used as an antifungal agent.
Soon after its introduction, it was discovered that in addition to
blocking fungal cytochrome P450 14a-demethylase (CYP51A1), ke-
toconazole blocks many human P450 enzymes to lower steroid pro-
duction [56] and was found to be a human glucocorticoid receptors
antagonist [57, 58]. Patients using ketoconazole for CS typically need
to take 400 to 1600 mg daily for effective treatment [54, 59]. Mito-
tane (o,p'-DDD; Lysodren) is another drug that can be used in the
medical treatment of CS. In addition to blocking multiple cy-
tochrome P450 enzymes to inhibit steroidogenesis, it is cytolytic and
chronic administration can lead to adrenal atrophy [60], making it,

in theory, an ideal drug to use with patients who have adrenal rem-
nant or rest tissue. However, because of its side effects, especially
severe nausea, mitotane is primarily used in the treatment of adre-
nal carcinomas [61], but doses up to 4 g per day have been used to
treat CS [62]. Several patients in the current series tried mitotane,
but could not tolerate it due to side effects.

Limitations

There are several limitations to this study, including the limitations
inherent in a retrospective study and the heterogeneous cases that
varied with clinical scenario. Patients underwent surgery by differ-
ent surgeons. Itis possible, but unlikely, that surgical expertise led
to incomplete BLA with subsequent remnant formation. Although
data were collected from all patients for morning serum cortisol,
nighttime serum cortisol, nighttime salivary cortisol, and 24-h UFC,
the tests were completed to varying degrees and had different pos-
itive values showing detectable cortisol levels that would have been
more standardized had the study been done prospectively. NP-59
scanning, the test most likely to identify adrenal remnant tissue, is
no longer available in the United States. Imaging techniques that
could have detected the remnant tissue may not have been used
due to lack of availability orinsurance issues. There may be a selec-
tion bias since patients were referred to or treated by TCF account-
ing for a higher prevalence than would be found in the population.
Itis also possible that we underestimated the rate of adrenal rem-
nant development as some patients with endogenous cortisol pro-
duction may not have had symptoms of excess cortisol secretion
and may not have sought medical attention. One of the cases was
published in the September 2011 [63].

Conclusion

Our series showed adrenal remnant tissue occurring in about 12%
of patients who had BLA. This compares to the 21 % mean incidence
of Nelson’s syndrome following BLA in a review of 24 studies with
768 patients [8]. None of our patients who underwent BLA devel-
oped Nelson’s syndrome. Thus, an examination for both adrenal
remnant tissue development and Nelson’s syndrome should occur
following BLA.

The firstindication of remnant tissue occurrence is a reduction
in glucocorticoid replacement with symptoms of hypercortisolism.
If this occurs, endogenous cortisol production should be tested for
by cortisol measurements using a highly specific and sensitive assay
while the patient is on dexamethasone or no glucocorticoid re-
placement. Localization of adrenal remnant tissue was found to be
difficult, with a lack of specificity of imaging techniques such as
high-resolution CT scans. If a lesion is found, it can be removed by
surgery, ethanol ablation, or radiofrequency ablation, although the
success of these procedures is limited. Our retrospective study
should be followed up by a large prospective study from centers
that perform a large volume of BLAs for patients with CD to deter-
mine adrenal remnant recurrence rates, optimization of localiza-
tion techniques, and treatment modalities.
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