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Abstract Steroid treatment is commonly recommended
for autoimmune disorders in rheumatology practice. While
adrenal crisis may occur upon existence of an inducing fac-
tor in patients with known or unknown adrenal insufficiency
as well as in those with a suppressed hypothalamic—pitui-
tary—adrenal (HPA) axis due to chronic steroid use, addiso-
nian crisis rarely develops in patients on supraphysiological
doses of steroid and, when emerged, it might be very diffi-
cult to recognize. Here, we present a patient who developed
adrenal crisis while receiving high-dose methylprednisolone
treatment due to retroperitoneal fibrosis and we also discuss
possible mechanisms with a brief literature review.

Keywords Adrenal crisis - Corticosteroid therapy -
Tuberculosis - Retroperitoneal fibrosis

Introduction

In rheumatology practice, chronic steroid use is frequently
recommended for the treatment of autoimmune diseases.
When moderate or high-dose steroid treatment is stopped
after a long-term use, addisonian crisis can take place in
patients with a suppressed hypothalamic—pituitary—adrenal
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(HPA) axis [1]. While adrenal crisis may occur upon
existence of an inducing factor in patients with known or
unknown adrenal insufficiency as well as in those with a
suppressed HPA axis due to chronic steroid use, it may be
difficult to recognize an addisonian crisis when it develops
in patients on supraphysiological doses of steroids. Here,
we present a case who developed adrenal crisis receiving
high-dose methylprednisolone for the treatment of retro-
peritoneal fibrosis due to tuberculosis (TBC) and we also
discuss possible mechanisms along with a literature review.

Case report

A 55-year-old male was admitted to hospital with a lum-
bar pain and weight loss in March 2015. Laboratory find-
ings were as follows: Erythrocyte sedimentation rate (ESR)
125 mm/h, C-reactive protein (CRP) 16.7 mg/dL, sodium
134 mEq/L, potassium 4.6 mEq/L, blood urea nitrogen
24 mg/dL, and creatinine 1.61 mg/dL. Serum immunoglob-
ulins (Ig) and IgG4 levels were within normal levels. Anti-
nuclear antibody, rheumatoid factor, antineutrophil cyto-
plasmic antibody tests, and complement C3 and C4 values
were or within normal ranges. Purified protein derivative
(PPD) skin test was found to be positive (13 mm). Thoracic
computerized tomography (CT) showed fibrotic alterations
at the apical segment of the lung with a size of 30 x 10 mm
with irregular boundaries. Abdominal CT revealed
increased nodular thickness of right suprarenal gland, and
two nodular appearances at the lateral limb of left suprare-
nal gland, the bigger one with an approximate dimension
of 13x15 mm, which also have central hypodense areas
(Fig. 1). Positron emission tomography/computed tomog-
raphy (PET-CT) disclosed enhanced activity uptake at the
mass lesion of unspecific nature at the lung and at the soft
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Fig.1 Abdominal computed tomography revealed an increased nodular thickness of right adrenal gland (a) and 2 nodular appearances at the
left adrenal gland lateral limb (b) which also have central hypodense areas (arrows)

tissue mass located to abdominal aortic bifurcation in a size
of about 20 x 20 mm and increased activity uptake in aorta
adjacent to mass. A double-J stent was inserted because of
bilateral hydronephrosis demonstrated by ultrasonographic
image of urinary tract. The biopsy samples obtained from
the retroperitoneal region and the left apical lung mass
showed the presence of fibro-inflammatory process (retro-
peritoneal fibrosis) and nonspecific chronic inflammation,
respectively. Methylprednisolone 1 mg/kg/day (64 mg/
day) and methotrexate 10 mg/week were started for ret-
roperitoneal fibrosis. Approximately two weeks later, the
patient applied to the emergency service complaining of
vomiting and malaise and detected to have neutrophilic leu-
kocytosis, anemia, hyponatremia, hyperkalemia, and pre-
renal azotemia (Table 1). The patient’s arterial blood pres-
sure was 70/40 mm/Hg; blood glucose level was 67 mg/
dL. He had taken steroid treatment regularly before the
admission; he did not have the complaints of trauma, fever,
diarrhea, cough, or sputum. Maintenance intravenous fluid
therapy was administered. Methylprednisolone dose was
adjusted as 40 mg/day. There were no factors which may
cause hyperkalemia. Elevated potassium levels remained
despite the conducted hyperkalemia treatment. Consider-
ing adrenal crisis in spite of the ongoing steroid treatment,
methylprednisolone treatment was re-arranged to 80 mg/
day by intravenous way. Adrenocorticotrophic hormone
(ACTH) and cortisol levels were found as 281 pg/mL
(N = 7.2-63.3) and 0.657 ng/L, respectively. Accordingly,
the diagnosis of primary adrenal insufficiency was estab-
lished; fludrocortisone treatment was initiated at a dose of
0.05 mg and increased up to 0.1 mg/day. Meanwhile, adre-
nal gland biopsy showed caseous granulomatous inflam-
mation (Fig. 2). While the biopsy sample was found to be
negative for M. tuberculosis by polymerase chain reac-
tion (TBC-PCR) assay, M. tuberculosis was found to be
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positive in broncho alveolar lavage (BAL) fluids sampling
by TBC-PCR. Based on the diagnosis of pulmonary and
extrapulmonary TBC and TBC-induced retroperitoneal
fibrosis, first-line anti-tuberculosis treatment composed of
four agents [ethambutol 4 isoniazid + streptomycin (as
rifampicin caused eruption) + pyrazinamide] was initi-
ated, methylprednisolone treatment was decreased, and
fludrocortisone treatment was continued 0.1 mg/day. Dur-
ing the follow-up period, his symptoms regressed; values
of sodium, potassium, blood urea nitrogen, and creatinine
returned to normal levels. Table 1 summarizes all labora-
tory results during the follow-up period.

Discussion

We report a case that developed addisonian crisis receiv-
ing supraphysiological doses of steroid for the treatment of
retroperitoneal fibrosis. Clinical evaluation showed us that
the patient had both pulmonary and adrenal gland TBC and
TBC-induced retroperitoneal fibrosis.

Retroperitoneal fibrosis is commonly idiopathic, but
may be due to infections, drugs, and malignancies. It has
been reported that M. tuberculosis may not only give rise to
chronic periaortitis or retroperitoneal fibrosis [2, 3] but may
also lead to retroperitoneal mass simulating retroperitoneal
fibrosis with ureteric obstruction [4]. In our case, the pres-
ence of retroperitoneal fibrosis was confirmed by biopsy,
and TBC was excluded by histological and microbiologic
evaluations. The patient was initially diagnosed as having
idiopathic retroperitoneal fibrosis without evaluation of the
cause of adrenal mass, but his symptoms did not resolve
after the initiation of steroid and progressed to adrenal
insufficiency. Adrenal biopsy showed the presence of case-
ous granulomatous inflammation suggesting TBC. These
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Fig. 2 Biopsy of left adrenal gland (star) caseous necrosis, (double
square) epithelioid histiocytes, (triangle) lymphocytic cells (haema-
toxylin-eosin, x 200)

results showed us that a meticulous investigation for sec-
ondary causes of retroperitoneal fibrosis was very crucial
before reaching a conclusive diagnosis of idiopathic retrop-
eritoneal fibrosis.

In an acute adrenal crisis, the cause is generally an adre-
nal hemorrhage or infarct, invasion by malignant diseases,
or an abrupt interruption of blood flow to adrenal glands.
But some infectious agents such as TBC, as identified in
our case, HIV, cytomegalovirus (CMV), and other serious
disseminated bacterial, viral or fungal infections should
also be kept in mind [5]. TBC is a worldwide infectious dis-
ease which may cause death. Adrenal gland is the most fre-
quently involved endocrine organ, but hypothalamus, pitui-
tary gland, and thyroid might also be involved [6]. When
TBC, through hematogenous spread, ultimately destroys
90% of the adrenal glands, Addison’s disease appears.
Disease onset is about 10 years after the active TBC [7].
Almost one-third of chronic TBC patients may also be
admitted due to adrenal crisis [8]. In the event of an TBC-
induced Addison’s disease, large adrenal glands indicate a
recent or active infection, whereas small, calcified glands
stand for an inactive infection [9]. In our case, abdominal
CT showed adrenal glands of usual size without any calci-
fication. We noted, however, increased nodular thickness in
adrenal glands bilaterally. For this reason, our patient might
be accepted as an active case of TBC. In addition, adrenal
gland biopsy showed a whole-layer destruction of the adre-
nal gland.

A question to be answered is, why an addisonian crisis
took place despite a supraphysiological dose of steroid?
As is known, daily endogenous cortisol production, which
was formerly believed to be around 25-30 mg, was dem-
onstrated to be at the level of 8-15 mg/day through stable
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isotope studies [10]. This amount is approximately equal
to 20-30 mg of hydrocortisone [11]. In patients with adre-
nal insufficiency, daily need of steroid is 20-30 mg/day of
hydrocortisone based on the variances in oral absorption. In
febrile disease, injury and other similar stress conditions,
however, two- to threefold increase is recommended in
daily dose in order to prevent the patients from adrenal cri-
sis [11]. In our patient, the daily dose of 48 mg methylpred-
nisolone was expected to meet the stress-related demand.
Nevertheless, it did not happen and the patient presented
with adrenal crisis.

In the literature, we have encountered seven cases that
were reported to have adrenal crisis while on high-dose
steroid treatment [12-16]. Among them, the reason for
corticosteroid treatment was vasculitis in 2, sarcoidosis in
1, asthma in 1, systemic lupus erythematosus (SLE) in 1,
chronic hepatitis in 1, and pneumocystis jiroveci infection
in the last 1 case. The possible causes of adrenal crisis and
clinical features of the patients are given in Table 2.

Depending on our review, all of them were long-term
receivers of steroid treatment except for a case. It is well
established that long-term use of steroids suppresses HPA
axis, thus reduces endogenous cortisol production and
eliminates the stress response. When it comes to short-
term use of steroids, on the other hand, in a case reported
by Razzaq et al. [16], the patient was using steroid for
13 days and adrenal insufficiency was suggested to arise
from adrenalitis induced by the intercurrent CMV infec-
tion. Similarly, our case was receiving high-dose steroid
treatment for 14 days only and this might have caused TBC
activation, thus leading to the necrosis of adrenal glands
and ultimately a serious adrenal crisis.

TBC activation by steroid use is a well-recognized
event. There is no, however, clear-cut data about duration
and dosage of steroid use that causes immune suppression
and activation of TBC. Still, recommendation on this sub-
ject states that steroid use for more than 1 month at a daily
dose of 15 mg prednisolone or equivalent poses the risk of
TBC [17]. Occurrence of adrenal insufficiency in patients
on supraphysiological doses of steroids is not expected
by most of the clinicians. When major pathophysiologi-
cal mechanism of adrenal crisis, mineralocorticoid defi-
ciency, is taken into account, prednisolone or methylpred-
nisolone administered at supraphysiological doses fails to
compensate for this mineralocorticoid effect, unless given
in very high doses. Essentially having anti-inflammatory
effects, prednisone and methylprednisolone have very little
sodium-retaining activity. While sodium-retaining potency
of fludrocortisone is 125 times more than that of corti-
sol, methylprednisolone has a potency of 0.5-fold [18]. In
another words, 1 mg of methylprednisolone exerts a miner-
alocorticoid effect equal to that of approximately 0.004 mg
of fludrocortisone. Methylprednisolone dose used by our
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patient was 40 mg and thus might be assumed to have an
effect of that of 0.16 mg fludrocortisone. Although this dose
lies within the range of 0.05-0.2 mg of fludrocortisone,
which is the average daily dose used for mineralocorticoid
replacement in primary adrenal insufficiency, obviously, it
could not protect our patient from adrenal crisis. A possi-
ble explanation for this might be failure of methylpredniso-
lone to have a full effect due to variances in oral absorption
or steroid catabolism. In addition to the above-mentioned
hypothesis, it might not be possible to achieve the desired
response even with high-dose steroids due to the alterations
in steroid receptors in some patients with favorable genetic
background due to elevated cytokine synthesis in the event
of inflammation [19]. In this way, steroid resistance might
have developed in our patient through this mechanism
despite the high-dose steroid, and thus, described clinical
picture might have appeared.

In conclusion, TBC should be meticulously investigated
as a possible cause of retroperitoneal fibrosis in countries
where TBC is common. Although adrenal insufficiency and
particularly adrenal crisis is very rarely expected while on
high-dose steroid treatment, it must be considered in the
presence of persistent hyperkalemia and hyponatremia, and
detailed histopathologic and microbiological investigations
should be performed, especially keeping infectious causes
(CMYV, TBC) in mind.
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