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Abstract
Background: The clinical characteristics and complications of Cushing syndrome (CS) are well known and described
in the literature. Nevertheless, rare, atypical presentations may go unnoticed. Osteonecrosis is a well-documented
complication of glucocorticoid therapy. However, endogenous hypercortisolism is a rare, but relevant, cause of bone
avascular necrosis. We describe the case of a woman with CS undiagnosed for 2 years after presenting with femoral
avascular necrosis.
Case presentation: A 38-year-old Caucasian woman was referred for evaluation of secondary amenorrhea, associated with oral contraception withdrawal in the context of deep venous thrombosis (DVT). She had a previous right
hip arthroplasty for treatment of avascular necrosis of the femoral head, diagnosed after 3 years of progressive right
hip pain and limited mobility. She also had high blood pressure (HBP) of 5 years’ duration, and reported weight gain
(4 kg in 2 years). There was no history of infertility (gravida 2, para 2). Physical examination revealed buffalo hump,
truncal obesity, facial plethora, muscular atrophy and proximal myopathy, and easy bruising (under anticoagulant
treatment for DVT). Workup showed abnormal overnight dexamethasone suppression test (DST) (serum cortisol 21.5
µg/dL; normal < 1.8 µg/dL), elevated 24-hour urinary free cortisol (UFC) (728.9 µg/day; reference range 36.0–137.0
µg/day), and suppressed plasma adrenocorticotropic hormone (ACTH) (< 1.0 pg/mL), findings consistent with
ACTH-independent CS. Urinary metanephrines and catecholamines were normal, and the remaining analytical study
showed no major changes, apart from glycated hemoglobin (HbA1c) of 6.8%. Adrenal computed tomography (CT)
scan showed a 25 mm lesion in the left adrenal gland, with density non-suggestive of adenoma. The patient underwent unilateral adrenalectomy and started steroid replacement. Histology revealed an adrenal cortex adenoma. Three
months after surgery the patient presented with resolution of HBP and hypercortisolism (UFC 37.4 µg/day; reference
range 36.0–137.0 µg/day).
Conclusion: In some cases, CS signs may go unnoticed and the diagnosis postponed. Avascular necrosis is a rare
presenting feature of endogenous hypercortisolism, and, if left untreated, complete collapse of the femoral head may
ensue, rendering the need for hip replacement in up to 70% of patients. Suspicion and recognition of atypical features
is therefore important in avoiding complications and delay in treatment of CS.
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Background
Osteonecrosis is a pathological process characterized by
cellular death of bone and joint components due to interruption of the blood supply, which results in structural
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collapse and painful loss of joint function, and has been
associated with numerous conditions and therapeutic
interventions [1]. Glucocorticoid use is reported to contribute to 10–30% of all cases of avascular necrosis of the
femoral head; however, only a few cases are described as
presentation of endogenous hypercortisolism, mostly in
the context of Cushing syndrome (CS) [2–12].
We describe the case of a young woman with adrenocorticotropic hormone (ACTH)-independent CS that
was undiagnosed for 2 years after presenting with avascular necrosis of the right hip without any apparent
cause, which was ultimately treated with hip arthroplasty.

Case presentation
A 38-year-old Caucasian woman was referred to our
department in November 2017 for evaluation of secondary amenorrhea. Absence of menstrual cycle followed
oral contraception withdrawal in the context of spontaneous deep venous thrombosis (DVT) in 2015. Menarche
was at the age of 13, and menstrual cycles were regular
before the beginning of oral contraceptives. The patient
had no previous history of infertility (two pregnancies
and two deliveries) and reported weight gain of about 4
kilograms in the previous 2 years. She denied any symptoms of hyperandrogenism or virilization such as acne,
hirsutism, or voice deepening. She also had a history of
high blood pressure (HBP) for the previous 5 years, but
no history of diabetes. At the time of initial evaluation,
she was medicated with nebivolol/hydrochlorothiazide
5/25 mg once a day, rivaroxaban 20 mg once a day, and
aceclofenac 100 mg twice a day. The patient complained
of progressive and persistent right hip pain that started
around 4 months after her second pregnancy and continued for 3 years, and was associated with limited mobility.
Hip magnetic resonance imaging (MRI) study revealed
avascular necrosis of the right femoral head (Fig. 1), and
led to right hip arthroplasty 1 year before endocrinology
evaluation. Although mobility was recovered after surgery, the patient continued to complain of proximal muscle weakness. She denied relevant family medical history.
Physical exam showed a body mass index (BMI) of 25.96
kg/m2, facial plethora, truncal obesity, and supraclavicular fat pads. Muscular atrophy and easy bruising were
apparent. No skin striae, hirsutism, or acne were seen.
Our workup revealed serum cortisol of 21.5 µg/dL
after overnight dexamethasone suppression test (DST)
(normal < 1.8 µg/dL), elevated 24-hour urinary free cortisol (UFC) (728.9 µg/day; normal 36.0–137.0 µg/day),
and suppressed morning plasma ACTH (< 1.0 pg/mL;
normal < 63.3 pg/mL), findings consistent with ACTHindependent CS. She had normal blood count in liver and
kidney function tests, and glycated hemoglobin (HbA1c)
of 6.8%. Electrolytes were normal, with the exception

Fig. 1 Magnetic resonance imaging (MRI) of the hip. Small to
moderate articular effusion in the right hip joint, with synovitis and
marked dysmorphia of the femoral head with flattening of its superior
slope (thin red arrow), and peripheral, subcortical edema of the
femoral head involving almost all of the articular surface, delimited by
a well-defined serpiginous line (thick red arrow). In the context of the
given patient, these findings should represent avascular necrosis of
the femoral head, probably post-traumatic, in stage IV

of slightly decreased phosphorus (2.3 mg/dL; reference
range 2.7–4.5 mg/dL). The remaining hormonal study
showed mild changes compatible with pituitary function
suppression from excess cortisol (Table 1).
The patient underwent adrenal computed tomography (CT) scan, which showed a 25 mm lesion in the left
adrenal gland, with density non-suggestive of adenoma
(Fig. 2). She was promptly scheduled for unilateral adrenalectomy and was started on steroid replacement therapy after surgery.
Three months after surgery she presented with resolution of HBP and recovered regular menstrual cycle; thyroid function (thyroid-stimulating hormone 2.94 µUI/mL
[reference range 0.35–4.94 µUI/mL], thyroxine 0.75 ng/
dL [reference range 0.70–1.48 ng/dL], triiodothyronine
3.31 pg/mL [1.71–3.71 pg/mL]) and UFC (37.4 µg/day
[reference range 36.0–137.0 µg/day]) were normal. Histological evaluation of the excised adrenal gland revealed
an adrenal cortex adenoma. Bone densitometry was compatible with osteoporosis in the lumbar column (Z-score
−2.2, T-score −2.3) and severe osteopenia in the proximal femur (Z-score −2.4, T-score −2.5). She was started
on alendronate 70 mg/day and cholecalciferol 600 IU
daily to reduce fracture risk.
Ten months after adrenalectomy, she underwent an
ACTH stimulation test. Serum cortisol was 0.2 µg/
dL at baseline and 1.5 µg/dL after 60 minutes, revealing adrenal insufficiency, requiring postponement of
hydrocortisone withdrawal (she is currently treated
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Table 1 Endocrine assessment baseline
Test

Result

Reference range

Cortisol (after 1 mg
overnight DST)

21.5 µg/dL

< 1.8 µg/dL

ACTH

<1.0 p/mL

< 63.3 pg/mL

24-hour UFC

728.9 µg/day 36.0–137.0 µg/day

TSH

0.86 µUI/mL

0.35–4.94 µUI/mL

FT4

0.76 ng/dL

0.70–1.48 ng/dL

FT3

1.53 pg/mL

1.71–3.71 pg/mL

IGF-1

119 ng/mL

57–241 ng/mL

PRL

11.9 ng/mL

4.8–23.3 ng/mL

FSH

4.44 mUI/mL

2.40–12.60 mUI/mL (follicular
phase)

LH

0.53 mUI/mL

3.50–12.50 mUI/mL (follicular
phase)

Estradiol

10.4 pg/mL

12.5–166 pg/mL (follicular phase)

SHBG

12.7 nmol/L

26.1–110.0 nmol/L

Total testosterone

< 0.03 ng/mL 0.06–0.82 ng/mL

DHEA-S

11.3 µg/dL

60.9–337.0 µg/dL

δ-4-androstenedione < 0.3 ng/mL

0.30–3.30 ng/mL

17-OH-Progesterone

0.6–2.6 ng/mL (follicular phase)

0.24 ng/mL

ACTH adrenocorticotropic hormone, DHEA-S dehydroepiandrosterone sulfate,
FSH follicle-stimulating hormone, FT3 free triiodothyronine, FT4 free thyroxine,
IGF-1 insulin-like growth factor 1, LH luteinizing hormone, PRL prolactin, SHBG
sex hormone-binding globulin, TSH thyroid-stimulating hormone, UFC urinary
free cortisol. Abnormal values are presented in bold

Fig. 2 Computed tomography (CT) scan showing a 2.5 mm
adenoma of the left adrenal gland (red arrow)

with hydrocortisone 7.5 mg in the morning + 5 mg
at lunch + 2.5 mg at 4 pm). She lost 9 kg during this
period, maintained normal blood pressure, fasting glucose levels < 80 mg/dL, and remission of CS. A timeline for this case report is provided in Fig. 3.
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Discussion
CS presentation can be quite variable among adults and
children, depending on the duration and the severity of
hypercortisolemia. Nonetheless, typical signs and symptoms of CS are generally well recognized [13]. However,
rarely patients presenting with unusual features can go
unnoticed, leading to a delay in diagnosis and treatment
of this condition, which can be deleterious. Avascular
necrosis of the hip associated with CS has been described
in a few patients [2–12], and previous reported cases are
summarized in Table 2. A total of 14 cases were reported,
79% female (n=11), with a mean age of 38 ± 13.5 years,
and 57% being of pituitary origin. This distribution is
equal to the general CS characteristics.
Many factors, both traumatic and nontraumatic, contribute to the occurrence of avascular bone necrosis, but
the use of exogenous glucocorticoids and alcoholism are
among the most common nontraumatic causes [1, 14].
The pathogenic mechanisms of avascular necrosis of the
femoral head caused by endogenous hypercortisolism or
exogenous glucocorticoid excess are not fully understood,
but it has been proposed that fat cell hypertrophy, fat
embolization, and apoptosis of osteocytes cause compromise of blood perfusion in the femur, leading to ischemic
necrosis of the tissues [14]. Another suggested hypothesis is that hypertension and atherosclerosis secondary to
excess glucocorticoids may induce insulin resistance and
lead to avascular necrosis [15]. Factors related to pregnancy might predispose a susceptible patient to adverse
bone events [16]. Excessive weight gain, especially in the
third trimester, and mechanical stress or micro-trauma
during delivery may have contributed to trigger femoral
avascular necrosis in our patient. The high prevalence of
female cases in the literature (79%) seems to support this
conception, and it would be of interest to better explore
the role of pregnancy/delivery in the occurrence of bone
avascular necrosis.
Early diagnosis of this condition is crucial for optimal
treatment, directed toward the etiology of the disease,
because the process is often progressive, resulting in
joint destruction within 3 to 5 years if left untreated, with
the need for hip replacement in up to 70% of patients
[14]. The majority of patients described with avascular
bone necrosis due to endogenous hypercortisolism were
treated surgically with core decompression, osteotomy,
or total hip replacement, as in our patient. However,
spontaneous resolution of avascular necrosis of femoral
heads after bilateral adrenalectomy for CS caused by primary pigmented nodular adrenocortical disease has been
described [10], and conservative treatment for stages
1–4 has been supported in the recent literature, although
stage 3 and 4 patients might need hip replacement surgery [17, 18].
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Fig. 3 Case report organized timeline

Table 2 Characteristics of clinical cases of Cushing syndrome with avascular necrosis
Author

No. of cases

Sex

Age

Etiology

Treatment

Phillips et al. [2]

4

Woman

24
25
43
61

Cushing’s disease

Transsphenoidal hypophysectomy

Belmahi et al. [3]

1

Woman

28

Cushing’s disease

Transsphenoidal hypophysectomy

Koch et al. [4]

1

Woman

30

Cushing’s disease

Transsphenoidal hypophysectomy

Premkumar et al. [5]

1

Woman

26

Cushing’s disease

Transsphenoidal hypophysectomy

Wicks et al. [6]

1

Man

39

Cushing’s disease

Craniotomy with hypophysectomy

Saeed et al. [7]

1

Woman

20

Adrenal nodular cortical hyperplasia

Right adrenalectomy

Takada et al. [8]

1

Woman

55

Adrenal adenoma

Adrenalectomy

Ha et al. [9]

1

Woman

36

Adrenal cortical adenoma

Left partial adrenalectomy

Pazderska et al. [10]

1

Woman

36

Primary pigmented micronodular adrenal disease

Left plus right adrenalectomy

Cerletty et al. [11]

1

Man

54

Bilateral adrenal cortical hyperplasia

Bilateral adrenalectomy

Camporro et al. [12]

1

Man

55

Ectopic Cushing’s syndrome

Pulmonary segmentectomy

Our case demonstrates that avascular necrosis of the
hip may be an alarming presenting feature of CS. Rare
causes for osteonecrosis, such as endogenous hypercortisolism, should be suspected in every patient who presents with avascular necrosis of the hip with unknown
etiology (no risk factors for bone ischemia or history of trauma). Our patient was a young woman with
early onset of HBP and a 3-year history of leg pain and
decreased mobility, with a late diagnosis of avascular
bone necrosis. Also, it was only 2 years after hip arthroplasty, with the emergence of secondary amenorrhea,

that she was properly referred for evaluation by an
endocrinologist, showing marked cushingoid stigmata. Earlier identification of osteonecrosis and of CS
might have prevented bone collapse and the need for
an arthroplasty at a young age—with risk for revision in
the future—and might have prevented the occurrence
of DVT, probably secondary to the hypercoagulability
state associated with hypercortisolism.
Further research on the mechanisms of bone necrosis
might be helpful in understanding how and why avascular necrosis develops in some patients with endogenous hypercortisolism.
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Conclusions
Avascular bone necrosis associated with CS is a rare
occurrence. It happens mostly in women, and has a pituitary origin in more than half of patients. Many other factors might concomitantly contribute to its occurrence.
As this presentation is rare, our case reinforces the
importance of a high index of suspicion and early recognition of CS atypical features, in order to avoid complications and delay in treatment of CS.
Abbreviations
ACTH: Adrenocorticotropic hormone; BMI: Body mass index; CS: Cushing syndrome; CT: Computed tomography; DHEA-S: Dehydroepiandrosterone sulfate;
DST: Dexamethasone suppression test; DVT: Deep venous thrombosis; FSH:
Follicle-stimulating hormone; FT4: Free thyroxine; FT3: Free triiodothyronine;
HbA1c: Glycated hemoglobin; HBP: High blood pressure; IGF-1: Insulin-like
growth factor 1; LH: Luteinizing hormone; MRI: Magnetic resonance imaging;
PRL: Prolactin; SHBG: Sex hormone-binding globulin; TSH: Thyroid-stimulating
hormone; UFC: Urinary free cortisol.
Acknowledgements
Not applicable.
Authors’ contributions
DS provided help in the clinical management, collected and interpreted the
data, and wrote the manuscript. CE evaluated and diagnosed the patient, participated in the clinical management, followed the patient at the endocrinology outpatient clinic, and contributed substantially by critically proofreading
the manuscript. MJF and JP participated in the clinical inpatient management.
TP performed the adrenalectomy. RP examined the excised adenoma and
provided definite histological diagnosis. DC approved all medical decisions,
applied and gave the final approval of the manuscript. All the authors read
and approved the final manuscript.
Funding
No funding to declare.
Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations
Ethics approval and consent to participate
Our institutional review board approved the search of electronic medical
records for this paper. The patient involved gave consent for the use of her
medical records.
Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this journal.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Endocrinology, Diabetes and Metabolism, Centro Hospitalar
Universitário de São João, 4200‑319 Porto, Portugal. 2 Faculty of Medicine
of University of Porto, Porto, Portugal. 3 Institute for Research and Innovation in Health, University of Porto, Porto, Portugal. 4 Department of Surgery
of Centro Hospitalar, Universitário de São João, Porto, Portugal. 5 Department
of Pathology of Centro Hospitalar, Universitário de São João, Porto, Portugal.
Received: 25 December 2019 Accepted: 22 April 2021

Page 5 of 5

References
1. Rajpura A, Wright AC, Board TN. Medical management of osteonecrosis of
the hip: a review. Hip Int. 2011;21(4):385–92. https://doi.org/10.5301/HIP.
2011.8538.
2. Phillips KA, Nance EP Jr, Rodriguez RM, Kaye JJ. Avascular necrosis of
bone: a manifestation of Cushing’s disease. South Med J. 1986;79(7):825–
9. https://doi.org/10.1097/00007611-198607000-00011.
3. Belmahi N, Boujraf S, Larwanou MM, El Ouahabi H. Avascular necrosis of
the femoral head: an exceptional complication of Cushing’s disease. Ann
Afr Med. 2018;17(4):225–7. https://doi.org/10.4103/aam.aam_75_17.
4. Koch CA, Tsigos C, Patronas NJ, Papanicolaou DA. Cushing’s disease
presenting with avascular necrosis of the hip: an orthopedic emergency.
J Clin Endocrinol Metab. 1999;84(9):3010–2. https://doi.org/10.1210/jcem.
84.9.5992.
5. Premkumar M, Dhanwal DK, Mathews S, Garg A, Sahoo S, Mahamine K,
et al. Avascular osteonecrosis of femoral head in a postoperative patient
of pituitary Cushing’s disease. J Assoc Phys India. 2013;61(6):413–5.
6. Wicks IP, Calligeros D, Kidson W, Bertouch JV. Cushing’s disease presenting with avascular necrosis of the femoral heads and complicated by
pituitary apoplexy. Ann Rheum Dis. 1987;46(10):783–6. https://doi.org/10.
1136/ard.46.10.783.
7. Saeed A, Bannan L. Avascular necrosis of femoral heads post-adrenal
surgery for Cushing’s syndrome: a rare presentation. Ir J Med Sci.
2012;181(2):263–4. https://doi.org/10.1007/s11845-011-0717-1.
8. Takada J, Nagoya S, Kuwabara H, Kaya M, Yamashita T. Rapidly destructive
coxarthropathy with osteonecrosis and osteoporosis caused by Cushing’s
syndrome. Orthopedics. 2004;27(10):1111–3 (PMID: 15553956).
9. Ha J-S, Cho H-M, Lee H-J, Kim S-D. Bilateral avascular necrosis of the
femoral head in a patient with asymptomatic adrenal incidentaloma. Hip
Pelvis. 2019;31(2):120–3. https://doi.org/10.5371/hp.2019.31.2.120.
10. Pazderska A, Crowther S, Govender P, Conlon KC, Sherlock M, Gibney J.
Spontaneous resolution of avascular necrosis of femoral heads following cure of Cushing’s syndrome. Endocrinol Diabetes Metab Case Rep.
2016;2016:160015. https://doi.org/10.1530/EDM-16-0015.
11. Cerletty JM, Ziebert AP, Mueller KH. Avascular necrosis of the femoral
head as presenting manifestation of Cushing’s disease. Clin Orthop Relat
Res. 1973;97:69–73. https://doi.org/10.1097/00003086-197311000-00011.
12. Camporro F, Bulacio E, Magaldi IG. Bilateral osteonecrosis of the hip secondary to endogenous Cushing’s syndrome due to a recently-diagnosed
carcinoid tumour of the lung. Medicina Clinica. 2016;147(5):228. https://
doi.org/10.1016/j.medcli.2016.03.042.
13. Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, Stewart PM,
et al. The diagnosis of Cushing’s syndrome: an Endocrine Society Clinical
Practice Guideline. J Clin Endocrinol Metab. 2008;93(5):1526–40. https://
doi.org/10.1210/jc.2008-0125.
14. Chan KL, Mok CC. Glucocorticoid-induced avascular bone necrosis:
diagnosis and management. Open Orthop J. 2012;6:449–57. https://doi.
org/10.2174/1874325001206010449.
15. Hungerford DS. Pathogenesis of ischemic necrosis of the femoral head.
Instr Course Lect. 1983;32:252–60 (PMID: 6546072).
16. Cheng N, Burssens A, Mulier JC. Pregnancy and post-pregnancy avascular
necrosis of the femoral head. Arch Orthop Traumat Surg. 1982;100:199–
210. https://doi.org/10.1007/bf00442735.
17. Chang CC, Greenspan A, Gershwin ME. Osteonecrosis: current perspectives on pathogenesis and treatment. Semin Arthritis Rheum.
1993;23(1):47–69. https://doi.org/10.1016/s0049-0172(05)80026-5.
18. Mont MA, Jones LC, Hungerford DS. Nontraumatic osteonecrosis of the
femoral head: ten years later. J Bone Joint Surg Am. 2006;88(5):1117–32.
https://doi.org/10.2106/JBJS.E.01041.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

