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Abstract
Background: Cushing’s disease is a condition rarely encountered during 
pregnancy. It is known that hypercortisolism is associated with increased maternal 
and fetal morbidity and mortality. When hypercortisolism from Cushing’s disease 
does occur in pregnancy, the impact of achieving biochemical remission on fetal 
outcomes is unknown. We sought to clarify the impact of successful surgical 
treatment by presenting such a case report.
Case Description: A 38‑year‑old pregnant woman with recurrent Cushing’s disease 
after 8 years of remission. The patient had endoscopic transsphenoidal of her 
pituitary adenoma in her 18th week of pregnancy. The patient had postoperative 
biochemical remission and normal fetal outcome with no maternal complications.
Conclusion: Transsphenoidal surgery for Cushing’s disease can be performed 
safely during the second trimester of pregnancy.

Key Words: Cushing’s syndrome, endonasal, endoscopic, fetal complications, 
minimally invasive skull base surgery, operative timing, pituitary

INTRODUCTION

The first published case of Cushing’s syndrome in 
pregnancy was reported by Hunt and McConahey in 
1953.[23] Since then, there have been around 200 cases 
reported in the literature. Cushing syndrome presenting 
in pregnancy is rare as hypercortisolism suppresses the 
secretion of gonadotropins and ovarian estrogen and 
progesterone, resulting in amenorrhea or oligomenorrhea 
in 75% of cases[19,28,49,55] Cushing’s disease occurs in 
60–70% of all patients with Cushing’s syndrome, but 
occurs only in approximately 33% of the reported 
Cushing’s syndrome cases in pregnancy.[6,21,29,40]

The diagnosis of Cushing’s disease in pregnancy 
presents a challenge due to up regulation of the 

hypothalamic‑pituitary axis (HPA) and associated 
hypercortisolism of pregnancy.[27] In this article, we 
present a case report of a patient who presented with 
recurrent Cushing’s disease, became pregnant in the 
setting of hypercortisolism, and was subsequently 
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successfully treated during pregnancy via an endoscopic 
endonasal transsphenoidal approach. To our knowledge, 
this is only the twelfth reported surgically treated case of 
Cushing’s disease in pregnancy. The physiology of the 
HPA in pregnancy, diagnostic laboratory, and imaging, 
as well as neurosurgical, and anesthetic treatment 
considerations are also reviewed.

CASE DESCRIPTION

A 38‑year‑old pregnant woman presented with recurrent 
Cushing’s disease. She had initially presented 8 years 
prior with weight gain, truncal obesity, and hypertension.  
Adrenocorticotrophic hormone (ACTH)‑dependent 
hypercortisolism was confirmed. Urinary free cortisol 
(UFC) was 105.1 ug/24 h (reference range <45 ug/24 h), 
midnight serum cortisol was 249 ng/dl (reference range 
<100 ng/dl), and ACTH was 60 pg/ml (reference range 
5–27 pg/ml). The patient had a negative high‑resolution 
brain magnetic resonance imaging (MRI) with contrast. 
Inferior petrosal sinus sampling (IPSS) results were 
consistent with a pituitary source of her ACTH‑dependent 
Cushing’s syndrome [Table 1]. After discussion with the 
patient, she was taken to the operating room for sellar 
exploration. Extensive sellar exploration as well as serial 
vertical sections through the gland in approximately 
2 mm intervals was performed through the entire anterior 
gland in addition to exploration of the posterior lobe. 
Several suggestive lesions were identified and removed. 
On postoperative day (POD) number 1, the patient’s 
cortisol level dropped to 1.4 ug/dl from preoperative levels 
of 22.3 ug/dl. The patient was started on hydrocortisone 
20 mg in the morning and 10 mg in the evening. The 
patient was discharged on POD number 3. Six months 
later in follow‑up ACTH was 7 pg/ml (5–27 pg/ml). 
One‑year after the first surgery the patient got pregnant, 
which resulted in a normal full‑term neonate.

The patient remained in remission and re‑presented after 
8 years with symptoms of fatigue, diaphoresis, 50 pound 
(22.7 kg) weight gain over 3–4 months, easy bruising, 

hair loss, hypertension, and headaches. Biochemical 
workup was as follows: 24‑h UFC 172.1 µg (reference 
range <45 ug/24 h), ACTH 56.3 pg/ml (reference range 
6–48 pg/ml); 8 a.m. serum cortisol 26.9 µg/dl. Two 
consecutive midnight salivary cortisol samples were 
245 and 262 ng/dl (reference range <100 ng/dl). Dedicated 
MRI of the pituitary with gadolinium contrast revealed 
a 4 mm hypointense sellar lesion that was suspicious for 
recurrent pituitary microadenoma [Figure 1].

The patient was scheduled for elective surgery, but 
it was canceled as she was found to be pregnant on 
the day of the surgery, which corresponded to her 12th 
week of pregnancy (G4P3). After being re‑evaluated 
by endocrinology and high‑risk obstetrics, surgical 
resection was recommended during pregnancy in order 
to minimize potential life‑threating maternal and fetal 
complications as a result of hypercortisolism. In addition, 
it was recommended that surgery be performed during 
the second trimester of pregnancy. After a thorough 
discussion of the risks and benefits to both her and the 
baby, she elected to proceed.

The patient underwent an image‑guided endoscopic 
endonasal transsphenoidal approach during the 18th week 
of pregnancy. The patient was positioned in semilateral 
supine position [Figure 2] to avoid undue pressure of 
her gravid uterus on her iliac veins. After adequate 
exposure of the sphenoid sinus had been obtained, a 
wide sellar exposure was performed extending to both 
cavernous sinuses. Given the 9 mm intracarotid distance, 
extra time was spent confirming the carotid location 
with neuro‑navigation and the Doppler probe. Dura was 
opened with a sickle knife. Scar tissue was found on the 
dura and intradurally. Notably, the pituitary gland had 
been sectioned during the previous operation, which made 
identification of abnormal tissue challenging. Biopsies 
were taken from far left lateral, left lateral, central, right 
lateral, and posterior parts of pituitary gland and sent to 
pathology. Frozen section from the left lateral aspect was 
suspicious for pituitary adenoma. No cerebrospinal fluid 

Table 1: Inferior petrosal sinus sampling done at initial diagnosis before the first surgery

Time 
(min)

Right Left Cortisol 
(ug/dl)ACTH Prolactin ACTH Prolactin

PS Periph. Ratio PS Periph. Ratio PS Periph. Ratio PS Periph. Ratio

−10 2198 36 61.1 1152.4 12.0 96 875 36 24.3 179.9 12.0 15.0 17.3
−5 1181 28 42.2 1381.4 10.0 138.1 445 28 15.9 333.5 10.0 33.4 13.5

Administration of CRH at 1 mg/Kg

+2 7300 22 331.8 796.6 11.6 68.7 10832 22 492.4 630.4 11.6 54.3 13.7
+5 7957 31 256.7 708.9 11.4 62.2 5921 31 191 395.7 11.4 34.7 13.3
+10 4130 38 108.7 375.1 11.8 31.8 6233 38 164.0 261.6 11.8 22.2 13.0
+15 3037 36 84.4 191.5 11.3 16.9 6323 36 175.6 216.8 11.3 19.2 16.3
ACTH: Adrenocortcotrophic hormone, PS: Petrosal sinus sample, Periph.: Peripheral sample, Ratio: ratio between petrosal sinus and peripheral samples, CRH: Corticotrophic 
releasing hormone
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was encountered and the dural defect was covered by 
inlay dural substitute and onlay mucosal graft harvested 
from the middle turbinate. Postoperatively, the patient 
demonstrated normalization of her blood pressure and 
no longer required antihypertensives. Nadir cortisol and 
ACTH levels postoperatively on day 2 came back 1.1 ug/dl 
(reference range 3.4–26.9 ug/dl) and 6 pg/ml (reference 
range 6–48 pg/ml), respectively, and the patient was started 
on replacement hydrocortisone. She developed diabetes 
insipidus postoperatively, which has been controlled to 
date by oral desmopressin acetate 0.1 mg in the morning 
and 0.2 mg at bedtime. The patient delivered a full‑term 
healthy neonate at her 39th week of gestation. The baby’s 
weight was 8 lbs (3.6 kg). At 3 months follow‑up, the 
patient is still on hydrocortisione replacement therapy 
and desmopressin 0.1 mg/day. ACTH stimulation test was 
3.0 and 4.0 ug/dl at 30 and 60 min after CORTROSYN 
administration (a peak of at least 18 ug/dl is considered 
normal).

DISCUSSION

Physiology of the hypothalamic‑pituitary‑adrenal 
axis in pregnancy
The HPA axis function is upregulated during pregnancy. 
The placenta produces corticotropin‑releasing hormone 
(CRH), which is structurally identical to hypothalamic 
CRH.[27] As a result, plasma CRH concentrations are 
nearly 1000 times higher in pregnancy compared with 
the nonpregnant state and normalize within 24 h of 
delivery.[17,28,45‑47] CRH appears to be an important mediator 
of the “gestational clock” and early activation of placental 
CRH is associated with premature labor.[29,30,56] Cortisol 
first increases around the 11th week, peaks between the 
first and second trimester, and plateaus in the third 
trimester.[15,29,36,49] In pregnancy, serum cortisol and 
urine free cortisol are 2–3 times greater compared to 
nonpregnant controls.[27,49,50,57] ACTH also rises throughout 
pregnancy and normalizes within 2 h of delivery, whereas 
plasma cortisol takes longer to normalize.[7,27,38] In addition 
to increased CRH and ACTH, another contributing factor 
to hypercortisolism of pregnancy is decreased negative 

feedback on the pituitary gland by circulating cortisol. 
During the second and third trimester, 1 mg dexamethasone 
results in plasma cortisol suppression of 40% compared to 
87% in nonpregnant controls.[37,48] The fetus is protected 
from increased maternal cortisol levels by placental 
11β‑hydroxysteroid dehydrogenase 2 (11β‑HSD2), which 
converts cortisol to inactive 11‑keto metabolites.[27,48] 
In late gestation, there is reversal of 11β‑HSD2, which 
may help in fetal lung maturation.[29,34] In physiologic 
hypercortisolism of pregnancy, there is preservation of the 
normal circadian rhythm in cortisol levels, although it may 
be slightly blunted compared to normal.[27]

Endocrinological diagnostic considerations
Clinical diagnosis of Cushing’s syndrome in pregnancy 
is difficult due to an overlap in clinical features such 
as weight gain, fatigue, emotional change, abdominal 
striae, hypertension, and hyperglycemia.[25] In pregnant 
women with Cushing’s syndrome, serum cortisol is 
between 2 and 22 times (median 8 times) the upper 
limit of normal.[25,27] Some authors have suggested that 
a UFC >3 times the upper limit of normal is a reliable 
indicator for the diagnosis of Cushing’s syndrome in 
pregnancy.[25,26,44] Because circadian changes in cortisol 
levels are preserved in pregnancy, an elevated midnight 
salivary cortisol can also be helpful to diagnose Cushing’s 
syndrome during pregnancy.[7,12,29,35] Due to the blunted 
negative feedback in pregnancy, overnight dexamethasone 
suppression tests have a high rate of false positive 
results.[29,55] IPSS can be used to differentiate a central 
versus ectopic source of excess ACTH in patients with 
ACTH‑dependent Cushing’s syndrome. It is rarely used 
in pregnancy due to the risks of ionizing radiation. 
However, if necessary, a direct jugular approach can be 
utilized in addition to abdominal lead barriers.[27,39]

Imaging of the pituitary gland in pregnancy
Detection of a pituitary adenoma on MRI can help 
confirm the diagnosis of Cushing’s disease. However, 

Figure 1: Magnetic resonance imaging brain with gadolinium 
contrast demonstrating a left 4 mm hypointense pituitary 
lesion (red arrow) that was suspicious for recurrent pituitary 
microadenoma

Figure 2: An illustration showing positioning for endoscopic 
transsphenoidal surgery in patients with gravid uterus
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imaging the pituitary gland during pregnancy requires 
awareness of special considerations. MRI is generally 
considered safe during pregnancy, although some 
authors have recommended avoiding MRI during the 
first trimester due to potential unknown adverse effects 
during organogenesis.[27] Gadolinium is categorized by the 
Food and Drug Administration (FDA) as category C and 
is generally avoided during pregnancy. It is important to 
note, however, that the sensitivity of MRI for detecting 
Cushing’s disease in the nonpregnant population 
significantly decreases from 52% with gadolinium to 38% 
without gadolinium.[51] In addition, the pituitary gland 
undergoes a natural hyperplasia during pregnancy. The 
pituitary gland volume increases beginning at 12 weeks 
and doubles in size by the end of the third trimester.[18] In 
pregnancy, the gland does not exceed a vertical height of 
10 mm, however, it may reach 12 mm in the immediate 
postpartum period. After the immediate postpartum 
period, the gland rapidly returns to normal size, regardless 
of breast‑feeding status.[16] In addition, a normal anterior 
pituitary lobe in pregnancy tends to have a homogenous 
signal on T1‑weighted images.[18]

Neurosurgical and anesthetic considerations
Given the high rate of maternal and fetal complications 
from untreated Cushing’s syndrome, treatment is usually 
justified during pregnancy. The goal of treatment is to 
reduce UFC to the upper part of normal observed in 
pregnancy.[4,25] Prior studies have demonstrated superior 
maternal and fetal outcomes in addition to a higher rate 
of live births when medical treatment is implemented in 
the second trimester compared to no intervention during 
pregnancy.[25,29] The second trimester is considered the 
optimal time for surgical intervention because anesthesia 
given in the first trimester carries an increased risk of 
spontaneous abortion,[10,43] whereas anesthesia in the third 
trimester carries an elevated risk of premature labor.[10,52] 
Transsphenoidal surgery has been successfully performed 
in the second trimester in a small number of published 
case reports.[8,13,25,31,40‑42,54]

Anesthetic considerations include ensuring adequate 
uterine blood flow, avoidance of anesthetic agents with 
possible teratogenic effects, and avoidance of hypoxia and 
acidosis.[1] The normal physiologic changes happening 
during pregnancy as well as pathophysiologic changes 
during Cushing’s syndrome are important to consider 
when planning the general anesthetic needed. Difficulty 
in managing the airway as well as a high chance of 
aspiration could be a result of both pregnancy and 
Cushing’s syndrome.[31] Uterine weight may compress 
the inferior vena cava and decrease preload and lead to 
arterial hypotension and placental insufficiency. A wedge 
underneath the right hip can displace the uterus and 
mitigate this effect.[14] Care must be taken to avoid 
undue pressure on the uterus by the surgeon or by any 

equipment during the case. Adequate hydration and 
special attention to fluid and electrolyte balance is 
important. Induced arterial hypotension which is often 
used in pituitary surgery to avoid excessive bleeding 
from the nasal mucosa should be avoided. Alternatively, 
local vasoconstrictive agents, warm saline nasal irrigation, 
and various thrombin containing hemostatic agents can 
be used instead. Although continuous fetal monitoring 
in conjunction with high‑risk obstetric surveillance is 
recommended and definitely an option, it is probably 
best when it is utilized in situations where there is a 
viable fetus, thus giving immediate information about 
fetal well‑being and if there is a need for immediate 
intervention including delivery.[5,14,32] The mean 
arterial blood pressure should first be increased if any 
intraoperative fetal compromise is detected.[32,53] For a 
fetus that has not reached a viable age, preinduction, 
and postsurgical monitoring will provide sufficient 
information. Regardless of timing, close and continuous 
communication between the obstetrician, perinatologist, 
anesthesiologist, and the surgeon is essential to ensuring 
the best outcome.[1]

Medical therapy
Although surgery is the first line treatment option 
for pregnant patients with Cushing’s disease, medical 
therapy should be considered if surgery is not feasible. 
Despite being classified as a Class C drug by the FDA, 
meytrapone is the most commonly used medical therapy 
and is generally well‑tolerated.[9,11] However, it does carry 
risk of fetal hypoadrenalism and increased risk of maternal 
hypertension and preeclampsia.[5,20,22] Ketoconazole, also 
FDA category C, has been used in few case reports, 
but is not generally used due to animal studies which 
demonstrated that it crosses the placenta and is both 
teratogenic and abortifacient.[2,3,24,33] In pregnancies in 
which medical therapy has been instituted, transient 
neonatal adrenal insufficiency should be anticipated and 
treated, as it is life‑threatening and easily treatable.[19]

CONCLUSION

We present a case of successful surgical treatment of 
recurrent Cushing’s disease during pregnancy. Biochemical 
remission was achieved in this case during pregnancy 
and the outcome was a healthy full‑term neonate with 
no maternal complications during pregnancy or labor. 
Transsphenoidal surgery for Cushing’s disease can be 
performed safely during the second trimester of pregnancy 
but requires extra vigilance and close communication 
between sub‑specialty team members.
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