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Abstract 

Adrenal Cushing syndrome during pregnancy is rare, and there is limited information 
on the effect and safety of metyrapone treatment both for mother and fetus. We pre-
sent a 24-year-old woman diagnosed with adrenal Cushing syndrome at the end of the 
second trimester. We elected treatment with metyrapone titrated to 250 mg 3 times daily, 
resulting in good clinical response and maternal serum and saliva cortisol levels in the 
upper half of the normal pregnancy range. A healthy male infant was born at 35 weeks’ 
gestation, with no clinical signs of adrenal insufficiency, this despite a low cortisol of 
5 nmol/L on the first day of life. We measured metyrapone in maternal and umbilical 
cord blood samples, demonstrating fetal venous metyrapone levels similar to maternal 
venous concentration, and a fetal arterial cord concentration at about 60% of the fetal 
venous cord concentration. This case demonstrates that salivary cortisol levels may be 
used to monitor the effect of metyrapone on adrenal Cushing syndrome during preg-
nancy. We show, for the first time in humans, that metyrapone does cross the placenta 
and may suppress fetal cortisol production without necessarily causing clinical signs of 
adrenal insufficiency.
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Cushing syndrome (CS) during pregnancy is rare, with only 
about 200 cases reported in the literature [1]. Its rarity in 
pregnancy is multifactorial because of low rates of fertility 
consequent to CS, and because of the challenging diag-
nosis [2] caused by the overlapping clinical presentation 
of CS vs the normal physiological state of hypercortisolism 
seen in pregnancy. In pregnant women, CS is most com-
monly adrenal in origin (50%-60% of cases), whereas in 
nonpregnant women pituitary Cushing disease is found in 
70% of cases [2]. Left undiagnosed and untreated, CS can 
be detrimental both to maternal and fetal health [2].

Literature available to guide therapy is sparse, and no 
consensus has been established for optimal management of 
CS during pregnancy. Medical and surgical treatments were 
both found to be protective in avoiding fetal loss. Surgery 
tends to be preferred because of reduced complications at 
time of delivery. However, timing limits its safety to the 
second and early third trimester [2, 3].

Metyrapone, a steroidogenesis inhibitor, has been safely 
used in pregnancy for the medical treatment of CS [4, 5]. 
Metyrapone passes through the placental barrier and may 
potentially affect adrenal steroid production by the fetus 
[6]. There are no documented fetal complications with 
its use; however, transplacental studies have not been re-
ported in humans. Animal studies have demonstrated 
cross-placental transfer of metyrapone without detrimental 
effect [7]. Risk of worsening preexisting hypertension 
leading to preeclampsia has been reported because of in-
crease in the 11-deoxycortisol precursor. This case report 
explores the challenges of medical management of adrenal 
CS in pregnancy when surgical intervention is not possible. 
Metyrapone was used to reduce serum and saliva cortisol 
levels to the upper limits of expected pregnancy ranges. 
Unique to this case, additional analyses were performed 
to measure increase in 11-deoxycortisol as well as analysis 
of cord blood samples to assess cross-placental transfer of 
metyrapone.

1. Clinical Case

A 24-year-old pregnant women was referred at 25 weeks’ 
gestation for concerns about excess cortisol secretion. Her 
symptoms included rapid weight gain, hirsutism, chronic 
hypertension, generalized weakness, fatigue, and wide-
spread violaceous striations. Her medications included pre-
natal vitamins with folic acid, daily low-dose aspirin, and 
nifedipine XL 60 mg daily. Six years prior to presentation, 
her first pregnancy was complicated by gestational diabetes, 
32-kg weight gain, hypertension, and an eclamptic seizure 
necessitating an emergency cesarean delivery at 33 weeks’ 
gestation in a community hospital. A baby boy weighing 
3 pounds and 9 ounces was delivered. Post partum, her 

hypertension persisted and widespread violaceous stri-
ations did not substantially improve. Over the next years 
her obesity remained and she continued antihypertensive 
treatment with long-acting nifedipine. A  glucose toler-
ance test was normal, and she was followed by her family 
health team.

At presentation during the second pregnancy, she ap-
peared cushingoid, with a round and flushed face, hir-
sutism, supraclavicular and dorsal fat pads, widespread 
violaceous striae, and mild proximal myopathy. Her 
weight was 123.1 kg with a body mass index of 44 kg/m2,  
blood pressure of 145/108  mm  Hg, and heart rate of 
122 per minute. Laboratory investigations showed an in-
creased 24-hour urine cortisol excretion of 1141 nmol/day 
(nonpregnancy reference range < 275), increased salivary 
cortisol of 44.5 nmol/L at 8 am and 61.1 nmol/L at 8 pm 
(< 24.1 nmol/L for 6-8 am and < 9.7 for 4-8 pm) showing 
loss of diurnal variation, suppressed morning adreno-
corticotropin (ACTH) (< 0.3 pmol/L) and low DHEAS 
(dehydroepiandrosterone sulfate) of 1.2  µmol/L (range, 
2.7-9.2 µmol/L). A 2-hour 75-g glucose tolerance test con-
firmed diabetes mellitus. Testing of 24-hour urinary excre-
tion of catecholamines and metanephrines was normal. 
Magnetic resonance imaging of the abdomen showed a 
3.7-cm left adrenal adenoma.

A diagnosis of adrenal ACTH-independent CS during 
pregnancy was made. A multidisciplinary case conference, 
with representation of departments of adult endocrinology, 
general surgery, maternal fetal medicine, neonatology, anes-
thesia, and clinical pharmacology, was organized. Although 
the literature would favor early surgical adrenalectomy 
during pregnancy, this patient was considered a high-risk 
surgical candidate because of her high body mass index 
(possibly necessitating conversion from laparoscopic to 
open surgery) and the concern for inferior vena cava com-
pression by the gravid uterus when placed in the right lat-
eral decubitus position.

Therefore, we elected to treat this patient medically 
but decided against ketoconazole because of its reported 
embryotoxicity [8]. We started the patient on metyrapone, 
an inhibitor of 11β-hydroxylase in the steroidogenesis 
pathway of the adrenal cortex, resulting in a reduction 
in serum cortisol. Because the patient lived in a remote 
area, this was administered during hospital admission in 
our center. We performed serial measurements of plasma 
metyrapone, cortisol and 11-deoxycortisol, and salivary 
cortisol. We also measured metyrapone, cortisol, and 
11-deoxycortisol in fetal (umbilical artery [UA] and vein) 
and maternal plasma during delivery.

We measured plasma concentrations of metyrapone, 
cortisol, and 11-deoxycortisol by liquid chromatography-
tandem mass spectrometry. Briefly, plasma samples 
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(50 μL) were combined with 150 μL of acetonitrile con-
taining internal standards (10  ng/mL alprazolam and 
350  ng/mL D4-cortisol). Alprazolam served as the in-
ternal standard for metyrapone, while D4-cortisol was 
the internal standard used for the analysis of cortisol 
and 11-deoxycortisol. After centrifugation, the resulting 
supernatants were dried in a SpeedVac and reconstituted 
with 150 μL of acetonitrile/water (5%/95%) containing 
0.1% formic acid for injection into the liquid chromato-
graph (Agilent 1100). Analytes were separated with 
gradient elution using mobile phases A (water with 1% 
formic acid) and B (acetonitrile with 1% formic acid) on 
a Hypersil Gold C18 column (50 × 5 mm, 5 μm, Thermo 
Scientific). Retention times for metyrapone, alprazolam, 
cortisol, and 11- deoxycortisol were 2.9 minutes, 4.3 
minutes, 4.3 minutes, and 4.3  minutes, respectively. 
Solutes were analyzed by tandem mass spectrometry 
(TSQ Vantage, Thermo Scientific) by electrospray ioniza-
tion and detection in positive mode. For metyrapone, al-
prazolam, cortisol, D4-cortisol and 11-deoxycortisol, the 
mass transitions used were 227.2 → 121.1 m/z, 309.0 → 
280.9 m/z, 363.2 → 121.1 m/z, 367.2 → 121.1 m/z and 
347.0 → 97.0 m/z, respectively. Standard curve samples 

were prepared in charcoal-stripped plasma (BioIVT) and 
processed in a similar fashion as patient samples. For 
metyrapone, the limit of detection (LOD) was 0.05 ng/mL,  
the limit of quantitation (LOQ) was 0.2  ng/mL, preci-
sion (coefficient of variation %) was 9.3%, and bias was 
11.4%. For cortisol, LOD was 2 ng/mL, LOQ was 5 ng/mL,  
precision was 2.0%, and bias was 2.3%. Last, for 
11-deoxycortisol, LOD was 0.2 ng/mL, LOQ was 0.5 ng/mL,  
precision was 7.4%, and bias was 9.4%.

As shown in Table  1, a single dose of metyrapone 
250 mg resulted in rapid metyrapone absorption within 1 
hour, with levels returning to barely detectable  24 hours 
after ingestion. Maternal and fetal vital signs remained 
stable during this period. Similar analysis after a cumula-
tive dose of 750 mg demonstrated mean peak plasma con-
centrations of 4.9 ng/mL.

The metyrapone dose was gradually increased to 250 mg 
TID. This dose resulted in a steady decline both of plasma 
and salivary cortisol concentrations (Fig. 1), approaching 
serum cortisol levels around 800  nmol/L and saliva cor-
tisol levels around 30 pmol/L, both in the upper half of the 
normal pregnancy range [9]. Hypertension remained con-
trolled on nifedipine.

Table 1.  Metyrapone—effect of an initial single 250-mg dose and cumulative 1000-mg dose

Time Metyrapone, ng/mL Cortisol, nmol/L Cortisol saliva, nmol/L 11-Deoxycortisol, ng/mL

Day 1      
  Baseline 12:30 0 1036 48.4 1.7
  1 h post 13:30 35.9 820 28.6 12.4
  8 h post 20:30 2.4 1015 40.4 2.8
  24 h post 12:30 0.1 950 43.1 0.9
Day 3      
  Pre-fifth dose 00:30 1.7 1096  3.1
  1 h post 01:35 4.9 1141  2.8

The patient received 250 mg metyrapone at 12:30 on day 1, at 8:30 and 16:30 on day 2, and at 00:30 on day 3. All measurements were taken in plasma.

Figure 1.  Steady decline both in A, plasma, and B, morning salivary cortisol readings were observed during successful control of hypercortisolism 
with metyrapone therapy. Note that serum cortisol levels reflect total cortisol (including protein-bound cortisol), whereas salivary cortisol levels re-
flect free cortisol concentrations.
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A. Maternal Outcomes

The overall condition of the patient, including control of 
gestational diabetes and hypertension, improved during 
metyrapone therapy. An elective repeat cesarean delivery 
was performed at 35 weeks’ gestation, after balancing the 
risks of further maternal medical decompensation with 
those of late preterm delivery. A healthy male infant was 
delivered without complication. Serum cortisol level at 
time of delivery was 2398 nmol/L, remaining around the 
upper limit of normal pregnancy levels. Postpartum tran-
sition to more affordable ketoconazole therapy was well 
tolerated. Laparoscopic left adrenalectomy was performed 
without complications at 10 weeks post delivery. Since 
then, there has been notable improvement of the patient’s 
initial Cushing features. She was treated with a tapering 
dose of hydrocortisone for 6  months, at which time she 
had a normal functioning pituitary–right adrenal axis. Her 
cushingoid symptoms gradually improved and her weight 
decreased to 103  kg, her blood pressure normalized to 
115/83 mm Hg off medications, and further biochemical 
evaluation showed normal cortisol secretion.

B. Fetal Outcomes

Fetal growth, well-being, and placental function were 
monitored during metyrapone treatment using serial ultra-
sounds. Estimated fetal weights were measured every 3 
weeks, with growth parameters remaining within the 
normal range (70th percentile at 26 weeks, 50th percentile 
at 35 weeks). Biophysical profile scores and UA Dopplers 
were performed weekly and consistently within normal 
limits (UA pulsatility index < 95th percentile).

A male infant was born at 35 weeks’ gestation with 
a weight of 2.41  kg (33rd  percentile) and an Apgar 
score 9 both at 1 and 5 minutes. There were no signs 
suggestive of CS or hyperandrogenism, and no neonatal 
complications. On the first day of life, a random evening 
venous cortisol concentration was low at 5  nmol/L 
(normal range, 68-327 nmol/L). On the third day of life, 
the baseline ACTH was 9.12 pmol/L (range, 1.98-2.47 
pmol/L), and the cortisol level improved to 41  nmol/L. 

A peak cortisol value of 214 nmol/L was observed after 
ACTH stimulation. The child maintained a normal elec-
trolytes profile and was clinically stable. Therefore, these 
results were interpreted as appropriate for the child’s 
gestational age. Defining normal cortisol values is diffi-
cult in the neonatal period as studies have shown a large 
range of reference values [10]. There was no evidence of 
hypoglycemia, hyponatremia, hyperkalemia, lethargy, or 
vomiting. He was discharged home on the fourth day of 
life. He was seen by a pediatric endocrinologist at age 
4 weeks and was noted to have had appropriate weight 
gain, regular feeding patterns, and a normal morning cor-
tisol level (154 nmol/L). There was no clinical evidence 
of hyperandrogenism. He was discharged from endocrin-
ology follow-up to primary care.

The results of umbilical cord sampling are shown in 
Table 2 and demonstrate that metyrapone does cross the 
placenta, with the fetal venous cord concentration being 
only slightly lower than the maternal venous concentra-
tion, and the fetal arterial cord concentration being about 
60% of the fetal venous cord concentration.

2. Discussion

We describe a patient with adrenal CS diagnosed at the 
end of the second trimester who elected treatment with 
metyrapone. Unique features of this case include the moni-
toring of salivary cortisol in addition to serum cortisol, as 
well as monitoring of maternal and fetal levels of cortisol 
and metyrapone at the time of delivery.

Systematic review of published cases until April 2015 
have found only 220 patients (263 pregnancies) with active 
CS in pregnancy [2, 6]. The diagnosis of CS is also con-
founded by the physiological state of hypercortisolism nor-
mally seen in pregnancy. Serum cortisol levels have been 
noted to increase 2 to 3 times the upper limit of normal, 
and urine cortisol can rise 180% in pregnancy. Lack of 
suppression with dexamethasone is often seen because of 
persistent unsuppressed placental ACTH secretion. The 
salivary diurnal variation, however, seems to be preserved 
during pregnancy [9]. Early recognition of CS in pregnancy 

Table 2.  Maternal and fetal effects of metyrapone therapy at delivery

Time Metyrapone, ng/mL Cortisol, nmol/L 11-Deoxycortisol, ng/mL

Sample     
  Mother 15:00 19.8 2398 7.1
  Venous cord 15:00 16.1 843 4.8
  Arterial cord 15:00 9.4 924 3.8

All measurements were taken in plasma.
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is imperative. Caimari et al [2] demonstrated a higher risk 
of gestational diabetes (36.9 vs 2.3% P = .003), gestational 
hypertension (40.5 vs 2.3% P < .001), and preeclampsia 
(26.3 vs 2.3% P = .001) in active compared to cured preg-
nant patients. Fetal outcomes were also negatively affected, 
with higher rates of fetal loss (23.6 vs 8.5% P = .021) and 
global fetal morbidities (33.3 vs 4.9% P < .001). The most 
common fetal morbidities include premature birth, intra-
uterine growth restriction, stillbirths and, rarely, adrenal 
insufficiency. No fetal hypercortisolism was reported [2]. 
Other maternal complications noted in the literature in-
cluded poor wound healing, osteoporosis, pathological 
fractures, cardiac failure and, rarely, maternal mortality.

Although the primary treatment of adrenal CS in preg-
nancy is adrenalectomy, we elected to treat the patient with 
metyrapone because of the gestational age at diagnosis and 
the concerns about surgical complications due to maternal 
body habitus. Serum cortisol levels were monitored but, 
because serum cortisol measures total cortisol including 
protein-bound cortisol, interpretation remains challenging. 
Ambroziak and colleagues [9] described salivary cortisol 
levels specified by trimester, and reported a morning saliva 
cortisol of 21.9 nmol/L (range, 8.9-39.7 nmol/L [mean and 
2.5 and 97.5th percentile]). During the patient’s metyrapone 
treatment, we were able to achieve morning saliva cortisol 
levels in the upper half of this third trimester–specific range. 
Worsening hypertension and risk of preeclampsia are known 
risks of metyrapone use. It has been suggested that the in-
creased levels of precursor 11-deoxycortisol during the in-
hibition of 11β-hydroxylase by metyrapone cause sodium 
retention, leading to hypertension. In this patient, with the 
use of liquid chromatography-tandem mass spectrometry, 
11-deoxycortisol levels were measured and a slight increase 
was observed. However, her blood pressure improved once 
she was on the metyrapone and remained stable throughout 
the pregnancy. 11-Deoxycortisol may have some gluco-
corticoid activity (about 15% of that of cortisol) [11] but 
does not have mineralocorticoid activity. However, the 
hypertension and hypokalemia may primarily be caused by 
11-deoxycorticosterone, which has mineralocorticoid but no 
glucocorticoid activity [12], and which would be increased 
due to inhibition of 11β-hydroxylase activity [13]. In the pre-
sent study we did not measure 11-deoxycorticosterone levels.

In addition, immunoassays for cortisol may have cross-
reactivity for 11-deoxycortisol. This cross-reactivity is re-
ported to be low at 4.6%, but indicated to be clinically 
relevant in patients with 11β-hydroxylase deficiency or 
following metyrapone challenge [14]. Therefore, the use 
of liquid chromatography-mass spectrometry to measure 
11-deoxycortisol was also important to reduce the risk of 
overtreatment and potential adrenal insufficiency both for 
mother and fetus.

We are not aware of any previous human transplacental 
data on metyrapone. Animal models demonstrate a 50% 
placental transfer of metyrapone with no pronounced 
effects on adrenal function [7]. Our data demonstrate 
that metyrapone does cross the placenta in humans. The 
metyrapone concentration in venous cord blood was 
16.1  ng/mL and 9.4  ng/mL in arterial cord blood. This 
implies that the theoretical risk of fetal steroid synthesis 
inhibition is real, with a potential risk of fetal adrenal in-
sufficiency. Indeed, on day 3 of life, neonatal cortisol levels 
were suboptimal both at baseline and after stimulation, 
demonstrating a likely transient effect of metyrapone on 
fetal cortisol production. However, there were no clinical 
or other biochemical signs of adrenal insufficiency, and 
this child has never required glucocorticoid administration. 
Although in this particular case there were no signs of neo-
natal adrenal insufficiency, we were able to confirm that 
fetal exposure to metyrapone does occur and careful moni-
toring of the neonatal hypothalamic-pituitary-adrenal axis 
post delivery remains important.

The metyrapone plasma concentrations described in the 
product monograph were based on data published in ab-
stract format in 1967 [15]. Concentrations were measured 
after a single dose of 750  mg, but the analytic methods 
were not described, making any direct comparison with 
our results difficult. The plasma concentrations in our pa-
tient are similar to what has been reported for metyrapone 
in breast milk [16].

During her first pregnancy, our patient developed symp-
toms and complications that could potentially be explained 
by CS. Hána and colleagues [17] described a patient with 
ACTH-independent CS that developed during pregnancy 
and went into remission within 3 weeks of delivery, with 
the same pattern developing during her next 2 pregnancies. 
Searching for an underlying mechanism, Andreescu and 
colleagues [18] described the presence of abnormal cortisol 
responses in 3 pregnant patients with CS due to an adrenal 
adenoma. These patients had an abnormal cortisol response 
to luteinizing hormone–releasing hormone and human 
chorionic gonadotropin, and suppressed ACTH levels, 
and developed CS during pregnancy. Other rare causes of 
pregnancy-induced CS included placental corticotropin-
releasing hormone synthesis or estrogen-dependent nodular 
adrenal hyperplasia [19]. It is possible that similar mech-
anisms may explain, at least in part, the presentation in 
our patient. However, because her symptoms did not com-
pletely resolve between pregnancies, this is unlikely to com-
pletely explain our patient’s pathophysiology.

In conclusion, this case report illustrates the additional 
complexity of CS management when detected in late preg-
nancy. Our case report clearly illustrates that a multi-
disciplinary approach is critical because it provides the 
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information and expertise required to carefully balance 
maternal and fetal risks. In a high-risk surgical patient, the 
literature on medical therapy is sparse. Therefore, multiple 
key endocrine points required exploration, including the 
safety of medical treatment in pregnancy, the availability 
and effectiveness of metyrapone in pregnancy, as well as 
unknown fetal risk. We have demonstrated the use of saliva 
cortisol for monitoring the effect of metyrapone, and dem-
onstrated, for the first time, that metyrapone crosses the 
placenta in humans.
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