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INTRODUCTION

Adrenal diseases are rare [START_REF] Golden | Clinical review: Prevalence and incidence of endocrine and metabolic disorders in the United States: a comprehensive review[END_REF] and are can on occasion be diagnosed during pregnancy.

Consequences of untreated adrenal lesions can jeopardize both maternal and fetal outcomes.

Diagnostic and therapeutic management of these patients is challenging with no consensus concerning strategy. Firs, the difficulty of the diagnosis can be explained by physiologic modifications of pregnancy leading to atypical or misleading clinical presentations. Second, biologic analysis may vary compared to routine references and reference ranges of hormone assays are not always available for pregnant patients with variable biologic analysis. Third, imaging investigations are purposely limited to avoid or at least minimize radiation exposure to the fetus. Fourth, several medications are contraindicated because of fetal toxicity and teratogenicity. Finally, the rarity of adrenal disorders also contributes to this diagnostic delay.

In this situation, adrenalectomy can be required, leading to a highly stressful situation both for patients and medical teams. Adrenal surgery during pregnancy has been reported only rarely and mainly as case reports for various conditions such as adrenocortical carcinoma, pheochromocytoma, cortisol-secreting lesions, or a threatening adrenal hematoma. [START_REF] Kita | Cushing's syndrome in pregnancy: report of a case and review of the literature[END_REF][START_REF] Choi | Cushing's syndrome in pregnancy with a severe maternal complication: a case report[END_REF][START_REF] Grodski | Phaeochromocytoma in pregnancy[END_REF][START_REF] Holgado-Galicia | Cushing's syndrome in pregnancy[END_REF] . Little is known about the management and short-term postoperative outcome of both the mothers and their babies.. The aim of the present study is to report a tertiary referral center experience of adrenalectomy during pregnancy, with a specific attention to operative indications, perioperative maternal complications, and perinatal short-term outcomes.

PATIENTS AND METHODS

Data collection

From January 2003 to July 2018, 12 women underwent adrenalectomy during pregnancy at Cochin Hospital, Paris, France, a tertiary referral center both for complicated pregnancies and adrenal disease. Demographic, clinical, radiologic, and pathologic data were obtained from a prospectively maintained database with additional retrospective review of the charts of the patients and newborn charts. For each patient, the diagnosis was confirmed by an experienced pathologist and classified according to the World Health Organization. This study was approved by the National Data Protection Authority (Commission Nationale de l'Informatique et des Libertés, CNIL n° 1755849), by our Institutional Review Board, and was conducted according to the ethical standards of the Committee on Human Experimentation, and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Preoperative management

Preoperative work-up were all performed in Cochin Hospital, Paris, France, and included clinical evaluation, complete hormonal and radiologic evaluation with ultrasonography and magnetic resonance imaging (MRI). An additional dynamic ,multidetector computed tomography (CT) was performed if considered required by the clinical and hormonal situation weighting the benefit-risk balance between radiation exposure and diagnostic accuracy. All surgical indications were discussed in a multidisciplinary adrenal tumor board, including surgeons, radiologists, endocrinologists, anesthesiologists, obstetricians, and pathologists.

Operative technique and perioperative care

For most patients, the lateral laparoscopic transabdominal approach was used as described previously [START_REF] Gagner | Laparoscopic adrenalectomy in Cushing's syndrome and pheochromocytoma[END_REF][START_REF] Gaujoux | Risk factors for conversion and complications after unilateral laparoscopic adrenalectomy[END_REF][START_REF] Gagner | Laparoscopic adrenalectomy. The importance of a flank approach in the lateral decubitus position[END_REF] . If a laparoscopic approach was not possible because of technical constraints and/or suspicion of malignancy, an open laparotomy via a subcostal approach ± upper midline extension was performed. Fetal monitoring was performed before and after the operation. All procedures were performed in close relation with obstetricians and pediatricians.

Control population

All pregnant patients were matched individually i with 2 non-pregnant patients who had adrenalectomy between 2008 and 2015, according to age (± 10), body mass index (BMI, ± 10%), operative approach (laparoscopic versus open ), lesion size (cut-off 5 cm), hormonal secretion (cortisol-secreting lesions versus catecholamine-secreting lesions versus nonsecreting lesions). During the selection process, investigators were blinded to the postoperative course.

Short-term outcomes

Overall 30-day postoperative morbidity included all postoperative complications and was defined according to the Clavien-Dindo classification [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF] . Severe postoperative morbidity included all complications grade 3 or 4. Newborn status was defined according to the 5 min APGAR score, intrauterine growth retardation, need for transfer to the neonatal intensive care unit, and in-hospital mortality (defined by death before discharge).

Statistical analysis

Quantitative data were reported as medians (interquartile range). Qualitative data were reported as number of patients (percentage of patients). Comparisons between the 2 groups were performed by the Fisher's exact test for categorical variables, and the Mann-Whitney U test for continuous variables. P values <0.05 were considered statistically significant recognizing that the number of patients was small and the statistical robustness was limited. All analyses were performed using SPSS for Mac OSX (version 22.0, IBM Corp, Armonk, NY,

RESULTS

Study population

Patients' demographics, characteristics, and procedures are summarized in table 1. A total of 12 patients underwent adrenalectomy during their pregnancy over this 15-year inclusion period. Briefly, at the time of operation , patients had a median age of 34 years (29-40), a median gestation of 20 weeks (14-26) with a minimum of 5 weeks and a maximum of 32 weeks. All adrenal lesions were diagnosed on the following symptoms or presentations: abdominal pain due to the lesion volume (n=1), high blood pressure (n=4), and Cushing's syndrome (n=7).

Eleven of the 12 lesions were over-secreting including cortisol (n=8), catecholamine (n=2), and/or androgens and precursors (n=1); 11 lesions were benign, including cortisol-secreting adenoma (n=5), pheochromocytoma (n=2), Cushing disease (n=2), Primary Pigmented Nodular Adrenal Disease (PPNAD) (n=1), and hematoma (n=1). Three patients with severe Cushing disease (n=2) or PPNAD (n=1) required bilateral adrenalectomy to control the cortisol oversecretion. One patient presented with a malignant adrenal Ewing sarcoma. A total of 9 patients had a laparoscopic approach including a bilateral laparoscopic adrenalectomy in 3 patients. Open procedures were performed for 2 benign lesions: 1 patient had a large, spontaneous adrenal hematoma, suspected initially to be a ruptured malignant lesion presenting at 10 weeks of gestation, and 1 patient had an open procedure associated to a Cesarean for a 40 mm pheochromocytoma at 32 weeks of gestation. An open approach was performed for the adrenal sarcoma at 27 weeks of gestation.

Short-term outcomes

Thirty-day postoperative maternal morbidity was observed in 3 patients, including 1 case each of surgical site infection treated medically (i.e. Dindo 2), mild acute pancreatitis treated medically (i.e. Dindo 2) and 1 postoperative intraabdominal abscess after open procedure (i.e. Dindo 3) requiring radiologic drainage. Maternal mortality was nil in this series.

Regarding obstetrical outcome, one woman had a medical termination of pregnancy at 22 weeks of gestation for maternal indication. Among the 12 remaining patients, 7 had a Cesarean section, including 2 patients who required a Caesarean during the adrenalectomy procedure (one each for severe preeclampsia at 27 weeks of gestation and for a 40 mm pheochromocytoma at 32 weeks of gestation), and 1 pregnancy was still in progress.

Overall, preterm birth defined as a birth earlier than 37 weeks of gestational age occurred in 6 of the 11 patients and intrauterine growth retardation defined as a weight less than the 10 th percentile for the gestational age 10 

Control group

As presented in table 3, pregnant women were matched with 24 control patients. There was no difference between the 2 groups regarding 30-day postoperative morbidity (p = 0.461).

Both mortality and severe mortality were nil, however, patients from the control group were discharged somewhat earlier than patients from the study population (4 days versus 5 days).

The re-hospitalization rate was nil in the 2 groups.

DISCUSSION

In the present series of 12 adrenalectomies performed during pregnancy, we show that in these highly challenging procedures, maternal outcome was excellentwhatever the operative indication, despite potential severe obstetric morbidity including HELLP syndrome and severe preeclampsia. The fetal outcome remains noticeble and as suspected , mainly influenced by term of diagnosis and underlying adrenal disease, with increased perinatal risk, including more than 50% of preterm birth, especially in patients with Cushing's syndrome or the one patient with a malignant lesion.

In our experience, the most frequent diagnosis requiring urgent adrenalectomy were cortisol-secreting adrenal adenoma, Cushing's disease, pheochromocytoma, or malignant lesions. Clinical presentations of Cushing's syndrome during pregnancy is often atypical, misleading, and delayed because of the anatomic and physiologic changes during pregnancy.

Because these situations are rare, most specialists have a very limited experience, and most reported experiences are limited to clinical cases [START_REF] Van Der Weerd | ENDOCRINOLOGY IN PREGNANCY: Pheochromocytoma in pregnancy: case series and review of literature[END_REF][START_REF] Andreescu | Adrenal Cushing's syndrome during pregnancy[END_REF][START_REF] Gavrilova-Jordan | Spontaneous adrenal hemorrhage during pregnancy: a review of the literature and a case report of successful conservative management[END_REF][START_REF] Abiven-Lepage | Adrenocortical carcinoma and pregnancy: clinical and biological features and prognosis[END_REF][START_REF] Caimari | Cushing's syndrome and pregnancy outcomes: a systematic review of published cases[END_REF][START_REF] Lindsay | Cushing's syndrome during pregnancy: personal experience and review of the literature[END_REF] . The decision concerning operative treatment should be made within the context of a multidisciplinary approach, including surgeons, obstetricians, endocrinologists, radiologists, and biologists.

The rarity of adrenal disorders during pregnancy participates in this diagnostic delay.

The diagnostic strategy of adrenal lesions during pregnancy slightly differs from the usual situation. If pregnancy does not affect urinary catecholamines [START_REF] Lenders | Pheochromocytoma and pregnancy: a deceptive connection[END_REF] , normal pregnancy is associated with physiologic hypercortisolism, and biologic tests should be interpreted with caution. Non-ionizing imaging such as MRI should be performed as soon as a lesion is suspected to localize and characterize the lesion accurately. Medical management of pheochromocytoma using alpha-and beta-blockers can control blood pressure efficiently but might become inefficient with increasing intraabdominal pressure and have detrimental consequences on utero-fetal circulation. For Cushing's syndrome caused mainly by adrenal adenoma, various treatments, including metyrapone, ketoconazole, cyproheptadine,and aminoglutethimide, have been used during pregnancy with inconclusive results and cannot suppress the risk for major fetal or maternal toxicity. These treatments, furthermore, carry a potential risk for teratogenicity and fetal adrenal insufficiency. In view of these constraints and of the present experience, we believe that laparoscopic adrenalectomy should not be delayed unnecessarily .From a technical point of view, adrenalectomy during pregnancy should be performed as early as possible and when feasible before 24 weeks of gestation, except if maternal and fetal outcomes are threatened [START_REF] Mannelli | Diagnosis and management of pheochromocytoma during pregnancy[END_REF][START_REF] Kim | Laparoscopic adrenalectomy for pheochromocytoma in pregnancy[END_REF] . Later, the laparoscopic approach can become more challenging because of the volume of the uterus. A laparoscopic approach should be recommended over an open laparotomy 20 , because3laparoscopic surgery, as an example in colorectal surgery, decreased postoperative infectious complications rate [START_REF] Abraham | Meta-analysis of short-term outcomes after laparoscopic resection for colorectal cancer[END_REF] , duration of hospital stay [START_REF] Abraham | Meta-analysis of short-term outcomes after laparoscopic resection for colorectal cancer[END_REF] , and is feasible during pregnancy [START_REF] Pearl | SAGES guidelines for the use of laparoscopy during pregnancy[END_REF] . Indeed, the guidelines of the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) suggests s that laparoscopic surgery can often be performed safely during any trimester of pregnancy when the operation is indicated [START_REF] Pearl | SAGES guidelines for the use of laparoscopy during pregnancy[END_REF] .

The prone position is contraindicated during pregnancy, and a transperitoneal approach with lateral positioning is required and hemodynamically well tolerated on both sides, but close hemodynamic monitoring by the anesthesiology team is required. There is no available data on adrenalectomy performed during the third trimester of pregnancy. The question to postpone the adrenal surgery after a triggered preterm birth has not been answered.

In the present study, maternal outcome was excellent. Indeed, only one severe postoperative complication was observed in a patient with open adrenalectomy for adrenocortical carcinoma. In contrast, fetal outcome is more uncertain with a risk of premature birth, intrauterine growth retardation, stillbirth, and intrauterine death, mainly in Cushing's syndrome-associated pregnancy. Data regarding the management of adrenalectomy during pregnancy are scarce. To the best of our knowledge, although this appears to be the first study trying to compare a group of pregnant women to a control group, despite our attempt at rigorous methodology, it was difficult to obtain a satisfying matching.

We are, of course, aware that several limitations hampered the interpretation of the present experience. In view of the rarity of this condition, this experience is limited by its retrospective design and its small sample size (n=12), despite a homogeneous management over the study period; additionally selection bias and decision-making bias cannot be excluded.

These limitations preclude us from drawing definitive,evidence-based conclusions.

Nevertheless, to the best of our knowledge, the present study represents the largest cohort of pregnant women undergoing adrenal surgery [START_REF] Andreescu | Adrenal Cushing's syndrome during pregnancy[END_REF][START_REF] Gavrilova-Jordan | Spontaneous adrenal hemorrhage during pregnancy: a review of the literature and a case report of successful conservative management[END_REF][START_REF] Abiven-Lepage | Adrenocortical carcinoma and pregnancy: clinical and biological features and prognosis[END_REF][START_REF] Caimari | Cushing's syndrome and pregnancy outcomes: a systematic review of published cases[END_REF][START_REF] Lindsay | Cushing's syndrome during pregnancy: personal experience and review of the literature[END_REF][START_REF] Lenders | Pheochromocytoma and pregnancy: a deceptive connection[END_REF] , and we strongly believe that reporting these results will interesting for the medico-surgical community. Overall, there is still no clear consensus on the surgical management of adrenal lesions during pregnancy, and it is difficult to provide evidence-based recommendations. Each of clinical situations require a thoughtful, multidisciplinary approach, and the precise care decisions and timing of operation might differ depending on when and how the patient presents with the condition.

When required by the maternal and fetal situation, adrenalectomy during pregnancy is associated with an excellent outcome in the mother but some expected morbidity in the neonate.

. Management of those pregnant patients depends on the time of delivery, and on the severity of the underlying adrenal disease. Adrenalectomy should be done ideally during the first and second trimesters and performed laparoscopically if possible after a multidisciplinary team meeting. Maternal outcome is acceptable and fetal outcome conditioned by the underlying disease, with a worst outcome when the adrenalectomy is indicated for malignant lesions or Cushing's syndrome, management of these more difficult patients should initiate referral to a specialized referral multidisciplinary center where appropriate specialty surgical, obstetric, and pediatric care is available.
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  occurred in 3 of the 11 newborns. Data on neonatal outcome are given in table 2.

Table 1 :

 1 Baseline characteristics of 12 pregnant women who underwent adrenalectomy during pregnancy.

	Study population (n = 12)

Table 2 :

 2 Neonatal outcomes of the 12 women who underwent adrenalectomy during their pregnancy † † Accoding to Audipog Fetal growth from http://www.audipog.net/courbes_morpho.php#calcul ‡ ‡ IUGR: Intrauterine growth restriction

	Pts #	Maternal age at surgery (yrs)	Term at surgery (WG)	Pathology	Open/laparoscopic	Postoperative morbidity (Clavien-Dindo)	Delivery	Context	Gestational (WG) age at delivery	Neonatal ICU transfer	Sex	Neonatal weight	Percentile † †	Postnatal outcome
	3	33	26	secreting adenoma	laparoscopic left	0	Cesarean	demise In emergency for IUGR ‡ ‡ & fetal	32	Y	M	1445	28	Alive
	4	36	18	secreting adenoma	laparoscopic left	0	Vaginal	Spontaneous labor	38	N	F	2240	< 3	Alive
	5	29	23	secreting adenoma	laparoscopic left	0	Cesarean	In emergency for HELLP § § syndrome	25	Y	M	520	< 3	Neonatal death
	6	34	5	secreting adenoma	laparoscopic left	0	Vaginal		36	N	M	2250	12	Alive
	13	35	20	secreting adenoma	laparoscopic left	0	Vaginal	Spontaneous labor	39	N	M	3320	80	Alive
	7	41	11	Cushing disease	laparoscopic bilateral	2	Cesarean	During labor for fetal demise	38	N	F	3030	51	Alive
	8	34	20	Cushing disease	laparoscopic bilateral	0	Vaginal	Induction of labor for diabetes	38	N	M	3150	50	Alive
	9	41	26	PPNAD	laparoscopic bilateral	2	Cesarean	In emergency for placenta abruption	26	Y	F	585	5	Alive
	10	25	32	pheochromocytoma	open left	0	caesarean surgical time in the same		32	Y	F	1390	19	Alive
	11	31	19	pheochromocytoma	laparoscopic right	0	Cesarean	Spontaneous labor	37	N	M	2980	54	Alive
	12	30	10	hematoma	open right	0	Vaginal	Spontaneous labor	38	N	F	3120	60	Alive
	2	28	27	adrenal Ewing sarcoma	open right	0	Caesarean in the same surgical time	In emergency for severe preeclampsia	27	Y	F	795	28	Alive

Table 3 :

 3 Intra and postoperative outcome of 12 patients undergoing adrenalectomy during pregnancy) versus 24 matched standard adrenalectomies.

		Adrenalectomy during pregnancy	Standard adrenalectomy	p
	Operative time (min)	142 (55-210)	90 (45-330)	0.167
	Mortality	0	0	-
	Overall morbidity	3 (25%)	3 (10%)	0.461
	Reoperation	0	0	-
	Readmission rate	0	0	-
	Dindo-Clavien > 3	0	0	-
	Median hospital stays (days)	5 (2-8)	4 (2-16)	0.045