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WATIER Eric

Chirurgie plastique, reconstructrice et esthétique ; brûlologie Au-delà des instants légers, de vraies amitiés solides et profondes qui m'ont aidé à avancer et qui perdureront.

Une pensée particulière pour mes fratés et les femmes ainsi que pour les potos Rennais.

Á mes collègues,

A tous les externes et internes avec qui j'ai partagé le travail et parfois plus ; merci pour les bons moments et le soutien mutuel à l'hôpital.

Mention spéciale pour mes co-internes d'urologie toulousaine qui ont dû me supporter pendant la rédaction de ce manuscrit. 

Abstract

Background: Surgery is the treatment of choice for pheochromocytoma. However, this surgery carries a risk of hemodynamic instability (HDI). The aim of this study was to report complications associated with adrenalectomy for pheochromocytoma, to identify risk factors for HDI during surgery and to evaluate the impact of HDI on postoperative outcomes.

Methods:

The charts of all patients who underwent adrenalectomy for pheochromocytoma in two academic centers between 2006 and 2020 were retrospectively reviewed. All patients entered a dedicated multidisciplinary perioperative pathway mainly including intra venous α blockers injection preoperatively. The primary outcome was HDI defined by a systolic blood pressure > 160 mmHg or a mean blood pressure < 60 mmHg intraoperatively ; The secondary outcomes of interest were the total duration of HDI, the occurrence of intraoperative arrhythmia , perioperative cardiovascular events and post-operative complications graded according to the Clavien-Dindo classification.

Results: Two hundred and five patients were included. HDI occurred intraoperatively in 155 patients (75.6%) with a median of 2 [1-3] episodes per patient. Six patients experienced arrhythmia intraoperatively (3,2%). Thirty-eight post-operative complications were reported (18,6%) but only nine were ≥3 according to Clavien-Dindo (4,4%). There were 10 postoperative cardiovascular events: one pulmonary embolism (0,6%), four acute coronary syndrome (2,3%) and four acute pulmonary edema (2,8%). Patients with intraoperative HDI had higher rates of postoperative complications (21.3% vs. 10%; p=0.07), major postoperative complications (5.8% vs. 0%; p=0.12) and cardiovascular events (6.5% vs. 0%; p=0.12). Factors associated with intraoperative HDI in univariate analysis were age (OR=8.14; p=0.006), high blood pressure preoperatively (OR=2.16; p=0.04), tumor size (OR=15.83; p=0.0001) and urinary normetanephrine level (OR=9.33; p=0.04).

Conclusion:

In tertiary referral centers, the overall morbidity of adrenalectomy for pheochromocytoma is low. HDI during adrenalectomy for pheochromocytoma is highly prevalent but rarely associated with major cardiovascular events. There might be a link between HDI and post-operative cardiovascular events making the identification of risk factors for HDI and preventive strategies clinically relevant. In the present series, tumor diameter, urinary level of normetanephrine and a history of high blood pressure were the three factors significantly associated with HDI.

Introduction

Pheochromocytoma originates from the chromaffin cell of the adrenal medulla or of a sympathetic ganglion [START_REF] Savoie | French ccAFU guidelines -update 2020-2022: malignancy assessment of an adrenal incidentaloma[END_REF]. These tumors produce, store and release catecholamines, which are responsible for various symptoms, typically a triad associating excessive perspiration, headache and palpitations but can also generate severe cardiovascular complications such as hypertensive crisis, acute coronary syndrome, stroke or arrhythmia (2) (3) (4).

Surgical excision is the treatment of choice for pheochromocytomas according to all existing guidelines (5) [START_REF] Lenders | Pheochromocytoma and paraganglioma: an endocrine society clinical practice guideline[END_REF]. However, this surgery has been reported to carry a risk of hemodynamic instability which may result in severe, potentially life-threatening complications (7) [START_REF] Ulchaker | Successful outcomes in pheochromocytoma surgery in the modern era[END_REF].

Minimally invasive surgery using a trans or retroperitoneal laparoscopic approach is usually favored for localized pheochromocytomas <6cm (9) [START_REF] Hu | Minimally Invasive Versus Open Adrenalectomy in Patients with Adrenocortical Carcinoma: A Meta-analysis[END_REF]. This surgical procedure should be part of a dedicated multimodal pathway including preoperative intra venous administration of alpha blockers [START_REF] Lenders | Pheochromocytoma and paraganglioma: an endocrine society clinical practice guideline[END_REF]. Its role is to prevent severe intraoperative complications and hemodynamic instability (11) (12) (13) [START_REF] Nicholson | Pheochromocytoma and prazosin[END_REF]. Although improved surgical management and medical preparation have allowed a significant decrease in pheochromocytomas' morbidity and mortality, some steps are still at risk, especially general anesthesia, creation of the pneumoperitoneum and manipulation of the tumor (4) [START_REF] Alderazi | Phaeochromocytoma: current concepts[END_REF]. Brutal decrease in catecholamine level following the tumor removal or section of the adrenal vein can also lead to hypotension, hypoglycemia and shock (16) [START_REF] Prys-Roberts | Phaeochromocytoma-recent progress in its management[END_REF]. Several independent factors associated with hemodynamic instability (HDI) have been identified previously by various studies but controversial findings have been reported (18) [START_REF] Bruynzeel | Risk Factors for Hemodynamic Instability during Surgery for Pheochromocytoma[END_REF]. Moreover, while numerous studies have investigated the predictors of hemodynamic instability, the impact of intraoperative hemodynamic instability on postoperative outcomes have rarely been evaluated.

The aim of this study was to report complications associated with adrenalectomy for Pheochromocytoma, to identify risk factors of intraoperative hemodynamic instability and to evaluate the impact of hemodynamic instability on postoperative outcomes.

Methods

Study design

The charts of all patients who underwent adrenalectomy for pheochromocytoma in two academic centers between 2006 and 2020 were retrospectively reviewed and included for analysis. The two institutions were tertiary referral centers for adrenal surgery and all patients were managed pre, intra and postoperatively by experienced multidisciplinary teams including surgeons, endocrinologists, cardiologists, nephrologists, intensivists, radiologists, pathologists and biochemists. The diagnosis of pheochromocytoma was suspected in patients with typical symptoms (excessive perspiration, headache, palpitations, high blood pressure) and elevation of 24h urinary metanephrine and normetanephrine level in the presence of an adrenal mass seen on computed tomography (CT). 24h urinary catecholamine's level was also assessed in all patients with adrenal incidentaloma. Pathological analysis of the surgical specimen was made to confirm the presence of a pheochromocytoma. Only patients with pheochromocytoma on final pathology were included for analysis. Patients who underwent partial adrenalectomy were also excluded. The data were collected retrospectively from the institutional computerized patient care registry. The following patient's baseline characteristics were collected: gender, age, BMI, American Society of Anesthesiologists (ASA) score, preoperative blood pressure (BP), tumor side and tumor size on CT-scan. High blood pressure preoperatively was defined as a systolic BP ≥ 140 mmHg and/or a diastolic BP ≥90 mmHg and/or anti-hypertensive drugs intake. The intraoperative variables collected included the surgical approach, operative time, estimated blood loss, need for adjacent organ resection, blood transfusion, volume of intravenous fluid administered intraoperatively, intraoperative blood pressure and the use of vasoactive drugs. This study was approved by the local ethics committee and was conducted following the principles of the Helsinki declaration.

Surgical technique

The surgical approach was not standardized and was left to surgeons' discretion. A laparoscopic approach was used in the vast majority of cases. In one of the two centers, a transperitoneal route was always favored while both transperitoneal and retroperitoneal routes were used in the other center. An open approach was usually preferred for larger tumors >6 cm. The surgical techniques followed the principles already reported in the literature with surgeons striving to control and clip the adrenal vein as early as possible, before mobilizing the adrenal gland (20) [START_REF] Chiu | Contemporary Experience of Posterior Retroperitoneoscopic Adrenalectomy in the US[END_REF]. One experienced surgeon and two surgeons in their learning curve performed all the surgical procedures in one center while two experienced surgeons performed the vast majority of adrenalectomies in the other center. Surgeon's experience was categorized as high (i.e. > 20 adrenalectomies) vs. limited (<20 adrenalectomies) for each procedure.

Perioperative management

All patients with a preoperative suspicion of pheochromocytoma underwent preoperative α blockade. Systolic and diastolic blood pressures were measured before intra-venous α blockade.

Pretreatment protocol used mainly Urapidil titrated intravenously up to 15 mg per hour with a goal of systolic blood pressure <100-110mmHg. β blockers were also associated to lower the heart rate under 60 bpm in some patients. Protocol did not differ according to the patient characteristics but was not the same depending on the academic center. Blood pressure was invasively monitored, recorded every 5 minutes or at every significant change and was used as a parameter to define HDI. In a small subset of patients, the diagnosis of pheochromocytoma was made retrospectively on the pathological analysis of the surgical specimen. Those patients did not undergo preoperative α blockade.

Outcomes of interest

The primary outcome was HDI, defined as the occurrence of a systolic blood pressure >160mmHg or a mean blood pressure <60 mmHg intraoperatively [START_REF] Pacak | Preoperative management of the pheochromocytoma patient[END_REF]. The number of episodes of HDI and the total duration of these episodes were also recorded. The secondary outcomes of interest were the total duration of HDI, the occurrence of intraoperative arrhythmia, perioperative cardiovascular events and post-operative complications. Cardiovascular events were defined as pulmonary embolism, cerebrovascular accident, acute coronary syndrome and/or acute pulmonary edema.

The occurrence of intraoperative arrhythmia and perioperative cardiovascular events was collected.

Post-operative complications were graded according to the Clavien-Dindo classification and categorized as minor (Clavien ≤2) or major (Clavien ≥3) complications [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].

Statistical analysis

Means and standard deviations were reported for continuous variables, medians and interquartile ranges for categorical variables, and number and proportions for nominal variables. Comparisons between groups were performed using the χ2 test or Fisher's exact test as appropriate for discrete variables, and Mann-Whitney test for continuous variables.

Univariate and multivariate logistic regression analyzes were performed to assess the predictive factors of hemodynamic instability. Multivariate models included covariates with a p-value<0.25 in univariate analysis. For continuous variables, odd ratios were expressed per change in regressor for each unit increase. Statistical analyses were performed using JMP v.14.0 software (SAS Institute Inc., Cary, NC, USA). All tests were two-sided with a level of p <0.05 considered statistically significant.

Results

Patients' characteristics

Two hundred and five patients were included. 

Impact of hemodynamic instability on post-operative complications

Patients with intraoperative HDI had a higher rate of postoperative complications and major postoperative complications (21.3% vs. 10% and 5.8% vs. 0% respectively, table 4) although those differences did not reach statistical significance (p=0.07 and p=0.12 respectively). The rate of cardiovascular events also tended to be higher in patients who experienced HDI intraoperatively (6.5% vs. 0%; p=0.12). No major postoperative complication or cardiovascular event occurred in those without intraoperative HDI. The hospital stay was significantly longer in patients with intraoperative HDI (5.8 vs. 4.2 days; p=0.006). Patients with cardiovascular events had a higher number of HDI episodes intraoperatively (3 vs. 2; p=0.11).

Discussion

Our study confirms that adrenalectomy for pheochromocytoma is at risk for intraoperative HDI, which was highly prevalent in our series. This enhances the need for well-trained anesthesiologists for the management of this surgery, despite an adequate pretreatment. One of the points of strength of our study is that we assessed the impact of intraoperative hemodynamic instability on postoperative outcomes. Although differences were not statistically significant owing to the small number of events, HDI was associated with increased rates of postoperative complications and cardiovascular events which confirm the importance of strategies aiming to prevent hemodynamic fluctuation intraoperatively.

We were able to identify several possible predictive factors for intraoperative HDI such as tumor size, preoperative urinary level of normetanephrin and a history of high blood pressure.

The identification of this later factor will probably not change the clinical practice since it was already described before and is one of the key points in the preatreatment before surgery with a goal being to have an arterial pressure low and steady. The association between larger tumor size and HDI may be underpinned by the increased manipulation of larger tumors during resection causing important catecholamine release; however it is difficult to prove this factor independently since it cannot be objectively measured. Hormone level was not measured during surgery however previous studies showed that general anesthesia, creation of the pneumoperitoneum and manipulation of the tumor lead to increased release of catecholamine by the tumor (4) [START_REF] Alderazi | Phaeochromocytoma: current concepts[END_REF]. Efficacy of pretreatment, as suggested in previous studies [START_REF] Tauzin-Fin | Effects of perioperative alpha1 block on haemodynamic control during laparoscopic surgery for phaeochromocytoma[END_REF], was consistent with our findings as shown by the low number of intra operative arrhythmia (6/205), few stopped procedures (3/205) and a small number of cardiovascular events postoperatively.

The lack of statistically significant association between preoperative blockade and HDI in our study was likely due to the small number of patients without preoperative blockade but also and mostly to the low secreting nature of tumors in patients without preoperative blockade as underscored by the low level of urinary metanephrine and normetanephrine preoperatively. We

were not able to separately analyze HDI depending on the type of catecholamine most strongly produced by the tumor. Yang et al [START_REF] Yang | Perioperative hemodynamics in pheochromocytoma secreting different types of catecholamine[END_REF] suggest that high level of epinephrine might be correlated to a higher risk hemodynamic instability whereas high levels of dopamine and norepinephrine would induce persisting hypotension intra and post operatively. This could lead to personalized management of perioperative care based on the endocrine profile of the tumor.

Another point of interest of our study is the low overall morbidity we observed. Consistent with most of the existing literature, we observed no intra operative death and a fairly low rate of arrhythmia [START_REF] Hu | Minimally Invasive Versus Open Adrenalectomy in Patients with Adrenocortical Carcinoma: A Meta-analysis[END_REF] which is probably related to standardized pretreatment and control of systolic arterial tension before surgery.

In accordance with the results from the study of Tiberio et al [START_REF] Tiberio | Prospective randomized comparison of laparoscopic versus open adrenalectomy for sporadic pheochromocytoma[END_REF], there were no differences in term of surgical approach for HDI or severe cardiovascular events between open and laparoscopic procedure. This study confirms the safety of the laparoscopic approach with few complications, insignificant bleeding and a low conversion rate especially for tumors <6cm.

Our study has several limitations which should be acknowledged. First, our study has all the drawbacks inherent to its retrospective design. Moreover, intraoperative hemodynamic parameters were recorded every 5 minutes in the anesthesiologists' charts and, thus, some hemodynamic fluctuation may have been overlooked. The lack of a standardized protocol for hemodynamic control intraoperatively might have influenced the occurrence of hemodynamic instability which can be regarded as a significant drawback. Criteria to define HDI are not consensual since pheochromocytomas are relatively rare tumors. We chose to characterize HDI by a systolic blood pressure >160mmHg or a mean blood pressure <60 mmHg intraoperatively.

Those thresholds were chosen because they are related to severe complications, especially cardiovascular events [START_REF] Pacak | Preoperative management of the pheochromocytoma patient[END_REF]. We did not adjust our analysis for intraoperative surgical events, especially the timing of adrenal vein control, as this data was not always clear in the operative report. Given that some publications suggested the possible impact of these variables on intraoperative hemodynamic stability [START_REF] Wu | Effect of early adrenal vein ligation on blood pressure and catecholeamine fluctuation during laparoscopic adrenalectomy for pheochromocytoma[END_REF], this could be regarded as a shortcoming. Finally, the relatively limited sample size and, most importantly, the small number of major postoperative complications and cardiovascular events prevent to perform robust and adjusted analysis owing to the lack of statistical power.

However, to the best of our knowledge, this is one of the biggest series of adrenalectomy for pheochromocytomas with a dedicated analysis of intraoperative hemodynamic parameters and their impact on postoperative outcomes.

Conclusion

In tertiary referral centers with multidisciplinary team and standardized management, the overall morbidity of adrenalectomy for pheochromocytoma is low. HDI during adrenalectomy for pheochromocytoma is highly prevalent but rarely associated with major cardiovascular events. There might be a link between HDI and post-operative cardiovascular events making the identification of risk factors for HDI and preventive strategies clinically relevant. In the present series, tumor diameter, urinary level of normetanephrine and a history of high blood pressure were the three factors significantly associated with HDI. 
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Table 1 : Patients' characteristics Patients (N=205) Gender

 1 

	Male	94 (46%)
	Female	111 (54%)
	Mean age (years)	52.1 ± 15.2
	Mean Body Mass Index (kg/m 2 )	24.5 ± 4
	Tumor side	
	Right	(53.2%)
	Left	92 (44.9%)
	Bilateral	4 (1.9%)
	Mean tumor size on preoperative CT scan (mm)	45 ± 27
	ASA score	
	1	16 (8%)
	2	(60.3%)
	3	63 (31.7%)
	Surgeon's experience	
	Limited (< 20 adrenalectomies)	22 (14%)
	High (≥ 20 adrenalectomies)	135 (86%)
	Surgical approach	
	Open	13 (6.3%)
	Transperitoneal laparoscopy	(65.9%)
	Retroperitoneal laparoscopy	57 (27.8%)
	Preoperative blockade	(87.3%)
	Mean pre-operative urinary metanephrine level	2255±3466
	(𝝁g/24h)	
	Mean pre-operative urinary normetanephrine level	2830±4557
	(𝝁g/24h)	
	Mean preoperative systolic blood pressure (mmHg)	137 ±24
	Mean preoperative diastolic blood pressure (mmHg)	80 ±16
	High blood pressure preoperatively	(76.4%)

Table 2 : Perioperative outcomes

 2 

	Patients (N=205)	
	Hemodynamic instability	155 (75.6%)
	Median number of hemodynamic instability episodes intraoperatively	2 [1-3]
	Total duration of intraoperative hemodynamic instability (min)	22.1 ± 23.6
	Mean operative time (min)	134.8 ± 71.8
	Mean estimated blood loss (mL)	161.8 ± 384.4
	Maximum systolic blood pressure intraoperatively	
	(mmHg)	178.2 ± 27.1
	Minimum diastolic blood pressure intraoperatively (mmHg)	87.5 ± 13.9
	Perioperative blood transfusion	5 (2.5%)
	Median length of stay (days)	5 [3-6]
	Positive surgical margins	6 (2.9%)
	Postoperative complications	38 (18.6%)
	Major (Clavien grade 3 or higher) postoperative complications	9 (4.4%)
	Postoperative cardiovascular events	10 (4.9%)

Table 4 : Impact of hemodynamic instability on postoperative outcomes

 4 

		Hemodynamic	No hemodynamic	
		instability	instability	p-value
		N=155	N=50	
	Post-operative complications	33 (21.3%)	5 (10%)	0.07
	Major post-operative complications	9 (5.8%)	0 (0%)	0.12
	Cardiovascular events	10 (6.5%)	0 (0%)	0.12
	Length of hospital stay (days)	5.8 ±4.3	4.2 ±2.6	0.006

Number of hemodynamic instability episodes in patients with vs without cardiovascular event

  La surrénalectomie est le traitement de référence en cas de diagnostic de phéochromocytome. Toutefois cette chirurgie est à risque, notamment d'instabilité hémodynamique peropératoire. L'objectif de cette étude était de rapporter les complications de la surrénalectomie pour phéochromocytome, de rechercher les facteurs prédictifs d'instabilité hémodynamique et évaluer son impact sur les suites opératoire. Méthodes : Tous les patients ayant eu une surrénalectomie pour phéochromocytome dans deux centres entre 2006 et 2020 ont été inclus dans une étude rétrospective. Le protocole de préparation préopératoire incluait un alpha bloquant IVSE. Le critère de jugement principal était la survenue de fluctuations hémodynamiques (FLUCTHEM) définies comme pression artérielle (PA) systolique > 160 mmHg ou diastolique < 60 mmHg pendant l'intervention. Les critères de jugement secondaires étaient la durée de FLUCTHEM durant l'intervention, la survenue d'un trouble du rythme peropératoire (DYSRYTHM), la survenue d'une complication cardiovasculaire péri-opératoire et les complications post-opératoires classées selon Clavien. Résultats : Deux cent cinq patients ont été inclus. Cent cinquante-cinq patients ont présenté des FLUCTHEM (75,6%) avec une médiane de 2 [1-3] épisodes par patients. Six patients ont présenté un DYSRYTHM peropératoire. Il y a eu 38 complications post-opératoires (18,6%) mais uniquement neuf Clavien ≥3 (4,4%). Il y a eu dix complications cardiovasculaires post-opératoires : une embolie pulmonaire (0,6%), quatre syndromes coronariens aigus (2,3%) et quatre oedèmes aigue du poumon (2,8%). Les patients avec des FLUCTHEM avaient un taux de complications post-opératoire plus élevé (21.3% vs. 10%; p=0.07), plus de complications graves (5.8% vs. 0%; p=0.12) et de complications cardiovasculaires (6.5% vs. 0%; p=0.12). Les facteurs significativement associé aux FLUCTHHEM en analyse univariée étaient l'âge (OR=8.14; p=0.006), une HTA préexistante (OR=2.16; p=0.04), la taille de la tumeur (OR=15.83; p=0.0001) et le taux de normétanéphrine urinaire (OR=9.33; p=0.04). Conclusion : En centre expert, la morbidité de la surrénalectomie pour phéochromocytome est faible. Il pourrait exister un lien entre FLUCTHEM et complications cardio-vasculaires post-opératoires. L'identification et l'application des mesures permettant de limiter les FLUCTHEM paraissent donc d'intérêt. Dans cette série, la taille de la tumeur, le taux de normétanéphrine urinaire et une HTA préexistante étaient les facteurs associés significativement aux FLUCTHEM.
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