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      Abstract


      Introduction


      Pheochromocytomas can present with a wide variety of clinical features. Tumor size of pheochromocytomas can often be as variable as its symptomology. The purpose of this investigation is to evaluate the differences in the clinical features, the biochemical values, and their relationship to the tumor size.


      Materials and methods


      We retrospectively reviewed records of 102 patients diagnosed with a pheochromocytoma, treated at our institution between 1999 and 2014. Clinical characteristics and laboratory values were obtained after reviewing the electronic medical records. For data analysis and comparison, the patients were stratified into three groups according to tumor size: group A (< 4 cm, n = 26); group B (4-8 cm, n = 45) and group C (> 8 cm, n = 14).


      Results


      Eighty-five patients were included in the study. In group-A 19 were female and 7 were male with an average age of 49.9 ± 17 (19-69). In group-B, there were 32 males and 13 females with an average age of 49.4 ± 13.7 (25-77). In group-C, there were 8 males and 6 females with an average age of 54.8 ± 17.3(31-84). The average tumor size was 2.5 cm (1-3.5) in group-A, 5 cm (4-7.5) in group-B, and 9.82 cm (8.5-16) in group-C. The preoperative average hormonal level (plasma normetanephrines/metanephrines nmol/l) was 5.53/4.78 for group-A, 8.34/4.11 for group-B and 27.37/8.42 for group C. There was a statistically significant difference when comparing normetanephrine/metanephrine levels, relative to tumor size. Specifically, when comparing group A to group C, group B to C, but not group A to B. When considering hyperadrenergic symptoms (e.g. hypertension, headaches, palpitation and sweating), relative to size, there was only a statistically significant difference in the presence of hypertension-but only when there was a larger discrepancy in size (i.e. < 4 vs. > 8 cm).


      Conclusion


      This investigation demonstrated that tumor size could have an influence on the degree of plasma noremetanephrine/metanephrine secretion. On the other hand, we found that tumor size has no impact on the presence of hyperadrenergic symptoms, except for hypertension.
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      Introduction


      Pheochromocytomas (PCC) are rare neuroendocrine tumors originating from the adrenal medulla and/or extra-adrenal para-ganglionic tissues. These chromaffin tumors can present as functional tumors with hyper-adrenergic symptoms or as incidentally encountered tumors on a radiological scan (non-secretory, non-functional tumors) [1,2]. Incidence among the general population is about 0.8 per 100.000 persons per year, and it is estimated to be 0.2-0.6% in the hypertensive population [1]. The hyper-adrenergic syndrome associated with these tumors occurs as a result of catecholamine excess-manifesting classically as paroxysmal hypertension, episodic tachycardia, sweating, headaches, and/or dizziness. PCC can vary in their presentation, from asymptomatic with episodic symptoms to continuous symptoms with intermittent adrenergic crises [3]. This all depends on the secretion profile of the tumor; the rate, the amount, and/or the predominant catecholamine (e.g. epinephrine versus norepinephrine) secreted [3-6]. Atypical symptoms that should not be overlooked during a diagnostic work-up of an adrenal medullary tumor include: Chest pain, headaches, diaphoresis, and panic attacks. The majority of pheochromocytomas are diagnosed after work-up of signs and symptoms of catecholamine excess, but there is a proportion that is encountered incidentally on radiological scans done for other reasons. These adrenal lesions are termed “incidentalomas” and it is critical to rule out a PCC to prevent hemodynamic crisis with appropriate medical management before any surgery should be undertaken [7]. Diagnosis is confirmed by measuring plasma free metanephrines, which offers a diagnostic sensitivity of more than 97%. Once diagnosed, localization is most commonly done with a CT scan or MRI. In cases where these two radiological exams are unable to locate the adrenal medullary tumor, an MIBG scan (i.e. metaiodobenzylguanidine scan) is done [2,3,8].


      Once a functional pheochromocytoma has been identified, determination of whether or not it is malignant is undertaken. The old school of thought was that adrenal lesions greater than or equal to 6 cm were likely malignant, therefore an open adrenalectomy would be safer than a laparoscopic procedure [9,10]. Now, unless there are clinical and/or radiological signs of malignancy, size is no longer a major determinant of the feasibility of a laparoscopic adrenalectomy. Nor is size used to correlate with probability with underlying malignancy [9-12]. Ominous signs of malignancy, on CT scan, include: Non-homogenous tissue, peripheral enhancement with contrast, central areas of necrosis or calcification, growth into surrounding tissues, < 50% washout of contrast, and/or > 10-20 Hounsfield units [11-13]. These tumors typically range in size between 1 to 15 cm, potentially even larger, and may present with varying degrees of catecholamine excess and hyper-adrenergic symptoms [13]. The aim of this retrospective study is to evaluate differences in the biochemical values, degree of clinical symptoms, and peri-operative hemodynamic status relative to chromaffin tumor size.


      Material and Methods


      Outcomes were analyzed from a prospectively maintained, IRB-approved database. All research was conducted after the approval from the institutional review board was obtained. We retrospectively analyzed the charts of 102 patients who had an adrenalectomy done for a diagnosed PCC, between 1999 and 2014. The tumors were diagnosed by correlating an elevation of plasma metanephrines and normetanephrines with the presence of an adrenal mass. The diagnosis was confirmed on pathological analysis. Demographics such as age, gender, weight, body mass index (BMI), and co-morbidities were recorded. Plasma metanephrine/normetanephrine levels, the presence or absence of hyper-adrenergic symptoms, tumor size and location were also documented. Documentation of blood pressure was done during the peri-operative period as well. Eighty-five of the 102 patients were included in the study, as patients with bilateral pheochromocytomas or extra-adrenal pheochromocytomas were excluded from this investigation. For data analysis and comparison, the patients were stratified into 3 groups according to tumor size. Group A (n = 26) had a tumor size of < 4 cm in its greatest diameter; Group B (n = 45) had a tumor size ≥ 4 but < 8 cm in its greatest diameter; Group C (n = 14) had pheochromocytomas ≥ 8 cm in its greatest diameter.


      Hypertension was defined as a systolic and/or diastolic blood pressure (SBP, DBP) equal to or greater than 140 and 90 mmHg, respectively; or else as the need to use two or more anti-hypertensive medications to maintain blood pressure within normal range. Diabetes was diagnosed according to the American Diabetes Association (ADA) guidelines. Diabetes was diagnosed if the HbA1C was greater than or equal to 6.5%, if fasting blood glucose was greater than or equal to 126 mg/dl, and/or if the oral glucose tolerance test (OGTT) was greater than or equal to 200 mg/dl. At our facility laparoscopic surgery is the standard operative approach for the resection of pheochromocytomas. In our practice, tumors larger than 9 cm can still be safely removed via this approach. An open approach was only utilized when malignancy was suspected.


      We assessed for significant differences in mean outcomes measured between the two groups by using paired t-tests to generate a two-tailed p-value. Statistical significance was defined as a p-value less than 0.05. Calculations were performed with LaTeX.


      Results


      All 85 patients were found to have functional pheochromocytomas, based on their biochemical profiles. There were 19 females and 7 males with an average age of 49.9 ± 17 (19-69) in Group A. There were 13 females and 32 males with an average age of 49.4 ± 13.7 (25-77) in Group B. There were 6 females and 8 males with an average age of 54.8 ± 17.3 (31-84) in Group C. Mean tumor sizes were 2.5 ± 0.7 (1-3.5), 5.6 ± 1.3 (4-8), and 9.8 ± 2.4 (8.5-16) for Group A, B, and C, respectively. Laparoscopic adrenalectomies were performed for 23 (84.5%), 41 (91.1%), and 9 (64.3%) of the patients in Group A, B, and C, respectively. Only 5 patients underwent open adrenalectomies, 2 (7.7%) in Group A, 1 (2.2%) in Group B, and 2 (14.3%) in Group C. Conversion from a laparoscopic to an open procedure was necessary in 1 (3.8%) patient from Group A, 3 (6.7%) in Group B, and 3 (21.4%) in Group C. The details of the above findings are listed in Table 1.


      Pre-operative mean heart rate (bpm) and blood pressure (mmHg) were recorded and analyzed, as illustrated in Table 2. The mean heart rate and blood pressure for patients in Group A was 81 ± 16.2 and 136.5/81.8 ± 15/17.2, respectively. Amongst Group B patients, the mean heart rate and blood pressure was 81.3 ± 14.5 and 138/82.4 ± 31.4/16.4, respectively. Group C patients had a mean heart rate and blood pressure of 89.7 ± 21.9 and 133.1/74.3 ± 22.3/10, respectively. There was no statistically significant difference in the pre-operative mean hemodynamic measurements. The pre-operative mean plasma normetanephrine/metanephrine was 5.5/1.3 nmol/L in Group A, 9/4.8 nmol/L in Group B, and 27.4/8.4 nmol/L in Group C. There was a statistically significant difference when comparing normetanephrine/metanephrine levels, relative to tumor size. Specifically, when comparing group A to group C, group B to C, but not group A to B. Table 3 details the above findings. When considering hyper-adrenergic signs and symptoms (i.e. hypertension, headaches, palpitations, sweating, etc.), relative to size, there was only a statistically significant difference with respect to the presence of hypertension-but only when there was a larger discrepancy in size (i.e. < 4 vs. > 8 cm). Table 4 lists the clinical symptoms and associated co-morbidities relative to tumor size.


      Mean blood pressures after anesthesia induction, within 30 minutes of procedure start time, and approximately 60 minutes from the procedure start time (i.e. when the adrenal vein is clamped) was measured and analyzed. Patients in Group C had more episodes of hypotension during surgery in comparison with the other two groups-but the most significant hypotensive episodes were after adrenal vein clamping. There was a statistically significant difference when comparing mean blood pressure at approximately 60 minutes from the procedure start time. Specifically, when comparing group A to group C, group B to C, but not group A to B. Otherwise, differences in mean blood pressures at the other peri-operative time intervals were not significant. Table 5 details the above findings.


      Discussion


      Laparoscopic surgery is the standard operative approach for the resection of benign pheochromocytomas. There is limited data determining absolute size cut-offs for laparoscopic adrenalectomies, and recent guidelines recommend a more individualized approach to this procedure [14]. This approach can be done via the transabdominal or retroperitoneal routes, depending on the size of tumor. The retroperitoneal approach is preferred for right adrenal pheochromocytomas [15]. When compared with open surgery, the laparoscopic method is associated with shorter hospital stays, improved cosmetic results, less blood loss, and decreased narcotic requirement. The previous thinking that peritoneal cavity insufflation with carbon dioxide results in paroxysmal hypertension has long been discarded [15]. Conversion of a laparoscopic case to an open one is usually done as result of difficult dissection due to adhesions, bleeding that is difficult to control laparoscopically, visualization of invasion (i.e. obvious gross signs of malignancy), and surgeon inexperience [9]. In our study 7 of the 73 laparoscopic cases were converted. In Group A, one case was converted to open technique in order to remove a right back mass-a lipoma. In Group B, there were three conversions to an open procedure as a result of bleeding and adhesions to surrounding organs (i.e. the kidney, the distal pancreas, and the splenic flexure of the colon). In Group C, there were three conversions due to the need for a radical adrenalectomy (tumor invasion into the renal artery and/or parenchyma was visualized intra-operatively). Open adrenalectomies are reserved for pre-operatively confirmed malignant lesions of the adrenal gland [9,15]. In our cohort, only 5 patients underwent an open procedure. In Group A, two open cases were done-one for obvious extension into the splenic parenchyma and another for a high index of suspicion for malignancy due to radiological signs. Group B had only one open case, secondary to extension into the ipsilateral renal parenchyma. The two open cases in Group C were both due to encasement of the inferior vena cava.


      Our study revealed no correlation between PCC size and pre-operative hemodynamic instability. That is, regardless of tumor size, there was no significant difference between pre-operatively measured heart rate and blood pressure (before commencing pre-operative medical management). On the other hand, the mean number of patients with hypertension in Group C was significantly different than the mean in Group A, but not with Group C. Meaning, in our cohort of patients-those with a PCC tumor size of > 8 cm were more likely to have hypertension than those with a tumor size < 4 cm. No other symptoms of catecholamine excess were significantly different between the three groups. The reason behind the presence or absence of hyper-adrenergic signs and symptoms is multi-factorial. There are differences in clinical, biochemical, and pathological phenotypes amongst patients with PCC [3]. Hence, why these tumors have a wide spectrum of biochemical activity, symptoms, and presentations. Larger pheochromocytomas, that is > 8 cm, showed to have significantly greater normetanephrine/metanephrine levels than those seen with tumors less than eight centimeters. This was not unexpected since catecholamine secretion reflects cell differentiation [1,15]. Further strengthening this point is the fact that the mean tumor size in Group C (> 8 cm) was 9.8 while the means for Group A and B were clinically significantly smaller at 2.5 and 5.6, respectively.


      Hypotensive episodes can occur after tumor resection and require continuous vasopressor agents despite treatment with aggressive volume expansion [16-18]. In this study, high levels of plasma normetanephrines/metanephrines and larger tumor size were considered to be tumor-related risk factors for intraoperative hypotensive episodes. The most critical step to avoiding hemodynamic instability during an adrenalectomy is clamping of the adrenal vein, flowing into the inferior vena cava on the right and the left renal vein on the left. This is an attempt to decrease catecholamine release into systemic circulation during handling and manipulation of the diseased adrenal gland [15]. There have been studies showing that tumor size and concentration of urinary catecholamine metabolites are strong predictors of prolonged hypotension after adrenalectomy, requiring greater duration of post-operative catecholamine support [16]. These findings corroborated what our study revealed. Group C (i.e. patients with a tumor size > 8 cm) had a clinically and statistically significant difference in mean blood pressure after 60 minutes into the operation (when the adrenal vein was clamped).


      Conclusion


      This investigation demonstrated that tumor size could have an influence on the degree of plasma noremetanephrine/metanephrine secretion, the presence of select hyper-adrenergic symptoms (i.e. hypertension), on prolonging post-operative hypotension, and subsequent duration of post-operative catecholamine support. Pheochromocytomas are highly variable in their presentation. Moreover, the potential surgical approach and post-operative course are determined by the tumor characteristics. Therefore, each patient’s care needs to be individualized based on their presentation, tumor characteristics, and biochemical profile.
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