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Surgical endocrinology or endocrine surgical oncology is an important component of 

general surgery. As reported in Richard Welbourne’s book History of Endocrine 

Surgery, the term “endocrine” is from the Greek endo, meaning “within”, and kipiveiv, 

meaning “separate”, documenting the relationship of endocrine surgery and general 

surgery.  

Endocrine glands and tumors often make and secrete hormones; “hormone” is 

a term derived from the Greek word “to excite”.1 Examples of such glands are the 

thyroid gland, the parathyroid glands, the pancreatic gland, and the adrenal glands. 

Endocrine tumors of these glands can occur sporadically or develop as part of 

familial syndromes. The most common familial syndromes known to cause endocrine 

tumors are multiple endocrine neoplasia (MEN) syndromes type 1 and 2. 

 

Multiple Endocrine Neoplasia 

Multiple endocrine neoplasia type 1 (MEN1) was first recognized in 1903 by Erdheim, 

and further described as ‘endocrine adenomatosis’ by Wermer in 1954.2 MEN1 is a 

rare autosomal dominant inherited disorder caused by a germline mutation in the 

MEN1 gene on chromosome 11. The prevalence is estimated to be two to three per 

hundred-thousand.3 Patients with MEN1 are prone to developing primary 

hyperparathyroidism (pHPT), pancreatic endocrine tumors, and pituitary adenomas. 

Other less frequent manifestations are adrenocortical adenomas and neuroendocrine 

tumors of the stomach, thymus, and bronchus.4 

Multiple endocrine neoplasia type 2 (MEN2) was initially introduced in 1961, 

as Sipple’s syndrome, in a patient with bilateral pheochromocytoma, thyroid cancer 

and parathyroid enlargement. In 1968, Steiner further described this syndrome as 

MEN2, a similar but separate entity from MEN1. Later, Williams divided MEN2 into 

two distinct clinical syndromes: MEN2A and MEN2B.5 Both are autosomal dominant 

inherited disorders caused by mutations in the RET proto-oncogene on chromosome 

10.6 

Virtually all patients with MEN2A develop medullary thyroid carcinoma. 

Therefore, affected patients should undergo prophylactic total thyroidectomy 

according to their RET proto-oncogene mutation as recommended by current 

guidelines. Half of MEN2A patients develop pheochromocytomas, and 20% to 30% 

develop pHPT in the course of the disease.5 MEN2B is more aggressive and less 

prevalent compared with MEN2A. It is associated with medullary thyroid carcinoma, 

pheochromocytoma, mucosal neuromas, intenstinal ganglioneuromas, and a 

marfanoid habitus.7 

 

This thesis provides up-to-date information on the management of patients with 

familial and sporadic endocrine tumors of the parathyroid gland and the adrenal 

gland.  
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Parathyroid Glands 

The parathyroid glands were first discovered in the Indian rhinoceros by Owen in 

1850.8 In 1877, the glands were first discovered in humans by Sandström, a Swedish 

medical student.9 

Humans usually have four parathyroid glands, which are generally located on 

the rear surface of the thyroid gland, or, in rare cases, within the thyroid gland itself or 

in the chest near the thymus. The parathyroid glands produce parathyroid hormone 

(PTH), which controls the amount of calcium in the blood and within the bones.10 

 

Primary Hyperparathyroidism 

Primary hyperparathyroidism was first recognized in the United States in the late 

1920s, by Barr, Bulger and Dixon at the University of Washington, as a severe bone 

disease with significant morbidity.10 With improvements in biochemical screening, 

pHPT has become a common disease affecting approximately one in every 500 

women older than 40 years and one in every 2000 men. Patients with pHPT have an 

increased plasma calcium and an increased or unsuppressed PTH level.1 

PHPT can be caused by adenoma (80% to 90%), hyperplasia, and rarely by 

carcinoma or cyst. In most cases adenomas develop in a single gland. Hyperplasia of 

the parathyroid glands develops in multiple glands without a known stimulus for PTH 

secretion.11 

The etiology of pHPT is most frequently sporadic and nonfamilial. A significant 

proportion of patients, however, develop pHPT as part of MEN1 or MEN2A.12 Signs 

and symptoms are those of hypercalcemia. They are classically summarized by the 

mnemonic "stones, bones, abdominal groans, and psychiatric moans” and may 

consist of nephrolithiasis, bone abnormalities, constipation, mental changes, and 

weakness.13 

In all cases of pHPT, parathyroidectomy is the only curative treatment that 

resolves symptoms and metabolic complications and thus improves quality of life, in 

both symptomatic and asymptomatic patients. The goals for surgery are restoring 

calcium levels to normal permanently, while preventing hypoparathyroidism 

(hypocalcemia) and recurrent laryngeal nerve injury and minimizing the number of 

reoperations because of recurrence.13 Acute hypoparathyroidism may cause mild to 

severe neuromuscular symptoms ranging from neuromuscular irritability to seizures. 

Unilateral recurrent laryngeal nerve injury leads to hoarseness, bilateral injury results 

in breathing difficulties and aphonia. 

The first successful parathyroidectomy was performed by Olch in 1928.14 

Since 1931, the standard operative procedure for pHPT consisted of bilateral neck 

exploration to localize all parathyroid glands, including supernumerary and ectopic 

glands. Subsequently, all pathologically enlarged parathyroid tissue was removed.14 

Improvements in preoperative imaging and intraoperative care have led to a more 

conservative approach with selective, or minimally invasive techniques, including 

minimally invasive parathyroidectomy in case of solitary parathyroid disease. A less 

invasive method could spare the patient an unnecessary bilateral neck exploration, 

thus saving time and rendering future surgical procedures in the neck less 
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problematic. Success rates up to 95% for less invasive procedures have been 

reported.15,16 

 

Sporadic versus Multiple Endocrine Neoplasia-Related Primary Hyperparathyroidism 

Clinical features that differentiate patients with sporadic pHPT from patients with 

MEN-related pHPT are: age of onset, female to male ratio, severity of bone 

involvement, family history and associated endocrine neoplasias.17,18 

Sporadic pHPT usually presents in the fifth to seventh decade of life and is 

almost three times more common in women than in men. It is most commonly caused 

by a single adenoma due to a clonal mutation. Conventional neck exploration with 

resection of enlarged parathyroid tissue has been replaced by minimally invasive 

procedures as treatment of choice for patients with sporadic pHPT.  

In MEN1, pHPT occurs in 78% to 90% of patients4 and is often the first 

presentation of the syndrome.3 Most commonly, pHPT presents during the second 

and third decade.3,13 MEN1-related pHPT usually manifests as multiglandular 

disease.19 Controversy exists regarding the optimal surgical strategy for pHPT in 

MEN1 patients. Most authors have advocated subtotal parathyroidectomy (resection 

of 3–3½ parathyroid glands) or total parathyroidectomy (resection of 4 glands) with 

autotransplantation.13,20,21 Success rates after surgical intervention are usually not as 

high as for sporadic pHPT, even after extensive surgery. Extensive surgery leads to 

an increased risk of permanent hypoparathyroidism and recurrent laryngeal nerve 

injury. However, less extensive surgery yields a higher risk of recurrent disease 

requiring reintervention, which increases the risk of complications even more.20,21 

In MEN2A, pHPT is less common than in MEN1 and generally less aggressive 

with a more variable incidence of multiglandular disease.5 Controversy remains on its 

optimal surgical management as well. Some authors advocate total 

parathyroidectomy combined with autotransplantation of parathyroid tissue.22 Others 

favor only selective resection of the enlarged parathyroid gland(s).23-25 

 

Most of the current literature analyzes data on surgical treatment of pHPT without 

making a distinction in the difference in etiology.17,18 Furthermore, for MEN1 and 

MEN2, contradictory results have been published on the optimal surgical treatment of 

pHPT. Some studies are noncomparative with respect to different treatment regimes 

and study groups are small due to rarity of the disease.  

We strongly believe that, sporadic, MEN1-related, and MEN2-related pHPT 

are very distinct and different entities, requiring a different approach. In Chapters 2 

and 3, we aimed to determine the optimal surgical strategy for pHPT in MEN1 and 

MEN2A, respectively. For MEN1, we performed a cohort study and a meta-analysis 

to determine the optimal surgical therapy. For MEN2A, we performed a relatively 

large cohort study and a literature review. In Chapter 4, we compared sporadic, 

MEN1-related and MEN2A-related pHPT with respect to the frequency and causes of 

pHPT, as well as the differences in their clinical presentation, preoperative workup, 

and operative strategies and outcome in a population based cohort of patients 

treated for pHPT. 
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Intraoperative Parathyroid Hormone Measurement 

Originally approved for myocardial perfusion imaging, technetium-99m-sestamibi 

scintigraphy is now the standard method used for preoperative imaging of the 

parathyroid glands. It can be used in combination with ultrasonography of the neck.26 

Intraoperative PTH (IOPTH) measurement was first described by Irvin in 1988. Since 

then, it has been refined to a quick and less expensive measurement with results 

available in less than 20 minutes.27 It is recommended for minimal invasive 

procedures in combination with preoperative localization examination to increase the 

success rate of parathyroidectomy. The Miami criteria, which stipulate that the IOPTH 

level must fall by 50% from highest preexcision value of PTH at 10 minutes 

postexcision, are generally applied.28 

 Several prior studies have investigated the impact of ethnicity and geography 

on the clinical presentation of pHPT.29-31 Few studies, however, have investigated 

pHPT in African American patients, specifically the impact of African American race 

on IOPTH kinetics. The studies that do exist, suggest that African American patients 

present with more advanced disease with regard to laboratory and pathologic 

findings.29,30 The investigators cite racerelated disparities in health care32 and intrinsic 

biochemical differences33 as potential causative factors. Based on our awareness of 

these data, we hypothesized that race would impact IOPTH kinetics and might affect 

the optimal interpretation of IOPTH values. In Chapter 5, we evaluate this hypothesis 

in a large cohort of patients undergoing parathyroidectomy for pHPT. 

 

Adrenal Glands 

In 1552, Eustachius first depicted the adrenal glands as glandulae renis incumbents 

(glands lying on the kidney).34 Brown-Séquard showed that the adrenal glands are 

essential to life (essentials à la vie) after he had performed the first adrenalectomies 

on animals in 1856.35 

Anatomically, the adrenal glands are located bilaterally, in the retroperitoneum 

superior to the kidneys. In 1845, Huschke, anatomist and embryonologist at Jena, 

first used the terms cortex and medulla, to describe the two component parts of the 

adrenal gland. The cortex is responsible for the production of mineralocorticoids 

(aldosterone, responsible for the long-term regulation of blood pressure), 

glucocorticoids (cortisol, responsible for an increase in blood glucose level in 

response to stress), and androgens (androstenedione and dehydroepiandosterone 

[DHEA], precursors of testosterone and estrogen). The adrenal medulla comprises 

chromaffin cells that secrete catecholamines: norepinephrine (noradrenalin) and 

epinephrine (adrenalin). Both act as stress hormones; when secreted they mainly 

lead to an increased heart rate and increased blood pressure by increasing vascular 

tone through α-adrenergic receptor activation.36 

Due to its elaborate function, the adrenal gland can consequently produce a 

variety of benign and malignant tumors. Example are, aldosteronoma, Cushing’s 

adenoma, virilizing tumors, pheochromocytoma, and nonfunctioning adenoma. Also, 

tumors outside the adrenal gland can metastasize to the adrenal gland.  
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Surgical Management of Adrenal Gland Tumors 

In 1889, Thornton performed the first transabdominal adrenalectomy on humans.37 

Over one hundred years later, the laparoscopic adrenalectomy via the lateral 

transabdominal approach was introduced by Gagner.38 Since its introduction, 

laparoscopic adrenalectomy has evolved to become the procedure of choice for most 

surgical adrenal diseases.38-40 Indications for laparoscopic adrenalectomy include 

various endocrine pathologies, such as aldosteronoma, pheochromocytoma, 

Cushing’s syndrome, adrenal metastasis, and nonfunctional adenoma, along with 

less common conditions such as myelolipomas or cysts.41 

 

Adrenalectomy is associated with complication rates ranging from 4% to 20%,42 and 

mortality is generally less than 1.5%.43 There is still much debate in literature 

regarding the suitable tumor size for laparoscopic adrenal surgery and whether tumor 

size affects surgical morbidity.44,45 Besides presenting contradicting results, most of 

the published literature includes a relatively small number of patients. Also, most 

authors disregard adrenal disease diagnosis as a potential confounder. Whereas 

most are uniform that patients with aldosteronoma can be operated on in a relatively 

safe and uncomplicated manner, it has been shown that a diagnosis of 

hypercortisolism, pheochromocytoma or adrenal malignancy can influence surgical 

morbidity in patients undergoing adrenalectomy.46,47 Most of the previous studies on 

adrenal disease diagnosis included only a small number of patients or did not have 

statistical analysis, therefore the reported effect of diagnosis on outcome varied 

widely, and few studies reported how size of tumor influences outcome. Therefore, in 

Chapter 6, we evaluated the impact of both adrenal tumor size and adrenal disease 

diagnosis on the short-term operative outcomes of laparoscopic adrenalectomy in a 

large series of adrenalectomies.  

 

A safe laparoscopic adrenalectomy requires a thorough knowledge of the usual 

anatomy of the adrenal gland, as well as its unusual anatomic variations. There are 

generally three arteries that supply each adrenal gland: the superior adrenal artery is 

provided by the inferior phrenic artery, the middle adrenal artery is provided by the 

aorta, and the inferior adrenal artery is provided by the renal artery.48 Basically, 

adrenal arteries tend to be small and indistinct. They usually can be easily 

cauterized, except for occasional large inferior arteries that need to be ligated with 

clips.49 

Identification and control of the adrenal vein are critical steps in laparoscopic 

adrenalectomy. The venous drainage from each adrenal gland, is usually via a single 

vein emptying directly into the inferior vena cava on the right side, and joining with 

the inferior phrenic vein and then draining into the left renal vein on the left.48 

Variations to this pattern have been documented mostly in cadaver studies.50-52 

These cadaver studies reported on the anatomy of nondiseased adrenal glands. 

Adrenal pathology, possibly through angiogenesis or vasodilation of preexisting small 

collateral vessels may increase both the variation of venous drainage and the 

number of periadrenal vessels. Parnaby et al53 studied the venous anatomy 
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encountered in 162 laparoscopic adrenalectomies for adrenal pathology. They found 

variant venous anatomy in five adrenal glands: four in patients with 

pheochromocytoma and one in a patient with adrenal cortical cancer. The ability to 

anticipate variant adrenal venous anatomy is important to prevent excessive bleeding 

from the adrenal and accessory veins during laparoscopic adrenalectomy. We 

therefore studied a large series of consecutive laparoscopic adrenalectomies to 

establish details of the primary venous drainage of the adrenal gland and any variant 

venous anatomy (Chapter 7). In addition, we sought to determine a relationship 

between variant adrenal venous anatomy and tumor size or pathologic disease. 

 

Pheochromocytoma 

Pheochromocytomas are rare neuroendocrine catecholamine-secreting tumors.54,55 

In 1912, Pick introduced the term “pheochromocytoma”, derived from the Greek 

words phaios (dark), chromo (color), and kytos (cell). It refers to the histologic color 

change that characterizes most such tumors. Pheochromocytoma can occur in the 

adrenal gland or extra-adrenal. Extra-adrenal pheochromocytomas, also 

paragangliomas, are spread throughout the sympathic neuroendocrine system along 

the paravertebral and para-aortic axis.1 

Pheochromocytomas have an estimated incidence of two to eight per million 

per year. They have an equal distribution in sex and occur at any age, but are most 

common in the fourth and fifth decade.56 Pheochromocytomas can present as 

symptomatic tumors or incidentalomas, or can be diagnosed during screening for 

familial syndromes. Familial syndromes associated with pheochromocytoma are 

MEN2, von Hippel-Lindau syndrome and neurofibromatosis. The classic presentation 

of pheochromocytoma consists of paroxysmal hypertension, headaches, palpitations, 

and diaphoresis. A feared and possibly fatal presentation of pheochromocytoma is 

pheochromocytoma crisis.57 Historically, pheochromocytoma has been called the 

‘10% tumor’: 10% is malignant, 10% is multiple, 10% is extra-adrenal, and 10% is 

bilateral. 

Surgical resection is the treatment of choice for pheochromocytoma. The first 

successful resections were performed in 1926, by Roux in Switzerland, and by Mayo 

at the Mayo Clinic. The surgical procedure itself, however, can be life threatening due 

to hypertensive crises and multiorgan failure or profound hypotension after tumor 

resection.58,59 Preoperative treatment with α-, β-, and/or calcium channel blockers is 

assumed to lower the risk of intraoperative hemodynamic instability, although 

randomized, controlled trials are lacking.60,61 

 

Pheochromocytoma Crisis 

The clinical picture of pheochromocytoma crisis ranges from severe hypertension to 

circulatory failure and shock with subsequent involvement of multiple organ systems, 

including the cardiovascular, pulmonary, neurological, gastrointestinal, renal, hepatic 

and metabolic systems. Pheochromocytoma crisis can be associated with high 

mortality rates.62 
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The timing of surgery for pheochromocytoma patients presenting with crisis is 

controversial. Some have argued that these patients need emergency resection, 

even in the absence of preoperative α-blockade.62-64 In contrast, other studies have 

reported favorable results for patients with pheochromocytoma crisis who underwent 

intensive medical stabilization prior to surgical resection.65,66 

 In Chapter 8, we characterize our approach to preoperative medical 

management and the appropriate timing of surgery in patients presenting with 

pheochromocytoma crisis. In addition, we performed a literature review to provide 

data on appropriate timing for adrenalectomy, i.e. is emergency surgery without 

adequate α-blockade superior to delaying surgery until medical stabilization and 

adequate α-blockade is achieved. 

 

Pheochromocytoma in Multiple Endocrine Neoplasia 

Pheochromocytomas in MEN2 occur in half of the patients, are frequently bilateral 

and are less frequent malignant compared with sporadic cases. All known MEN2 

patients should be screened once yearly for the presence of pheochromocytoma to 

prevent a potentially life-threatening pheochromocytoma crisis.7,67,68 

Preoperative medication and improvements in surgical and anesthetic 

techniques have nearly diminished the risk of perioperative mortality associated with 

pheochromocytoma resection.69 However, intraoperative hemodynamic fluctuations 

can lead to serious morbidity.70 

Literature on perioperative care of patients undergoing adrenalectomy for 

pheochromocytoma is often outdated and historical, not taken into account the 

improvements in peri-anesthetic care.71 Moreover, the perioperative course 

concerning hemodynamic data of MEN2 patients with pheochromocytomas has 

typically been reported only in conjunction with sporadic cases and patients with 

other familial syndromes or has included only small numbers of patients.60,72,73 In 

2010, high plasma norepinephrine concentration, tumor size larger than 4 cm, high 

mean arterial blood pressure at presentation and after α-blockade, and more 

profound postural blood pressure fall after α-blockade were identified as risk factors 

for hemodynamic instability during surgery of pheochromocytomas.74 Because of 

their early identification through the annual screening of mutation carriers, there is 

reason to think that MEN2-related pheochromocytomas are associated with less 

hemodynamic instability during pheochromocytoma resection. In Chapter 9, we 

assessed differences in intraoperative hemodynamic data between MEN and non-

MEN patients in a large cohort. In addition, we sought to identify risk factors for 

intraoperative hemodynamic instability. 

 

Since bilateral pheochromocytomas occur frequently in MEN2 patients, theoretically, 

the ideal operation for a pheochromocytoma in a patient with MEN2 would be to 

remove the pheochromocytoma and all of the medulla while saving the adrenal 

cortex to preserve ipsilateral adrenocortical steroid production. 

 From the mid-1980s through the mid-1990s, total bilateral adrenalectomy has 

been advocated in patients with MEN2 to prevent the risk of recurrence.67,75,76 
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Because it necessitates lifelong gluco- and mineralocorticoid replacement therapy 

this method has been disputed. Complete steroid-dependency carries great social 

implications and the risk of a, potentially life-threatening, Addisonian crisis.77,78 In 

addition, corticosteroid replacement therapy is a continuous challenge with possible 

chronic overreplacement leading to the risk of impaired glucose tolerance, obesity, 

and osteoporosis and underreplacement with the risk of incipient crises and severe 

impairment of well being.79,80 

Fortunately, improvements in imaging techniques – demonstrating a normal 

contralateral adrenal gland – and better pathophysiological insight, allowed the 

introduction of more conservative surgical strategies, including the unilateral 

adrenalectomy. Subsequently, minimally invasive approaches were introduced, and 

cortical sparing approaches have been used both for initial operations and for 

reoperations.81-83 However, because of the rarity of the disease, only scarce data are 

available on unilateral subtotal adrenalectomy in MEN2 patients. We therefore sought 

to determine the feasibility of subtotal adrenalectomy as a primary surgical strategy 

for pheochromocytoma in MEN2 patients in a large cohort study with a long-term 

follow-up (Chapter 10). 
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Abstract 

Objective The optimal surgical approach for patients with primary hyperpara-

thyroidism (pHPT) and multiple endocrine neoplasia type 1 (MEN1) is controversial. 

We sought to determine the best type of surgery for pHPT in MEN1. 

 

Methods   We collected data on clinical presentation, surgery and follow-up for MEN1 

patients with pHPT at the University Medical Center Utrecht, The Netherlands and 

affiliated hospitals between 1967 and 2008. Furthermore, we performed a systematic 

review of the literature and meta-analysis. Surgical procedures were classified into 

less than subtotal (<SPTX) versus subtotal (SPTX) and total parathyroidectomy 

(TPTX). 

 

Results  Fifty-two patients underwent primary surgery for pHPT, of which 29 had 

<SPTX, 17 SPTX, and 6 TPTX. Recurrent pHPT was most frequent after SPTX 

(65%) followed by <SPTX (59%). Persistent disease was most frequent after <SPTX 

(31%). Time to recurrence was 61 months longer after SPTX than after <SPTX. 

Although recurrent pHPT was not seen after TPTX, permanent hypoparathyroidism 

developed in 67% of the patients. The meta-analysis showed that after SPTX and 

TPTX, patients had the lowest risk of persistent and recurrent PHPT. TPTX had the 

highest risk of permanent hypoparathyroidism. Large noncomparative studies 

showed a low recurrence rate after SPTX and TPTX. 

 

Conclusion  We believe that SPTX is the best surgical therapy for pHPT in MEN1. 

MEN1 patients with pHPT should not be treated with <SPTX because of the 

unacceptable high rates of recurrent and persistent pHPT. Additionally, a 

thymectomy should routinely be performed in these patients. 
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Introduction 

Multiple endocrine neoplasia syndrome type 1 (MEN1) is a rare autosomal dominant 

inherited disorder. MEN1 is caused by a germline mutation in the MEN1 gene on 

chromosome 11. The prevalence is estimated to be two to three per hundred-

thousand.1 Patients with MEN1 are prone to developing endocrinopathies. These 

endocrinopathies are primary hyperparathyroidism (pHPT), pancreatic endocrine 

tumors, and pituitary adenomas. Other less frequent manifestations are 

adrenocortical adenomas and neuroendocrine tumors of the stomach, thymus, and 

bronchus. Hyperparathyroidism is the most prevalent manifestation, occurring in 78% 

to 90% of MEN1 patients.2,3 It is often the first presentation of MEN1 syndrome.1 

These patients tend to be younger than patients with sporadic pHPT. Most 

commonly, pHPT presents during the second and third decade.1,4 pHPT can be both 

asymptomatic and symptomatic. Signs and symptoms may consist of bone 

abnormalities, mental changes, weakness, nephrolithiasis, and marked 

hypercalcemia.4 MEN1-related pHPT tends to be more aggressive than sporadic 

pHPT and usually manifests as multiglandular disease.5 

The treatment of pHPT is primarily surgical. The goals for surgery are 

restoring calcium levels to normal permanently, while preventing hypoparathyroidism 

and minimizing the number of reoperations.4,6 Parathyroidectomy reduces the risk of 

nephrolithiasis, fractures (improved bone mineral density), and potential 

cardiovascular morbidity. It may also improve quality of life. In MEN1 patients who 

also have a gastrinoma, parathyroidectomy may reduce gastrin production.7 

Controversy exists on the optimal surgical strategy. Most authors have advocated 

subtotal (SPTX) or total parathyroidectomy (TPTX) with autotransplantation.4,8,9 

There is a high risk of recurrence after surgical intervention, even after extensive 

surgery. The downside of extensive surgery is the increased risk of permanent 

hypoparathyroidism (hypocalcemia) and recurrent laryngeal nerve injury. Acute 

hypoparathyroidism may cause mild to severe neuromuscular symptoms ranging 

from neuromuscular irritability to seizures. Yet, less extensive surgery yields a higher 

risk of recurrent disease requiring reintervention, which increases the risk of 

complications even more.  

To the best of our knowledge, there is no published systematic review with a 

meta-analysis of the results reported in the current available literature that compares 

different surgical therapies with respect to recurrent and persistent pHPT and 

permanent hypoparathyroidism in MEN1 patients. The aim of this study was to 

determine the optimal surgical therapy for pHPT in patients with MEN1. To this end, 

we evaluated our experience with surgical treatment in these patients and carried out 

a meta-analysis.  

 

Materials and Methods 

From the MEN1 database at the University Medical Center Utrecht, The Netherlands, 

patients diagnosed with pHPT between 1967 and 2008 were selected. Patients were 

included in the MEN1 database if they had genetically proven MEN1 or three of five 

manifestations of MEN1 or one of five manifestations and a first-degree family 
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member with MEN1. The medical records of these patients were reviewed. Since the 

University Medical Center Utrecht is a tertiary referral center, patients who were 

initially treated at other institutions and later referred to our institution were included.  

The diagnosis of pHPT was confirmed when serum calcium or ionized calcium 

levels were elevated in combination with elevated or inadequately suppressed 

parathyroid hormone (PTH) levels (normal reference value: 1.0 to 7.0 mmol/L). We 

have chosen to use ionized calcium levels (normal reference value: 1.15 to 1.32 

mmol/L) in our analysis, as this became the standard parameter measured routinely 

since 1993 in our hospital. Before 1993, we used the serum calcium levels to 

diagnose hyperparathyroidism. 

 

Operative Technique 

Throughout the years, our operative strategy has evolved. In the past, only subtotal 

or total parathyroidectomy with autotransplantation were performed. In SPTX, 3–3½ 

parathyroid glands were resected during a bilateral cervical exploration after 

identification of all parathyroid glands. In TPTX, 4 glands were resected and one 

(partial) gland was used as a graft for autotransplantation into the brachioradial 

muscle of the nondominant forearm. The autotransplantation was performed during 

the same operation, using fresh parathyroid tissue. The resected gland with the least 

abnormal macroscopic appearance (size, color, and vascularization) was used for the 

transplant. The gland was cut into multiple small fragments a millimeter in size. 

Minimally invasive parathyroidectomy (MIP) has been performed in selected cases in 

order to reduce the morbidity of surgery and postpone more radical surgery. A MIP 

would be performed only if the affected parathyroid gland could be localized 

preoperatively with identical location of an enlarged gland on both ultrasound and 

sestamibi scan. During the procedure, intraoperative PTH measurement was carried 

out after the affected parathyroid gland was resected to determine if PTH levels had 

decreased at least 50% as a measure of success. If PTH levels did not decrease 

sufficiently, conversion to a bilateral cervical exploration would follow.  

We did not routinely perform a thymectomy. Our standard policy was to 

perform a thymectomy only if uncertainty remained about whether the inferior 

parathyroid glands had been completely removed. We classified the surgical strategy 

based on operation reports and medical records.  

Surgical outcome was defined as initial success after surgery, persistence and 

recurrence rates, and complications, particularly permanent hypoparathyroidism. 

Surgical cure was defined as normalization of serum (ionized) calcium and PTH 

levels for a period of at least six months after the surgical procedure. If not, it was 

classified as persistent pHPT. Permanent hypoparathyroidism was defined as 

hypocalcemia persisting beyond the first six months after surgery and requiring 

supplementation with calcium and an active form of vitamin D. Both duration of 

follow-up and time to recurrence were calculated in months. The duration of follow-up 

was defined as the time between the first surgical procedure and the date of final 

contact with the patient.  
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Figure 1. Article Selection on Surgery for Primary Hyperparathyroidism in MEN1. 

 

Abbreviations: MEN1, multiple endocrine neoplasia type 1; pHPT, primary hyperparathyroidism. 

 

 

Meta-Analysis and Systematic Review 

We searched Medline (1966 to 2008), Embase (1980 to 2008), and the Cochrane 

database of systematic reviews and the Cochrane Central Controlled Trials Register 

(2008) using predefined search terms (Appendix A). On the basis of title and 

abstract, we selected 126 studies. Only studies that compared different surgical 

treatments of pHPT were included (n = 12) (Figure 1). We also included the results of 

the present study. 

Pooling was done for the following groups: patients who underwent resection 

of fewer than 3 parathyroid glands (<SPTX), 3-3½ parathyroid glands (SPTX), or all 

parathyroid glands (TPTX) including autotransplantation. We studied outcome of 

surgery between different groups. Outcome was defined as the risk of persistent 

pHPT, recurrent pHPT, and permanent hypoparathyroidism. To determine the risk of 

recurrent pHPT, patients who had persistent pHPT were excluded. We performed a 

Medline, 

n = 124 

Cochrane, 

n = 0 

126 studies screened on the 

basis of title and abstract  

42 potentially relevant studies for 

more detailed assessment on the 

basis of full text 

Multiple Endocrine 

Neoplasia 

Surgical 

Procedure 

Embase, 

n = 144 

12 studies with data on different 

types of surgical treatment for 

pHPT in MEN1 and can be used 

for pooling analysis 

1 study included after 

checking references 4 studies with data on 

surgical treatment for pHPT 

in MEN1 not eligible for 

pooling analysis
 

Primary 

Hyperparathyroidism 

84 studies excluded on the 

basis of title and abstract 

25 studies excluded on the 

basis of full text (no original 

data on surgical treatment 

for pHPT in MEN1) 
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two-step meta-analysis. First, we studied if fewer than 3 parathyroid glands resected 

(<SPTX) or 3 or more glands resected (SPTX and TPTX) had a better outcome. 

Secondly, we compared SPTX with TPTX. The odds-ratio (OR), the 95% confidence 

interval (95% CI), and P value were calculated. The I2 test was used to check for 

quantitative heterogeneity. This test measures the proportion of inconsistency 

between studies that cannot be explained by chance alone. Additionally, we included 

the results of the noncomparative studies, which could not be used in the meta-

analysis, in the Results section. 

 

Statistical Analysis 

SPSS version 16.0 (SPSS, Inc., Chicago, IL) was used for statistical analysis. 

Review manager 5.0 (Cochrane Collaboration) was used for the meta-analysis. 

Depending on distribution, numerical data are depicted as mean ± standard deviation 

or median with its interquartile range. Presented percentages are calculated on the 

basis of the available data. When appropriate, the χ2 test was used for statistical 

analysis of the data. To determine if the surgical procedure was associated with 

recurrent disease, univariate analysis was performed. For this purpose, patients were 

divided into three groups; <SPTX (fewer than 3 glands resected), SPTX (3–3½ 

glands resected), and TPTX (4 glands resected).  

 

Results 

From the MEN1 database at our institution, 54 patients with pHPT were identified. 

Twenty-one were men (39%). Ten patients were asymptomatic. Forty-one patients 

(76%) had one or more of the following symptoms: nephrolithiasis, mood disorders, 

fatigue, and gastrointestinal complaints. Baseline characteristics are given in Table 1. 

Fifty-two patients underwent primary surgery either at our hospital (n = 36) or 

at another hospital (n = 16). Two other patients did not undergo surgical treatment. 

Eight patients underwent a MIP, 21 underwent <SPTX, 17 SPTX, and 6 TPTX. Three 

times, during an initial MIP, PTH levels remained elevated and the surgical procedure 

was converted to a conventional or bilateral neck exploration with a TPTX either in 

the same session or a (few) day(s) later due to logistical reasons.  

 

 

Table 1. Characteristics of Primary Hyperparathyroidism in MEN1 Patients 

 

Characteristics 

Type of Surgery  

  P Value <SPTX, 

n = 29 

SPTX,  

n = 17 

TPTX, 

n = 6 

Overall,  

n = 52 

Age at surgery, y, mean ± SD
 

35 ± 12 32 ± 11 29 ± 8 34 ± 11   NS 

Preoperative ionized calcium level, 

mmol/L, mean ± SD 

1.40 ± 0.07 1.39 ± 0.08 1.45 ± 0.07 1.40 ± 0.07   NS 

Preoperative parathyroid hormone  

level, mmol/L, mean ± SD 

8.60 ± 4.18 7.60 ± 3.28 9.16 ± 4.14 8.40 ± 3.90   NS 

Abbreviations: MEN1, multiple endocrine neoplasia type 1; SD, standard deviation; <SPTX, fewer than 3 

parathyroid glands resected; SPTX, subtotal parathyroidectomy with 3–3½ parathyroid glands resected; TPTX, 

total parathyroidectomy; NS, not significant. 
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An overview of the surgical procedures is given in Table 2. After the primary surgery, 

10 patients (19%) developed permanent hypoparathyroidism. In most cases, this 

occurred after total parathyroidectomy. One patient had a transient recurrent 

laryngeal nerve injury and another patient had laryngeal nerve injury of an unknown 

duration.  

Eleven patients (21%) developed hypercalcemia within six months, indicating 

persistent disease. Twenty-eight patients (54%) developed a recurrence after a 

median of 121 months (range 47 to 201). Time to recurrence was 61 months shorter 

in patients who underwent <SPTX (93 months) than in patients who underwent SPTX 

(154 months), although this was not significant. Outcomes of surgical treatment for 

persistent and recurrent disease in follow-up are given in Table 3.  

Thirty-one percent of the patients with <SPTX had persistent disease. 

Additionally, 59% of patients with <SPTX developed recurrent disease. After SPTX, 

one patient had persistent PHPT, but 65% developed recurrent disease after a 

median of 13 years. Although none of the six patients who had TPTX developed 

recurrent pHPT, one patient had persistent pHPT. Patients who had TPTX had the 

highest risk of permanent hypoparathyroidism (67%) compared with those who had 

<SPTX (7%) and SPTX (25%) (P = 0.003) (Table 2). 

 

 

Table 2. Outcome of Primary Surgery for Primary Hyperparathyroidism in MEN1 

 

Characteristics 

<SPTX, 

n = 29
a 

SPTX,  

n = 17
b 

TPTX, 

n = 6 

Overall,  

n = 52 

 

P Value 

Postoperative ionized calcium level, 

mmol/L, mean ± SD 

1.25 ± 0.12 1.13 ± 0.13 1.07 ± 0.76 1.19 ± 0.14
c 

0.011 

Postoperative parathyroid hormone 

level, mmol/L, mean ± SD 

5.70 ± 4.26 2.97 ± 1.72 2.35 ± 2.99 4.42 ± 3.70
d 

0.070 

Complications, n 

Hypoparathyroidism 

Transient  

Permanent
e 

Unknown duration 

Recurrent laryngeal nerve injury 

Transient 

Permanent 

 

 

0 

2 (7%)
f 

1 (3%)
f
 

 

1 (3%) 

0 

 

 

3 (18%)
f
 

4 (24%)
f
 

0 

 

1 (6%) 

1 (6%) 

 

 

1 (17%) 

4 (67%) 

0 

 

0 

0 

 

 

4 (8%) 

10 (19%) 

1 (2%) 

 

2 (4%) 

1 (2%) 

 

0.003 

 

 

 

NS 

Abbreviations: MEN1, multiple endocrine neoplasia type 1; SD, standard deviation; <SPTX, fewer than 3 

parathyroid glands resected; SPTX, subtotal parathyroidectomy with 3–3½ parathyroid glands resected; TPTX, 

total parathyroidectomy; NS, not significant. 
a
 Eight of the 29 in the <SPTX group underwent minimally invasive parathyroidectomy. Two patients underwent 

delayed conversion to a conventional neck exploration.  
b 

One patient in the SPTX group underwent a minimally invasive parathyroidectomy, but the procedure was 

immediately converted to a SPTX because of an insufficient drop in parathyroid hormone level of less than 50%. 
c
 Overall, preoperative ionized calcium levels were significantly higher than postoperative ionized calcium levels, 

P = 0.0001. 
d
 Overall, preoperative parathyroid hormone levels were significantly higher than postoperative parathyroid 

hormone levels, P = 0.002. 
e
 Permanent hypoparathyroidism is defined as a duration of hypoparathyroidism of six months or longer. 

f
 Of the patients with hypoparathyroidism, three of four after <SPTX developed recurrent pHPT, and four of six 

after SPTX developed recurrent disease. 
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We performed 25 reoperations for persistent or recurrent pHPT. The number of 

reoperations per patient ranged from one to seven. During the second operation, 1 

parathyroid gland was resected in 14 patients, 2 glands in five patients, and 3 glands 

in one patient. No parathyroid glands could be identified in three patients. After 

secondary surgery, calcium levels initially normalized in 19 patients (76%). Three 

patients developed hypoparathyroidism, two of whom had permanent 

hypoparathyroidism. None of the patients who developed hypoparathyroidism after 

the first operation or after reoperation has had a reautotransplantation. 

No reintervention was performed in the 13 patients with persistent or recurrent 

disease. The patient who developed eight episodes of recurrence, underwent seven 

reinterventions in both the cervical region and the arm where the autotransplant graft 

was located. She now suffers from a permanent unilateral laryngeal nerve injury. She 

was the only patient in our series who had supernumerary glands. Median follow-up 

was 121 months (range 47 to 201). At the end of follow-up, nine patients had died, 

six because of metastasized neuroendocrine tumors, one because of metastasized 

melanoma and two of an unknown cause. 

 

Meta-Analysis and Systematic Review  

Twelve studies were included in our meta-analysis. First, we compared patients who 

had undergone <SPTX with patients who had undergone SPTX or TPTX. After 

<SPTX, patients had a significantly higher risk of developing recurrent and persistent 

pHPT than did patients with SPTX or TPTX. The odds-ratio for recurrent PHPT was 

3.11 (95% CI = 2.00 to 4.84) for patients who underwent <SPTX (Figure 2). Patients 

with <SPTX had a significantly lower risk of developing permanent 

hypoparathyroidism (OR = 0.24, 95% CI = 0.24 to 0.48) (Figure 3) and a higher risk 

of persistent pHPT (Appendix C). Second, we compared patients who had SPTX with 

patients who had TPTX. Patients with SPTX did not have a significantly higher risk of 

developing recurrent pHPT than patients with TPTX (OR = 2.15, 95% CI = 0.82 to 

5.61, P = 0.12) (Figure 4). Neither did they have a higher risk of developing persistent 

pHPT (Appendix D). After SPTX, patients had a significantly lower risk of permanent 

hypoparathyroidism than after TPTX (OR = 0.25, 95% CI = 0.11 to 0.54, P = 0.0004) 

(Figure 5). The I2 test revealed moderate heterogeneity between the study outcomes 

on recurrent pHPT (percentage of total variation across the studies not due to chance 

alone was 38% and 46%). 

There was no heterogeneity for study outcomes with respect to permanent 

hypoparathyroidism. An overview of the surgical outcomes from studies that were 

included and those that couldn’t be included in meta-analysis is given in Appendix B. 

Most noncomparative studies had large study populations.8-12 The overall 

recurrence rates are difficult to compare because of different techniques used in the 

studies. One series showed an overall recurrence rate of 7.6% after SPTX (n = 66) 

with bilateral thymectomy and <SPTX.10 Another series of 100 patients had a failure 

rate of 26% after <SPTX (n = 37) and a combined failure rate of 11% after SPTX (n = 

43) and TPTX (n = 11) after a follow-up period of 4.6 years.11 
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Figure 2. <SPTX versus SPTX and TPTX on Recurrent Primary Hyperparathyroidism in 

MEN1.  

 

 

 

Abbreviations: <SPTX, fewer than 3 parathyroid glands resected; SPTX, 3-3½ parathyroid glands resected; 

TPTX, total parathyroidectomy with autotransplantation; MEN1, multiple endocrine neoplasia type 1. 

SPTX and TPTX were analyzed together.  

After <SPTX, patients are 3.11 times more likely to develop recurrent disease than after SPTX and TPTX (95% CI 

= 2.00 to 4.84, P < 0.0001). Patients who had persistent pHPT were excluded from analysis. 

 

 

Figure 3. <SPTX versus SPTX and TPTX on Permanent Hypoparathyroidism in MEN1. 

 

 
 

Abbreviations: <SPTX, fewer than 3 parathyroid glands resected; SPTX, 3-3½ parathyroid glands resected; 

TPTX, total parathyroidectomy with autotransplantation; MEN1, multiple endocrine neoplasia type 1. 

SPTX and TPTX were analyzed together.  

After <SPTX, patients have a significantly lower risk of developing permanent hypoparathyroidism than after 

SPTX and TPTX (OR = 0.24, 95% CI = 0.12 to 0.48, P < 0.0001).  

 

 

A series of 51 patients who underwent 45 TPTX with thymectomy, had only five 

recurrences; all in the autografts after 6.7 years of follow-up. The rate of permanent 

hypoparathyroidism in that series was 22%. 

One large series of only patients who underwent reoperations for pHPT in 

MEN1 had a recurrence rate of 27% after 72 months; only two of 75 patients (3%) 

had permanent recurrent laryngeal nerve injury after their reoperation.12  
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Figure 4. SPTX versus TPTX on Recurrent Primary Hyperparathyroidism in MEN1.  

 

 
 

Abbreviations: SPTX, 3-3½ parathyroid glands resected; TPTX, total parathyroidectomy with autotransplantation; 

MEN1, multiple endocrine neoplasia type 1. 

After SPTX, patients do not have a significantly higher risk of developing recurrent pHPT than after TPTX (OR = 

2.15, 95% CI = 0.82 to 5.61, P = 0.12). Patients who had persistent pHPT were excluded from analysis. 

 

 

Figure 5. SPTX versus TPTX on Permanent Hypoparathyroidism in MEN1. 

 

 
 

Abbreviations: SPTX, 3-3½ parathyroid glands resected; TPTX, total parathyroidectomy with autotransplantation; 

MEN1, multiple endocrine neoplasia type 1. 

After SPTX, patients have a significantly lower risk of developing permanent hypoparathyroidism than after TPTX 

(OR = 0.25, 95% CI = 0.11 to 0.54, P = 0.0004).  

 

 

Discussion 

This study confirms the difficulties of managing primary hyperparathyroidism in MEN1 

patients. Contradictory findings on surgical treatment have been reported. In our 

study, recurrent pHPT was most frequently seen after SPTX, yet the follow-up was 

long compared with other series (Appendix B). Even though none of the patients 

developed recurrent pHPT after TPTX, the majority developed permanent 

hypoparathyroidism (67%). Persistent disease was most frequently seen after 

<SPTX. These results and those of the meta-analysis and systematic review confirm 

that <SPTX should not be performed, because it has the highest risk of persistent 
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and recurrent disease. We propose that subtotal parathyroidectomy (SPTX) is the 

preferred treatment for pHPT in MEN1.  

Some caution must be taken when interpreting the data presented here. There 

were no randomized controlled trials and most series were retrospective. 

Furthermore, the duration of follow-up was different in the studies. To evaluate 

permanent hypoparathyroidism only a few studies were available. The main limitation 

of our study is its retrospective nature. Some data were unavailable and there may 

have been confounding by indication for the type of surgery. Unfortunately, the 

results of the large noncomparative studies could not be included; they could have 

had a significant effect in the meta-analysis. An international randomized controlled 

trial with a long-term follow-up is necessary to answer some of the remaining 

questions. Nonetheless, such a study design would be very problematic to 

accomplish in view of the rarity of this disease.  

Most authors agree that pHPT in MEN1 is caused by multiglandular 

disease.6,9,12-15 The theory that MEN1-related pHPT develops asymmetrically and in 

time all parathyroid glands can become hyperplastic or develop adenomas, is based 

on the observation that there is a high risk of developing recurrent pHPT when limited 

resections are performed.5,6 Even parathyroid glands that appear normal can have a 

diffuse positive staining reaction for parathyroid hormone.16 Most authors therefore 

recommend SPTX or TPTX.5,8,13,15,17,18 SPTX is generally considered to be superior 

to TPTX because the risk of permanent hypoparathyroidism is much lower. However, 

there might be an increased risk of recurrence compared with TPTX since some 

parathyroid tissue remains in situ. The controlled-cohort studies and case series that 

we identified in our systematic review of the literature showed the recurrence rate of 

pHPT was high after SPTX (3-3½ glands resected), ranging from 12% up to 67% 

after eight years of follow-up (Appendix B). The noncontrolled series had large study 

populations and more favorable outcomes with respect to recurrence rates for SPTX 

and TPTX, but follow-up rates were shorter than in our series. In our series, the 

recurrence rate was 65% after a long median follow-up of 12 years. This risk of 

recurrence increases with time and does not seem to reach a plateau phase.8 After 

total parathyroidectomy with autotransplantation, recurrence rates of 4% to 55% have 

been reported.8,15,17-20 The higher recurrence rate after SPTX in our series may be 

explained by the longer follow-up period than in other (noncomparative) series and 

the fact that in our series a cervical thymectomy was seldom performed. 

The risk of severe and permanent hypoparathyroidism is highest after TPTX 

with autotransplantation. It ranges from 13% to 47% in the literature and was 67% in 

our series. After subtotal parathyroidectomy this risk ranges from 0% to 22%.15,18 

Patients with <SPTX are the least likely to develop permanent hypoparathyroidism.13 

These findings are confirmed by our meta-analysis. If patients with permanent 

hypocalcemia require lifelong vitamin D and calcium supplements, this may well 

affect their quality of life. If left untreated, longstanding hypoparathyroidism may lead 

to extrapyramidal disorders (Parkinson’s disease and dementia), skin disorders, and 

cataracts. These risks have to be balanced against the benefits of curing the patient 

by performing extensive parathyroid resections, especially since the time to develop 
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recurrent disease after SPTX is long and a reoperation is often required only after 

several years. 

Some authors have found uniglandular disease in MEN1.21,22 In a small 

number of our patients, we had performed MIP to reduce complications and mainly at 

the patient’s request. This practice has been abandoned after the poor results. In our 

and others’ experience, the recurrence rate after MIP is unacceptably high: 

100%.6,23Additionally, there is a higher risk of persistent disease after <SPTX, which 

was 31% in our series.13 However, some authors have had better results with 

<SPTX, with cure rates of approximately 70% after 48 months21 and 100% after five 

years.22  

The possibility of supernumerary parathyroid glands should also be 

considered in the surgical treatment of pHPT in patients with MEN1.24,25 Although 

some authors have not found supernumerary glands,9 these may occur in up to 30% 

of MEN1 patients (Appendix B). The superior parathyroid glands are frequently 

located within the fascial sheath of the thyroid. Therefore, this fascia should be 

removed to localize the parathyroid glands. If the fascial sheath is not removed, 

subcapsular parathyroid glands may be overlooked.26 Not only supernumerary 

glands can be found, but ectopic ones as well can be found, in up to 33% of cases.27 

These ectopic glands most often are located in the thymus.9 Some authors advocate 

that during cervical exploration in these patients, a routine thymectomy should be 

performed to search for supernumerary and ectopic glands.3,5,6,9,10,13,17,28 After SPTX 

with thymectomy, calcium levels return to normal more often (84.1%) than after SPTX 

without transcervical thymectomy (57.6%, P = 0.0001).29 In our series, thymectomy 

was rarely performed. Some authors even recommend removal of the fatty tissue in 

the central compartment to remove all (ectopic) parathyroid tissue.18 

Finally, one large case series that studied reoperations for pHPT in MEN1 

found a recurrent laryngeal nerve injury rate of 2% and a permanent 

hypoparathyroidism rate of 16%.12 In our series only one patient, who had undergone 

seven reoperations, developed permanent recurrent laryngeal nerve injury. 

 

Conclusion 

Given the currently available evidence, limited resections of fewer than 3 glands 

should not be part of a primary operation for pHPT in MEN1 patients since the 

persistence and recurrence rates are too high. SPTX might be the best surgical 

treatment for patients who have MEN1 and pHPT, despite the higher risk of recurrent 

pHPT. In addition, a thymectomy should routinely be performed in these patients. 
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Appendix A 

Predefined Search Terms 

Multiple endocrine neoplasia type 1 

“Multiple endocrine neoplasia type 1” OR “multiple endocrine neoplasia type I” OR 

“multiple endocrine neoplasia syndrome type 1” OR “multiple endocrine neoplasia 

syndrome type I” OR “MEN 1” OR “MEN1” OR “MENI” OR “MEN I”. 

 

Primary hyperparathyroidism 

"Hyperparathyroidism, Primary"[Mesh] OR "Parathyroid Neoplasms"[Mesh] OR 

“primary hyperparathyroidism” OR “hyperparathyroidism” OR “HPT” OR “parathyroid 

adenoma*” OR “parathyroid hyperplasia”. 

 

Surgical procedure 

"Parathyroidectomy"[Mesh] OR “parathyroid surgery” OR “parathyroidectomy” OR 

“total parathyroidectomy” OR “subtotal parathyroidectomy” OR “conventional neck 

exploration” OR “unilateral neck exploration” OR “minimally invasive adenomectomy”. 

 

Appendix B  

Table 4. 

 

Appendix C 

Figure 6. 

 

Appendix D 

Figure 7. 
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Figure 6. <SPTX versus SPTX and TPTX on Persistent Primary Hyperparathyroidism in 

MEN1.  

 

 
Abbreviations: <SPTX, fewer than 3 parathyroid glands resected; SPTX, 3-3½ parathyroid glands resected; 

TPTX, total parathyroidectomy with autotransplantation; MEN1, multiple endocrine neoplasia type 1. 

SPTX and TPTX are analyzed together. After <SPTX, patients are more likely to develop persistent primary 

hyperparathyroidism than after SPTX and TPTX (OR = 4.97, 95% CI = 2.11 to 11.71, P = 0.0002). 

 

 

Figure 7. SPTX versus TPTX on Persistent Primary Hyperparathyroidism in MEN1. 

 

 

 

Abbreviations: SPTX, 3-3½ parathyroid glands resected; TPTX, total parathyroidectomy with autotransplantation; 

MEN1, multiple endocrine neoplasia type 1. 

After SPTX, patients do not have a significantly higher risk of developing persistent primary hyperparathyroidism 

than after TPTX (OR = 2.37, 95% CI = 0.54 to 10.44, P = 0.25). 
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Abstract 

Objective  To determine the best surgical strategy for patients with multiple endocrine 

neoplasia type 2A (MEN2A) who have primary hyperparathyroidism (pHPT). 

 

Methods  We performed a systematic literature review and conducted a retrospective 

cohort study that included patients with pHPT identified from the MEN2A database at 

the University Medical Center Utrecht, The Netherlands, between 1979 and 2009. 

 

Results The review describes the course of worldwide surgical management in 

MEN2A-related pHPT over the past 75 years, which has evolved from aggressive 

parathyroid resections to minimally invasive parathyroidectomy (MIP). The study 

cohort included 20 patients. Primary surgery for parathyroid disease in patients with 

MEN2A patients (n = 16) included MIP (n = 6), conventional neck exploration with 

resection of enlarged parathyroid gland(s) (n = 4), and resection of one or more 

enlarged gland(s) during total thyroidectomy (n = 6). Thirteen patients were initially 

cured after the primary operation. Five patients experienced persistent or recurrent 

pHPT. After MIP, one patient had persistent pHPT, but no patient developed 

recurrent pHPT during five years of follow-up. Five patients had hypoparathyroidism 

after subtotal or total parathyroidectomy with autotransplantation, but only one patient 

had transient hypoparathyroidism after MIP. One patient had a transient recurrent 

laryngeal nerve injury after MIP. 

 

Conclusion  Surgery for pHPT in patients with MEN2A has evolved from aggressive 

conventional exploration of all four glands to focused MIP, which appears to be a 

feasible approach. MIP has low rates of persistent and recurrent pHPT, and the 

complications are minimal. 
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Introduction 

Multiple endocrine neoplasia syndrome type 2A (MEN2A) is an autosomal dominant 

inherited disorder caused by mutations in the RET proto-oncogene on chromosome 

10. This disorder can be diagnosed by genetic screening before manifestations 

exist.1 Virtually all patients with the syndrome develop medullary thyroid carcinoma 

(MTC). Therefore, affected patients should undergo prophylactic total thyroidectomy 

according to their RET proto-oncogene mutation as recommended by current 

guidelines. Thirty to forty percent of persons with a RET proto-oncogene mutation 

develop pheochromocytomas, and 20% to 30% develop primary hyperparathyroidism 

(pHPT) in the course of the disease.2 The latter is in contrast to patients with multiple 

endocrine neoplasia syndrome type 1 (MEN1), who have a 78% to 100% risk of 

developing pHPT at a relatively young age.3,4 PHPT in MEN2A generally presents 

after the third decade of life.5 

PHPT as part of MEN2A has a diverse clinical spectrum. First, parathyroid 

gland disease can be diagnosed in the laboratory at an early age if parathyroid 

glands are resected during (prophylactic) total thyroidectomy for C-cell hyperplasia or 

MTC. Histologic examination of these parathyroid glands may show hyperplasia or 

adenoma. Second, pHPT can be diagnosed during routine biochemical screening 

(elevated serum calcium level in combination with an inadequately nonsuppressed or 

elevated parathyroid hormone [PTH] level) for follow-up of MEN2A. Finally, patients 

can present with signs and symptoms of pHPT, i.e. nephrolithiasis or bone disease.6 

Several factors hinder choosing the right treatment of pHPT in MEN2A 

patients. First, MEN2A is a very rare disease, and the associated pHPT has a 

different course than that of pHPT associated with MEN1. Second, the incidence of 

multiglandular disease is variable in pHPT associated with MEN2A. Furthermore, 

supernumerary glands may be present and affected. Hence, recommendations on 

surgical therapy in MEN2A-related pHPT are contradictive. Some authors advocate 

total parathyroidectomy combined with autotransplantation of parathyroid tissue.7 

Others favor only selective resection of the enlarged parathyroid gland(s).6,8-11 

Previous reports have included relatively few patients with MEN2A and pHPT.6,8,9,11-13 

In most reports, outcome of surgical treatment was analyzed in conjunction with 

outcome in patients with MEN1.8-12 

The purpose of this study was to evaluate the outcome of surgical treatment of 

pHPT in a large cohort of patients with MEN2A treated at the University Medical 

Center Utrecht, The Netherlands, during long-term follow-up. Our outcome of surgical 

treatment of pHPT in MEN2A was compared with the available literature in a review 

of the evolution of parathyroid surgery in patients with MEN2A over the last 75 years. 

 

Materials and Methods 

Literature Review 

We searched Medline (1966 to 2010), Embase (1980 to 2010), and the Cochrane 

database of systematic reviews (2010) using predefined search terms (Appendix A). 

On the basis of title and abstract, we selected 29 studies using predetermined 

exclusion criteria (Appendix A). Applying inclusion criteria (Appendix A) to the full text  
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Figure 1. Article Selection on Surgery for Primary Hyperparathyroidism in MEN2A. 

 
Abbreviations: MEN2A, multiple endocrine neoplasia type 2A. 

Search date: September 4, 2010.  
a
 Full text was unavailable for the following citations: Block MA, Frame B, Jackson CE. The efficacy of subtotal 

parathyroidectomy for primary hyperparathyroidism due to multiple gland involvement. Surg Gynaecol Obstet 

1978; 147(1):1-5; Edis AJ, van Heerden JA, Scholz DA. Results of subtotal parathyroidectomy for primary chief 

cell hyperplasia. Surgery 1979; 86(3):462-466. 

 

 

resulted in 10 studies with original data on surgery for MEN2A-related pHPT (Figure 

1). We also included the results of our cohort study. Analyzed outcomes included 

persistent pHPT, recurrent pHPT, and permanent hypoparathyroidism. 

 

Cohort Study 

This retrospective cohort study includes patients with pHPT identified from the 

MEN2A database at the University Medical Center Utrecht, The Netherlands 

between 1979 and 2009. 

We defined MEN2A as the presence of two or more manifestations of the 

syndrome (MTC, pheochromocytoma, pHPT) or a RET proto-oncogene mutation. 

Medline, 

n = 784 

Cochrane, 

n = 34 

202 studies screened on the 

basis of title and abstract 

using exclusion criteria 

29 studies screened on the 

basis of full text 

using inclusion criteria 

Multiple Endocrine 

Neoplasia 

Surgical 

Procedure 

Embase, 

n = 592 

10 studies with data on 

different types of  

surgical treatment for  

pHPT in MEN2A 

2 studies after 

screening references 

and related articles 

0 studies useful and  

full text available
a
 

Primary 

Hyperparathyroidism 

10 studies 
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Patients with MEN2A were included if they had either biochemical evidence of pHPT 

(elevated serum calcium level in combination with an inadequately nonsuppressed or 

elevated PTH level) or enlarged parathyroid glands during total thyroidectomy. In the 

regular management and surveillance of the MEN2A population, patients are 

screened annually for the presence of biochemical evidence of pHPT. Data on 

patient characteristics at baseline, RET proto-oncogene mutation, surgical treatment, 

and outcome were collected. Surgical cure was defined as a return to normal serum 

calcium levels for at least six months after operation. Recurrence was defined as a 

return of documented hypercalcemia after surgical cure. Persistence was defined as 

hypercalcemia that remained after surgery or returned within six months after 

surgery. Hypoparathyroidism and nerve damage were considered complications of 

surgery. Hypoparathyroidism was defined as a serum ionized calcium level less than 

4.60 mg/dL or total calcium level less than 8.8 mg/dL and/or the use of calcium 

and/or vitamin D supplements. Hypoparathyroidism was considered permanent if it 

persisted for more than six months after surgery. Injury of the recurrent laryngeal 

nerve was based on clinical diagnosis and confirmation by postoperative 

laryngoscopy in case of clinical hoarseness. Damage was considered to be 

permanent if it was still present at final follow-up (at least 5 years).  

Patients were treated by minimally invasive parathyroidectomy (MIP), 

conventional neck exploration (CNE) combined with excision of enlarged glands, or 

resection of only the enlarged gland(s) during total thyroidectomy. The MIP technique 

used at our institution is performed in selected cases if a parathyroid adenoma has 

been localized in the same location on sestamibi scan and ultrasonography 

preoperatively. Intraoperative PTH measurements are routinely performed whenever 

a MIP is performed. A significant drop of more than 50% of the intraoperative PTH 

level compared with the most recent preoperative level is considered successful.14 

We defined the histopathologic diagnosis of the resected glands as adenoma 

or hyperplasia of the parathyroid glands. The finding of a rim of normal tissue 

surrounding enlarged parathyroid tissue makes the diagnosis adenoma more likely. 

The absence of this rim of normal tissue or the presence of two or more enlarged 

parathyroid glands during the same operation makes hyperplasia more likely.15 

The duration of follow-up was defined as the interval between the date of 

primary surgery and the date of last contact or the last measured serum calcium 

level.  

 

Statistical Analysis 

We used SPSS version 16.0 (SPSS, Inc., Chicago, IL), to describe the population. 

Data are shown as mean or median based on their distribution. For the description 

and analysis of the patients who underwent surgery, we excluded those who did not 

undergo surgery. Analysis of variance was applied to calculate the statistical 

difference in mean follow-up between intervention groups. 
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Results 

Literature Review 

Since 1931, the standard operative procedure for sporadic pHPT consisted of 

bilateral neck exploration to localize all parathyroid glands, including supernumerary 

and ectopic glands. Subsequently, all pathologically enlarged parathyroid tissue was 

removed. Improvements in preoperative imaging and intraoperative care have led to 

a more conservative approach with minimally invasive techniques, including MIP in 

case of solitary parathyroid disease. 

Results of surgery to treat pHPT in patients with MEN2A cover a study period 

of 75 years (1935 to 2010) (Table 1). As for sporadic pHPT, subtotal or selective 

parathyroidectomy of enlarged glands after bilateral neck exploration and 

identification of all four parathyroid glands was initially considered the best surgical 

strategy in these patients.6,8,11-13 Occasionally, this was performed during total 

thyroidectomy for MTC. Additional procedures advised in the past include 

cryopreservation of parathyroid tissue in case of late-onset postoperative 

hypoparathyroidism,11,12 biopsy of nonenlarged glands,12,17 and bilateral cervical 

thymectomy with resection of surrounding fatty tissue.7,10,12 Herfarth et al7 preferred 

total parathyroidectomy in all patients with MEN2A, and Cance and Wells17 preferred 

total parathyroidectomy in all patients with MEN2A with more than one enlarged 

gland. Dralle and Scheumann10 advised resection of one or two macroscopically 

enlarged parathyroid glands during total thyroidectomy even in normoparathyroid 

patients with MEN2A. 

More recently, selective resection of enlarged parathyroid glands without 

routine thymectomy became generally accepted in patients with MEN2A and pHPT 

and was associated with good results.5,9,13 The results of our study (see following 

text) agree with this approach. An overview of the results of primary surgery in 

MEN2A-related pHPT obtained in worldwide studies is given in Table 1. 

Successful selective resection of enlarged parathyroid glands by MIP is 

moderated by preoperative imaging and intraoperative PTH determination. These 

techniques aid in the differentiation between uniglandular and multiglandular disease. 

In the past, this differentiation was mostly based on surgical and pathological 

expertise, which often led to misdiagnosis of adenomatous disease rather than 

hyperplasia or vice versa with inadequate, or too extensive, resections. Also, ectopic 

or supernumerary glands can be easily missed.14 

Originally approved for myocardial perfusion imaging, technetium-99m-

sestamibi scintigraphy is now the standard method used for preoperative imaging of 

the parathyroid glands.18,19 It can be used in combination with ultrasonography of the 

neck. Intraoperative PTH measurement was first described by George Irvin in 1988. 

Since then, it has been refined to a quick and less expensive measurement with 

results available in less than 20 minutes.20,21 In none of the previously reported 

studies did patients with MEN2A undergo preoperative localization imaging or have 

intraoperative PTH determination. 
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Cohort Study 

From our MEN2A database, 130 patients with MEN2A were identified, 23 (18%) of 

whom had pHPT. Three patients had insufficient information available, and they were 

hence excluded from the study. As a result, the study population consisted of 20 

patients. Patient characteristics are given in Table 2. 

In our cohort, 16 patients underwent primary surgery for parathyroid disease 

between 1979 and 2009 (Table 3). Two patients had mild and asymptomatic 

hypercalcemia and were treated conservatively, and two patients are awaiting 

surgery. Operations were performed at the University Medical Center Utrecht, a 

tertiary referral center in 11 cases and in community hospitals in five cases. Six 

patients underwent MIP, four patients underwent a CNE combined with excision of 

one or two enlarged gland(s), and six patients underwent selective resection of the 

enlarged gland(s) during total thyroidectomy (Table 3). As previously stated, 

intraoperative PTH measurement is currently routinely performed whenever MIP is 

performed. Due to logistic reasons, this was only done in two of six patients. The 

mean overall follow-up after the primary surgery was 9.1 years (range 0.5 to 26.7), 

with significant differences between surgical groups (P = 0.04) (Table 4). 

 

 

Table 2. Characteristics of Primary Hyperparathyroidism in MEN2A Patients 

Characteristics Data 

Patient characteristics 

Female, n 

Age at diagnosis of primary hyperparathyroidism, y, median (range) 

RET proto-oncogene mutation, n 

Cys634Arg  

Cys634Tyr 

Cys634Trp 

Codon 618 

Unknown 

Symptoms and diagnostic characteristics, n 

Fatigue 

Nephrolithiasis 

Bone pain or osteopenia 

Muscle weakness 

Preoperative ionized calcium level,
a
 mg/dL, median (range)

 

Preoperative parathyroid hormone level,
b
 pg/mL, median (range) 

Other MEN2A-associated features, n 

Medullary thyroid carcinoma, total thyroidectomy 

Pheochromocytoma, adrenalectomy 

Pruritus 

Cutaneous lichen amyloid 

Lipoma 

Angiolipoma  

Age at total thyroidectomy, y, mean (range) 

 

9 (45%) 

39 (20 to 66) 

 

10 (50%) 

3 (15%) 

1 (5%) 

1 (5%) 

5 (25%) 

8 (40%) 

4 (20%) 

3 (15%) 

4 (20%) 

1 (5%) 

5.44 (5.32 to 5.68) 

89.0 (52.6 to 248.9) 

 

19 (95%) 

17 (85%) 

1 (5%) 

2 (10%) 

1 (5%) 

1 (5%) 

32 (9 to 65) 

Abbreviations: MEN2A, multiple endocrine neoplasia type 2A. 
a 

Reference range 4.60 to 5.28 mg/dL (1.15 to 1.32 mmol/L). 
b 

Reference range < 67 pg/mL (< 7.0 pmol/L). 
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Overall, 13 patients (81%) were cured, with the highest cure rate obtained after MIP 

(5 of 6 [83%]). Three patients had persistent pHPT, one after MIP, one after CNE 

(one gland resected) and one after total thyroidectomy (no enlarged glands resected, 

because none were found). Two patients developed recurrent disease, one of whom 

developed recurrence 10.3 years after removal of one gland during total 

thyroidectomy. In the other patient, recurrence occurred 11.2 years after removal of 

one gland by CNE.  

Complications of nerve injury and hypoparathyroidism following primary 

surgery are listed in Table 4. One patient had immediate postoperative failure (PTH 

levels remained elevated) and underwent successful reexploration one week later, 

with removal of a second adenoma. Three patients underwent reoperation for 

persistent or recurrent pHPT. After a mean follow-up of 8.9 years (range 3.3 to 12.8), 

one patient was cured, another had persistent pHPT and the third developed 

recurrent pHPT 2.0 years after the reoperation. Four patients died during follow-up, 

two patients died of non-MEN2A-related malignancy and two died of unknown 

causes. 

 

Discussion 

Review of the literature on pHPT in MEN2A shows an evolving preference for 

minimal resection of parathyroid glands. In addition, from the data of our cohort 

study, we conclude that MIP may be considered the initial procedure of choice for 

patients with MEN2A at our institution. Our series is one of the largest series to report 

results of surgical therapy for pHPT in patients with MEN2A with a long follow-up. 

MIP has a minimal risk of damage to surrounding tissues. Furthermore, MIP 

provides better cosmetic results, patient comfort and a shorter duration of hospital 

stay.14 The MIP technique has become the standard of care for sporadic pHPT in 

institutions with substantial experience with the procedure. Its role in the setting of 

familial pHPT is evolving. MIP can be performed if preoperative imaging studies are 

concordant. In the current time of genetic screening and prophylactic total 

thyroidectomy at a young age, almost all patients with MEN2A will undergo some 

form of neck surgery for MTC before the presentation of and surgery to treat pHPT. 

This was the case in all patients in our series who underwent a MIP. Taking the 

postoperative fibrosis and scarring after neck surgery into account, an image-guided 

minimally invasive procedure is preferred over more invasive approaches. For 

example, the risk of recurrent laryngeal nerve injury is minimized, as is the chance of 

permanent hypoparathyroidism, which can have a dramatic impact on the quality of 

life. 

Our results suggest that pHPT in MEN2A is generally not an aggressive 

disease. Hypercalcemia was commonly mild. pHPT was asymptomatic in 60% of 

patients in our series and 42% to 84% of patients in retrospective studies.5-7,11-13 

PHPT is rarely the first diagnosed endocrinopathy in MEN2A (15% in our series). In 

most affected patients in our series, MEN2A-related pHPT was present in the third 

and fourth decade, which was also seen in other series.6,9,12,13 
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We found relatively low rates of persistent and recurrent pHPT after selective gland 

resection during a long follow-up period. This supports our belief that patients with 

MEN2A-related pHPT often have uniglandular, rather than multiglandular, disease. 

We propose that a more conservative approach with selective resection of enlarged 

glands is justified rather than a subtotal or total parathyroidectomy. This is in line with 

most reports on pHPT in MEN2A (Table 1). 

Three patients had persistent pHPT, and two patients developed recurrent 

hypercalcemia. The somewhat unfavorable results of persistent pHPT after surgery 

may be related to the fact that some patients underwent operation at the beginning of 

the 1980s, a time when MEN diseases were less well appreciated, and at hospitals 

with less experience in operating on multiglandular disease. Unfortunately, the latter 

is not always preventable because the syndrome is so rare. This emphasizes, 

however, the importance of recognizing MEN2A and appropriately referring affected 

patients to tertiary referral centers. 

We also found a high rate of postoperative hypoparathyroidism in patients with 

MEN2A (31%). In two patients, hypoparathyroidism was transient. Permanent 

hypoparathyroidism after neck exploration most likely reflects inadvertent parathyroid 

injury during operation. Because permanent hypoparathyroidism developed in two 

patients who had their parathyroid glands resected during total thyroidectomy, the 

hypoparathyroidism could also be the result of damage to the glands during 

thyroidectomy. The histopathologic diagnosis of the resected parathyroid glands may 

be under influence of selection bias of the operating procedure. If more than one or 

two glands are found and affected, it is often regarded as hyperplasia. During MIP 

however, only one gland is removed, which is often considered to be an adenoma. 

 Although this is one of the largest studies on surgery in MEN2A-related pHPT, 

the number of patients per group was small and patients could not be randomized. In 

addition, there was a relatively small number of patients with pHPT among the total 

group of 130 patients with MEN2A. MIP at our institution is considered only if imaging 

studies are concordant. In our series, the results may therefore show confounding by 

indication. In addition, follow-up after MIP was significant shorter than after other 

procedures. Nonetheless, we advocate MIP as an adequate surgical procedure for 

patients with MEN2A who have pHPT. 

 

Conclusion 

Surgery for pHPT in patients with MEN2A has evolved from aggressive, conventional 

exploration of all four glands to focused MIP, which appears to be a feasible and safe 

approach. MIP has low persistence and recurrence rates, and complications are 

minimal. 
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Appendix A 

Predefined Search Terms 

Multiple endocrine neoplasia type 2A 

“Multiple endocrine neoplasia type II*” OR “Multiple endocrine neoplasia syndrome 

type II*” OR “Multiple endocrine neoplasia type 2*” OR “Multiple endocrine neoplasia 

syndrome type 2*” OR “Sipple’s syndrome” OR “MEN 2*” OR “MEN2*” OR “MENII*” 

OR “MEN II*” 

 

Primary hyperparathyroidism 

"Hyperparathyroidism, Primary"[Mesh] OR "Parathyroid Neoplasms"[Mesh] OR 

“hyperparathyroidism” OR “HPT” OR “PHPT” OR “parathyroid adenoma*” OR 

“parathyroid hyperplasia” OR “parathyroid neoplasm*” 

 

Surgical procedure 

"Parathyroidectomy"[Mesh] OR “parathyroid surgery” OR “parathyroidectomy” OR 

“neck exploration” OR “minimally invasive adenomectomy” OR “adenomectomy” 

 

Exclusion Criteria 

Animal studies 

Diagnostic, prognostic, etiologic studies 

Case reports, systematic reviews 

Sporadic primary hyperparathyroidism 

Secondary and tertiary hyperparathyroidism 

 

Inclusion Criteria 

Human studies 

Therapeutic studies on original data 

Randomized controlled trials  

Retrospective or prospective case series or cohort studies 

Primary hyperparathyroidism 

Multiple endocrine neoplasia type 2A 

Parathyroidectomy, minimally invasive or selective versus subtotal versus total 

English, Dutch studies 
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Abstract 

Background  Primary hyperparathyroidism (pHPT) is most commonly sporadic 

(spHPT). However, sometimes pHPT develops as part of multiple endocrine 

neoplasia (MEN) type 1 or 2A. In all cases, parathyroidectomy is the only curative 

treatment. Nevertheless, there are important differences in clinical expression and 

treatment. 

 

Methods   We analyzed a consecutive cohort of patients treated for sporadic, MEN1-

related, and MEN2A-related pHPT and compared them regarding clinical and 

biochemical parameters, differences in preoperative workup, operative strategies, 

findings, and outcome. 

 

Results  A total of 467 patients with spHPT, 52 with MEN1-related and 16 with 

MEN2A-related pHPT were analyzed. Patients with spHPT were older, more often 

female, and had higher preoperative calcium and parathyroid hormone (PTH) levels 

compared with MEN1 and MEN2A patients. Minimally invasive parathyroidectomy 

(MIP) was performed in 367 of 467 spHPT patients (79%). One abnormal parathyroid 

was found in 426 patients (91%). Two or more in 35 patients (7%). In six patients 

(1%) no abnormal parathyroid gland was retrieved. Of 52 MEN1 patients, eight (15%) 

underwent a MIP and 44 (85%) underwent conventional neck exploration (CNE); with 

resection of fewer than 3 enlarged glands in 21 patients (40%), subtotal 

parathyroidectomy (SPTX, 3-3½ glands) in 17 (33%) and total parathyroidectomy 

with autotransplantation (TPTX) in six (12%). Eleven patients (21%) had persistent 

disease, 29 (56%) recurrent pHPT and nine (17%) permanent hypoparathyroidism, 

mostly after TPTX. Of 16 MEN2A patients, six (38%) underwent MIP, four (25%) 

CNE and six (38%) selective resection of the enlarged gland(s) during total 

thyroidectomy. Three patients (19%) suffered from persistent pHPT and two (13%) 

developed recurrent disease.  

 

Conclusion  Sporadic pHPT, MEN1-, and MEN2A-related pHPT are three distinct 

entities as is reflected preoperatively by differences in sex, age at diagnosis, and 

calcium and PTH levels. MEN2A patients are very similar to spHPT with respect to 

operative approach and findings. MIP is the treatment of choice for both. MIP has low 

rates of persistent and recurrent pHPT and a low complication rate. The percentage 

of multiglandular disease and recurrences are significantly higher in MEN1 patients, 

demonstrating the need for a different approach. We advocate treating all these 

patients with CNE and SPTX.  
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Introduction 

The etiology of primary hyperparathyroidism (pHPT), a common endocrine disease, 

is most frequently sporadic and nonfamilial (spHPT).1 A significant proportion of 

patients, however, develop pHPT as part of the familial syndromes multiple 

endocrine neoplasia (MEN) type 1 or 2A.2,3 Major features of MEN1 are endocrine 

tumors of the parathyroid, pituitary, and pancreas. Minor features consists of 

bronchial and thymic tumors.4,5 MEN2A is associated with medullary thyroid cancer, 

pHPT, and pheochromocytoma.6 In all cases of pHPT, parathyroidectomy is the only 

curative treatment that resolves symptoms and metabolic complications and thus 

improves quality of life, in both symptomatic and asymptomatic patients. 

Clinical features that differentiate between patients with sporadic pHPT and 

MEN-related pHPT are: age of onset, female to male ratio, severity of bone 

involvement, family history, and related endocrine neoplasias.7-9 Once pHPT and its 

setting are diagnosed, the course of the disease and its treatment will change the 

perspective for both surgeon and patient considerably.  

However, most of the current literature analyzes data on surgical management 

of pHPT without making any such distinction to this profound difference in etiology.9-

11 Although hypercalcemia might be the first clinical parameter to be discovered in all 

three, we strongly believe, these are very distinct and different entities, requiring a 

different approach. 

 In a population based cohort of patients treated for pHPT, we evaluated the 

frequency and causes (number of affected glands) of sporadic, MEN1- and MEN2A-

related pHPT, as well as the differences in their clinical presentation, preoperative 

workup and operative strategies, findings and outcome. We sought to determine 

whether, with optimal surgical strategies for each subgroup, a comparable outcome 

regarding persistent and recurrence rates, with equally low complication rates 

(hypoparathyroidism and recurrent laryngeal nerve injury) could be obtained. 

 

Materials and Methods 

We retrospectively analyzed the records of a consecutive cohort of patients treated 

for spHPT in one geographical region of The Netherlands between 1994 and 2009, 

comprising one academic center and three affiliated hospitals. All patients were 

symptomatic. The diagnosis pHPT was established biochemically by a serum calcium 

level greater than 10.20 mg/dL (> 2.55 mmol/L) and/or a serum ionized calcium level 

greater than 5.28 mg/dL (> 1.32 mmol/L) combined with an increased, greater than 

65 pg/mL (> 6.5 pmol/L), or nonsuppressed plasma parathyroid hormone (PTH) level. 

In a few patients calcium levels were normal, but an increased renal calcium 

excretion combined with an elevated PTH level was affirmative for pHPT.12-14  

In addition, all patients with pHPT from the MEN1 and MEN2 database at the 

University Medical Center Utrecht, The Netherlands were analyzed. The MEN1 

database includes patients diagnosed with pHPT between 1967 and 2009. Patients 

were included in the MEN1 database if they had genetically proven MEN1, or three of 

five manifestations of MEN1 or one of five manifestations and a first-degree family 

member with MEN1. Gene testing (mutation analysis) was performed in very young 
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patients with pHPT, pHPT in combination with possible MEN1 manifestations, or a 

MEN-positive family history.15  

From the MEN2 database, patients diagnosed with pHPT between 1979 and 

2009 were selected. MEN2A was defined in case of a MEN2A germline mutation. 

Patients with MEN1 and MEN2A were included if they had biochemical evidence of 

pHPT as stated above or enlarged parathyroid glands while undergoing a total 

thyroidectomy. Since the University Medical Center Utrecht is a tertiary referral 

center, also patients who were initially treated at another institution and later referred 

to our institution were included. 

Preoperative localizing studies were used in spHPT and MEN2A patients and 

included ultrasonography, computed tomography and/or technetium-99m-sestamibi 

scintigraphy (MIBI). The preoperative diagnostic workup differed between hospitals 

and evaluated over time. Presently, our preferential preoperative workup consists of 

MIBI and ultrasonography. Depending on the results of the preoperative localization 

studies, spHPT and MEN2A patients were subsequently operated in a preferentially 

minimally invasive approach.16 Minimally invasive parathyroidectomy (MIP) was 

defined as a small (3 cm) incision over the suspected adenoma as guided by 

preoperative localization (two concordant preoperative imaging techniques), whereas 

an unilateral approach involves a larger incision and larger exposure plus systematic 

exploration of the entire area of interest on one side (based on one positive 

preoperative imaging). Both inferior and superior parathyroid glands will have to be 

identified using this approach. In case of no visualization of an enlarged gland or 

discordant imaging techniques a convention neck exploration (CNE) was performed. 

Preoperative imaging for MEN1 patients is not part of our policy, although many 

patients underwent preoperative imaging studies prior to referral to our surgical 

department. In subtotal parathyroidectomy (SPTX), 3–3½ parathyroid glands were 

resected during a CNE after identification of all parathyroid glands. In total 

parathyroidectomy (TPTX), 4 glands were resected and 1 (partial) gland was used as 

a graft for autotransplantation into the brachioradial muscle of the nondominant 

forearm. The autotransplantation was performed during the same operation, using 

fresh parathyroid tissue. 

 Intraoperative PTH (IOPTH) measurements and/or intraoperative frozen 

section analysis, to verify removal of aberrant parathyroid tissue, were carried out in 

a routine fashion whenever a MIP was performed. A significant drop of more than 

50% from the highest of either preoperative baseline or preexcision level at 10 

minutes after hyperfunctioning parathyroid gland(s) excision, indicates surgical cure 

and predicts postoperative normocalcemia.17,18 

 Surgical cure was defined as normalization of serum (ionized) calcium and 

PTH levels for a period of at least six months after the surgical procedure. Persisting 

hypercalcemia or renewed hypercalcemia within the first six months after surgery 

was considered indicative of surgical failure. Hypercalcemia after a period of six 

month of postoperative normocalcemia was defined as recurrent disease. The 

findings of all operations necessary to achieve normocalcemia were taken into 

account when determining the cause of pHPT. Extirpation of a single enlarged 
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parathyroid gland with subsequent normalization of serum calcium was defined as 

single gland disease. Retrieval of more than one enlarged parathyroid gland leading 

to normocalcemia was defined as multiglandular disease. Multiglandular hyperplasia 

was defined as the situation when all four glands appeared abnormal. 

Hypoparathyroidism and nerve damage were considered complications of surgery. 

Permanent hypoparathyroidism was defined as a serum ionized calcium level of less 

than 4.60 mg/dL (< 1.15 mmol/L) and/or total calcium level of less than 8.5 mg/dL (< 

2.12 mmol/L), persisting beyond the first six months after surgery and requiring 

substitution with calcium and an active form of vitamin D.  

 To get insight into pHPT in MEN1 and MEN2A and their difference with 

respect to spHPT, we evaluated clinical and biochemical parameters, differences in 

preoperative workup, operative strategies, and findings. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS version 15.0 (SPSS, Inc., Chicago, 

IL). All continuous variables were reported as median (range). Mann-Whitney U test 

and t test were used for two-group comparison of continuous variables and χ2 test for 

analysis of categorical data. Statistical significance was established at P < 0.05. 

 

Results 

A total of 535 patients were analyzed. The cohort consists of 467 patients with 

spHPT, 52 with MEN1- and 16 with MEN2A-related pHPT. Patient characteristics are 

summarized in Table 1. Sex, age, preoperative calcium and PTH levels were 

significantly different among groups. In the spHPT group, there were more females, 

patients were older and preoperative calcium and PTH levels were higher compared 

with the MEN1 and MEN2A patients (P < 0.001, χ2, P < 0.001, t test and P = 0.012, U 

test, respectively). Clinical complaints as lethargy and renal stones were not 

significantly different between spHPT patients and MEN1 and MEN2A patients (P = 

0.184 and P = 0.06 versus P = 0.22 χ2 and P = 0.59 χ2, respectively).  

 The average number of preoperative imaging was similar in the spHPT and 

MEN2A group (mean number of used imaging modalities 1.97 and 1.63 respectively), 

but higher when compared with MEN1 patients (mean number of used imaging 

modalities 1.06). 

The operative findings and postoperative course, as well as the complications 

for each group are given in Table 2 and Table 3. 

 

Sporadic Primary Hyperparathyroidism 

Of 467 patients with spHPT, treated at the University Medical Center Utrecht or in 

one of three regional teaching hospitals, 367 patients (79%) were scheduled for a 

MIP. The remaining 100 patients underwent a planned CNE. In 39 patients (8%) a 

MIP procedure was intraoperatively converted to a CNE. In 18 of these patients, the 

minimal invasive approach provided insufficient exposure to enucleate a correctly 

localized adenoma. In one patient the adenoma was not found. In the other 20 

patients, the preoperative imaging was not consistent with the intraoperative findings. 
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The surgical success rate after primary surgery was 93% (n = 436). Hypercalcemia 

persisted after the primary surgery in 31 patients (7%). The persistence rate in 

patients with IOPTH measurement was 4%. The cumulative surgical success rate, 

including an early second operative procedure, was 99% (n = 461). Normocalcemia 

resulted from removing one abnormal parathyroid gland in 426 patients (91%). Two 

or more abnormal glands were removed in 35 patients (7%), while four gland 

hyperplasia was the observed cause of pHPT in one patient. In six patients (1%) no 

abnormal parathyroid gland was retrieved and thus hypercalcemia persisted. Four 

patients developed recurrent hypercalcemia. Parathyroid carcinoma was diagnosed 

in four patients. The median follow-up was two years (range 1 to 15). Three patients 

sustained permanent recurrent laryngeal nerve damage and one patient became 

permanent hypocalcemic. 

 

Multiple Endocrine Neoplasia Type 1-Related Primary Hyperparathyroidism 

Fifty-two patients underwent primary surgery for pHPT, either at the University 

Medical Center Utrecht (n = 36) or another affiliated hospital (n = 16). Eight patients 

underwent a MIP, 21 underwent less than SPTX (<SPTX), 17 underwent SPTX, and 

six underwent TPTX. In three patients a MIP procedure was intraoperatively 

converted to a CNE with TPTX due to inadequate drop of IOPTH levels. 

Eleven patients (21%) had persistent disease: nine patients (31%) after 

<SPTX, one (7%) after SPTX and one (17%) after TPTX. Twenty-eight patients 

(54%) developed recurrent pHPT; after a median time of 8.0 years after <SPTX 

(56%), and after a median time of 13.0 years after SPTX (65%). None of the patients 

who underwent TPTX had recurrence. After primary surgery, 10 patients (19%) 

developed permanent hypoparathyroidism: two (7%) after <SPTX, four (25%) after 

SPTX, and four of the patients (67%) who underwent TPTX. One patient had a 

permanent recurrent laryngeal nerve injury after multiple operations for persistent 

and recurrent pHPT. 

 

Multiple Endocrine Neoplasia Type 2A-Related Primary Hyperparathyroidism 

Sixteen MEN2A patients underwent primary surgery for parathyroid disease between 

1979 and 2010. Eleven operations were carried out at the University Medical Center 

Utrecht and five in affiliated hospitals. Ten patients were operated in varying years 

after a previous total thyroidectomy. Six patients of these underwent MIP and four 

patients underwent CNE combined with excision of one (n = 3) or two (n = 1) 

enlarged glands. In the other six patients, selective resection of the enlarged gland(s) 

was performed during a total thyroidectomy for medullary thyroid carcinoma (no 

glands resected because none were found n = 1, one gland resected n = 4, two 

glands resected n = 1). None of our MEN2 patients underwent a parathyroidectomy 

before they underwent a thyroidectomy. 

Thirteen patients were initially cured after the primary operation. Three 

patients suffered from persistent pHPT, two patients developed recurrent disease. 

The mean overall follow-up after primary surgery was 9 years (range 5 to 27). After 

MIP, one patient had persistent pHPT, but no one developed recurrent pHPT during  
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Table 2. Surgery for Primary Hyperparathyroidism in Sporadic, MEN1 and MEN2A 

 

Characteristics 

Sporadic pHPT, 

n = 467 

MEN1-pHPT, 

n = 52 

MEN2A-pHPT, 

n = 16 

Initial operation, n 

Minimally invasive parathyroidectomy 

Minimally invasive parathyroidectomy  

converted to conventional neck exploration 

Conventional neck exploration 

Subtotal parathyroidectomy, n 

Total parathyroidectomy, n 

Number of operations, n 

One procedure 

Two procedures 

Three or more procedures 

Number of operations, mean 

Cumulative operative findings, n 

No adenoma found 

1 enlarged gland 

Solitary (adenoma, hyperplasia) 

Carcinoma 

> 1 enlarged gland 

2 enlarged glands 

3 enlarged glands 

> 3 enlarged glands or hyperplasia 

 

328 (70%) 

39 (8%) 

 

100 (21%) 

- 

- 

 

435 (93%) 

31 (7%) 

1 (<1%) 

1.07 

 

6 (1%) 

426 (91%) 

422 (90%) 

4 (1%) 

35 (7%) 

26 (6%) 

8 (2%) 

1 (<1%) 

 

5 (10%) 

3 (6%) 

 

44 (84%) 

38 (73%) 

6 (12%) 

 

26 (50%) 

17 (33%) 

9 (17%) 

1.85 

 

0 

17 (33%) 

17 (33%) 

0 

35 (56%) 

12 (23%) 

17 (33%) 

6 (12%) 

 

6 (38%) 

0 

 

10 (62%) 

- 

- 

 

13 (81%) 

1 (6%) 

2 (13%) 

1.29 

 

1 (6%) 

13 (81%) 

13 (81%) 

0 

2 (13%) 

2 (13%) 

0 

0 

Abbreviations: pHPT, primary hyperparathyroidism; MEN1, multiple endocrine neoplasia type 1; MEN2A, 

multiple endocrine neoplasia type 2A. 

 

 

five years of follow-up. Five patients had hypoparathyroidism, due to inadvertent 

damage to parathyroid glands during total thyroidectomy. 

 

The percentage of operations started as a minimally invasive operation was higher in 

the spHPT group compared with the MEN populations (P < 0.001, χ2). The mean 

number of operations was higher in MEN patients compared with the spHPT 

population (P < 0.001, χ2); between MEN1 and MEN2A we could not demonstrate a 

significant difference. The number of patients with multiglandular disease was the 

highest in the MEN1 group (P < 0.001, χ2). 

 

Discussion 

According to our study and previous literature, sporadic, MEN1-related and MEN2A-

related pHPT are three distinct entities, as is reflected preoperatively by differences 

in sex, age at diagnosis, and preoperative calcium and PTH levels.7-9 Clearly this 

leads to a distinct algorithm regarding the preoperative workup and operative 

strategy (Figure 1). We found no difference in the prevalence of clinical symptoms, in 

agreement with previous studies.9,19 

As others have demonstrated, operative findings may be a function of the 

operative approach; a CNE leads to removal of more parathyroid glands and thus a  
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higher percentage of multiglandular disease.20,21 In our series, the frequency of 

solitary adenomas observed is higher than historically reported.22 The extent of the 

preoperative workup influences the number of observed solitary adenomas. In case 

of two concordant imaging studies we advocate to perform a MIP, if there is only one 

positive study an unilateral exploration and if all imaging studies are negative or 

contradictive an upfront CNE. The use of IOPTH remains controversial and we 

advise not to use it in a routine fashion.23-29 Others, however, do report benefits of 

IOPTH measurement.30-32 Especially, in patients with recurrent disease, in patients 

with proven or suspected multiglandular disease, as well as in patients with 

inconsistent preoperative imaging, IOPTH can add to decision making and improve 

outcome.33--35  

We included some patients with a normal calcium level. One might argue 

whether in these patients pHPT can be diagnosed. However, pathologic examination 

confirmed the diagnosis. Part of these patients might only be intermittent 

normocalcemic or become asymptomatic patients later. Furthermore, there is some 

evidence for a generalized target-tissue resistance to PTH and as a result a renal 

tubular resistance to the action of PTH and thus increased renal calcium 

excretion.12,14 

The percentage of multiglandular disease is significantly higher in MEN1 

patients, this demonstrates the need for a different approach in this category of 

patients. Ninety-five percent of MEN1 patients were treated with a CNE. Some 

advocate to perform a TPTX.36-38 Based on the data presented by the DutchMEN1 

Study Group, who reported a genotype-phenotype correlation in MEN1-related 

pHPT, we have changed our surgical strategy over the last years. Part of the patients 

in the present study was included in the patient cohort of a previous study. 

Recurrence after <SPTX, in this cohort, was significantly lower in patients with 

nonsense or frameshift mutations in exon 2, 9, and 10. This indicates that cure 

depends primarily on the amount of parathyroid tissue removed. As these results 

Table 3. Outcome of Surgery for Primary Hyperparathyroidism in Sporadic, MEN1 and 

MEN2A 

 

Characteristics 

Sporadic pHPT, 

n = 467 

MEN1-pHPT, 

n = 52 

MEN2A-pHPT, 

n = 16 

Persistent disease, n 

After first procedure 

After second procedure 

Recurrent disease, n 

After first procedure 

After second procedure 

Complications, n 

Recurrent laryngeal nerve injury 

Hypocalcemia 

 

31 (7%) 

6 (1%) 

 

3 (<1%) 

0 

 

3 (<1%) 

1 (<1%) 

 

11 (21%) 

4 (8%) 

 

28 (54%) 

12 (24%) 

 

1 (2%) 

10 (19%) 

 

3 (19%) 

1 (6%) 

 

2 (13%) 

1 (6%) 

 

1 (6%) 

2 (13%) 

Abbreviations: pHPT, primary hyperparathyroidism; MEN1, multiple endocrine neoplasia type 1; MEN2A, 

multiple endocrine neoplasia type 2A. 
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have to be confirmed in an independent patient population, we have not repeated this 

analysis in the present cohort.5 Because TPTX frequently results in 

hypoparathyroidism,38-45 SPTX combined with bilateral transcervical thymectomy is 

now the preferred procedure in our institution, providing the best balance between 

cure and postoperative hypoparathyroidism.5,46  

When taken the high number of CNE into account, we found the number of 

used imaging modalities in the MEN1 group rather high. A plausible cause might be 

the unawareness of referring physicians with the possibility of MEN-related pHPT 

and the inability to localize a solitary gland at first presentation causing more 

extensive preoperative imaging. 

Despite different patient characteristics, MEN2A patients are very similar to 

patients with spHPT with respect to their operative approach and intraoperative 

findings. A focused MIP is therefore the treatment of choice for pHPT in MEN2A 

patients.47 MIP has low rates of persistent and recurrent pHPT and the complications 

are minimal. Especially patients treated in more recent years have equal rates of 

solitary and multiglandular disease. 

Weaknesses of our study are the fairly large differences in the number of 

sporadic, MEN1- and MEN2A-related pHPT patients and the time period in which 

they were treated. Unfortunately, due to the rarity of MEN syndromes these 

differences are inevitable. Furthermore, treatment of all three categories has 

gradually changed over the years due to more refined preoperative localization 

techniques, IOPTH measurement, and the growing awareness and understanding of 

their differences in pathophysiology and genotype. This implies a heterogeneous 

case mix. On the other hand, this does reflect the clinical practice over the past 

decades in many hospitals and countries. A potential confounding factor is the 

location of treatment. The majority of MEN patients were treated in a tertiary referral 

center, whereas half of the spHPT patients were treated in an affiliated hospital. 

However, preoperative imaging and a preferentially minimally invasive approach was 

the standard of care in all four hospitals.  

Many studies have focused on patients with sporadic and MEN-related pHPT 

separately. The strength of this study is the description of both phenotype, 

preoperative workup and surgical strategy in all three categories, offering a complete 

overview and a treatment algorithm. 

 

Conclusion 

We performed a descriptive case-control study in which the different outcomes for 

sporadic, MEN1-related and MEN2A-related pHPT were assessed and possible 

contributing confounding factors were analyzed. In light of our findings in these three 

categories of patients; i.e. the significant higher number of multiglandular disease, 

reoperation rate, and percentage of recurrent disease in MEN1 patients, we advocate 

the treatment algorithm as outlined in Figure 1. In our opinion, these findings are a 

corroboration to concentrate and treat MEN patients in a tertiary referral center. 
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Figure 1. Approach to Preoperative Workup and Surgery for Primary Hyperparathyroidism in 

Sporadic, MEN1 and MEN2A. 

 

Abbreviations: MEN1, multiple endocrine neoplasia type 1; MEN2A, multiple endocrine neoplasia type 2A; pHPT, 

primary hyperparathyroidism; MIBI, technetium-99m-sestamibi scintigraphy; MIP, minimally invasive 

parathyroidectomy; CNE, conventional neck exploration. 
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MIBI and 

ultrasonography 
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ultrasonography 
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MIP, unilateral neck 

exploration or CNE 

depending on imaging 

Only excision of 

enlarged gland(s) 
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MIP, unilateral neck 

exploration or CNE 

depending on imaging 
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Abstract 

Background Prior studies suggest that African American patients with primary 

hyperparathyroidism (pHPT) present with more severe biochemical and symptomatic 

disease than non-African American patients. However, the impact of race on 

intraoperative parathyroid hormone (IOPTH) measurements has not been 

determined.  

 

Hypothesis African American patients exhibit different IOPTH profiles than non-

African Americans. 

 

Design   Retrospective review. 

 

Setting   University medical center. 

 

Patients Nine-hundred-ten patients who underwent parathyroidectomy for pHPT 

between July 2005 and August 2010. 

 

Interventions   All patients underwent preoperative imaging with ultrasonography and 

sestamibi; operative exploration; and IOPTH measurement at two points preexcision 

and 5 and 10 minutes postexcision. 

 

Main Outcome Measures   Preexcision and postexcision IOPTH measurements. 

 

Results  Of the 910 patients, 734 (81%) self-reported their race as white, 91 (10%) 

reported Latino/other, 56 (6%) reported Asian, and 28 (3%) reported African 

American. African American patients had significantly higher initial preexcision 

IOPTH levels compared with white patients (348 versus 203 pg/mL, P = 0.048), and 

significantly higher 5-minute postexcision IOPTH levels (151 versus 80 pg/mL, P = 

0.01). The 10-minute postexcision IOPTH levels were similar between the two groups 

(52 versus 50 pg/mL, P = 0.85). A similar percentage of white and African American 

patients had a 50% drop in IOPTH at 10 minutes postexcision. No differences in 

IOPTH kinetics were observed in the other racial groups examined. 

 

Conclusion African American patients with pHPT exhibit significantly higher 

preincision and 5-minute postexcision IOPTH values compared with white patients. 

The 10-minute postexcision IOPTH values did not differ between races. The altered 

IOPTH kinetics identified in African American patients may reflect the severity of 

biochemical disease, but may also be related to genetically predetermined 

differences in parathyroid hormone metabolism. 
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Introduction 

Primary hyperparathyroidism (pHPT) is a common disease affecting approximately 

one in every 500 women and one in every 2000 men older than 40 years.1 Several 

prior studies have investigated the impact of ethnicity and geography on the clinical 

presentation of pHPT.2-5 In 2000, Bilezikian et al3 investigated the presentation of 

pHPT among women in China. They found that Chinese women presented at a 

younger age than their American counterparts and manifested more severe 

biochemical and clinical disease, including more advanced bone disease. In 2001, 

Mishra et al4 published similar findings regarding the presentation of young patients 

with pHPT in India. Few studies, however, have investigated pHPT in African 

American patients, and to our knowledge, there are no existing data regarding the 

impact of African American race on intraoperative parathyroid hormone (IOPTH) 

kinetics. The studies that do exist, suggest that African American patients present 

with more advanced disease with regard to laboratory and pathologic findings.2,4 The 

investigators cite race-related disparities in health care6,7 and intrinsic biochemical 

differences8 as potential causative factors. However, available data are limited, and, 

to our knowledge, there are no population-based studies to describe clinical 

presentation, outcomes, or even incidence of pHPT among African American 

individuals.  

A separate and more comprehensive body of literature describes metabolic 

and endocrine differences between African American and non-African American 

individuals with regard to calcium metabolism and bone turnover.8-11 These studies 

focus on differences in renal calcium absorption, bone density and skeletal sensitivity 

to parathyroid hormone (PTH).12 They do not typically include patients with pHPT. 

Based on our awareness of these data, we hypothesized that race would impact 

IOPTH kinetics and might affect the optimal interpretation of IOPTH values. 

 

Materials and Methods 

Creation of Database 

A retrospective database was created with approval of the University of California, 

San Francisco Institutional Review Board, including all patients who underwent 

parathyroidectomy for pHPT by one of four endocrine surgeons at the University of 

California, San Francisco between July 2005 and August 2010. Diagnosis of pHPT 

was based on an inappropriately elevated PTH level in a patient with hypercalcemia 

and a normal serum creatinine level. 

Patient characteristics collected included age, sex, race, body mass index 

(BMI) (calculated as weight in kilograms divided by height in meters squared), family 

history of pHPT, and history of nephrolithiasis or osteoporosis. Classification of race 

was based on the patient’s self-identification at the time of initial clinic visit. 

Laboratory data included serum calcium level, ionized calcium level, 24-hour urine 

calcium excretion, intact PTH level, 25-hydroxyvitamin D level, alkaline phosphatase 

level, and creatinine level. Details of the preoperative evaluation were collected, 

including results of ultrasonography and sestamibi scan and concordance (or lack 

thereof) of preoperative study results. Intraoperative and postoperative variables 
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examined included IOPTH level, focused versus bilateral exploration, findings of 

single or double adenoma versus four-gland hyperplasia, postoperative calcium level, 

and presence of persistent or recurrent disease. 

 

Protocol for Intraoperative Parathyroid Hormone Measurement 

During parathyroidectomy, PTH level was measured at four points. The first time was 

following induction of anesthesia but before incision. The second was preexcision, 

typically upon identification of an abnormal-appearing gland. Times three and four 

were at 5 and 10 minutes postexcision, respectively. The Siemens ADVIA Centaur 

immunoassay was used, with the assay performed outside of the operating room 

within 10 minutes of the blood draw. The Miami criteria, which stipulate that IOPTH 

must fall by 50% from highest preexcision value at 10 minutes postexcision, was 

used to assess adequacy of resection.13 

 

Reference Values 

Reference ranges for key values at our institution include serum calcium, 8.8 to 10.3 

mg/dL (to convert to milllimoles per liter, multiple by 0.25); 24-urine calcium, 50 to 

300 mg per 24 hour; intact PTH, 12 to 65 pg/mL (to convert to nanograms per liter, 

multiple by 1); alkaline phosphatase, 42 to 141 U/L (to convert to microkatels per 

liter, multiply by 0.0167); creatinine, 0.5 to 1.3 mg/dL (to convert to micromoles per 

liter, multiply by 88.4); and 25-hydroxyvitamin D, 30 to 100 ng/mL (to convert to 

nanomoles per liter, multiply by 2.496). 

 

Statistical Analysis 

Comparison of binary variables was by χ2 test. Comparison of continuous variables 

was by t test. Descriptive statistics were calculated for all variables. Simple linear 

regression was used to evaluate correlation between two continuous variables. A 

multivariate analysis including IOPTH as dependent variable and age, sex, race, and 

BMI as independent variables was performed using JMP 9 (SAS, Inc., Cary, NC). 

 

Results 

Of the 910 patients who underwent surgery for pHPT between July 2005 and August 

2010, 734 (81%) self-reported their race as white, 91 (10%) reported Latino/other, 56 

(6%) reported Asian, and 28 (3%) reported African American. 

Compared with white patients, African American patients presented with a 

significantly higher serum calcium level (11.4 versus 10.9 mg/dL, P < 0.001), but 

lower mean 24-hour urine calcium level (192 versus 336 mg per 24 hour, P = 0.007). 

African American and white patients did not differ significantly in mean level of 25-

hydroxyvitamin D (24.8 versus 30.5 pg/mL, P = 0.28); however, the percentage of 

African American patients presenting with vitamin D deficiency (defined as 25-

hydroxyvitamin D level < 20 ng/mL) was significantly higher (56% versus 26%, P = 

0.02). African American patients also showed a trend towards higher BMI (30.6 

versus 27.6, P = 0.06). 
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Fewer African American patients than white patients carried a diagnosis of 

osteoporosis (4% versus 19%, P = 0.03); however, fewer African American patients 

had undergone formal preoperative bone density testing. Seven percent of African 

American and 18% of white patients (P = 0.20) had a history of nephrolithiasis. There 

was no significant difference between the two groups in age, sex, serum alkaline 

phosphatase level, or serum creatinine level. Comparison of preoperative patient 

characteristics is summarized in Table 1. Although there was no significant difference 

between rate of either abnormal sestamibi scan or ultrasonography between races, 

African American patients were significantly more likely to have concordant 

preoperative studies (Table 2). 

During surgery, African American patients had higher initial IOPTH 

measurements than white patients (348 versus 202 pg/mL, P = 0.048). 

Measurements at 5 minutes postexcision were also higher (151 versus 80 pg/mL, P = 

0.01); however, IOPTH level at 10 minutes postexcision was nearly identical between 

the two groups (52 versus 50 pg/mL, P = 0.85). No significant differences in IOPTH 

kinetics were observed among the other races examined (Table 3). Rates of 

multiglandular disease were similar between African American and white patients 

(11% versus 13%, P = 0.97). A similar percentage of white and African American 

patients had a 50% drop in IOPTH level during surgery.  

 

 

Table 1. Characteristics of Primary Hyperparathyroidism in African American versus White 

Patients 

 

Characteristics 

Patients  

  P Value African American, 

n = 28 

White,  

n = 734 

Patient characteristics 

Female, n  

Age, yr, mean 

Body mass index, kg/m
2
, mean 

Body mass index > 30, n 

Symptoms and diagnostic characteristics 

Nephrolithiasis, n  

Osteoporosis, n 

Vitamin D deficiency (< 20 ng/mL), n  

Initial serum calcium level, mg/dL, mean 

24-urine calcium level, mg, mean 

Parathyroid hormone level (outpatient), pg/mL, mean 

25-hydroxyvitamin D level, ng/mL, mean 

Alkaline phosphatase level, U/L, mean 

Creatinine level, mg/dL, mean 

 

24 (86%) 

61.5 

30.6 

12 (43%) 

 

2 (7%) 

1 (4%) 

16 (57%) 

11.4 

192 

157 

24.8 

87.8 

1.02 

 

535 (73%) 

61.0 

27.6 

220 (30%)  

 

132 (18%) 

139 (19%) 

191 (26%) 

10.9 

336 

124 

30.5 

92.6 

0.97 

 

0.21 

0.84 

0.06 

0.11 

 

0.20 

0.03 

0.02 

<0.001
 

0.007 

0.08 

0.28 

0.80 

0.70 

Body mass index is calculated as weight in kilograms divided by height in meters squared. 

SI conversion factor: To convert serum calcium level to millimoles per liter, multiply by 0.25; parathyroid hormone 

level to nanograms per liter, multiply by 1; 25-hydroxyvitamin D level to nanomoles per liter, multiply by 2.496; 

alkaline phosphatase level to microkatals per liter, multiply by 0.0167; and creatinine level to micromoles per liter, 

multiply by 88.4. 
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However, 11% of African American patients versus 4% of white patients went on to 

have persistent disease despite a 50% drop in IOPTH level (not significant). In 

contrast, when criteria were expanded to also require a drop of IOPTH into the 

normal range, none of the African American patients had persistent disease. 

Comparison of intraoperative and postoperative variables by race is summarized in 

Table 3. Simple linear regression was used to evaluate correlation between initial 

IOPTH measurement and individual continuous variables that might account for 

racial differences. Variables evaluated in this manner include age, BMI, serum 

creatinine level, and 25-hydroxyvitamin D level (data not shown). Of these variables, 

only BMI reached significance (P = 0.005). Graphs of IOPTH curves by race and BMI 

are shown in Figure 1. 

A multivariate analysis was then performed evaluating the association 

between age, sex, race, and BMI and initial IOPTH measurement. In this analysis, 

BMI remained a significant predictor (P = 0.006), while African American race did not 

quite reach significance (P = 0.08). This suggests that differences in BMI explain at 

least part of the racial difference seen in our initial comparison of means. 

 

Discussion 

To our knowledge, only two previous studies have investigated differences between 

African American and non-African American patients undergoing parathyroidectomy 

for pHPT.2,4 In 2004, Barker et al2 conducted a case-control comparison of 36 African 

American and 36 white patients with pHPT. The authors reported that preoperative 

serum calcium was equivalent for the two groups, but that African American patients 

had a higher preoperative intact PTH level. African American and white patients had 

equivalent rates of “objective symptoms” including osteoporosis, nephrolithiasis, 

pancreatitis, and mental status changes, leading Barker et al to conclude that the 

PTH level differences might be clinically insignificant and attributable to biochemical 

racial differences such as decreased skeletal sensitivity to PTH.2 Subsequently, in 

2008, Kandil et al4 evaluated the clinical presentation of 113 African American and 

475 non-African American patients with pHPT. African American patients had 

significantly higher serum calcium and PTH levels at presentation, as well as higher 

parathyroid adenoma weight on pathologic analysis. Kandil et al identified vitamin D 

deficiency and increased BMI as potential contributors. However, they concluded that 

African American patients presented with more severe disease, and that late 

Table 2. Preoperative Imaging Studies of African American versus White Patients 

Undergoing Surgery for Primary Hyperparathyroidism 

 

Characteristics 

Patients  

P Value  African American, n = 28 White, n = 734 

Abnormal ultrasonography, n  

Abnormal sestamibi scan, n 

Concordant study results, n 

25 (89%) 

27 (96%) 

24 (86%) 

579 (79%) 

667 (91%) 

545 (62%) 

0.24 

0.50 

0.01 
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presentation due to disparities in access to health care should be considered a likely 

explanation. More recently, Jabiev et al12 reported higher serum calcium and PTH 

levels at presentation among underinsured and uninsured patients with pHPT, 

although they did not evaluate the potential contribution of race to these trends.   

 Our data confirm higher serum calcium and higher initial IOPTH levels in 

African American patients. However, we, like Barker et al,2 did not observe higher 

rates of either osteoporosis or nephrolithiasis, raising the issue of whether African 

American patients truly present with more severe disease. Current guidelines for 

patient selection for parathyroidectomy rely heavily on presence of clinical 

manifestations of the disease, so it is not clear that African American patients in this 

study had a delay in operative intervention.14 However, our data are potentially 

biased by the lower index of suspicion for osteoporosis among clinicians evaluating 

African American patients, as these patients had lower rates of bone density testing. 

We can only truly conclude that African American patients have lower rates of 

hyperparathyroidism-related renal disease. Further investigation will be needed to 

clarify whether they have lower rates of hyperparathyroidism-related osteoporosis as 

well. Other important limitations of our data include the absence of information on 

insurance status or preoperative neuropsychological symptoms. 

The finding of decreased 24-hour urine calcium excretion was unexpected and 

raised concern for familial hypocalciuric hypercalcemia. However, on review of the 

available data, this finding in African American individuals has previously been 

described.15-17 Very recently, Taha et al17 reported that a low urine calcium is 

frequently seen in African American patients with pHPT, even in the setting of 

significant hypercalcemia. Racial differences in renal calcium resorption provide one 

possible explanation. Race-associated polymorphisms in the calcium sensing 

receptor may offer a clue to the underlying etiology.10 Among the African American 

patients in our database, six (21%) had urine calcium less than 200 mg per 24 hour. 

However, all six patients had durable resolution of hypercalcemia with 

parathyroidectomy, in five cases after single-gland excision. 

To our knowledge, this is the first report demonstrating a difference in IOPTH 

kinetics between African American and white patients with pHPT. We found that 

African American patients undergoing surgery for pHPT had elevated levels of initial 

IOPTH and IOPTH at 5 minutes postexcision but an equivalent level of IOPTH at 10 

minutes postexcision. However, a similar percentage of African American and white 

patients had an adequate drop in IOPTH level by the Miami criteria. We did observe 

a trend towards a higher rate of persistent disease among African American patients 

when Miami criteria alone were applied (11% versus 4%), although this did not reach 

significance. This effect was abrogated when IOPTH level was required to drop into 

the normal range. It seems plausible that given the higher starting IOPTH level 

among African American patients, a drop of more than 50% should be expected. 

However, additional studies with larger numbers of patients will be necessary to 

determine whether this is the case, and if so, what percentage drop should be 

required. 
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Figure 1. Intraoperative Parathyroid Hormone Curves, by Race and Body Mass Index, for 

Patients Undergoing Surgery for Primary Hyperparathyroidism 

 

 

Abbreviations: IOPTH, intraoperative parathyroid hormone; BMI, body mass index. 

BMI is calculated as weight in kilograms divided by height in meters squared. 

SI conversion factor: To convert IOPTH level to nanograms per liter, multiply by 1. 
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Although no previous studies have evaluated the impact of race on IOPTH level, 

several authors have investigated other patient characteristics that may impact 

presentation of pHPT and IOPTH kinetics. Untch et al18 describe a characteristic 

trend of perioperative PTH levels in patients with vitamin D deficiency. Their vitamin 

D-deficient patients had an elevated initial IOPTH level but equivalent postexcision 

values, closely mirroring the pattern of IOPTH level in the African American patients 

in our study. Similar findings are reported by Adler et al,19 who emphasize that 

IOPTH is as predictive of cure in vitamin D-deficient patients as in nondeficient 

patients.20 Although we found that African American patients had a higher rate of 

vitamin D deficiency, vitamin D level did not significantly correlate with initial IOPTH 

measurement in our linear regression analysis. The study by Adam et al,20 describing 

a higher preoperative PTH in obese patients with pHPT, prompted us to consider 

BMI as a possible contributor to the racial differences we noted. In fact, we found that 

BMI was not only correlated with higher initial IOPTH level in single-variable linear 

regression, but remained the only significant predictor in multivariate analysis after 

controlling for age, sex, and race.  

 

Conclusion 

African American patients with pHPT show significant differences in preoperative 

laboratory values and IOPTH curves compared with white patients. However, these 

findings do not appear to be associated with more severe clinical manifestations of 

pHPT. African American race may be associated with lower sensitivity of the Miami 

Criteria in detection of multiglandular disease during parathyroidectomy. Further 

investigation is needed to clarify this. Additional investigation is also needed into the 

contribution of other variables such as vitamin D deficiency and BMI to the racial 

differences we observed.  
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Abstract 

Objective  To evaluate the effect of tumor size and diagnosis on the surgical outcome 

of laparoscopic adrenalectomy. 

 

Background  There is much debate in literature regarding the effect of tumor size and 

diagnosis on the short-term outcome of adrenal surgery. 

 

Methods  We retrospectively reviewed the records of 523 consecutive patients who 

underwent 563 laparoscopic adrenalectomies performed at the University of 

California, San Francisco, by one surgeon between April 1993 and October 2011. 

Outcomes measured included operation time, conversion rate, estimated blood loss, 

rate of intraoperative and postoperative complications (including transfusion and 

mortality), and duration of postoperative hospital stay. We conducted a multivariate 

analysis including patient characteristics, diagnosis, and tumor size to determine 

factors influencing surgical outcome. 

 

Results  There were 218 right, 265 left, and 40 bilateral adrenalectomies. Multivariate 

analysis showed tumor size (≥ 3 cm versus < 3 cm) to have a significant independent 

effect on surgical outcome (P < 0.0001). In addition, multivariate analysis showed 

patients with adrenal metastasis, hypercortisolism and pheochromocytoma to have 

significantly more blood loss than patients with aldosteronoma (P < 0.001, P = 0.014, 

and P = 0.013, respectively), while operation time for patients with pheochromo-

cytoma and adrenal metastasis was longer (P = 0.001). 

 

Conclusion  Although short-term operative outcome is influenced by disease process 

(patients with pheochromocytoma, hypercortisolism and adrenal metastasis fared 

slightly worse than patients with aldosteronoma), multivariate analysis demonstrates 

that tumor size is the strongest independent predictor of outcome of laparoscopic 

adrenalectomy. 
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Introduction 

Laparoscopic adrenalectomy has evolved to become the procedure of choice for 

most surgical adrenal diseases.1-3 Indications for laparoscopic adrenalectomy include 

various endocrine pathologies, such as aldosteronoma, pheochromocytoma, 

Cushing’s syndrome, and nonfunctional adenoma, along with less common 

conditions such as myelolipoma or cysts.4 Recently, laparoscopic surgery has gained 

acceptance as treatment for adrenal metastasis and adrenocortical cancer confined 

to the adrenal gland.5,6 

 Adrenalectomy is associated with complication rates ranging from 3.6% to 

20%7,8 and mortality is generally low (less than 1.5%).9 Adrenalectomy outcomes 

have been explored with respect to the patient’s sex10,11 and body mass index 

(BMI),11,12 tumor size10,13-24 and side,10 hormone production,25-29 and surgeon 

characteristics.32-33 

There is still much debate in literature regarding the suitable tumor size for 

laparoscopic adrenal surgery and whether tumor size affects surgical morbidity. 

Some believe a larger tumor size leads to a longer operation time,10,13-16 a higher 

conversion rate,14,17,18 more blood loss,13,14,16,19 and a longer postoperative hospital 

stay.13 

On the other hand, there are studies that suggest that laparoscopy can also be 

used for larger adrenal masses, because the large masses in their series seemed to 

have a similar operation time,19-24 rate of conversion16,19,20,24 and 

complications,13,14,16,19,20 estimated blood loss,15,19,23 and duration of postoperative 

hospital stay15,16,19,23,24 in comparison with the smaller masses. 

Most of these conflicting studies include a relatively small number of patients 

or disregard adrenal disease diagnosis as a potential confounder. Most studies agree 

that patients with aldosteronoma can be operated on in a relatively safe and 

uncomplicated manner. However, it has been shown that a diagnosis of 

hypercortisolism, pheochromocytoma or adrenal malignancy can influence surgical 

morbidity in patients undergoing adrenalectomy. 

 Most studies on pheochromocytomas reported higher surgical morbidity in 

terms of operation time,9,10,25-28 rate of conversion,17 estimated blood loss,9,25,26,27 

complications,29 and duration of postoperative hospital stay9,21,25,26,28 in patients with 

pheochromocytoma compared with patients with other diagnosis. However, Chan et 

al21 and Kalady et al30 found no differences between patients operated for 

pheochromocytoma and patients with non-pheochromocytoma regarding these 

outcomes. 

Studies reporting on surgical outcome in patients with hypercortisolism, 

compared patients undergoing total bilateral adrenalectomy for Cushing’s syndrome 

with other groups undergoing unilateral adrenalectomy and found a longer operation 

time,25,31 more estimated blood loss,25,31 more complications,21 and a longer hospital 

stay.21,22,25,31 

Regarding malignant tumors, a longer operation time,15 a higher conversion 

rate,17, and higher surgical mortality34 compared with nonmalignant adrenal tumors 

have been reported.  
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Most of these previous studies included only a small number of patients or did not 

have statistical analysis, therefore the reported effect of diagnosis on outcome varied 

widely, and few studies reported how size of tumor influences outcome. We therefore 

sought to evaluate the impact of both adrenal tumor size and adrenal disease 

diagnosis on the operative outcomes of laparoscopic adrenalectomy in a large series 

of adrenalectomies performed by one surgeon. 

 

Materials and Methods 

We retrospectively reviewed the records of 523 consecutive patients who underwent 

563 laparoscopic adrenalectomies at the University of California, San Francisco and 

the San Francisco Veterans Affairs Medical Center between April 1993 and October 

2011. All patients were operated by one surgeon (QYD).  

 Indications for adrenal surgery included primary aldosteronism, 

pheochromocytoma, hypercortisolism, adrenal metastasis, benign nonfunctioning 

adrenal tumors, virilizing tumors, and adrenal cortical cancer. Patients operated for 

extra-adrenal tumors were excluded.  

Incidentaloma was defined as an adrenal tumor initially discovered by 

diagnostic imaging for a clinical condition not related to, or suspicious for, adrenal 

disease. On the basis of their clinical and pathological diagnosis, patients were 

divided in five diagnosis groups: aldosteronism, hypercortisolism, 

pheochromocytoma, adrenal metastasis, and others.  

Primary aldosteronism was diagnosed by a plasma aldosterone concentration 

(ng/dL) to plasma renin activity (ng/mL per hour) ratio higher than 20. The diagnosis 

of pheochromocytoma and adrenal metastasis was confirmed by pathology. 

Hypercortisolism was diagnosed by an elevated 24-hour urinary cortisol level or an 

elevated cortisol level higher than 5.0 mg/dL after an overnight 1 mg dexamethasone 

suppression test. The group of patients with hypercortisolism included those with 

primary adrenal tumors and clinical or subclinical Cushing’s adenoma, hyperplasia, or 

carcinoma, and those who underwent bilateral adrenalectomy because of failed 

pituitary operation for Cushing’s disease or ectopic adrenocorticotropic hormone 

production. The group with other diagnose included patients with nonfunctional 

benign adrenal tumors, virilizing tumors, and adrenocortical cancer. All patients had 

preoperative imaging, by computed tomography or magnetic resonance imaging. 

Preoperative patient variables analyzed included age, sex, pregnancy status, 

medical and surgical history, BMI, and American Society of Anesthesiologists 

physical status. Disease related variables included disease presentation, tumor size 

on imaging, and pathologic diagnosis. Outcomes measured included operation time, 

conversion rate, estimated blood loss, rate of intra- and postoperative complications 

(including transfusion and mortality), and duration of postoperative hospital stay. 

Operation time was calculated as the time between skin incision and skin closure. 

Surgical mortality was defined as death occurring within 30 days after surgery or 

during the same hospital stay.  

Follow-up information included complications, persistent or recurrent disease, 

and nonsurgical mortality.  
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Statistical Analysis 

Patients with tumors 3 cm or larger were compared with patients with tumors smaller 

than 3 cm regarding surgical outcome measurements. This was done for all patients 

together as a group and for all diagnostic groups separately.  

In addition, we conducted a multivariate analysis including patient 

characteristics (age, sex, BMI, and comorbidity), diagnosis, and tumor size to 

determine factors influencing surgical outcome. Patients with aldosteronoma were 

used as baseline group in comparison with other adrenal disease diagnosis.  

SAS version 9.1 (SAS Institute, Cary, NC) was used for statistical analysis. 

Comparison of binary variables was by χ2 test. Comparison of continuous values was 

by unpaired t test. Descriptive statistics were calculated for all variables. P < 0.05 

was considered statistically significant. 

 

Results 

Between 1993 and 2011, 523 patients underwent 218 right, 265 left and 40 bilateral 

laparoscopic adrenalectomies for various indications. Patient characteristics, average 

tumor size, and type of surgery for the total group of patients and by adrenal disease 

diagnosis are listed in Table 1.  

The average tumor size for the total group was 3.5 cm (range 0.4 to 15.0). 

Patients with pheochromocytoma had the largest tumors (mean of 4.7 cm). Bilateral 

procedures were performed for patients with hypercortisolism (n = 35) and 

pheochromocytoma (n = 5). 

 Surgical outcomes by tumor size are listed in Table 2. Sufficient information on 

tumor size was available for 470 patients; patients with normal adrenal glands on 

imaging were excluded from analysis. All aldosteronomas, except four (n = 158) were 

smaller than 3 cm. Patients with tumors 3 cm or larger (≥ 3 cm) fared worse on all 

surgical outcomes than patients with tumors smaller than 3 cm. 

 Blood transfusion was necessary in 11 patients (2%); eight patients with 

pheochromocytoma, two with adrenal metastases, and one with hypercortisolism. 

Half of the complications (26 of 49 [53%]) in the pheochromocytoma group were 

related to hemodynamic difficulties during or after tumor resection. 

No patients died during surgery. Two patients died in the postoperative period. 

One patient with aldosteronoma and renal cell carcinoma underwent a left 

adrenalectomy and nephrectomy, had an uneventful postoperative stay, was 

discharged on day six postoperatively and died 13 days after surgery. Another patient 

was discharged home two days after adrenalectomy and died 14 days later due to 

metastatic melanoma disease spread to the duodenum. Long-term mortality occurred 

in 14 patients (aldosteronoma n = 4, hypercortisolism n = 1, pheochromocytoma n = 

2, adrenal metastases n = 6, and nonfunctioning adenoma n = 1).  

An outline of the clinicopathological diagnosis is presented in Table 3. There 

were nine patients with two different tumors in the same adrenal gland (Table 4).  

Twenty-three patients (4%) had recurrent or persistent disease after a mean 

follow-up of 22 months (aldosteronoma n = 4, hypercortisolism n = 1, pheochromo-

cytoma n = 9, metastases n = 6, adrenocortical cancer n = 1, and adrenal cyst n = 1). 
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Multivariate Analysis 

Multivariate analysis showed tumor size to have a significant independent effect on 

all measures of surgical outcome (operation time P < 0.0001, conversion P < 0.0001, 

estimated blood loss P < 0.0001, intraoperative complications P < 0.0001, 

postoperative complications P = 0.009, and duration of postoperative hospital stay P 

< 0.001), except surgical mortality (P = 0.736). In addition, multivariate analysis 

showed patients with adrenal metastasis, hypercortisolism, and pheochromocytoma 

to have significantly more blood loss than patients with aldosteronoma (P = 0.0004, P 

= 0.01 and P = 0.01, respectively), while operation time for patients with 

pheochromocytoma was longer than that for patients with aldosteronoma (P = 0.001). 

Patients with adrenal metastasis had a longer duration of postoperative hospital stay 

compared with patients with aldosteronoma (P = 0.02). 

 

 

Table 3. Clinicopathological Diagnosis 

Group Clinicopathological Diagnosis 

Aldosteronism (n = 180) 

Hypercortisolism (n = 85) 

 

Pheochromocytoma (n = 123) 

  

 

 

 

 

Metastasis (n = 44) 

 

 

Other (n = 91) 

130 adenoma, 30 hyperplasia, 20 adenoma or hyperplasia 

41 adenoma, 9 hyperplasia, 1 carcinoma, 12 ectopic 

adrenocorticotropic hormone production, 22 pituitary 

97 sporadic (3 malignant) 

26 familial  

11 multiple endocrine neoplasia type 2A, 1 multiple endocrine 

neoplasia type 2B, 2 von Hippel-Lindau syndrome, 3 neuro-

fibromatosis, 2 mutation in succinate dehydrogenase subunit B, 

1 mutation in succinate dehydrogenase subunit D, 6 familial 

17 lung, 7 melanoma, 7 renal, 5 gastrointestinal, 8 other  

(leiomyosarcoma, hepatocellular, breast, thyroid, endometrium, 

unknown) 

3 adrenal hemorrhage, 2 angiomyelolipoma, 15 cyst (8 pseudocyst,  

4 endothelial, 1 epithelial, 2 not classified or simple), 1 cortical 

cancer, 3 ganglioneuroma, 5 myelolipoma, 1 neurofibroma,  

2 Schwannoma, 3 virilizing tumors (2 adenoma, 1 hyperplasia),  

51 nonfunctioning tumors (39 adenoma, 5 hyperplasia,  

7 adenoma or hyperplasia), 5 normal adrenal tissue 

 

 

 

Table 4. Clinicopathological Diagnosis – Multiple Diagnosis 

Primary Diagnosis Concomitant Diagnosis 

Pheochromocytoma (n = 2) 

Metastasis (n = 2) 

Hypercortisolism (carcinoma) 

Hypercortisolism (hyperplasia) 

Pseudocyst  

Myelolipoma  

Nonfunctioning adenoma 

1 aldosteronism (adenoma), 1 nonfunctioning adenoma,  

1 hemorrhagic cyst, 1 pheochromocytoma 

Myelolipoma  

Neuroendocrine tumor 

Nonfunctioning hyperplasia  

Nonfunctioning adenoma  

Ganglion 
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Discussion 

Laparoscopic adrenalectomy is the procedure of choice for most surgical adrenal 

diseases. There is still much debate in literature regarding the effect of tumor size 

and diagnosis on the short-term outcomes of adrenal surgery. Therefore, we sought 

to evaluate the impact of both adrenal tumor size and adrenal disease diagnosis on 

the operative outcome of laparoscopic adrenalectomy in a large series of consecutive 

patients. Results from our study indicate that tumor size is the most significant 

predictor of surgical outcome. In addition, adrenal disease diagnosis affects 

intraoperative blood loss (adrenal metastasis, hypercortisolism, and pheochromo-

cytoma), operation time (pheochromocytoma) and length of postoperative hospital 

stay (adrenal metastasis) to a lesser degree than tumor size.  

 A longer operation time for larger tumors has been described before.10,14-16 

The increase in operation time for large adrenal masses can be explained by several 

factors. Larger tumors have more surface to dissect and are frequently more 

vascular. The latter can also explain why larger tumors in our study were associated 

with more intraoperative blood loss.14,18 

The morbidity of adrenalectomy in patients with pheochromocytoma is largely 

related to hypersecretion of catecholamines, preoperative adrenergic blockade and 

postexcision fluid shifts (53% of the complications in pheochromocytoma patients in 

our series were related to these factors). To minimize complications, adrenalectomy 

for pheochromocytoma should be meticulous and deliberate. The procedure is 

sometimes paused to prevent or to treat blood pressure fluctuations. 

Pheochromocytomas are larger on average when compared with aldosteronomas 

and vasculogenesis and angiogenesis make them prone to bleeding during 

dissection.18 We observed longer operation time and more estimated blood loss in 

patients with pheochromocytoma compared with other diagnoses. Prior studies on 

adrenalectomy for pheochomocytoma also found a longer operation time28 and a 

higher rate of conversions to open procedure21,25 compared with other diagnosis. 

However, multivariate analysis in Morris’ study and in our study showed that it is 

tumor size and not the diagnosis of pheochromocytoma that significantly predicted 

the increased conversion rate.18 

Patients with hypercortisolism tend to have more comorbidities related to the 

underlying illness. They are frequently hypertensive, obese, weak, and 

immunosuppressed and have parchment-like skin and poor overall tissue quality. 

These factors make surgery and postoperative recovery more difficult.21,25 Those with 

chronic adrenocorticotropic hormone stimulations may have inflamed and 

hyperplastic adrenal glands, making their resection more difficult with more 

associated blood loss and a longer operation time.25,31 We, therefore, expected 

patients with hypercortisolism to have more complications and a longer duration of 

postoperative hospital stay. However, in contrast with previous studies,21,22,25,31 our 

multivariate analysis including comorbidity as factors, showed patients with 

hypercortisolism did not have more complications or a longer postoperative hospital 

stay than other patients. This discrepancy may be explained by our grouping of very 

heterogeneous patients ranging from mild subclinical Cushing’s syndrome caused by 
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a small adenoma to severely ill patients with ectopic adrenocorticotropic hormone 

production. The small number of patients with hypercortisolism made further 

subgroup analysis not reliable. 

Most prior studies including ours have reported excellent locoregional control 

after laparoscopic adrenalectomy for isolated adrenal metastasis when compared 

with open adrenalectomy.6,35,36 The current study showed that short-term morbidity of 

laparoscopic adrenalectomy for patients with adrenal metastasis involved more 

estimated blood loss and a longer postoperative hospital stay than patients with 

aldosteronoma. Adrenal glands containing small metastases are readily operable 

laparoscopically. Larger ones tend to have significant larger vessels on the surface of 

the gland, making the dissection more treacherous.  

There is no doubt that the clinicopathologic diagnosis of the patients with 

adrenal diseases predicts long-term outcome. What the current study showed is that 

the size of adrenal tumor correlates best with short-term surgical outcome of 

laparoscopic adrenalectomy. If asked, most adrenal surgeons would agree that size 

matters. Our study provides the data that support this intuitive observation. 

  

Conclusion 

Multivariate analysis showed that tumor size is the strongest independent predictor of 

short-term outcome of laparoscopic adrenalectomy.  
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Abstract 

Importance  Knowing the types and frequency of adrenal vein variants would help 

surgeons identify and control the adrenal vein during laparoscopic adrenalectomy. 

 

Objective  To establish the surgical anatomy of the main adrenal vein and its variants 

for laparoscopic adrenalectomy and to analyze the relationship between variant 

adrenal venous anatomy and tumor size, pathologic diagnosis, and operative 

outcomes. 

 

Design, Setting, and Patients  In a retrospective review of patients at a tertiary 

referral hospital, 506 patients underwent 546 consecutive laparoscopic 

adrenalectomies between April 1993 and October 2011. Patients with variant adrenal 

venous anatomy were compared with patients with normal adrenal venous anatomy 

regarding preoperative variables (patient and tumor characteristics [size and location] 

and clinical diagnosis), intraoperative variables (details on the main adrenal venous 

drainage, any variant venous anatomy, operation time, rate of conversion to hand-

assisted or open procedure, and estimated blood loss), and postoperative variables 

(transfusion requirement, reoperation for bleeding, duration of hospital stay, and 

histologic diagnosis). 

 

Intervention  Laparoscopic adrenalectomy. 

 

Main Outcome Measures  Prevalence of variant adrenal venous anatomy and its 

relationship to tumor characteristics, pathologic diagnosis, and operative outcomes. 

 

Results Variant venous anatomy was encountered in 70 of 546 (13%) 

adrenalectomies. Variants included no main adrenal vein identifiable (n = 18), 1 main 

adrenal vein with additional small veins (n = 11), 2 adrenal veins (n = 20), more than 

2 (n = 14) adrenal veins, and variants of the adrenal vein drainage to the inferior vena 

cava and hepatic vein or with the inferior phrenic vein (n = 7). Variants occurred more 

often on the right side than on the left side (42 of 250 [17%] versus 28 of 296 [9%] 

glands, P = 0.015). Patients with variant anatomy compared with those with normal 

anatomy had larger tumors (5.1 versus 3.3 cm, P < 0.001), more pheochromo-

cytomas (24 of 70 [35%] versus 100 of 476 [21%], P = 0.020), and more estimated 

blood loss (134 versus 67 mL, P = 0.014). For patients with variant anatomy versus 

those with normal anatomy, the rates of transfusion requirement (2 of 70 [3%] versus 

10 of 476 [2%], P = 0.687) and reoperation for bleeding (1 of 70 [1%] versus 3 of 476 

[1%], P = 0.465) were similar.  

 

Conclusion  Understanding variant adrenal venous anatomy is important to avoid 

bleeding during laparoscopic adrenalectomy, particularly in patients with large tumors 

or pheochromocytomas. Surgeons should anticipate a higher probability of adrenal 

variants when operating on pheochromocytomas and larger adrenal tumors. 
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Introduction 

Laparoscopic adrenalectomy has evolved to become the procedure of choice for 

most surgically treated adrenal diseases.1-3 A safe laparoscopic adrenalectomy 

requires a thorough knowledge of the usual anatomy of the adrenal gland as well as 

its unusual anatomical variations.  

The venous drainage from each adrenal gland, described in standard 

anatomical texts, is usually via a single vein emptying directly into the inferior vena 

cava on the right side and joining with the inferior phrenic vein and then draining into 

the left renal vein on the left (Figure 1 and Figure 2).4 Variations to this pattern have 

been documented in cadaver studies,5-11 a clinical study,12 and a few case 

reports.13,14  

Anson and Caudwell5 studied the venous drainage of the adrenal glands in 

450 cadavers. They confirmed the constancy of conventional venous drainage 

anatomy, with only one variant identified in 900 adrenals. Subsequent cadaver 

studies described more variations in the adrenal veins, mainly on the right side.6-11  

These cadaver studies reported the anatomy of nondiseased adrenal glands. 

 

 

Figure 1. Normal Adrenal Venous    Figure 2. Normal Adrenal Venous 

   Anatomy on the Right Side.       Anatomy on the Left Side. 

 

 

 

 

 

 

Abbreviations: RHV, right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; RAV, right adrenal vein; 

RRV, right renal vein; IVC, inferior vena cava; IPV, inferior phrenic vein; LAV, left adrenal vein; LRV, left renal 

vein. 
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Adrenal pathology, possibly through angiogenesis or vasodilation of preexisting small 

collateral vessels, may increase both the variation of venous drainage and the 

number of periadrenal vessels. Parnaby et al12 studied the venous anatomy 

encountered in 162 laparoscopic adrenalectomies for adrenal pathology. They found 

variant venous anatomy in five adrenal glands: four in patients with 

pheochromocytoma and one in a patient with adrenal cortical cancer. In addition, 

MacGillivray et al13 reported confluence of the right adrenal vein with the accessory 

right hepatic vein in a patient with primary aldosteronism, and Stack et al14 described 

an anomalous left adrenal vein draining directly into the inferior vena cava in a 

patient with primary aldosteronism. 

The ability to anticipate variant adrenal venous anatomy is important to 

prevent excessive bleeding from the adrenal and accessory veins during 

laparoscopic adrenalectomy. We therefore studied 546 consecutive laparoscopic 

adrenalectomies to establish details of the primary venous drainage and any variant 

venous anatomy. In addition, we compared patients with variant adrenal venous 

anatomy with patients with normal adrenal venous anatomy. 

 

Materials and Methods 

With approval of the University of California, San Francisco Institutional Review 

Board, we retrospectively reviewed the records of all patients (n = 523) who 

underwent consecutive laparoscopic adrenalectomy performed by a single surgeon 

at the University of California, San Francisco and the San Francisco Veterans Affairs 

Medical Center between April 1993 and October 2011. 

With the exception of 19 cases performed via a retroperitoneal approach, all 

operations were performed via the lateral transperitoneal approach.  

Adrenal vascular anatomy was routinely recorded prospectively by the 

attending surgeon in the operative findings part of the detailed operative report. Only 

patients with such a report describing the venous anatomy were included. We 

reviewed these operative notes to assess variant adrenal venous anatomy. Sufficient 

information was available for 506 patients. Forty of these patients underwent bilateral 

adrenalectomy, yielding a total of 546 procedures evaluable for adrenal venous 

anatomy. 

Preoperative data included patient and tumor characteristics (size and 

location) and clinical diagnosis. Intraoperative data included the details on the main 

adrenal venous drainage, any variant venous anatomy, operation time, rate of 

conversion to hand-assisted or open procedure, and estimated blood loss. 

Postoperative data included transfusion requirement, reoperation for bleeding, 

duration of hospital stay, and histologic diagnosis.  

 

Statistical Analysis 

Patients with variant adrenal venous anatomy were compared with patients with 

normal adrenal venous anatomy regarding the various preoperative, intraoperative, 

and postoperative variables. 
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Table 1. Variant Adrenal Venous Anatomy, by Number 

Variant Number of Patients, n = 63 

No central adrenal vein identified (with multiple small veins) 

1 central adrenal vein with multiple small veins 

2 adrenal veins (with multiple small veins) 

> 2 adrenal veins (with multiple small veins) 

18 (7) 

11 

20 (2)  

14 (1) 

 

 

 

Table 2. Variant Adrenal Venous Anatomy, by Location 

Side Variant, n = 7 

Left  

 

 

Right  

 

Central adrenal vein, 2 branches 

Central adrenal vein draining into left renal vein, branch to inferior phrenic vein 

Central adrenal vein, inferior phrenic vein draining separately into left renal vein (n = 2) 

Central adrenal vein draining into right hepatic vein  

Central adrenal vein draining into right hepatic vein, multiple small veins draining into  

inferior vena cava 

Central adrenal vein draining into inferior vena cava, accessory adrenal vein draining  

into right hepatic vein 

 

 

 

All data were analyzed with SPSS version 17.0 (SPSS, Inc., Chicago, IL). 

Comparison of binary variables was by χ2 test. Comparison of continuous values was 

by unpaired t test. Descriptive statistics were calculated for all variables. Statistical 

significance was shown at P < 0.05. 

 

Results 

In 70 of the 546 (13%) evaluable procedures (250 [46%] right-sided procedures and 

296 [54%] left-sided procedures), there was a variant adrenal venous anatomy (Table 

1, Table 2, Figure 3, and Figure 4). Variants can be related to the number of veins 

and/or the location of the adrenal vein. Eighteen patients had no single adrenal vein 

identifiable, 11 had 1 central adrenal vein with additional but significant small veins, 

20 had 2 adrenal veins, and 14 had more than 2 adrenal veins. Seven patients had a 

variant of the adrenal vein in relation to the hepatic vein and inferior vena cava or to 

the inferior phrenic vein. Venous variants occurred more often on the right side than 

on the left side (42 of 250 [17%] versus 28 of 296 [9%], P = 0.015). 

 Patients with variant venous anatomy compared with those with normal 

venous anatomy had larger tumors (5.1 versus 3.3 cm, P < 0.001), more 

pheochromocytomas (24 of 70 [35%] versus 100 of 476 [21%], P = 0.020), and more 

bilateral adrenalectomies (13 of 70 [19%] versus 27 of 476 [6%], P < 0.001) (Table 

3). The mean operation time was longer for the variant group than for the group with 

normal venous anatomy (right side: 2.62 versus 2.32 hours, P = 0.028, left side: 2.99 

versus 2.50 hours, P = 0.007).  
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Table 3. Normal versus Variant Adrenal Venous Anatomy 

 

Characteristics 

Adrenal Venous Anatomy  

P Value Normal, n = 476 Variant, n = 70 

Patient characteristics 

Age at surgery, y, mean 

Female, n 

Diagnosis, n 

Primary aldosteronism 

Pheochromocytoma 

Metastasis 

Hypercortisolism 

Cortical cancer 

Other 

Tumor size, cm, mean 

Adrenalectomy, n 

Right 

Left  

Perioperative outcome 

Operation time, hr, mean 

Right 

Left  

Intraoperative bleeding complications, n 

Conversion, n 

Estimated blood loss, mL, mean 

Transfusion, n 

Reoperation for bleeding, n 

Duration of hospital stay, d, mean 

 

49.9 

266 (56%) 

 

162 (34%) 

100 (21%) 

38 (8%) 

101 (21%) 

1 (0.2%) 

77 (16%) 

3.3 

 

208 (44%) 

268 (56%) 

 

 

2.32 

2.50 

2 (0.4%) 

11 (2%) 

67 

10 (2%) 

3 (1%) 

2.0 

 

50.0 

35 (50%) 

 

8 (12%) 

24 (35%) 

5 (7%) 

17
a
 (25%) 

0 

14
b
 (21%) 

5.1 

 

42 (60%) 

28 (40%) 

 

 

2.62 

2.99 

1 (1%) 

3 (4%) 

134 

2 (3%) 

1 (1%) 

2.6 

 

0.489 

0.427 

 

<0.001 

0.012 

0.853 

0.670 

0.701 

0.188 

<0.001 

0.015 

 

 

 

 

0.028 

0.007 

0.842 

0.568 

0.014 

0.687 

0.465 

0.044 
a
 One cortisol producing carcinoma. 

b
 Nonfunctioning adenoma or hyperplasia (n = 10), cyst (n = 3), myelolipoma (n = 1), angiomyelolipoma (n = 1), 

and neurofibroma (n = 1). 

 

 

The group with variant anatomy compared with those with normal anatomy had more 

intraoperative estimated blood loss (134 versus 67 mL, P = 0.014), although the 

transfusion rate was similar (2 of 70 [3%] versus 10 of 476 [2%], P = 0.687). 

Reoperation for bleeding was required in one patient (1%) with variant anatomy and 

three patients (1%) with normal anatomy (P = 0.465). In the variant group, one 

patient with adrenal metastases required conversion to an open procedure due to 

adhesion of the tumor to the inferior vena cava and bleeding from parasitic vessels. 

One patient had conversion to an open procedure owing to adhesions and one 

patient had conversion to a hand-assisted procedure owing to large tumor size and 

adhesions. In the group with normal venous anatomy, there were 11 (2%) 

conversions. These were due to tumor adhesion to or invasion in surrounding tissue 

(n = 7), bleeding (n = 2), and tumor size (n = 2). 

Sixteen variants (3 left-sided, 13 right-sided) occurred in patients with bilateral 

disease; two of 21 patients with bilateral pheochromocytoma and 14 of 17 patients 

with bilateral hypercortisolism. Three patients had bilateral variant venous anatomy. 

These included no adrenal vein identified bilaterally, bilateral duplication of the 
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adrenal vein, and duplication of the left adrenal vein and triplication of the right 

adrenal vein. Two of these patients had bilateral cortical hyperplasia due to ectopic 

corticotropin production and one had pituitary Cushing’s syndrome. 

 In the variant group, two patients histologically had two separate tumors in a 

single adrenal gland. There was one case of Cushing’s carcinoma with a 

myelolipoma and one case of a cortical adenoma with a myelolipoma.  

Patients with variant anatomy and hypercortisolism most often had either no 

single adrenal vein identifiable (n = 9) or duplication of the adrenal vein (n = 6) as the 

variant identified in their adrenal venous anatomy. Most of these patients also had 

enlarged, inflamed atrophic, or, rarely, hypoplastic glands found during operation.  

Patients with variant anatomy and pheochromocytoma had either duplication 

(n = 5) or triplication (n = 6) of their adrenal vein or had multiple small adrenal veins 

instead of (n = 2) or in addition to (n = 9) a single adrenal vein. One patient had 4 

adrenal veins and one patient had more than 5 adrenal veins, draining into the 

inferior vena cava, the lumbar veins, and the hepatic veins.  

 Variants in patients with primary aldosteronism occurred in three left and five 

right adrenal glands. These variants included duplication (n = 4) and triplication (n = 

1) of the adrenal vein, and variants involving the hepatic vein (n = 2) or inferior 

phrenic vein (n = 1).  

 We also performed a subgroup analysis excluding the 19 patients who 

underwent laparoscopic adrenalectomy performed via a retroperitoneal approach. 

This analysis showed no differences in results (data not shown). 

 

Discussion 

Each adrenal gland is typically drained by a single vein emptying directly into the 

inferior vena cava on the right side and joining with the inferior phrenic vein and then 

draining into the left renal vein on the left.4 Identification and control of the adrenal 

vein are critical steps in laparoscopic adrenalectomy. However, few clinical studies 

report data on variants in the adrenal venous anatomy. There are also no clinical 

studies reporting the relationship between variant adrenal venous anatomy and 

tumor size or pathologic disease. To our knowledge, this is the first report of data on 

variant adrenal venous anatomy in a large series of laparoscopic adrenalectomies 

showing an association of variant adrenal venous anatomy versus tumor size and 

pathology. We found variants of the adrenal venous anatomy in a significant 

percentage of patients (13%), particularly in patients with pheochromocytomas and 

large tumors.  

Most previous reports on adrenal venous drainage are cadaver studies (Table 

4). Anson and Caudwelll5 studied 450 cadavers and found variant anatomy in only 

one patient (where the left adrenal vein joined the right renal vein). However, they did 

not specify whether they had dissected the adrenal vein in all cadavers. They also did 

not comment on the presence or absence of multiple small veins surrounding the 

adrenal gland. Other, smaller cadaver studies on adrenal venous anatomy have 

found higher rates of variation of the adrenal venous anatomy.6-11  
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Figure 3. Variant Adrenal Venous Anatomy on the Right Side. 
 

 
 

 

 

 

Figure 4. Variant Adrenal Venous Anatomy on the Left Side. 

 



                                                                Laparoscopic Adrenalectomy, Adrenal Vein Variants 

- 119 - 

Variants in these studies included both the number of veins draining the adrenal 

gland as well as the location of the adrenal vein in relation to the hepatic vein or 

inferior phrenic vein.  

These autopsy studies, however, were performed on normal adrenal glands 

and not pathologic adrenal glands. Parnaby et al12 studied adrenal vein anatomy in 

162 pathologic adrenal glands. They found that only five patients (3%) had adrenal 

vein variants. These variants included duplication of the right (n = 2) and left (n = 3) 

adrenal veins and were present in patients with pheochromocytoma (n = 4) or 

adrenocortical carcinoma (n = 1). They also found that patients with 

pheochromocytoma had increased numbers of periadrenal vessels. Although this 

was a small series, it demonstrated a higher rate of adrenal vein variants in patients 

with pheochromocytoma (P = 0.014).12 We confirmed this finding, with variants 

occurring more often in patients with pheochromocytoma compared with other 

diagnoses. Twenty-four of the 124 patients (19%) with pheochromocytoma had 

variant adrenal venous anatomy. This may be explained by an increase in 

angiogenesis and vasculogenesis in pheochromocytoma.15 

 

 

Table 4. Variant Adrenal Venous Anatomy in Literature 

 

Author, y 

Number of Adrenals, n  Variant Venous Anatomy, n 

Right Left  Right Left 

Anson, 1948
5a 

Johnstone, 1957
6a

 

Clark, 1959
7a

 

Davidson, 1975
8a

 

Nakamura, 1981
9a

 

El-Sherief, 1982
10a

 

Monkhouse, 1986
11a

 

MacGillivray, 1996
13a

 

Stack, 2001
14

 

Parnaby, 2008
12

 

Scholten, 2012 (current study) 

450 

10 

16 

50 

83 

20 

45 

1 

1 

79 

250 

450 

10 

16 

50 

83 

20 

57 

0 

0 

83 

296 

 0 

5 (50%) 

10 (62%) 

2 (1%) 

11 (13%) 

11 (55%) 

18 (40%) 

1 

- 

2 (1%) 

42 (8%) 

1 (0.1%) 

1 (10%) 

5 (31%) 

4 (2%) 

0 

0 

0 

- 

1 

3 (2%) 

26 (5%) 
a 

Cadaver study 

 

 

We had a subgroup of patients with no single identifiable adrenal vein. Their tumors 

obviously still had blood drainage, just from multiple small vessels. For this study, we 

defined “veins” operationally by their surgical significance for the conduct of the 

operation. What constitutes a vein is decided by the surgeon at the time of operation. 

In general, we cauterize small arteries or veins, and we clip sizable veins. Veins in 

this study are usually at least 2 to 3 mm wide and are distinct. 

We showed that some patients had multiple small veins draining into the 

inferior vena cava or renal vein, in addition to or instead of a main adrenal vein. 

Some even had multiple small veins in addition to 2 or 3 main adrenal veins. Small 

periadrenal veins may be collateral venous drainage pathways. The presence of 
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multiple periadrenal veins has been reported before by others.6,12 More collateral 

veins may become apparent as the tumor grows. This is consistent with our finding of 

larger tumors in patients with variant adrenal venous anatomy.  

In our study and in previous studies,6,7,10,11 variation in adrenal venous 

drainage occurred more often on the right side than on the left side. Previously 

reported variants of the left adrenal vein include duplication, with both the left adrenal 

vein and the inferior phrenic vein draining into the renal vein (n = 8)7,12 or with one 

adrenal vein draining into the renal vein and one adrenal vein draining into the left 

lumbar vein (n = 1).6 

We found three patients with variant anatomy of the right adrenal vein joining 

an (accessory) hepatic vein. This has been described in one case report by 

MacGillivray et al13 and three cases reported by Johnstone6 and was commented on 

in an editorial on minimal-access versus open adrenalectomy.16 In a study focused 

on the anatomy of the hepatic veins and the vena cava, Nakamura and Tsuzuki9 

found that in eight of 83 cadavers (10%), the right adrenal vein joined an accessory 

hepatic vein. We found one case of a duplicate right adrenal vein, one that drained 

into the vena cava and another that joined an accessory hepatic vein. This was also 

found in one patient in the study by Nakamura and Tsuzuki. These data show that 

drainage of the right adrenal vein into an (accessory) hepatic vein may be a more 

common occurrence than is generally appreciated. 

Laparoscopic right adrenalectomy, especially for larger tumors, requires 

extensive mobilization and medial retraction of the right lobe of the liver to expose the 

inferior vena cava and right adrenal vein. In patients with variant venous anatomy of 

the right adrenal gland, excessive retraction of the liver or rough dissection along the 

retrohepatic vena cava may injure a variant vein. Extra attention to the venous 

anatomy is advised during right adrenalectomy, especially for large tumors and 

pheochromocytoma. 

We have addressed only the adrenal venous anatomy in this study. The 

adrenal arterial anatomy has been addressed in our prior study.17 Adrenal arteries 

tend to be small and indistinct. They usually can be easily cauterized, except for 

occasional large inferior arteries that need to be ligated with clips. 

This study showed that the adrenal venous drainage including anatomical 

variants can be defined clearly during laparoscopic adrenalectomy. Because of 

magnification, laparoscopy provides better visualization of the adrenal anatomy. We 

show a similar rate of (bleeding) complications between patients with normal venous 

anatomy and those with variant venous adrenal anatomy. Only one patient with 

variant anatomy in our study needed conversion to an open procedure owing to 

invasion of the tumor into the inferior vena cava and bleeding from numerous 

parasitic veins. None of the five patients with variant adrenal venous anatomy in the 

study by Parnaby et al12 had bleeding complications due to failure to identify or ligate 

the adrenal vein variants, and conversion was necessary in only one of their patients 

because of concern of invasion to the adjacent structure. Laparoscopic 

adrenalectomy is a safe procedure if the surgeon is aware of the possible anatomical 

venous variants. 
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We found no venous variants in 19 retroperitoneal adrenalectomies. It is possible that 

the adrenal venous anatomy is not seen as well during a retroperitoneal approach, 

but we do not have sufficient retroperitoneal cases to make a firm conclusion. 

Subgroup analysis excluding these 19 cases, however, did not change our overall 

findings and conclusions. 

 

Conclusion 

Variants in adrenal venous anatomy are commonly found during laparoscopic 

adrenalectomy. Understanding these variants is important to prevent bleeding from 

the adrenal and accessory veins during surgery, particularly in patients with large 

tumors or pheochromocytoma. 
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Abstract 

Context  Pheochromocytoma crisis is a feared and potentially lethal complication of 

pheochromocytoma.  

 

Objective  We sought to determine the best treatment strategy for pheochromo-

cytoma crisis patients and hypothesized that emergency resection is not indicated.  

 

Design   Retrospective cohort study (1993 to 2011); literature review (1944 to 2011).  

 

Setting  Tertiary referral center. 

 

Patients There were 137 pheochromocytoma patients from our center and 97 

pheochromocytoma crisis patients who underwent adrenalectomy from the literature. 

 

Intervention  Medical management of pheochromocytoma crisis; adrenalectomy. 

 

Main Outcome Measures   Perioperative complications, conversion, and mortality. 

 

Results In our database, 25 patients (18%) presented with crisis. After medical 

stabilization and α-blockade, 15 patients were discharged and readmitted for elective 

surgery and 10 patients were operated on urgently during the same hospitalization. 

None underwent emergency surgery. Postoperatively, patients who underwent 

elective surgery had shorter hospital stays (1.7 versus 5.7 days, P = 0.001) and 

fewer postoperative complications (1 of 15 [7%] versus 5 of 10 [50%], P = 0.045) and 

were less often admitted to the intensive care unit (1 of 15 [7%] versus 5 of 10 [50%], 

P = 0.045) in comparison with urgently operated patients. There was no mortality. 

Review of the literature showed that crisis patients who underwent elective or urgent 

surgery versus emergency surgery had less intraoperative (13 of 31 [42%] versus 20 

of 25 [80%], P < 0.001) and postoperative complications (15 of 45 [33%] versus 15 of 

21 [71%], P = 0.047) and a lower mortality (0 of 64 versus 6 of 33 [18%], P = 0.002).  

 

Conclusion  Management of patients presenting with pheochromocytoma crisis 

should include initial stabilization of the acute crisis followed by sufficient α-blockade 

before surgery. Emergency resection of pheochromocytoma is associated with high 

surgical morbidity and mortality. 
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Introduction 

Pheochromocytomas are rare catecholamine-secreting tumors with an estimated 

incidence of two to eight per million per year.1 Pheochromocytomas can present as 

symptomatic tumors or incidentalomas, or can be diagnosed during screening for 

familial syndromes. The classic presentation consists of paroxysmal hypertension, 

headaches, palpitations, and diaphoresis. A feared and possibly fatal presentation of 

pheochromocytoma is pheochromocytoma crisis.2 

The clinical picture of pheochromocytoma crisis ranges from severe 

hypertension to circulatory failure and shock with subsequent involvement of multiple 

organ systems, including the cardiovascular, pulmonary, neurological, 

gastrointestinal, renal, hepatic, and metabolic systems. Cardiac manifestations 

include myocardial infarction (MI), arrhythmia, myocarditis, cardiomyopathy, and 

cardiogenic shock.3,4 Pulmonary features include acute pulmonary edema (PE) and 

adult respiratory distress syndrome (ARDS).5 Neurological crises include 

cerebrovascular accident (CVA) (ischemia or hemorrhage), encephalopathy, and 

seizures.6 Paralytic ileus7 and bowel ischemia are some of the gastrointestinal 

manifestations.8 Renal failure and hepatic failure are generally part of multisystem 

failure.9 Vascular complications include peripheral thrombosis and embolism and 

vasospasm.10 Finally, diabetic ketoacidosis and lactic acidosis can occur.11 

Pheochromocytoma multisystem crisis is an unusual presentation of 

pheochromocytoma and consists of hypertension and/or hypotension, hyperthermia, 

encephalopathy, and multiorgan failure. Pheochromocytoma crisis can be associated 

with high mortality rates.12 

Pheochromocytoma crisis can occur spontaneously or can be precipitated by 

manipulation of the tumor, trauma, certain medications (corticosteroids, β-blockers, 

metoclopramide, and anesthetic agents), or stress from nonadrenal surgery.4,13-17 

Surgical resection is the treatment of choice for pheochromocytoma. It is 

generally accepted that nonemergent surgery should be preceded by one to two 

weeks of α-blockade and, if necessary, followed by β-blockade to treat tachycardia.18 

Surgery in unprepared patients is associated with high morbidity and mortality rates 

due to intraoperative hypertensive crises and profound hypotension after tumor 

resection.19 

The timing of surgery for pheochromocytoma patients presenting with crisis is 

controversial. Some have argued that these patients need emergency resection, 

even in the absence of preoperative α-blockade.12,20-24 For example, in patients with 

shock due to hemorrhagic necrosis or rupture of a pheochromocytoma, progressive 

multiorgan failure may leave emergency tumor resection as the only option.20,22,24 

In contrast, other studies have reported favorable results for patients with 

pheochromocytoma crisis who underwent intensive medical stabilization prior to 

surgical resection.25,26 

Although the presentations of pheochromocytoma crisis are well described in 

numerous case reports, data on the perioperative management of patients 

presenting with pheochromocytoma crisis are lacking. More specifically, data on 

appropriate timing for adrenalectomy are sparse, i.e. is emergency surgery without 
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adequate α-blockade superior to delaying surgery until medical stabilization and 

adequate α-blockade are achieved. 

 We therefore reviewed the records of patients with pheochromocytoma crisis 

treated at our institution, to characterize our approach to preoperative medical 

management and the appropriate timing of surgery. Additionally, we performed a 

literature review and compared perioperative outcomes of the patients who 

underwent surgery after medical stabilization and preoperative α-blockade with those 

who underwent emergency surgery. 

 

Materials and Methods 

Between March 1993 and October 2011, 557 patients underwent adrenalectomy 

performed by one surgeon at the University of California, San Francisco and the San 

Francisco Veterans Affairs Medical Center. From this operative database, we 

searched for patients with pheochromocytoma or paraganglioma on the final 

pathology and reviewed their records. We analyzed how the patients presented for 

care with special attention to crisis. Data collected included patient demographics, 

presentation, preoperative catecholamine levels, radiographic tumor size (computed 

tomography or magnetic resonance imaging), medical and surgical treatment, and 

outcomes. 

Pheochromocytoma crisis was defined as severe hypertension and/or 

hypotension resulting in end organ damage (cardiovascular decompensation, MI, PE, 

ARDS, CVA, renal failure, or liver failure). Patients with pheochromocytoma crisis 

were analyzed separately from the patients without pheochromocytoma crisis.  

Patients who undergo surgery for pheochromocytoma or paraganglioma at our 

hospitals are routinely treated with phenoxybenzamine for at least 10 days 

preoperatively. In general, the dose of phenoxybenzamine is titrated to keep blood 

pressure between 100 to 140 mmHg systolic and 50 to 90 mmHg diastolic. A β-

blocker (metoprolol or atenolol) is added after appropriate α-blockade in cases of 

tachycardia (heart rate above 90 beats per minute). 

 For those patients who initially presented with crisis, we define the timing of 

surgery as elective if operation occurred after initial hospital discharge and adequate 

α-blockade, and urgent if operation took place after adequate α-blockade but during 

the same hospitalization for crisis. 

Intraoperative complications included damage to adjacent organs, bleeding, 

hyper- or hypotension during surgery, and respiratory insufficiency. Conversion to 

open or hand-assisted operation and transfusion requirement were considered 

separately. Postoperative complications were defined as adverse events occurring 

within 30 days postoperatively or during the same hospitalization. Mortality was 

defined as death within 30 days of surgery or during the same hospitalization. 

 

Literature Review 

In addition to the patients in our series, we reviewed all cases of patients with 

pheochromocytoma crisis who underwent surgery, published in the English-language 

literature. We searched Medline (1944 to 2011) and Embase (1980 to 2011) using 
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predefined search terms (Appendix A). On the basis of full text, we selected studies 

using predetermined inclusion and exclusion criteria (Appendix A). In addition, we 

screened references and related articles. Only studies with original information on 

patients with pheochromocytoma crisis, as defined above, who underwent surgery for 

their pheochromocytoma were included. Patients were classified into groups 

according to the timing of surgery; i.e. elective if operation occurred after initial 

hospital discharge and stabilization, urgent if operation took place after stabilization 

and during the same hospitalization, and emergent if operation took place 

immediately after crisis presentation or because of clinical deterioration without 

appropriate blockade or preoperative management. 

 

Statistical Analysis 

We compared patient demographics, presentation, medical management modalities, 

and perioperative outcomes in two groups of patients: patients with 

pheochromocytoma crisis and patients with pheochromocytoma but without crisis 

presentation. In addition, we compared the same parameters in two subgroups of 

patients with pheochromocytoma crisis: patients who underwent elective surgery and 

patients who underwent urgent surgery. Finally, we compared the crisis patients from 

the literature who underwent elective and urgent surgery with the crisis patients who 

underwent emergency surgery. 

All data were analyzed with SPSS version 17.0 (SPSS, Inc., Chicago, IL). 

Comparison of binary variables was by χ2 test or Fisher’s exact test. Comparison of 

continuous values was by unpaired t test. Descriptive statistics were calculated for all 

variables. Statistical significance was defined at P < 0.05. 

 

Results 

From 1993 to 2011, 137 patients were operated on for pheochromocytoma (128 of 

137 [93%]) and functional paraganglioma (9 of 137 [7%]) at our hospital. Of these, 25 

(18%; 23 pheochromocytoma, 2 paraganglioma) presented with crisis.  

 

Pheochromocytoma Crisis Patients 

Each of the 25 crisis patients was hospitalized, including 14 admissions to the 

intensive care unit (ICU). Twenty-two (88%) were first hospitalized elsewhere and 

transferred to our hospitals. The clinical presentations and outcomes of the crisis 

patients are detailed in Table 1 and summarized in Table 2.  

Nine of the 25 patients had prior symptoms and five patients had prior 

pheochromocytoma crises before their current presentation. Four of these patients 

had a diagnosis of pheochromocytoma established before their current crisis.  

Precipitating causes were nonadrenal surgery (n = 7), lithotripsy (n = 1), 

glucocorticoid therapy (n = 2), and unknown or other (n = 15). 

Severe hypertension occurred in 23 patients, and seven of these patients also 

had severe hypotension. Cardiac crises occurred in 22 patients. The cardiac crises 

were severe and included MI in 13 patients (four underwent cardiac catheterization) 

and cardiomyopathy or cardiogenic shock in 13 patients (four required intra-aortic
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balloon pump [IABP]). One patient suffered cardiac arrest with arrhythmia and was 

successfully resuscitated. Three other patients had arrhythmias. Pulmonary crises 

occurred in eight patients (PE in five and ARDS in two) and neurologic crises 

occurred in six patients (CVA in five and encephalopathy in one). Five patients had 

multiorgan crises. 

All but one patient had elevated levels of catecholamines and their metabolites 

(22.8 [range 3.5 to 546.6] and 11.6 [range 1.9 to 511.0] median times the highest 

reference value, respectively) (Table 3). The one patient with normal catecholamines 

and metabolites presented with severe hypertension, MI, and arrhythmia; evaluation 

suggested primary aldosteronism. 

If not already initiated at the referring hospital, phenoxybenzamine was started 

and titrated to control blood pressure after initial stabilization. All patients, except the 

patient who was thought to have primary aldosteronism, were treated 

pharmacologically for at least 10 days before operation. This patient was medically 

stabilized but not α-blocked, because the diagnosis of pheochromocytoma was not 

made preoperatively.  

One patient with multiple endocrine neoplasia type 2B underwent open 

surgery because of severe bowel distention and bilateral large pheochromocytomas; 

the others underwent laparoscopic surgery.  

 Despite the fact that most our patients were critically ill at presentation, there 

was no mortality, and only one patient had a minor intraoperative complication. 

Postoperative complications occurred in six patients (24%) and were transient in five 

(Table 2). 

 

Pheochromocytoma Crisis versus Pheochromocytoma Noncrisis Patients 

We compared the patients presenting with pheochromocytoma crisis with the 

noncrisis patients (Table 3). The crisis patients were more often men (17 of 25 [68%] 

versus 49 of 112 [44%], P = 0.048), with larger tumors (5.4 versus 4.5 cm, P = 

0.045), and a higher American Society of Anesthesiologists physical status (3.0 

versus 2.5, P < 0.001). The crisis patients had markedly higher levels of both 

catecholamines (22.8 [range 3.5 to 645.6] versus 3.7 [range 0 to 54.0] median times 

the highest reference value, P = 0.071) and metabolites (11.6 [range 1.9 to 511.0] 

versus 6.3 [range 0 to 90.1], P = 0.007) than the noncrisis patients. There was no 

mortality in either group with similar doses and duration of phenoxybenzamine 

preparation. The groups had similar perioperative outcomes, however the crisis 

patients had longer postoperative hospital stays (3.4 versus 2.4 days, P = 0.047) 

compared with the noncrisis patients.  

 

Elective versus Urgent Surgery Pheochromocytoma Crisis Patients 

All 25 crisis patients were hospitalized for their crisis (Table 4). After medical 

stabilization and α-blockade, it was determined that 15 patients were sufficiently 

stable to be discharged and subsequently readmitted for elective surgery, including 

one patient who initially presented with multiorgan crisis.  
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Table 2. Characteristics of Pheochromocytoma Crisis Patients  

Characteristics Data 

Prior pheochromocytoma symptoms, n 

Time from pheochromocytoma symptoms to crisis, mo, median (range) 

Prior pheochromocytoma crisis, n 

Multiple periods of severe hypertension with angina 

Multiple intensive care unit admissions with hemodynamic instability, 

myocardial infarction and arrhythmia 

Severe hypertension with pulmonary edema 

Cardiac emboli and lower extremity emboli 

Time of most recent prior crisis to current crisis, mo, median (range) 

Crisis manifestations, n 

Severe hypertension 

Severe hypotension 

Cardiac crisis 

Pulmonary crisis 

Neurologic crisis 

Multiorgan crisis 

Other (fever, ileus, peripheral thrombosis) 

Ejection fraction, %, mean (range) 

During crisis (n = 11) 

After preoperative treatment (n = 6) 

Treatment 

Intra-aortic balloon pump, n 

Hospital admission for crisis, in intensive care unit, n 

Duration of preoperative admission in referral hospital, d, mean 

Duration of preoperative admission in our hospital, d, mean 

Discharged to home before surgery, n 

Time from current crisis to surgery, d, median (range) 

Perioperative outcome, n 

Intraoperative ST segment depression and hypertension 

Postoperative complications (all requiring intensive care unit admission) 

Hypoglycemia 

Hypertension 

Hypotension 

Resuscitation due to profound hypotension 

Respiratory distress due to pulmonary embolism, brainstem stroke  

requiring tracheostomy 

Mortality 

9 (36%) 

12 (8.4 to 25) 

 

2 

1 

 

1 

1 

12 (8.0 to 16.6) 

 

23 (92%) 

7 (28%) 

22 (88%) 

8 (32%) 

6 (24%) 

5 (20%) 

4 (16%) 

 

46 (15 to 75) 

61 (45 to 75) 

 

4 (16%) 

25 (100%), 14 (56%) 

12 

12 

15 (60%) 

57 (11 to 536) 

 

1 

 

1 

1 

2 

1 

1 

 

0 
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Table 3. Pheochromocytoma Crisis versus Pheochomocytoma Noncrisis Patients 

 

Characteristics 

Patients  

P Value Crisis, n = 25 Noncrisis, n = 112

Patient characteristics 

Female, n 

Age at surgery, y, mean 

Pregnant at diagnosis, at surgery, n 

ASA physical status, mean 

Diabetes mellitus, n 

History of prior adrenal surgery, n 

History of familial syndrome, n 

Symptoms and diagnostic characteristics 

Incidentaloma, n 

Pheochromocytoma symptoms, n 

Hypertension, n  

Tumor size on imaging, cm, mean 

Highest catecholamine ratio,
a
 median (range) 

Highest metabolite ratio,
a
 median (range) 

Treatment 

Preoperative hospitalization, n, location 

Duration, d, mean 

Preoperative α-blockade, n 

Daily doses, mg, median (range) 

Duration, d, median (range) 

Type of surgery, n 

Laparoscopic 

Bilateral 

Extra-adrenal 

Perioperative outcome 

Operation time, hr, mean 

Conversion to open or hand-assisted operation, n 

Estimated blood loss, mL, mean 

Transfusion, n  

Intraoperative complications, n 

Postoperative complications, n 

Postoperative intensive care unit admission, n 

Duration, d, mean 

Duration of postoperative hospital stay, d, mean 

Mortality, n 

Hemorrhage or necrosis on pathology, n  

Malignancy, n 

Recurrent disease, n  

 

8 (32%) 

46.1 

0, 0 

3.0 

7 (28%) 

0 

4 (16%)  

 

5 (20%) 

9 (36%) 

23 (92%) 

5.4 

22.8 (3.5 to 645.6) 

11.6 (1.9 to 511.0) 

 

10 (40%), ICU 

24 

24 (96%) 

40 (20 to 210) 

27 (10 to 125) 

 

24 (96%) 

2 (8%) 

2 (8%) 

 

3.65 

3 (12%) 

227 

2 (8%) 

1 (4%) 

6 (24%) 

6 (24%) 

2.7 

3.4 

0 

3 (12%) 

2 (8%) 

3 (12%) 

 

63 (56%) 

47.2 

3, 1 (4%) 

2.5 

16 (14%) 

17 (15%) 

24 (21%) 

 

50 (45%) 

71 (63%) 

53 (47%) 

4.5 

3.7 (0.0 to 54.0) 

6.3 (0.0 to 90.1) 

 

3 (3%), ward 

6 

111 (99%) 

40 (20 to 160) 

28 (10 to 480) 

 

106 (95%) 

4 (4%) 

7 (6%) 

 

3.11 

6 (5%) 

321 

11 (10%) 

11 (10%) 

22 (20%) 

12 (11%) 

2.0 

2.4 

0 

1 (1%) 

7 (6%) 

10 (10%) 

 

0.048 

0.376 

0.943 

<0.001 

0.173 

0.081 

0.738 

 

0.041 

0.022 

<0.001 

0.045 

0.071 

0.007 

 

<0.001 

<0.001 

0.803 

0.160 

0.395 

 

0.781 

0.662 

0.750 

 

0.110 

0.444 

0.291 

0.779 

0.590 

0.830 

0.147 

0.181 

0.047 

- 

0.020 

0.750 

0.923 

Abbreviations: ASA, American Society of Anesthesiologists. 
a 

Multiplication of reference value.
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Table 4. Elective versus Urgent Surgery for Pheochromocytoma Crisis  

 

Characteristics 

Patients  

P Value Elective Surgery,  

n = 15 

Urgent Surgery,  

n = 10 

Patient characteristics 

Female, n 

Age at surgery, y, mean 

Crisis manifestations, n 

Severe hypertension 

Severe hypotension 

Cardiac crisis 

Pulmonary crisis 

Neurologic crisis 

Multiorgan crisis 

Other (fever, ileus, peripheral thrombosis) 

Diagnostic characteristics 

Tumor size on imaging, cm, mean 

Highest catecholamine ratio,
a
 median (range) 

Highest metabolite ratio,
a
 median (range) 

Treatment 

Cardiac catheterization, n 

Intra-aortic balloon pump, n 

Intensive care unit admission for crisis, n 

Time from current crisis to surgery, d, median ± SD 

Type of surgery, n 

Laparoscopic 

Bilateral 

Extra-adrenal 

Perioperative outcome 

Operation time, hr, mean 

Conversion to open or hand-assisted operation, n 

Estimated blood loss, mL, mean 

Transfusion, n 

Intraoperative complications, n  

Postoperative complications, n 

Postoperative intensive care unit admission, n 

Duration of postoperative hospital stay, d, mean 

Mortality 

 

7 (46%) 

54.4 

 

14 (93%) 

2 (14%) 

11 (73%) 

3 (20%) 

3 (20%) 

1 (7%) 

1 (7%) 

 

4.1 

22.6 (3.5 to 29.8) 

13.1 (1.9 to 75.4) 

 

3 (20%) 

0 

4 (27%) 

91 ± 158 

 

15 (100%) 

1 (7%) 

2 (14%) 

 

3.10 

0 

228 

1 (7%) 

1 (7%) 

1 (7%) 

1 (7%) 

1.7 

0 

 

1 (10%) 

38.2 

 

9 (90%) 

5 (50%) 

9 (90%) 

5 (50%)  

3 (30%) 

4 (40%) 

3 (30%) 

 

7.2 

75.3 (3.9 to 645.6) 

11.4 (4.7 to 511.0) 

 

2 (20%) 

4 (40%) 

10 (100%) 

24 ± 76  

 

9 (90%) 

1 (10%) 

0 

 

4.48 

3 (30%) 

225 

1 (10%) 

0 

5 (50%) 

5 (50%) 

5.7 

0 

 

0.086 

0.014 

 

0.736 

0.075 

0.610 

0.255 

0.924 

0.126 

0.267 

 

0.001 

0.098 

0.195 

 

0.945 

0.034 

0.001 

0.027 

 

0.835 

0.763 

0.652 

 

0.053 

0.102 

0.496 

0.763 

0.405 

0.045 

0.045 

0.001 

- 

Abbreviations: SD, standard deviation. 
a 

Multiplication of reference value. 
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Ten patients were operated on urgently during the same hospitalization, as judged on 

clinical grounds and social factors which include our clinical assessment that the 

patients could not be safely discharged because of other medical issues, insurance 

policy and restriction, travel distance, patient compliance, patient preference, and 

referral physicians’ preference.  

Patients who underwent elective surgery had smaller tumors (4.1 versus 7.2 

cm, P = 0.001), did not need IABP (0 of 15 versus 4 of 10 [40%], P = 0.034), and had 

fewer ICU admissions for their crisis presentation (4 of 15 [27%] versus 10 of 10 

[100%], P = 0.001), in comparison with patients who underwent urgent surgery. 

Although the frequency of individual crisis manifestation was similar between groups, 

fewer patients who underwent elective surgery presented with multiorgan failure (1 of 

15 [7%] versus 4 of 10 [40%], P = 0.126). This group of patients also had a trend of 

lower catecholamines levels (P = 0.098). Postoperatively, patients who underwent 

elective surgery had shorter hospital stays (1.7 versus 5.7 days, P = 0.001), fewer 

postoperative complications (1 of 15 [7%] versus 5 of 10 [50%], P = 0.045), and were 

less often admitted to the ICU (1 of 15 [7%] versus 5 of 10 [50%], P = 0.045) in 

comparison with patients who underwent urgent surgery. There was no mortality in 

either group. 

 

Literature Review 

From the English literature, we identified 97 patients who presented with 

pheochromocytoma crisis and subsequently underwent pheochromocytoma 

resection (Appendix B). For these patients, the mean age at presentation was 42 

years (range 13 to 77). There was a slight female predominance (49 of 97 [53%]). 

The mean tumor size was 7.0 cm (range 2 to 25).  

Ten patients underwent elective surgery during subsequent admission, 54 

patients underwent urgent surgery during the same hospitalization, and 33 patients 

underwent emergency surgery. Results comparing crisis patients who underwent 

elective or urgent surgery with crisis patients who underwent emergency surgery are 

given in Table 5. Patients who underwent elective or urgent surgery had smaller 

tumors (6.0 versus 8.6 cm, P = 0.006) and less often presented with ruptured or 

hemorrhagic pheochromocytoma (12 of 64 [19%] versus 14 of 33 [42%], P = 0.024), 

but had similar crisis manifestations in comparison with patients who underwent 

emergency surgery. Eight patients (8% of total group, 80% of elective group) in the 

electively operated group had laparoscopic resection. None of the patients operated 

emergently underwent laparoscopic surgery. Patients who underwent elective or 

urgent surgery had less intraoperative (13 of 31 [42%] versus 20 of 25 [80%], P < 

0.001) and postoperative (13 of 40 [33%] versus 15 of 22 [71%], P = 0.047) 

complications in comparison with patients who underwent emergency surgery. Six of 

33 patients operated on emergently died, in comparison with none of the 64 urgently 

or electively operated patients (P = 0.002). 

To further evaluate whether less advanced surgical and anesthetic techniques 

in the earlier years may have contributed to the perioperative complications and 

mortality in those who underwent surgery emergently, we divided the 65 years of 
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literature review into two different eras, i.e. the earlier era from 1944 to 1990 and the 

later era from 1991 to 2011. The latter approximated the time period in our series. 

We then compared the complication and mortality rates between the two eras, as 

well as the complication and mortality rates between the elective and urgent surgery 

group versus the emergency surgery group in each era (Table 6, Table 7, and Table 

8). Timing of operation was similar between the two eras. Complication rates were 

high, greater than 50%, in both the elective and urgent group and the emergency 

group prior to 1990. There was a trend towards increased mortality in the emergency 

group versus the elective or urgent group (5 of 15 [33%] versus 0 of 23, P = 0.052).  

 

 

Table 5. Elective and Urgent versus Emergency Surgery for Pheochromocytoma Crisis in 

Literature 

 

Characteristics 

Patients  

P Value Elective and Urgent 

Surgery, n = 64 

Emergency 

Surgery, n = 33 

Patient characteristics 

Female, n  

Age at surgery, y, mean 

Crisis manifestations, n 

Severe hypertension 

Severe hypotension 

Cardiac crisis 

Pulmonary crisis 

Neurologic crisis 

Multiorgan crisis 

Pheochromocytoma multisystem crisis 

Other
a 

Tumor size on imaging, cm, mean 

Preoperative diagnosis of pheochromocytoma, n 

Hemorrhage or rupture of pheochromocytoma, n  

Treatment 

Preoperative α-blockade, n 

Duration, d, median (range) 

Elective surgery, n 

Urgent surgery, n 

Time from crisis to surgery, d, median (range) 

Laparoscopic surgery, n 

Perioperative outcome 

Intraoperative complications, n 

Postoperative complications, n 

Duration of postoperative hospital stay, d, mean 

Mortality, n 

 

33 (51%) 

41 

 

45 (70%) 

28 (44%) 

48 (75%) 

37 (58%) 

14 (22%) 

16 (25%) 

13 (20%) 

24 (38%) 

6.0 

64 (100%) 

12 (19%) 

 

50 of 58 (86%) 

26 (1 to 50) 

10 (16%) 

54 (84%) 

42 (3 to 290) 

8 of 59 (14%) 

 

13 of 31 (42%) 

13 of 40 (33%) 

15 

0  

 

16 of 32 (49%) 

43 

 

23 (70%) 

20 (61%) 

20 (61%) 

14 (42%) 

6 (18%) 

10 (30%) 

11 (33%) 

19 (58%) 

8.6 

24 (73%) 

14 (42%) 

 

17 of 33 (52%) 

4 (1 to 10) 

- 

- 

3 (0 to 20) 

0 

 

20 of 25 (80%) 

15 of 2 (71%) 

25 

6 (18%) 

 

0.942 

0.347 

 

0.950 

0.174 

0.218 

0.221 

0.872 

0.751 

0.246 

0.095 

0.006 

<0.001 

0.024 

 

<0.001 

0.013 

- 

- 

<0.001 

0.002 

 

<0.001 

0.047 

0.135 

0.002 
a 

Including fever, ileus, acute abdomen, bowel ischemia, pancreatitis, acidosis, peripheral thrombosis, skin 

infarction, diffuse intravascular coagulation, exanthema, and rhabdomyolysis. 
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After 1990, even with anticipated better techniques and more advanced technology, 

complication rates remained high in the emergency group: 77% intraoperative 

complications and 70% postoperative complications versus 23% and 20% 

respectively, in the elective and urgent group (P = 0.019 and P = 0.014, respectively). 

There was one death in the emergency group and none in the elective or urgent 

group; the difference did not reach statistical significance (P = 0.310). 

 

Discussion 

We present the largest series to date of patients with pheochromocytoma crisis. We 

analyzed the medical and surgical treatment strategies and outcome, both in our 

series and in the literature. We identified three surgical treatment strategies: elective, 

urgent, and emergency resection of the pheochromocytoma.  

None of the patients in our series underwent emergency pheochromocytoma 

resection without medical stabilization. All but one patient with crisis in our series 

were first stabilized and treated with α-blockade prior to surgery. Fifteen patients 

were discharged from hospital and underwent elective surgery at a later time. There 

was no mortality in our series, and all but one patient underwent laparoscopic 

resection. 

In our series, the decision regarding elective or urgent surgery was usually 

based on clinical presentation and clinical judgment, as well as social factors, without 

predetermined criteria in this retrospective review. All patients were stabilized and 

adequately α-blocked prior to surgery. Although we did not have an objective 

measure for severity of illness, the urgently operated group appeared to have a 

higher level of illnesses with more ICU admissions and more IABP use, and tended 

to have multiorgan involvement. This higher level of crisis presentation may explain 

more postoperative complications and longer postoperative hospital stay in this group 

compared with the elective group. Although the urgently operated group might be 

sicker with more severe crisis complications, there was no significant correlation with 

the catecholamines and metabolites levels, which were similar in both groups. This 

lack of correlation may be due to small numbers presented in each group. On the 

other hand, there were higher catecholamines and metabolites levels in the crisis 

group in comparison with the noncrisis group. Others have demonstrated that higher 

hormone levels correlate with high blood pressure at presentation and hemodynamic 

instability during pheochromocytoma resection.27 

Although preoperative medications and improved surgical and anesthetic 

technique have largely improved the perioperative mortality associated with resection 

of pheochromocytoma; surgery in poorly prepared patients can lead to serious 

morbidity and mortality.8 While our own series did not have patients who were 

operated emergently, our findings from our literature review support this conclusion. 

Even in the later era with more refined surgical and anesthetic techniques, there 

were more intraoperative and postoperative complications in the group that was 

operated on emergently. Although it was not statistically different, either due to under 

reporting of deaths or type 2 error, there was one death in the emergency group 

versus no death in the elective and urgent group. 
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We had no mortality in our series; the elective and urgent group from the literature 

review also had no deaths, even prior to 1990. It is interesting to note that during the 

later era from 1991 to 2011, the time period approximating that of our series, the 

elective and urgent group from the literature review had a postoperative complication 

rate of 20%, quite similar to ours of 24%. The intraoperative complication rate was 

23% versus 4% in our series. The lower intraoperative complication rate in our series 

is perhaps due to the use of laparoscopic surgery. These numbers are in contrast to 

the emergency group who had significantly higher rates of complications. Our 

findings suggest that pheochromocytoma crisis should not be treated as a surgical 

emergency. 

 

 

Table 6. Outcome of Surgery for Pheochromocytoma Crisis in Literature Before versus After 

1990 

 

Characteristics 

Surgery  

P Value Before 1990, n = 38 After 1990, n = 59 

Type of surgery 

Elective, n 

Urgent, n 

Emergency, n 

Perioperative outcome, n 

Intraoperative complications 

Postoperative complications 

Mortality 

 

1 (3%) 

22 (58%) 

15 (39%) 

 

20 of 30 (67%) 

15 of 26 (58%) 

5 (13%) 

 

9 (15%) 

32 (54%) 

18 (31%) 

 

13 of 27 (48%) 

13 of 33 (39%) 

1 (2%) 

 

0.083 

0.885 

0.490 

 

0.252 

0.256 

0.064 

 

 

 

Table 7. Outcome of Elective and Urgent versus Emergency Surgery for 

Pheochromocytoma Crisis in Literature Before 1990 

 

Characteristics 

Patients   

P Value Elective and Urgent 

Surgery, n = 23 

Emergency Surgery,  

n = 15 

Intraoperative complications, n 

Postoperative complications, n 

Mortality, n 

10 of 18 (56%) 

9 of 17 (53%) 

0 

10 of 12 (84%) 

6 of 9 (67%) 

5 (33%) 

0.236 

0.797 

0.052 

 

 

 

Table 8. Outcome of Elective and Urgent versus Emergency Surgery for 

Pheochromocytoma Crisis in Literature After 1990 

 

Characteristics 

Patients   

P Value Elective and Urgent 

Surgery, n = 40 

Emergency Surgery,  

n = 18 

Intraoperative complications, n 

Postoperative complications, n 

Mortality, n 

3 of 13 (23%) 

4 of 20 (20%) 

0 

10 of 13 (77%) 

9 of 13 (70%) 

1 (6%) 

0.019 

0.014 

0.310 
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It may seem intuitive that removing the source of the crisis presentation, i.e. 

pheochromocytoma, will most quickly resolve or improve the crisis, however, this 

approach may increase mortality and morbidity. Studies by Brown et al28 and 

Kobayashi et al29 demonstrated high mortality associated with emergency surgery in 

patients with ruptured pheochromocytoma or pheochromocytoma hemorrhage. The 

prognosis is already grim in those patients, and massive catecholamine release may 

occur during surgical manipulation of the tumor when abdominal exploration is made 

to stop bleeding, leading to significant hemodynamic instability. 

While our approach to pheochromocytoma crisis is always medical 

stabilization and adequate α-blockade prior to surgery, the median time from onset of 

pheochromocytoma crisis to surgery of 57 days (range 11 to 536) is longer than what 

we would prefer. We typically recommend surgery within one month of hospital 

discharge. One patient with neurofibromatosis type 1 and bilateral 

pheochromocytoma did not want to be operated and was maintained on 

phenoxybenzamine. She consented to surgery after 1.5 years of her crisis 

presentation. Operative timing also depended on insurance and social factors, which 

we could not control. Nevertheless, the 15 patients who were operated electively 

were stable on α-blockade without recurrent pheochromocytoma crisis, and nobody 

died while waiting to have surgery. This finding suggests that for some patients who 

present with pheochromocytoma crisis, it is safe to discharge them and to perform 

surgery at a later time. 

Medical stabilization for pheochromocytoma crisis requires an individualized 

approach depending on clinical presentation. Extraordinary efforts may be needed to 

initially stabilize the patient. In our study, four crisis patients with significant 

cardiomyopathy or cardiogenic shock were successfully treated with IABP. Others 

have also reported successful use of IABP to treat and stabilize pheochromocytoma-

induced cardiogenic shock.5,6,11,14,22,24,30 Huang et al31 and Suh et al32 reported the 

use of extracorporeal membrane oxygenation (ECMO) in treating cardiogenic shock. 

We routinely use phenoxybenzamine, a noncompetitive α-blocker, as the 

preoperative α-blockade agent for at least 10 days prior to surgery. We add atenolol 

or metoprolol to control tachycardia after adequate α-blockade. Most patients who 

were well prepared in this manner did not have intraoperative complications in our 

series. Others have reported successful use of selective nonspecific α-blockers – 

such as prazosin, doxazosin, and terazosin33,34 – as well as calcium channel 

blockers.35 However, there have been no randomized controlled trials comparing 

these agents to determine the best antihypertensive or blockade agent for 

preoperative preparation. 

It is important to note that hyperglycemia can be a complication of 

pheochromocytoma and hypoglycemia can rarely present as a postoperative 

complication (one patient in the crisis group, no patients in the noncrisis group). In 

our series, 28% of patients in the crisis group versus 14% in the noncrisis group had 

diabetes mellitus. Higher levels of catecholamines and metabolites in the crisis 

patients may increase the risk of abnormal carbohydrate metabolism.36 Postoperative 

glucose monitoring is important in patients who developed hyperglycemia due to 
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pheochromocytoma, to identify potentially life-threatening hypoglycemia.  

Laparoscopic removal of pheochromocytomas and paragangliomas is now the 

preferred surgical technique because it reduces postoperative morbidity, hospital 

stay, and expense in comparison with laparotomy.37,38 We demonstrate that 

laparoscopy can also be performed safely in patients presenting with 

pheochromocytoma crisis after medical stabilization and α-blockade. Twenty-four 

(96%) of our pheochromocytoma crisis patients were operated upon laparoscopically, 

with three (12%) conversions to open or hand-assisted operation. Conversion to 

open operation was required in one case because of tumor size (12 cm). Conversion 

to hand-assisted operation was necessary in two patients due to adhesion of the 

tumor to surrounding tissue (one case of malignancy). The conversion rate in our 

crisis patients is similar to the conversion rate in our noncrisis patients (P = 0.174), 

although the overall numbers are small.  

One major limitation of our study is its retrospective design, resulting in bias in 

patient selection with respect to mortality, treatment strategies, and timing of surgery. 

Some patients might have died prior to transfer to our institution for tertiary care. 

Patients with pheochromocytoma crisis were gravely ill and already at a high risk for 

mortality, and some might not have benefitted from any treatment strategy. 

Pheochromocytoma crisis is rare and a prospective randomized study is unlikely. 

Although we frequently received requests for emergency resection for those patients 

transferred to our institution, our approach has been medical stabilization followed by 

adequate α-blockade prior to surgery. This study demonstrates that this strategy is 

safe and effective.  

In conclusion, we present the largest series of pheochromocytoma crisis to 

date. We analyzed our series and the cases in the literature and found that 

emergency surgery may carry higher perioperative complications and mortality. 

Medical stabilization followed by appropriate α-blockade is safe and effective and 

pheochromocytoma crisis should be treated as a medical emergency rather than a 

surgical emergency. We acknowledge that an emergency resection may be required 

in cases of tumor rupture and uncontrolled bleeding, but it should be the exception 

rather than the rule.  

 

Conclusion 

Management of patients with pheochromocytoma crisis depends on the clinical 

presentation; however, it should always include initial stabilization and subsequent α- 

and, if necessary, β-blockade in combination with elective or urgent surgery. 

Emergency resection of pheochromocytoma is associated with high surgical 

morbidity and mortality and should be avoided. 
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Appendix A 

Predefined Search Terms 

Pheochromocytoma 

Pheochromocytoma [Mesh] OR phaeochromocytoma OR paraganglioma [Mesh] OR 

“*epinephrine-producing tumor” OR “catecholamine-producing tumor” OR 

“*adrenaline-producing tumor” OR “*epinephrine-secreting tumor” OR 

“catecholamine-secreting tumor” OR “*adrenaline-secreting tumor” OR “chromaffin* 

tumor”. 

 

Crisis 

Crisis OR shock OR decompensation OR emergency OR “myocardial infarction” OR 

“heart infarction” OR cardiomyopath* OR “cardiac failure” OR “pulmonary edema” OR 

ARDS OR “acute respiratory distress syndrome” OR “adult respiratory distress 

syndrome” OR “cerebrovascular event” OR “cerebrovascular accident” OR seizure* 

OR “renal failure” OR “kidney failure” OR “liver failure” OR “hepatic failure”. 

 

Exclusion Criteria 

Animal studies 

Systematic reviews 

Death prior to surgery, no surgery 

Not a pheochromocytoma crisisa 

Not full text available 

 

Inclusion Criteria 

Human studies 

English studies 

Original data 

Pheochromocytoma crisisa 

Adrenalectomy or pheochromocytoma resection, paraganglioma resection 
 
a Pheochromocytoma crisis is defined as severe hypertension and/or severe 

hypotension, with end organ damage (cardiovascular decompensation, myocardial 

infarction, pulmonary edema, adult respiratory distress syndrome, cerebrovascular 

accident, renal failure, or liver failure). 
 

Appendix B 

Table 9. 
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Abstract 

Objective Hemodynamic (HD) instability still underlies difficulties during 

pheochromocytoma resection. Little is known about HD instability in patients with 

multiple endocrine neoplasia (MEN) type 2-related pheochromocytoma. Our aim was 

to assess differences in HD during pheochromocytoma resection between MEN2 and 

non-MEN patients. In addition, we sought to identify risk factors for intraoperative HD 

instability. 

 

Design   Retrospective cohort study. 

 

Methods A total of 22 MEN2 and 34 non-MEN patients underwent 61 

pheochromocytoma resections at the University Medical Center Utrecht, The 

Netherlands between 2000 and 2010. All MEN2-related pheochromocytomas were 

diagnosed by annual screening. HD instability was assessed by measuring the 

frequency of hypotensive (mean arterial blood pressure [MABP] below 60 mmHg) 

and/or hypertensive (systolic arterial blood pressure [SABP] above 200 mmHg) 

episodes. 

 

Results Compared with non-MEN patients, MEN2 patients were younger at 

diagnosis, had less symptoms, lower hormone levels, and smaller tumors. 

Intraoperatively, MEN2 patients had a similar frequency of hypertensive episodes 

(1.3 versus 1.9, P = 0.162, 95% confidence interval (CI): -6.7 to 35.4) and a similar 

maximum SABP (200 versus 220 mmHg, P = 0.180, 95% CI: -9.7 to 50.5). However, 

MEN2 patients experienced less frequent (1.04 versus 2.6, P = 0.003, 95% CI: 0.57 

to 2.6) and less severe hypotensive episodes after tumor resection (lowest MABP: 

52.5 versus 45.6 mmHg, P = 0.015, 95% CI:-12.6 to -1.16). Tumor size was an 

independent risk factor for HD instability for the total group after multivariate analysis.  

 

Conclusion  MEN2 patients with pheochromocytoma, despite their smaller tumors, do 

not distinguish themselves from non-MEN patients in terms of hypertensive episodes 

during pheochromocytoma resection. Therefore, pretreatment with α- and β-blockade 

remains the standard of care in MEN2-related as well as in non-MEN related 

pheochromocytoma. 
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Introduction  

Pheochromocytomas are rare neuroendocrine catecholamine-secreting tumors, 

occurring mainly in the adrenal medulla.1,2 Pheochromocytomas can occur as part of 

a familial syndrome and are, in that case, often diagnosed by periodic screening of 

known mutation carriers. Pheochromocytomas can present with symptoms or as an 

incidental mass on radiologic imaging studies. Symptoms include episodic 

hypertension, headaches, and palpitations. Hypertensive crisis may develop in some 

patients that can result in myocardial infarction, adult respiratory distress syndrome, 

cerebral vascular accident, renal failure, and mortality.3  

 Surgical resection is the treatment of choice for pheochromocytoma, although 

the surgical procedure itself can be life threatening due to hypertensive crises and 

multiorgan failure or profound hypotension after tumor resection.4,5 During induction 

of anesthesia or surgical manipulation of their tumors, patients with 

pheochromocytoma may have wide swings in blood pressure (BP) and heart rate 

(HR).6 Administration of α-, β-, and/or calcium channel blockers is assumed to lower 

the risk of intraoperative hemodynamic (HD) instability (including preventing a 

hypertensive crisis), although randomized, controlled trials are lacking.2,7,8  

Preoperative medication and improvements in surgical and anesthetic 

techniques have nearly diminished the risk of perioperative mortality associated with 

pheochromocytoma resection.3,6 However, intraoperative HD fluctuations can lead to 

serious morbidity.9 Recently, high plasma norepinephrine concentration, tumor size 

larger than 4 cm, a high mean arterial blood pressure (MABP) at presentation and 

after α-blockade, and more profound postural BP reduced after α-blockade were 

identified as risk factors for HD instability during surgery of pheochromocytomas.10  

Literature on perioperative care of patients undergoing adrenalectomy for 

pheochromocytoma is often outdated and historical without considering the 

improvements in perianesthetic care mentioned earlier.11 Moreover, the perioperative 

course concerning HD data of multiple endocrine neoplasia (MEN) type 2 patients 

with pheochromocytomas has typically been reported only in conjunction with 

sporadic cases and patients with other familial syndromes or has included only small 

numbers of patients.7,12-14  

Because of their early identification using the annual screening of mutation 

carriers, we questioned whether MEN2-related pheochromocytomas are associated 

with less HD instability during pheochromocytoma resection. Therefore, we assessed 

differences in intraoperative HD between MEN2 and non-MEN patients in a large 

cohort. In addition, we sought to identify risk factors for intraoperative HD instability.  

 

Materials and Methods 

We took the opportunity of a large database of patients for pheochromocytoma 

resection, at the University Medical Center Utrecht, The Netherlands from January 

2000 to August 2010 following a homogeneous anesthetic and surgical care, to 

investigate whether patients with MEN have different intraoperative HD compared 

with non-MEN patients. A total of 56 patients were considered for this investigation 

after selection from the pathology database in which the pathology results of all 
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operatively removed tissues are included. 

 In our institution, the diagnosis of pheochromocytoma is based on the urinary 

laboratory results of catecholamines and metanephrines and the presence of an 

(extra-)adrenal tumor on imaging. MEN2 is defined as the presence of a MEN2 

mutation in the RET proto-oncogene. All pheochromocytomas in MEN2 patients were 

diagnosed through (annual, biochemical) screening. 

α-blockers (doxazosin) are administered to all patients at least two weeks 

before operation. β-blockers (metoprolol) are administered to a subgroup of patients 

with a HR above 80 beats per minute after adequate α-blockade. Patients are 

encouraged to hydrate themselves well and a salty diet is advised. Patients are 

admitted one week before surgery to maximize the dose of doxazosin and to start 

saline infusion two days before surgery. Criteria for efficacy include a systolic arterial 

BP (SABP) below 140 to 160 mmHg and a HR below 80 beats per minute. 

Anesthetic care includes propofol, rocuronium, sufentanil and/or isoflurane, or 

enflurane. Intraoperatively, BP and HR values are automatically, continuously, and 

digitally recorded by invasive measurement through an arterial line in the radial 

artery. Central venous pressure is measured in all patients. Undesirable elevations in 

BP or HR during surgery are treated with intravenous doses of nitrates, 

phentolamine, and/or esmolol. Crystalloids or colloids are infused and 

(nor)epinephrine, phenylephrine, and/or ephedrine are administered in case of 

hypotension after tumor removal. 

 Variables investigated included patient demographics, urinary hormone levels, 

tumor size on preoperative imaging (computed tomography or magnetic resonance 

imaging), and preoperative blockade regimes. The outcomes on hormone level were 

adjusted by generating a ratio of the highest level for that hormone divided by the 

corresponding upper limit of normal. In addition, maximum and minimum SABP, 

diastolic arterial BP (DABP) and MABP, and HR throughout surgery were studied. 

The MABP was calculated by dividing the sum of the SABP and two times the DABP 

by three. To measure HD fluctuations, the number of episodes that the SABP was 

above 200 mmHg, chosen as cutoff value for intraoperative hypertension, was 

scored. In addition, hypotensive complications were measured according to the 

number of episodes that the MABP was below 60 mmHg. Intraoperative tachycardia 

and bradycardia were defined as a HR above 100 and below 45 beats per minute, 

respectively. 

 

Statistical Analysis 

MEN2 patients were compared with the non-MEN patients regarding patients’ 

demographics, disease- and treatment-related features, and regarding differences in 

outcome of HD instability. In addition, patients’ demographics, urinary hormone 

levels, and tumor size, among other variables, were correlated with intraoperative BP 

fluctuations.  

All data were analyzed with SPSS version 16.0 (SPSS, Inc., Chicago, IL). 

Independent samples t test was used for comparisons between groups. Pearson’s 

correlation coefficient was used to correlate variables (r value). Multivariate linear 
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regression analysis was used to adjust for confounding factors. Statistical 

significance was established at P < 0.05. 

 

Results  

Between January 2000 and August 2010, total of 56 patients underwent 61 

resections for pheochromocytoma. Almost all patients (n = 52) were operated by the 

same surgeon (IBR). Among those, five patients underwent bilateral adrenalectomy 

because of bilateral pheochromocytoma. Our study population consisted of 39% 

MEN2 patients. 

 

Multiple Endocrine Neoplasia versus Non-Multiple Endocrine Neoplasia 

Patient, tumor, and diagnostic characteristics for the MEN2 group versus the non-

MEN group are given in Table 1. Significant differences between both groups 

included a younger age at diagnosis, less (cardiac) symptoms, lower preoperative 

urinary hormone levels, and a smaller tumor size on preoperative imaging for MEN2 

patients. 

 Preoperative differences between MEN2 and non-MEN patients in terms of BP 

and HR (Table 2) were diminished after preoperative medication (Table 3). 

Anesthesia was similar between both groups (data not shown). Intraoperatively, 

MEN2 patients were similar to non-MEN patients in terms of hypertension, i.e. the 

number of hypertensive episodes, the maximum SABP, and the number of 

interventions needed to treat undesirable elevations in SABP. In contrast, MEN2 

patients experienced less frequent and less severe hypotensive episodes after tumor 

resection (Table 2). The differences between MEN2 and non-MEN patients did not 

change after exclusion of patients with von Hippel-Lindau syndrome, mutation in 

succinate dehydrogenase B, C, and D, and neurofibromatosis (data not shown). 

There were no significant differences between the two groups regarding 

postoperative course (Table 4). 

 

Correlations with Tumor Size 

The mean tumor size based on imaging studies for the total group was 4.2 cm (range 

1 to 12). We found a correlation between tumor size and preoperative urinary 

hormone levels (r = 0.64, P < 0.000). There were weak correlations between tumor 

size and the number of (cardiac) symptoms and the presence of hypertension at 

diagnosis (r = 0.29, P = 0.025; and r = 0.26, P = 0.050, respectively). 

Correlations of tumor size and systolic BP were significant regarding highest 

SABP at tumor manipulation (r = 0.39, P = 0.002) and lowest SABP at tumor 

resection (r = 0.497, P < 0.000), and hypertensive (r = 0.50, P < 0.000) and 

hypotensive episodes (r = 0.60, P < 0.000). Tumor size also correlated with the 

number of interventions of the anesthesiologist, i.e. the frequency of using 

antihypertensive medications during tumor manipulation (r = 0.40, P = 0.002) and 

need for vasopressors after tumor resection (r = 0.66, P < 0.000). These correlations 

were also significant in multivariate analysis after adjustment for familial syndrome 

status, preoperative BP and HR, preoperative urinary hormone levels, pretreatment
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Table 1. Characteristics of MEN Versus Non-MEN Pheochromocytoma Patients 

 

Characteristics 

Patients  

P Value (95% CI) MEN,  

n = 22 

Non-MEN, 

n = 34 

Patient characteristics 

Percentage of total study population 

Classification, n 

 

 

Age at surgery, y, mean ± SD 

Female, n 

ASA physical status, mean ± SD 

Comorbidity, n  

History of cardiovascular disease 

Respiratory disease (pneumonia, COPD) 

Endocrine disease (diabetes mellitus) 

Tumor and diagnostic characteristics 

Bilateral localization, n 

Hypertension at diagnosis, n 

Clinical manifestations, n 

Manifestations per patient, n, mean ± SD 

Cardiac manifestations, n 

Highest urinary hormone ratio,
a
 mean ± SD 

Metanephrine 

Normetanephrine 

Epinephrine  

Norepinephrine 

Tumor size, cm, mean ± SD (range) 

 

Time symptoms to diagnosis, d, mean ± SD 

Time symptoms to surgery, d, mean ± SD 

Time diagnosis to surgery, d, mean ± SD 

 

39% 

21 MEN2A, 

1 MEN2B 

 

34 ± 12.1 

8 (37%) 

2.10 ± 0.3 

 

3 (14%) 

0 

0 

 

4 (18%) 

6 (27%) 

9 (41%) 

2.7 ± 2.5 

2 (9%) 

4.5 

3.4 ± 3.0 

2.7 ± 2.9 

3.9 ± 4.2 

1.2 ± 1.6 

2.6 ± 1.7  

(1.0 to 7.7) 

56 ± 154 

226 ± 162 

175 ± 117 

 

61% 

26 sporadic,  

3 VHL, 2 NF, 

3 SDHB/C/D 

46 ± 14.3 

17 (50%) 

2.26 ± 0.5 

 

13 (38%) 

4 (12%) 

4 (12%) 

 

3 (9%) 

22 (65%) 

23 (68%) 

3.9 ± 2.2 

13 (38%) 

18.1 

9.4 ± 20.1 

9.7 ± 9.9 

6.8 ± 11.9 

6.9 ± 7.1 

5.2 ± 2.6  

(1.3 to 12.0) 

559 ± 952 

651 ± 939 

92 ± 79 

 

 

 

 

 

0.001 (4.74 to 19.74) 

0.344 (-0.40 to 0.16) 

0.128 (-0.50 to 0.39) 

 

0.140 (-0.25 to 0.45) 

0.444 (-0.43 to 0.56) 

0.444 (-0.43 to 0.56) 

 

0.32 (-0.31 to 0.10) 

0.009 (0.09 to 0.63) 

<0.000 (-1.23 to -0.40) 

0.065 (-0.08 to 2.54) 

0.010 (0.07 to 0.50) 

0.001 (5.91 to 21.32) 

0.102 (-1.25 to 13.22) 

0.001 (3.08 to 10.98)
b 

0.200 (-1.60 to 7.46) 

<0.000 (3.08 to 8.24)
c 

<0.000 (13.51 to 36.62) 

 

0.007 (140.8 to 831.91) 

0.021 (65.5 to 749.51) 

0.003 (-138.7 to -30.94) 

Abbreviations: MEN, multiple endocrine neoplasia; SD, standard deviation; ASA, American Society of 

Anesthesiologists; COPD, chronic obstructive pulmonary disease; VHL, von Hippel-Lindau syndrome; NF, 

neurofibromatosis; SDHB/C/D, mutation in succinate dehydrogenase B, C, and D, respectively; CI, confidence 

interval. 
a 
Multiplication of reference value 

b
 After adjustment for tumor size this difference was not significant.

25
 

c
 After adjustment for tumor size this difference remains significant.

25 

  

regimes, and laparoscopic or open surgery. 

The correlation with variables associated with arterial BP was strongest for 

tumors larger than 3 cm. A tumor diameter larger than 3 cm was accompanied by 

significantly more hyper- and hypotensive episodes compared with a tumor diameter 

of 3 cm or less (2.02 versus 0.47, P < 0.000; and 2.51 versus 0.83, P < 0.000, 

respectively). A larger tumor led to more hypotensive episodes after tumor resection. 

Although the correlation between hypertensive episodes and tumors larger than 3 cm 

is high, small tumors can also lead to HD instability and especially to hypertension 

during surgery. 
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Table 2. Hemodynamic Characteristics of Pheochromocytoma in MEN versus Non-MEN  

 

Characteristics 

Patients  

P Value (95% CI) MEN, n = 22 Non-MEN, n = 34 

SABP,
a
 mmHg, mean ± SD 

At diagnosis 

After preoperative medication 

Pre-start
b 

After induction of anesthesia 

During tumor manipulation 

After tumor resection 

Intraoperative hypertension 

Hypertensive episodes, n, mean ± SD 

Maximum SABP, mmHg, mean ± SD 

Interventions needed to treat undesirable  

elevations in SABP, n, mean ± SD 

Intraoperative hypotension 

Hypotensive episodes, n, mean ± SD 

Minimum MABP, mmHg, mean ± SD 

Interventions needed to treat undesirable 

decreases in MABP, n, mean ± SD 

 

137 ± 22 

125 ± 16 

139 ± 20 

93 ± 19 

191 ± 48 

94 ± 23 

 

1.3 ± 1.4 

200 ± 57 

11.4 ± 9.1 

 

 

1.04 ± 1.2 

52.5 ± 10 

1.9 ± 3.8 

 

157 ± 34 

126 ± 18 

146 ± 17 

87 ± 20 

204 ± 62 

75 ± 23 

 

1.9 ± 2.0 

220 ± 55 

14.8 ± 18.8 

 

 

2.6 ± 2.6 

45.6 ± 12 

5.1 ± 5.0 

 

0.014 (4.1 to 35.2) 

0.782 (-7.6 to 10.0) 

0.101 (-1.5 to 16.8) 

0.287 (-15.5 to 4.7) 

0.382 (-17.7 to 42.8) 

0.001 (-31.5 to -8.1) 

 

0.162 (-6.7 to 35.4) 

0.180 (-9.7 to 50.5) 

0.439 (-5.31 to 12.1) 

 

 

0.003 (0.57 to 2.6) 

0.015 (-12.6 to -1.16)

0.007 (0.9 to 5.6) 

Abbreviations: MEN, multiple endocrine neoplasia; SABP, systolic arterial blood pressure; MABP, mean arterial 

blood pressure; SD, standard deviation; CI, confidence interval. 
a
 Similar similarities and differences between MEN and non-MEN patients can be found for diastolic arterial blood 

pressure and heart rate, with similar P values. 
b
 The first systolic blood pressure measurement in the operation room. 

 

 

Table 3. (Pre)Operative Management for Pheochromocytoma in MEN versus Non-MEN  

 

Characteristics 

Patients  

P Value (95% CI) MEN, n = 22 Non-MEN, n = 34 

Preoperative α-blockade, n 

Daily doses, mg, mean ± SD 

Duration, d, mean ± SD 

Preoperative β-blockade, n 

Duration, d, mean ± SD 

Additional antihypertensive 

medications, n 

Preoperative saline infusion, n 

Preoperative admission, n 

Duration, d, mean ± SD 

Laparoscopic surgery, n 

22 (100%) 

17 ± 12 

74 ± 50 

10 (45%) 

115 ± 150  

1 (5%) 

 

11 (50%) 

22 (100%) 

3.5 ± 3.3 

20 (91%) 

33 (97%) 

24 ± 20 

48 ± 42 

16 (47%) 

56 ± 97 

12 (35%) 

 

20 (59% 

34 (100%) 

3.7 ± 3.4 

17 (50%) 

0.417 

0.047 (-51.91 to -0.37) 

0.048 (0.11 to 20.43) 

0.906 

0.269 (-164.8 to 48.12) 

0.005 (0.09 to 0.47) 

 

0.647 (-0.22 to 0.35) 

- 

0.833 (-1.68 to 2.10)  

0.004 (-0.59 to -0.12) 

Abbreviations: MEN, multiple endocrine neoplasia; SD, standard deviation; CI, confidence interval. 
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Discussion 

Due to considerable improvements in preoperative medical preparation and 

perioperative anesthetic control, mortality following pheochromocytoma resection is 

rare. However, (morbidity from) intraoperative HD instability remains a problem. The 

perioperative HD course of MEN2 patients with a pheochromocytoma has typically 

been reported only in case reports.6,10,12,14 We report results of a large cohort study 

comparing patients with MEN2-related pheochromocytoma with non-MEN patients 

with pheochromocytoma. We mainly demonstrated that, MEN2 patients with 

pheochromocytoma do not distinguish themselves from sporadic cases of 

pheochromocytoma in terms of intraoperative hypertensive episodes. In addition, we 

also report results on hypotension during pheochromocytoma resection, where 

others have only focused on rises in BP and hypertensive crisis. Importantly, 

because the drop in BP associated with plasma catecholamine release following 

tumor resection is the major cause of death. Furthermore, we demonstrated that after 

multivariate analysis, tumor size is an independent risk factor for HD instability.  

 

 

Table 4. Outcome of Surgery for Pheochromocytoma in MEN versus Non-MEN  

 

Characteristics 

Patients  

P Value (95% CI) MEN, 

n = 22 

Non-MEN, 

n = 34 

Duration of postoperative admission, d, mean ± SD 

Duration of total admission, d, mean ± SD 

Postoperative intensive care unit admission, n 

Duration, d, mean ± SD 

Complications, n 

Blood pressure, heart rate or fluid related
a
 

Cerebrovascular event 

Mortality 

Other
b 

Malignant pheochromocytoma, n 

4.8 ± 2.2 

8.3 ± 3.8 

7 (32%) 

1.4 ± 1.4 

 

3 (14%) 

0 

0 

1 (5%) 

0 

6.6 ± 4.7 

10.3 ± 6.2 

8 (24%) 

1.5 ± 1.7 

 

6 (18%) 

0 

0 

4 (12%) 

1 (3%) 

0.136 (-0.46 to 3.30) 

0.243 (-1.14 to 4.40) 

0.708 

0.437 (-1.52 to 1.63) 

 

0.649 (-0.18 to 0.24) 

- 

- 

0.389 (-0.09 to 0.23) 

0.437 (-0.05 to 0.11) 

Abbreviations: MEN, multiple endocrine neoplasia; SD, standard deviation; CI, confidence interval. 
a
 Including hypertension during the first postoperative days requiring additional antihypertensive medications, 

direct postoperative hypotension requiring vasopressors (mainly norepinephrine) and intravascular fluid therapy, 

atrial fibrillation, pulmonary edema, and cardiac stunning (caused by relative cardiomyopathy secondary to the 

pheochromocytoma in combination with intraoperative fluid therapy).  
b
 Including wound infection, pneumonia, and intrauterine fetal death.  

 

 

Clinically, pheochromocytoma in MEN2 patients differ from sporadic 

pheochromocytoma because they are often identified at an earlier stage because of 

annual screening of known mutation carriers. In most cases, earlier diagnosis leads 

to the identification of smaller tumors, often associated with fewer symptoms and less 

often and less severe hypertension. In our study indeed, 70% of the MEN2 patients 

were normotensive and only 43% had symptoms. Cardiovascular symptoms 

associated with pheochromocytoma occurred in two of our MEN2 patients. These 

results are in agreement with previous studies.12,15  
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However, despite preoperative differences between MEN2 and non-MEN patients, 

BP after preoperative medication and intraoperative HD instability in terms of rises in 

BP were similar in both groups. This might mean that the relatively small MEN2-

related pheochromocytomas are easily provoked to secrete catecholamines during 

resection. In contrast with rises in BP, MEN2 patients experienced less frequent and 

less severe hypotensive episodes. These differences between groups were 

independent of doxazosin doses on the day of surgery. 

Preoperative treatment in our study involved doxazosin in combination with 

metoprolol if indicated. In all of our patients, a mean SABP of 125 mmHg was 

obtained after blockade. Multivariate analysis in our study demonstrated that the 

titrated doses of doxazosin administrated preoperatively was not related to SABP 

after tumor resection (P = 0.927), indicating that in our patients a higher α-blocker 

doses did not lead to a more profound decrease in BP after tumor removal. 

Bruynzeel et al10 and Prys-Roberts and Farndon16 found similar results for doxazosin 

and phenoxybenzamine in terms of controlling arterial pressure and HR before and 

during surgery, but doxazosin caused fewer undesirable side effects both before and 

after surgery.16 Theoretically, patients with pheochromocytoma have a reduced 

intravascular volume owing to catecholamine-mediated vasoconstriction.17,18 Patients 

in our study, therefore received intravenous saline infusion therapy two days before 

surgery and a salty diet if they had tachycardia. 

A recent report demonstrated a correlation between tumor size and HD 

instability (SABP above 160 mmHg) during pheochromocytoma resection,10 although 

others failed to demonstrate tumor size to be a risk factor.19,20 The results of our 

study confirm that tumor size may be correlated with HD instability. However, we 

found a cutoff size of 3 cm instead of 4 cm11 for significant association (SABP > 200 

mmHg), independent of preoperative hormone levels, preoperative medication, 

surgical approach, and the presence of a familial syndrome. This correlation, as 

stated, is independent of surgical approach. However, surgical skill in handling the 

tumor can be a risk factor in intraoperative HD instability.19 In our study, almost all 

patients were operated on by the same surgeon, which makes surgical skill less likely 

to play a significant role in differences in intraoperative HD between patient groups. 

Previous studies have demonstrated a direct relationship between tumor size 

and hormone levels in plasma and urine.21-23 Preoperative urinary hormone levels in 

our study also correlated with tumor size and to an extent intraoperative 

hypertension, as an independent risk factor for HD instability. The latter is also shown 

in literature.12,24 Our MEN2 patients had the highest urinary hormone ratio for 

epinephrine compared with (nor)metanephrine and norepinephrine. They also had 

significantly less norepinephrine secretion compared with our non-MEN patients. This 

is in agreement with previous studies.25,26 

A limitation of our study is its retrospective design. Therefore, patients could 

not be randomized for different pretreatment regimes. However, our preoperative 

treatment protocol makes no distinction between familial cases of 

pheochromocytoma and sporadic cases. This is confirmed by the fact that doses of 

α-blockade is not a confounder in identifying risk factors for HD instability. Because 
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all HD data and use of medication during pheochromocytoma resection were 

recorded automatically, continuously, and digitally, only few data were missing. We 

used the hormone ratio to account for the differences in type of urinary hormone 

excreted in highest amount by the patient. Despite this, accurate correlation between 

tumor size and hormone level may still be affected. Computed tomography and 

magnetic resonance imaging were used for preoperative imaging, which can result in 

size measurement variations. In addition, multiple radiologists interpreted the 

preoperative imaging scans, producing operator variation in final size determination. 

 

Conclusion  

Despite earlier diagnosis and significantly smaller tumors, MEN2 patients with 

pheochromocytoma, do not distinguish themselves from sporadic cases of 

pheochromocytoma in terms of intraoperative hypertensive episodes. Therefore, 

pretreatment with α-blockade started at least two weeks before surgery in 

combination with β-blockade, if tachycardia is present, remains important; MEN2 

patients or patients with small tumors are not excluded.  
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Abstract  

Objective  To determine the best surgical strategy for pheochromocytoma in multiple 

endocrine neoplasia type 2 (MEN2) patients.  

 

Background Pheochromocytomas occur in 50% to 60% of MEN2 patients, 

approximately half of them eventually develop bilateral disease. Unilateral subtotal 

adrenalectomy as primary surgery for pheochromocytoma in these patients may 

avoid or postpone the need for corticosteroid replacement therapy and the risk of 

Addisonian crisis, but is not yet widely accepted.  

 

Methods  We conducted a retrospective cohort study including 61 MEN2 patients 

with pheochromocytoma who were treated at the University Medical Center Utrecht, 

The Netherlands between 1959 and 2010. Surgery was classified into four 

adrenalectomy groups: bilateral total, unilateral total, bilateral subtotal, and unilateral 

subtotal. 

 

Results Primary surgery involved 22 bilateral total, 30 unilateral total, 2 bilateral 

subtotal, and 7 unilateral subtotal adrenalectomies. Twenty-one patients developed 

ipsilateral or contralateral recurrence after a median follow-up of 13.4 ± 10.8 years 

(range 0.1 to 41.8). Unilateral total and unilateral subtotal adrenalectomy had similar 

rates of recurrence (P = 0.232) and an equal survival time (5.5 versus 8.8 years; P = 

0.170). Steroid replacement after bilateral total adrenalectomy led to complications in 

eight patients. Reoperations for recurrence included unilateral total adrenalectomy in 

12 patients, after which 10 needed steroid replacement (with complications in three) 

and unilateral subtotal adrenalectomy in five patients, after which none needed 

replacement therapy. Ipsilateral recurrence after reoperation was similar between 

these groups.  

 

Conclusion Unilateral subtotal adrenalectomy is a feasible surgical strategy for 

pheochromocytoma in MEN2 patients. It has comparable recurrence rates and 

eventually less complications of steroid replacement compared with unilateral total 

adrenalectomy.  
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Introduction 

Pheochromocytomas are rare neuroendocrine catecholamine-secreting tumors. 

Pheochromocytomas can occur as part of the familial syndrome multiple endocrine 

neoplasia type 2 (MEN2). MEN2 is subdivided in MEN2A and MEN2B. In MEN2A, 

patients develop medullary thyroid carcinoma, pheochromocytoma, and primary 

hyperparathyroidism.1 MEN2B is associated with medullary thyroid carcinoma, 

mucosal neuromas, intestinal ganglioneuromas, and a marfanoid habitus.2  

Pheochromocytomas, in MEN2 occur in 50% of the patients, are frequently 

bilateral and are less frequently malignant compared with sporadic cases. All known 

MEN2 patients should be screened once yearly for the presence of 

pheochromocytoma to prevent a potentially life-threatening hypertensive crisis 

associated with myocardial infarction, pulmonary edema, or epileptic seizures.2-4 

Adrenalectomy is the treatment of choice for pheochromocytoma. 

Theoretically, the ideal operation for a pheochromocytoma in a patient with MEN2 

would be to remove the pheochromocytoma and all of the medulla while saving the 

adrenal cortex to preserve ipsilateral adrenocortical steroid production. 

 From the mid-1980s through the mid-1990s and in some centers even until 

1999, total bilateral adrenalectomy has been advocated,3,5,6 even in case of unilateral 

disease7 and especially in patients with a tumor size over 5 cm,8 to prevent the risk of 

recurrence. Because it necessitates lifelong gluco- and mineralocorticoid 

replacement therapy, this method has been disputed. Complete steroid-dependency 

carries great social implications and the risk of a, potentially life-threatening, 

Addisonian crisis.9,10 In addition, corticosteroid replacement therapy is a continuous 

challenge with possible chronic overreplacement leading to the risk of impaired 

glucose tolerance, obesity and osteoporosis and underreplacement with the risk of 

incipient crises and severe impairment of well being.11,12 

Fortunately, improvements in imaging techniques – demonstrating a normal 

contralateral adrenal gland – and better pathophysiological insight allowed the 

introduction of more conservative surgical strategies, including the unilateral 

adrenalectomy.13-17 Subsequently minimally invasive approaches were introduced, 

and cortical sparing approaches have been used both for initial operations and for 

reoperations. However, because of the rarity of the disease, only scarce data are 

available on unilateral subtotal adrenalectomy in MEN2 patients.  

Most studies on subtotal adrenalectomy in MEN2 patients as primary surgery18 

or as secondary surgery for recurrent pheochromocytoma after unilateral total or 

bilateral subtotal adrenalectomy include only case reports or small retrospective case 

series.9,19-24 Moreover, outcome of surgical treatment is often analyzed in conjunction 

with other familial syndromes.25-29 

Two studies have presented original data on unilateral subtotal adrenalectomy 

in MEN2 patients as primary surgery.19,28 Edström et al19 reported one MEN2A 

patient who underwent unilateral subtotal adrenalectomy. Yip et al28 conducted a 

study among 46 MEN2 patients. Recurrent pheochromocytoma developed in an 

adrenal remnant in three of 30 patients (10%) who underwent unilateral 

adrenalectomy or bilateral cortical-sparing procedures. Although these results are in 
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favor of cortical sparing adrenal surgery, the number of patients treated with 

unilateral subtotal adrenalectomy is not described, nor was data on follow-up 

available.28  

 We therefore sought to determine the feasibility of subtotal adrenalectomy as 

a primary surgical strategy for pheochromocytoma in MEN2 patients in a small study 

group with a large comparison cohort with a long-term follow-up. 

 

Materials and Methods 

The medical records of all MEN2 patients treated at the University Medical Center 

Utrecht, The Netherlands, a tertiary referral center for MEN2 patients since 1959, 

were reviewed for the presence of pheochromocytoma. MEN2 was defined as the 

presence of a germline mutation of the RET proto-oncogene.  

Diagnosis of pheochromocytoma included biochemical testing of 24-hour 

urinary levels of catecholamines (epinephrine, norepinephrine and dopamine) and/or 

(nor)metanephrines in combination with at least one adrenal imaging study 

(computed tomography or magnetic resonance imaging, and in some cases 

additional iodine-131-meta-iodobenzylguanidine scintigraphy). 

Data on patient characteristics, surgical strategy, and outcome were collected. 

Surgical intervention was classified into four adrenalectomy groups: bilateral total, 

unilateral total, bilateral subtotal (one side total and other side subtotal), and 

unilateral subtotal. The follow-up period was defined as the period between adrenal 

surgery and the last date of contact or date of death. 

 Data on outcome included the persistence, recurrence, and the time to 

recurrence of pheochromocytoma, complications of surgery and the need for and 

complications of steroid replacement therapy. Persistent disease was defined as 

disease not cured by initial surgery according to measurement of elevated 24-hour 

urinary levels of catecholamines and/or (nor)metanephrines within six months after 

initial surgery. Recurrent disease was defined as a new development of elevated 

urinary levels of catecholamines and/or (nor)metanephrines and documentation of a 

pheochromocytoma on imaging study after a period of normalization of biochemical 

examinations of at least six months after surgery. Recurrent disease included 

contralateral, ipsilateral and extra-adrenal recurrences.  

Damage to neighboring organs, bleeding, hemodynamic instability during and 

after surgery, infection and 30-day mortality, were defined as perioperative 

complications. Addisonian crisis was defined as hospitalization because of adrenal 

insufficiency developing spontaneously or in response to infection or dehydration with 

symptoms of nausea, vomiting, hypotension, and severe electrolyte imbalances, 

improving after administration of corticosteroids.  

The postoperative adrenocortical function was evaluated only in patients who 

underwent a secondary subtotal adrenalectomy by measurement of basal (morning) 

plasma cortisol (8.00 to 8.30) or a 250 µg adrenocorticotropic hormone challenge test 

to determine adrenal function. 
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Statistical Analysis 

SPSS version 15.0 (SPSS, Inc., Chicago, IL) was used to describe the population. 

Kaplan-Meier survival analysis, with log-rank (Mantel-Cox) analysis, was applied for 

comparison. For comparison of means between groups, the Fisher’s exact χ2 test 

was used. An ANOVA analysis was applied to calculate the statistical difference in 

mean follow-up between intervention groups. Data are shown as mean ± standard 

deviation or median based on their distribution. P < 0.05 was considered statistically 

significant. 

 

Results 

Sixty-one patients (48%) of 126 MEN2 patients from the University Medical Center 

Utrecht MEN2 database were operated on for a pheochromocytoma between 1959 

and 2010. Table 1 presents baseline demographics, clinical characteristics and 

diagnostic data. In the group of patients with pheochromocytoma, MEN2A was 

diagnosed in 58 patients (95% of 61 patients), three patients had MEN2B (5%). Fifty 

patients were identified from nine kindreds. 

 

 

Table 1. Characteristics of Pheochromocytoma in MEN2 Patients 

Characteristics Data 

Patient characteristics 

Classification, n 

Female, n 

Age at surgery for pheochromocytoma, y, mean ± SD 

Mutation, n 

Cys634Arg 

Cys634Trp 

Cys634Tyr 

Cys618Arg 

Codon 611 

Unknown 

Diagnosis through screening, n  

Symptoms and diagnostic characteristics, n 

Symptoms 

Classic triad 

Palpitations 

Headache  

Diaphoresis  

Other (nausea, tremor, anxiety) 

Preoperative hypertension, hypertensive crisis 

Preoperative elevation of 24-hour urinary hormones
a 

Other MEN2 associated features, n 

Medullary thyroid carcinoma 

Primary hyperparathyroidism 

Cutaneous lichen amyloid 

 

58 MEN2A (95%), 3 MEN2B (5%) 

24 (39%) 

33.0 ± 12.7 

 

29 (485%) 

15 (25%) 

2 (3%) 

1 (2%) 

1 (2%) 

13 (21%) 

44 

 

31 (50%) 

6 (10%) 

19 (31%) 

10 (16%) 

8 (13%) 

13 (21%) 

2, 2 (8%) 

41 (67%) 

 

60 (98%) 

20 (33%) 

2 (3%) 

Abbreviations: MEN, multiple endocrine neoplasia; SD, standard deviation 
a
 Metanephrines and/or (nor)epinephrine, data were missing from 18 patients. 
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The mean age at diagnosis of MEN2 was 25.1 ± 14.6 years (range 1 to 62). The 

mean age at first surgery for pheochromocytoma was 33.0 ± 12.7 years (range 13 to 

71). In eight patients, pheochromocytoma was the presenting manifestation of the 

MEN2 syndrome in addition to medullary thyroid carcinoma. Forty-four were known 

MEN2 patients at diagnosis and were annually screened for symptoms, 24-hour 

urinary catecholamine and/or (nor)metanephrine levels and in some cases imaging 

studies to detect the presence of pheochromocytoma. Two of these patients had 

normal 24-hour urinary catecholamine and (nor)metanephrine levels. 

 

Primary Surgery for Pheochromocytoma in Multiple Endocrine Neoplasia 

Surgery was performed either laparoscopically or by laparotomy depending on the 

era of operation and tumor size. From 1993 until 1997, we have operated on these 

tumors laparoscopically via the lateral abdominal route and since 1997 via the 

posterior retroperitoneal route when tumor size was smaller than 7 cm.30 

Primary surgery included 22 bilateral total, 30 unilateral total, 2 bilateral 

subtotal, and 7 unilateral subtotal adrenalectomies (Table 2). 

Three patients developed surgery-related complications. These complications 

included intraoperative cardiac and respiratory insufficiency associated with 

catecholamine release necessitating admission to the intensive care unit 

(laparoscopic unilateral total adrenalectomy), hernia cicatricalis needing several 

repair surgeries (open bilateral total adrenalectomy), and rupture of the spleen (open 

bilateral total adrenalectomy). 

 Median follow-up after primary surgery was 13.4 ± 10.8 years (range 0.1 to 

41.8). There were no significant differences in duration of follow-up between the four 

intervention groups (Table 2; P = 0.323, ANOVA analysis). Overall, the total study 

population was 9.5 ± 10.2 years (range 0.1 to 38.6) free of recurrent 

pheochromocytoma. None of the patients had persistent disease.  

Ipsilateral or contralateral recurrent pheochromocytoma developed in 21 

patients. All patients were diagnosed through annual screening during follow-up, with 

symptoms consistent of pheochromocytoma (n = 3), elevated 24-hour urinary 

catecholamine and (nor)metanephrine levels (n = 14) or both (n = 4). Symptoms 

were mild and included headache and nausea. None of the patients developed 

hypertensive crisis during follow-up. 

Thirteen patients developed contralateral recurrence after unilateral total 

adrenalectomy. In the unilateral subtotal operated group, four patients developed a 

contralateral recurrence and one patient developed an ipsilateral recurrence. There 

were no significant differences for risk of recurrence between the unilateral total and 

unilateral subtotal adrenalectomy group (P = 0.232, Fisher’s exact test). Comparison 

of means for disease and steroid replacement free survival time between unilateral 

total and unilateral subtotal adrenalectomy after primary operation was also not 

significant (P = 0.170, log-rank [Mantel-Cox] analysis). 
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Eight of the 22 patients who underwent bilateral total adrenalectomy developed 

complications of corticosteroid replacement. Three of those had an Addisonian crisis 

after a mean follow-up of 18.9 ± 7.3 years (range 13 to 20) and five had complaints of 

hypotension, fatigue and weakness, or loss of libido.  

The diagnosis pheochromocytoma was confirmed by histology in all but three 

operated adrenal glands. In three patients who underwent a bilateral adrenalectomy 

(two bilateral total adrenalectomy, one bilateral subtotal adrenalectomy) pathology 

confirmed unilateral presence of pheochromocytoma. In none of the patients, 

malignant pheochromocytoma was diagnosed. 

 

Reoperations for Recurrent Pheochromocytoma in Multiple Endocrine Neoplasia 

Table 3 shows the results on reoperation for recurrent pheochromocytoma (n = 19). 

Two patients were operated for their recurrent disease elsewhere and therefore no 

further data on reoperative surgery of these patients were available. One patient 

underwent resection of an extra-adrenal recurrence after bilateral total 

adrenalectomy. One 34-year-old female patient had an ipsilateral recurrence 1.8 

years after open unilateral subtotal adrenalectomy. The magnetic resonance imaging 

performed before the initial operation showed no evidence of a second primary 

lesion. Neither were there signs suggestive of a second lesion at the time of initial 

intervention, although an intraoperative ultrasound was not performed. This patient 

underwent a secondary bilateral total adrenalectomy, at her own request. The 

histopathologic report confirmed unilateral disease in this patient. Twelve patients 

had secondary unilateral total adrenalectomy, five had unilateral subtotal 

adrenalectomy. Ipsilateral recurrence occurred in two patients after reoperation. 

There were no significant differences for risk of recurrence after reoperation between 

the unilateral total and unilateral subtotal adrenalectomy group (P = 0.515, Fisher’s 

exact test). Comparison of medians for survival time between unilateral total and 

unilateral subtotal adrenalectomy at reoperation was also not significant (9.0 versus 

4.0 years; P = 0.102, log-rank [Mantel-Cox] analysis). But sample size was small with 

only one recurrence in both groups. 

 One patient underwent conversion from a laparoscopic approach to open 

surgery due to extensive adhesions. One patient developed a hernia cicatricalis 

necessitating several repair surgeries after open unilateral total adrenalectomy.  

 After a previous unilateral adrenalectomy, 11 patients who underwent a 

second unilateral total adrenalectomy became dependent of steroid replacement. 

Three of those patients had complications of replacement, with complaints of fatigue 

and weakness. Two patients who underwent unilateral total adrenalectomy for 

contralateral recurrence after previous unilateral subtotal adrenalectomy had 

sufficient adrenocortical function without replacement. One of them is now 27.8 years 

after surgery without replacement therapy or recurrence. None of the patients who 

underwent secondary subtotal adrenalectomy needed steroid replacement. 

 Twelve patients died during follow-up. Seven patients died of metastatic 

medullary thyroid cancer and five of unknown causes. 
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Discussion 

This retrospective study presents data on subtotal unilateral adrenalectomy as 

primary surgery for pheochromocytoma in MEN2 in a small study group with a large 

comparison cohort. According to our present and previous data, unilateral subtotal 

adrenalectomy in MEN2 patients has evolved into a feasible surgical strategy for 

pheochromocytoma in MEN2 patients. 

Pheochromocytomas may recur either on the contralateral side as a result of 

the nature of the disease or on the ipsilateral side even a long time after the initial 

operation.14,31 Because of slow progression of the disease, in combination with an 

effective, protocolized screening program, yearly screening and timely surgery can 

minimize the risk of a hypertensive crisis from recurrent pheochromocytoma. None of 

our patients developed a hypertensive crisis during follow-up. Moreover, only half of 

the patients presenting with recurrent pheochromocytoma was symptomatic and had 

only mild symptoms. Other studies found similar or lower numbers of MEN2 patients 

with symptomatic pheochromocytoma.32,33  

Furthermore, a “watchful waiting” strategy seems to be acceptable in 

hereditary pheochromocytoma, since malignant pheochromocytomas rarely occurs in 

patients with MEN2, in contrast to patients with sporadic pheochromocytoma.13,33,34 

None of the 61 patients in our study had malignant pheochromocytoma. There were 

also none among 58 MEN2 patients reported by Lairmore et al13 nor among 18 

MEN2 patients reported by Tibblin et al;34 whereas, van Heerden et al5 reported three 

MEN2 patients with malignant pheochromocytomas. Among 387 patients with MEN2 

from previous reported series the overall malignancy rate was 3.9%.14,34 

 Unilateral subtotal adrenalectomy has the great advantage of preserving 

adrenocortical function, thereby preventing the need for and complications of chronic 

steroid replacement. Telenius-Berg described a significantly affected quality of life 

with 30% of patients experience significant fatigue and 48% considered themselves 

handicapped, due to social implications.10 Patients have to be continually aware of 

the signs and symptoms of acute adrenal insufficiency and must be instructed how to 

handle such situations. The consequences of acute hypocortisolism – if not corrected 

with admission to the hospital and administration of intravenous saline and 

corticosteroids – begin with severe vomiting and diarrhea, electrolyte disturbances, 

hypoglycemia, confusion, lethargy, and eventually lead to death.11,12 Many authors 

have reported on the morbidity, and even mortality related to adrenocortical 

replacement in patients after synchronous or metachronous bilateral adrenalectomy. 

Combined data from several studies indicate that 23% to 35% of patients developed 

Addisonian crisis with a total mortality rate up to 3%.9,10,34 Howe et al1 even reported 

that 23 of 33 MEN2 patients (70%) with bilateral adrenalectomy underwent at least 

one episode of Addisonian crisis in the follow-up of 12.9 years. 

Eight of our patients who underwent bilateral total adrenalectomy developed 

complications of steroid replacement, including Addisonian crisis. After reoperation, 

only patients who underwent secondary unilateral or bilateral total adrenalectomy 

needed replacement therapy with complications occurring in three patients. On the 

contrary, none of the patients who underwent unilateral subtotal adrenalectomy, 
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either as primary or as secondary surgery, needed replacement of corticosteroids.  

Results on unilateral subtotal adrenalectomy as primary and secondary 

surgery for pheochromocytoma in MEN2 patients presented in literature are scarce 

(Table 4 and Table 5). In the past, bilateral total adrenalectomy has been advised to 

prevent the risk of recurrence.3,5 The results of our study support the idea that the risk 

of recurrent pheochromocytoma after bilateral total adrenalectomy is minimal, 

although not completely absent.35 One patient from our study developed an extra-

adrenal recurrence after bilateral total adrenalectomy after 34.1 years. We have, 

together with many others,6,10,17,29 abandoned bilateral total adrenalectomy as first 

choice treatment because of earlier mentioned arguments related to adrenocortical 

insufficiency after total adrenalectomy. 

 The past years, there has been a trend towards cortical sparing procedures in 

MEN2 patients with pheochromocytoma. When performing a cortex-sparing 

adrenalectomy, the extent of resection is determined by tumor size and location, in 

relation to vascular supply. A large tumor in an unfavorable location may preclude 

sparing of a significant amount of the adrenal cortex.17,22 When a pheochromocytoma 

is located laterally, a partial adrenalectomy is technically easier to perform. When a 

pheochromocytoma is located more medially, however, a partial adrenalectomy is 

more of a challenge, due to the medial located adrenal vein. Preoperative imaging by 

computed tomography or magnetic resonance image scanning suggests the 

possibility of a subtotal resection; however, the final decision concerning the 

possibility of subtotal adrenalectomy is made intraoperatively. Fortunately, most 

MEN2 patients will have small tumors because they are diagnosed early by routine 

screening in the setting of their syndrome. However, because preservation of the 

cortex may not be possible in every case of pheochromocytoma (and, therefore, may 

not be possible in a contralateral adrenal gland after primary unilateral total 

adrenalectomy), we want to emphasize the need to perform subtotal adrenalectomy 

as primary surgery. 

 Laparoscopic cortical-sparing procedures can be performed safely and 

successfully, even when a repeat surgical procedure is needed.19,36,37 A few patients 

from our study experienced minor complications during repeat surgery. Overall, we 

believe that the risks associated with repeat adrenal surgery in case of recurrent 

pheochromocytoma does not outweigh the considerable risk of complications from 

steroid replacement therapy. 

Although this is one of the largest studies on surgery in MEN2-related 

pheochromocytoma, inherent to being retrospective in nature, patients cannot be 

randomized. Moreover, the results of our single center study reflect the MEN2 

population in the region of the University Medical Center Utrecht. Nonetheless, we 

advocate unilateral subtotal adrenalectomy as a feasible and desirable surgical 

procedure for MEN2 patients with pheochromocytoma. 
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Conclusion 

Unilateral subtotal adrenalectomy is a feasible surgical strategy for 

pheochromocytoma in MEN2 patients. It has comparable recurrence rates and 

eventually less complications of steroid replacement compared with unilateral total 

adrenalectomy.  
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In this thesis, we have addressed the management of patients with familial and 

sporadic endocrine tumors of the parathyroid glands and the adrenal glands.  

 

Parathyroid Glands 

Sporadic versus Multiple Endocrine Neoplasia-Related Primary Hyperparathyroidism 

In Chapters 2 through 4, we show that sporadic, multiple endocrine neoplasia (MEN) 

1-related pHPT and MEN2A-related primary hyperparathyroidism (pHPT) are very 

distinct and different entities, as is reflected preoperatively by differences in sex, age 

at diagnosis and preoperative calcium and parathyroid hormone (PTH) levels.1,2,3 

Clearly, these entities require a different approach to preoperative workup and 

operative strategy. 

 Great controversy still exists regarding the surgical management of pHPT in 

patients with MEN1 and MEN2A. From the meta-analysis on the surgical 

management of pHPT in MEN1 patients in Chapter 2, subtotal parathyroidectomy 

appears to be the optimal surgical treatment, despite the high recurrence rate after 

this procedure. Furthermore, the risk of permanent hypoparathyroidism 

(hypocalcaemia) is significantly lower than after total parathyroidectomy with 

autotransplantation.4,5 

 Because of multiglandular disease,3 leaving behind parathyroid tissue has a 

high risk of recurrent pHPT in patients with MEN1. Limited resections of fewer than 3 

glands (less than subtotal parathyroidectomy [<SPTX], including minimally invasive 

parathyroidectomy [MIP]), should not be performed in these patients, because it has 

the highest risk of persistent and recurrent disease, which necessitates reoperative 

surgery with its associated risks. Secondary surgery is more challenging because of 

postoperative fibrosis, leading to more difficulty in identifying the parathyroid glands 

and a higher risk of recurrent laryngeal nerve injury and hypoparathyroidism.6,7 

 However, after more extensive surgery with resection of all parathyroid glands 

(total parathyroidectomy [TPTX]), the risk of recurrence may be lower, but 

postoperative hypoparathyroidism frequently occurs.5,8,9 Autotransplants do not 

always succeed and it may take days to months before they start producing PTH. 

The resulting hypocalcaemia can be very severe, leading to significant morbidity with 

a prolonged hospital stay for intravenous calcium infusion. 

 Subtotal parathyroidectomy (SPTX) is generally considered to be superior to 

TPTX because the risk of permanent hypoparathyroidism is much lower. However, 

there might be an increased risk of recurrence compared with TPTX since some 

parathyroid tissue remains in situ.4,5, Yet, the time to develop recurrent disease after 

SPTX is long and a reoperation is often required only after many years. 

Recently, the DutchMEN1 Study Group, which has composed a large Dutch 

nationwide database containing all patients with MEN1 in The Netherlands, published 

the first information on the genotype-phenotype relationship regarding MEN1-related 

pHPT. They reported that, after <SPTX persistence and recurrence was significantly 

lower in patients with nonsense or frameshift mutations in exon 2, 9, and 10. This 

indicates that cure primarily depends on the amount of parathyroid tissue removed.10 

Therefore, the possibility of supernumerary and ectopic parathyroid glands should be 
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considered in the surgical treatment of pHPT in MEN1 patients.11 After SPTX or 

TPTX recurrence is more common in patients without a bilateral transcervical 

thymectomy.10 Therefore, a thymectomy should routinely be performed in these 

patients to search for supernumerary and ectopic glands.5,12 

On the basis of the results from the DutchMEN1 Study Group, we have 

changed our surgical strategy over the last years. SPTX combined with bilateral 

transcervical thymectomy is now the preferred procedure in our institution.10 Long-

term follow-up by the DutchMEN1 Study Group will lead to more insight into whether 

this procedure provides the best balance between cure and postoperative 

hypoparathyroidism. Of course, a large randomized controlled, multicenter trial would 

offer a more reliable answer to which is the optimal type of surgical treatment of 

MEN1 related pHPT, but it is questionable if this is feasible.  

 

Primary hyperparathyroidism in patients with MEN2A occurs much less frequently 

than in MEN1. Therefore, the studies that have addressed the surgical treatment 

contained small study populations.8,12 PHPT in MEN2A is generally less aggressive 

and more often caused by uniglandular disease compared with MEN1-related pHPT. 

In Chapter 3, we show an evolving preference for minimal resection of parathyroid 

glands (MIP) over the aggressive, conventional exploration of all four glands to treat 

pHPT in patients with MEN2A. In these patients, MIP appears to be a feasible and 

safe approach. It has low rates of persistent and recurrent pHPT, and complications 

are minimal. 

The MIP technique has become the standard of care for sporadic pHPT in 

institutions with substantial experience with the procedure. MIP can be performed if 

preoperative imaging studies are concordant. MIP has a minimal risk of damage to 

surrounding tissues. Furthermore, MIP provides better cosmetic results, patient 

comfort and a shorter duration of hospital stay.13 Its role in the setting of familial 

pHPT is evolving. In the current time of genetic screening and prophylactic total 

thyroidectomy at a young age, almost all patients with MEN2A will undergo some 

form of neck surgery for medullary thyroid carcinoma (MTC) before the presentation 

of and surgery to treat pHPT. Taking the postoperative fibrosis and scarring after 

neck surgery into account, an image-guided minimally invasive procedure is 

preferred over more invasive approaches, like SPTX and TPTX.12 

An international randomized controlled trial or a large multicenter study with a 

large number of patients with a long-term follow-up is necessary to answer some of 

the remaining questions. First, a longer postoperative follow-up of these patients after 

MIP may help to elucidate whether or not this is the best surgical therapy for this 

disease in terms of recurrent disease. Second, as in MEN1, some MEN2A families 

demonstrate a more aggressive presentation of pHPT. It is unknown if a genotype-

phenotype relationship exists. Nonetheless, such a study design would be very 

problematic to accomplish in view of the rarity of this disease.  

 

Despite different patient characteristics, patients with sporadic pHPT are very similar 

to MEN2A patients with respect to their operative approach and intraoperative 
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findings. As for MEN2A, for sporadic pHPT, we advocate to perform a MIP in case of 

two concordant imaging studies. If there is only one positive study we propose an 

unilateral exploration and if all imaging studies are negative or contradictory an 

upfront conventional neck exploration is advocated. Results of MIP for sporadic 

pHPT are good, with low persistence and recurrence rates. Also, the number of 

patients with postoperative hypoparathyroidism is minimal.14 

 

In light of our findings in these three categories of patients; we advocate a more 

aggressive approach in MEN1 patients with pHPT compared with patients with 

sporadic and MEN2-related pHPT, who are quite similar in terms of operative findings 

and in whom a MIP can suffice. However, compared with sporadic patients, MEN2 

patients require a more dynamic approach, also because of associated 

endocrinopathies. In our opinion, MEN patients should be concentrated and treated 

in a tertiary referral center. 

 

Intraoperative Parathyroid Hormone Measurement 

Current guidelines for patient selection for parathyroidectomy rely heavily on the 

presence of clinical manifestations of the disease. All patients with biochemically 

confirmed pHPT who have specific symptoms should undergo surgical treatment. 

There is growing consensus that surgery may eventually be appropriate in the 

majority of patients with asymptomatic disease, particularly in patients with high 

serum calcium levels, reduction in bone density, and age less than 50 years.15 

The data in Chapter 5, confirm higher serum calcium and higher initial 

intraoperative PTH (IOPTH) levels in African American patients compared with white 

patients.16,17 However, these findings do not appear to be associated with more 

severe clinical manifestations of pHPT.16,18 African American and white patients had 

equivalent rates of “objective symptoms”, including osteoporosis and nephrolithiasis. 

The PTH level differences might be clinically insignificant and attributable to 

biochemical racial differences such as decreased skeletal sensitivity to PTH.16 

African American patients with pHPT show significant differences in IOPTH 

curves compared with white patients. We found that African American patients 

undergoing surgery for pHPT had elevated levels of initial IOPTH and IOPTH at 5 

minutes postexcision but an equivalent level of IOPTH at 10 minutes postexcision. 

However, a similar percentage of African American and white patients had an 

adequate drop in IOPTH level by the Miami criteria. We did observe a trend towards 

a higher rate of persistent disease among African American patients when Miami 

criteria alone were applied. This effect was abrogated when IOPTH level was 

required to drop to the normal range.  

Vitamin D deficiency17,19 and increased body mass index20 could be other 

potential contributors to higher serum calcium and PTH levels at presentation, and 

different IOPTH kinetics in African American patients with pHPT. Also, disparities in 

access to health care can be considered a likely explanation for late presentation and 

more severe disease in terms of serum calcium and PTH levels. 
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It seems plausible that given the higher starting IOPTH level among African 

American patients, a drop of more than 50% should be expected. However, further 

studies with larger numbers of patients will be necessary to clarify whether African 

American race may be associated with lower sensitivity of the Miami Criteria in 

detection of multiglandular disease during parathyroidectomy, and if so, what 

percentage drop should be required. Additional investigation is also needed into the 

contribution of other variables such as vitamin D deficiency and body mass index to 

the racial differences we observed. 

 

Adrenal Glands 

Surgical Management of Adrenal Gland Tumors 

Laparoscopic adrenalectomy is the procedure of choice for most adrenal tumors. 

There is still much debate in literature regarding the effect of tumor size and 

diagnosis on the short-term outcome of adrenal surgery. In Chapter 6, we show that 

tumor size is the most significant predictor of short-term outcome after laparoscopic 

adrenalectomy. Patients with tumors 3 cm and larger had a longer operation time, a 

higher conversion rate, more estimated blood loss, more intraoperative and 

postoperative complications, and a longer postoperative hospital stay compared with 

patients with tumors smaller than 3 cm. In addition, the clinicopathological diagnosis 

affects surgical outcome, however to a lesser degree than tumor size. Patients with 

adrenal metastasis, hypercortisolism, and pheochromocytoma had more blood loss 

than patients with aldosteronoma, while operation time for patients with 

pheochromocytoma was longer.  

 An increase in operation time and more blood loss for large adrenal masses 

can be explained by the larger surface to dissect and the associated richer 

vascularization that requires more care by the surgeon to avoid complications.21,22,23 

This effect is amplified for resection of pheochromocytomas. To minimize 

complications, adrenalectomy for pheochromocytoma should be meticulous and 

deliberate. The procedure is sometimes paused to prevent or to treat blood pressure 

fluctuations. Pheochromocytomas are larger on average compared with 

aldosteronomas and vasculogenesis and angiogenesis make them prone to bleeding 

during dissection.23,24,25 

Patients with hypercortisolism tend to have more comorbidities related to the 

underlying illness. They are frequently hypertensive, obese, weak, and 

immunosuppressed, and have parchment-like skin and poor overall tissue quality. 

These factors make surgery and postoperative recovery more difficult.24,26 Those with 

chronic adrenocorticotropic hormone stimulations may have inflamed and 

hyperplastic adrenal glands, making their resection more difficult with more 

associated blood loss and a longer operation time.24 However, in contrast with 

previous studies,24,26 our multivariate analysis showed patients with hypercortisolism 

did not have more complications or a longer significant longer postoperative hospital 

stay than other patients. 

The extra blood loss associated with adrenal metastasis can be explained by 

vasculogenesis accompanying cancerous growth. Adrenal glands containing small 
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metastases are readily operable laparoscopically. Larger ones tend to have 

significant large vessels on the surface of the gland, making the dissection more 

treacherous. 

The results of our study indicate that the size of adrenal tumor correlates best 

with short-term surgical outcome of laparoscopic adrenalectomy. As a surgeon, it is 

important to be aware of the risk of possible complications of laparoscopic 

adrenalectomy, especially in patients with large tumors. 

 

Identification and control of the adrenal vein are critical steps in laparoscopic 

adrenalectomy. In Chapter 7, we show that variants of adrenal venous anatomy 

occur in a significant percentage of patients, particularly in patients with 

pheochromocytomas27 and large tumors. Variants include the number of veins 

draining the adrenal gland as well as the location of the adrenal vein in relation to the 

hepatic vein or inferior phrenic vein. 

An increase in angiogenesis and vasculogenesis in pheochromocytoma may 

explain the high prevalence of variants in patients with these tumors.28 Some patients 

had multiple small veins. These small periadrenal veins may be collateral venous 

drainage pathways. As the tumor grows, more collateral veins may become 

apparent. This is consistent with our finding of larger tumors in patients with variant 

adrenal venous anatomy. 

Adrenal venous drainage including anatomic variants can be defined clearly 

during laparoscopic adrenalectomy. Because of magnification, laparoscopy provides 

better visualization of the adrenal anatomy. We show a similar rate of (bleeding) 

complications between patients with normal venous anatomy and those with variant 

venous adrenal anatomy. Laparoscopic adrenalectomy is a safe procedure, if the 

surgeon is aware of the possible anatomical venous variants. 

 

Pheochromocytoma Crisis 

The timing of surgery for pheochromocytoma patients presenting with crisis is 

controversial. In Chapter 8, we identify three surgical treatment strategies for 

resection of the pheochromocytoma: elective, after initial hospital discharge and 

adequate α-blockade; urgent, after stabilization and adequate α-blockade but during 

the same hospitalization for crisis; and emergency, immediately after crisis 

presentation or because of clinical deterioration without appropriate blockade or 

preoperative management. 

We show that medical stabilization followed by appropriate α-blockade is safe 

and effective and pheochromocytoma crisis should be treated as a medical 

emergency rather than a surgical one. Management of patients with 

pheochromocytoma crisis should always include initial stabilization and subsequent 

α- and, if necessary, β-blockade in combination with elective or urgent surgery. 

Laparoscopic resection can be performed safely in crisis patients. Review of the 

literature shows that emergency resection of pheochromocytoma in crisis patients is 

associated with high morbidity and mortality. 
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Medical stabilization for pheochromocytoma crisis requires an individualized 

approach depending on clinical presentation. Extraordinary efforts may be needed to 

initially stabilize the patient. Crisis patients with significant cardiomyopathy or 

cardiogenic shock can be successfully treated with intra-aortic balloon pump or 

extracorporeal membrane oxygenation.29,30 

 

In our series, the decision regarding elective or urgent surgery was usually based on 

clinical presentation and clinical judgment. Postoperatively, patients who underwent 

elective surgery had shorter hospital stays and fewer postoperative complications 

and were less often admitted to the intensive care unit compared with urgently 

operated patients. 

This was the first study on the management of patients presenting with 

pheochromocytoma crisis in a large cohort. Further studies are necessary to provide 

more insight into the differences found between urgently and electively operated 

patients. Clinical judgment determined whether patients were operated urgently or 

electively. Larger, perhaps prospective cohorts are needed to find objective 

parameters to determine the exact timing for surgery and which stabilization protocol 

is best.  

 

Pheochromocytoma in Multiple Endocrine Neoplasia 

Due to considerable improvements in preoperative medical preparation and 

perioperative anesthetic control, mortality after pheochromocytoma resection is rare. 

However, (morbidity from) intraoperative HD instability remains a problem. The 

perioperative HD course of MEN2 patients with a pheochromocytoma has typically 

been reported only in case reports.31,32 

Clinically, pheochromocytoma in MEN2 patients are often identified at an 

earlier stage compared with sporadic pheochromocytoma because of annual 

screening of known mutation carriers. In most cases, earlier diagnosis leads to the 

identification of smaller tumors, often associated with fewer symptoms and less 

frequent and less severe hypertension.31,33 

In Chapter 9, we demonstrate that despite preoperative differences, MEN2 

patients with pheochromocytoma do not distinguish themselves from sporadic cases 

of pheochromocytoma in terms of intraoperative hypertensive episodes. This might 

mean that the relatively small MEN2-related pheochromocytomas are easily 

provoked to secrete catecholamines during resection. Therefore, patients with MEN2 

or small tumors, should not be excluded from preoperative treatment with α- and, if 

necessary, β-blockade before undergoing pheochromocytoma resection. 

 Furthermore, we demonstrate that after multivariate analysis, tumor size is an 

independent risk factor for hemodynamic instability during pheochromocytoma 

resection, independent of preoperative hormone levels, preoperative medication, 

surgical approach, and the presence of a familial syndrome.32 Extra caution must be 

taken when pretreating or operating a patient with a large pheochromocytoma.  
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Pheochromocytomas in MEN2 occur in half of the patients, and are frequently 

bilateral. In Chapter 10, we show that unilateral subtotal adrenalectomy has evolved 

into a feasible surgical strategy for pheochromocytoma in MEN2 patients. Unilateral 

subtotal adrenalectomy has the great advantage of preserving adrenocortical 

function, thereby preventing the need for and complications of chronic steroid 

replacement.34 

 Pheochromocytomas may recur either on the contralateral side as a result of 

the nature of the disease or on the ipsilateral side even a long time after the initial 

operation. Unilateral subtotal adrenalectomy has comparable recurrence rates 

compared with unilateral total adrenalectomy. In addition, unilateral subtotal 

adrenalectomy eventually carries less complications of steroid replacement. Bilateral 

total adrenalectomy as first choice treatment is no longer considered because of the 

associated adrenocortical insufficiency after total adrenalectomy.35 

A less aggressive, ‘watchful waiting’ strategy seems to be acceptable in 

hereditary pheochromocytoma for two reasons. First, because of the generally slow 

progression of the disease, in combination with an effective, protocolized screening 

program, yearly screening and timely surgery can minimize the risk of a hypertensive 

crisis from recurrent pheochromocytoma. Second, malignant pheochromocytomas 

rarely occur in patients with MEN2, in contrast to patients with sporadic 

pheochromocytoma.35 Laparoscopic cortical-sparing procedures can be performed 

safely and successfully, even when a repeat surgical procedure is needed.36 

 Preservation of the cortex may not be possible in every case of 

pheochromocytoma and, therefore, may not be possible in a contralateral adrenal 

gland after primary unilateral total adrenalectomy. This emphasizes the need to 

perform subtotal adrenalectomy as primary surgery if possible. 

 Additional studies with longer postoperative follow-up are necessary to further 

investigate whether or not subtotal unilateral adrenalectomy as primary surgery is the 

best surgical therapy for pheochromocytoma in MEN2 patients.  

 

General Comments and Future Perspectives 

The management of patients with endocrine tumors has evolved immensely over the 

past decades, but remains individual and complex. For parathyroid and adrenal 

disorders, the treatment has changed from aggressive resections to minimally 

invasive approaches, with similar success rates but less surgical morbidity. Also, 

there is growing evidence to treat most adrenal disease diagnosis via laparoscopic 

surgery instead of open resection.  

Patients with familial endocrine syndromes should be considered distinctly 

different from patients with sporadic endocrine disorders. These patients and their 

families require centralized multidisciplinary care. Advantages of centralizing patients 

include the provision of adequate experience and knowledge of the complexity of the 

problems, and the possibility of conducting research with relatively large study 

populations. The latter is useful to answer some of the remaining questions on the 

management of endocrine disorders in order to offer the patients the best surgical 

treatment.  
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Translational research has introduced a new concept in managing the individual 

patient with an endocrine tumor or syndrome. 

 

Translational Research and Multiple Endocrine Neoplasia 

As stated, recently information on the genotype-phenotype relationship regarding 

MEN1-related pHPT was published. For MEN2, the type of RET proto-oncogene 

codon mutation can provide insight into the MEN2 variant and the timing of 

preventive thyroidectomy because of MTC. Also, knowledge about the features within 

the family, can aid in recommendations about aggressiveness of surgical 

management and screening protocol. 

For MTC, the RET proto-oncogen codon mutations can be stratified into three 

levels of risk. These three categories predict the MEN2 syndromic variant, the age of 

onset of MTC, and the aggressiveness of MTC. Surgery for MTC can, therefore if 

possible, be performed, before the age of possible malignant progression. 

Pheochromocytoma has been found in kindreds with almost all RET proto-

oncogene mutations. In some high risk mutations, it occurred as early as 5 and 10 

years of age. The risk of developing pHPT varies considerably among the types of 

RET proto-oncogene mutations. MEN2B patients do not develop pHPT. For 

pheochromocytoma and pHPT, the type of mutation, as well as the familial pattern 

influences the appropriate age to start and the frequency of biochemical screening. 

Till now, unlike for MTC, it is unclear if a genotype-phenotype relationship exists 

which can influence surgical management of pheochromocytoma and pHPT in 

patients with MEN2.  

Translational studies can provide information on the possibility of this 

relationship. For pHPT, it can demonstrate whether some families have more 

aggressive disease in terms of symptomatology, i.e. severity of bone disease or risk 

of recurrent pHPT after surgery. For pheochromocytoma, it can provide insight into 

why some patients present with more ‘dangerous’ tumors in terms of symptomatology 

(asymptomatic versus pheochromocytoma crisis) or are at higher risk for developing 

hemodynamic instability during resection. 
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Dit proefschrift geeft inzicht in de moderne chirurgische behandeling van patiënten 

met familiale en sporadische endocriene tumoren. Endocriene tumoren ontwikkelen 

zich in hormonale klieren, zoals de bijschildklier en de bijnier. Endocriene tumoren 

kunnen sporadisch of als onderdeel van erfelijke endocriene syndromen voorkomen. 

De meest voorkomende syndromen zijn het multipele endocriene neoplasie (MEN) 

syndroom type 1 en 2. Deze syndromen worden autosomaal dominant 

overgedragen. Patiënten die lijden aan deze erfelijke tumorsyndromen hebben een 

verhoogd risico op het ontwikkelen van tumoren in verschillende endocriene 

organen. Zo is MEN1 geassocieerd met primaire hyperparathyreoïdie (pHPT), 

tumoren van het pancreas en adenomen van de hypofyse. 

MEN2 is onderverdeeld in MEN2A en MEN2B. Vrijwel alle patiënten met 

MEN2 ontwikkelen een medullair schildkliercarcinoom. Daarom moeten alle MEN2 

patiënten profylactisch een totale schildklierresectie (thyreoïdectomie) ondergaan op 

vroege leeftijd. Verder, ontwikkelt de helft van de MEN2A patiënten een 

feochromocytoom en ongeveer een kwart krijgt pHPT. In vergelijking met MEN2A, is 

MEN2B agressiever en minder vaak voorkomend. Naast het medullair 

schildkliercarcinoom, is MEN2B onder andere geassocieerd met het 

feochromocytoom. 

 

De Bijschildklieren 

Mensen hebben over het algemeen vier bijschildklieren, gelegen in de hals achter de 

schildklier en in sommige gevallen vlak bij de thymus. De bijschildklieren zijn 

verantwoordelijk voor de productie van bijschildklierhormoon (parathyreoïdhormoon, 

PTH), dat de calciumhuishouding van het lichaam en de botten reguleert.  

Primaire hyperparathyreoïdie (hyper, “overmatig”; parathyreoïd, “bijschildklier”) 

is een veel voorkomende aandoening. PHPT komt over het algemeen voor zonder 

dat er sprake is van een erfelijke aanleg (sporadisch). Een deel van de patiënten, 

echter, ontwikkelt pHPT in het kader van een erfelijk syndroom (familiaal), zoals 

MEN1 en MEN2. Patiënten met pHPT hebben een hoge serum calciumwaarde en 

een verhoogde of niet onderdrukte PTH-concentratie. Dit kan leiden tot onder andere 

osteoporose, nierstenen, obstipatie en stemmingsstoornissen met depressieve 

kenmerken. 

PHPT wordt in 90% van de gevallen veroorzaakt door een goedaardige 

(benigne) tumor (adenoom) in één bijschildklier. In 10% is vergroting van alle vier de 

klieren (hyperplasie) de oorzaak. Bijschildklierchirurgie is de enige genezende 

behandeling van pHPT. Vroeger was dubbelzijdige (bilaterale) of conventionele 

halsexploratie met visualisatie van alle vier de bijschildklieren en resectie van de 

vergrote klieren de standaard procedure voor patiënten met pHPT. Tegenwoordig 

verdienen, door verbetering in beeldvorming en peri-operatieve zorg (zorg rondom de 

operatie), conservatievere technieken de voorkeur in geval van solitaire 

bijschildklierziekte om de kans op complicaties te minimaliseren. Voorbeeld van zo’n 

conservatieve techniek is de minimaal invasieve bijschildklierresectie (minimaal 

invasieve parathyreoïdectomie, MIP). Complicaties van bijschildklierchirurgie zijn 

bijschildklierinsufficiëntie (hypoparathyreoïdie) leidend tot een te lage calciumwaarde 
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in het bloed (hypocalciëmie) en letsel van de stembandzenuw (nervus laryngeus 

recurrens). Acute bijschildklierinsufficiëntie kan leiden tot milde of zelfs ernstige 

neuromusculaire symptomen, variërend van neuromusculaire irritatie tot epileptische 

aanvallen. Ernstige hypocalciëmie moet worden behandeld met intraveneus 

calciumsuppletie. Minder ernstige bijschildklierinsufficiëntie wordt behandeld met 

(levenslange) suppletie van calcium en vitamine D. Eenzijdig letsel van de nervus 

laryngeus recurrens leidt tot heesheid, dubbelzijdig letsel leidt tot problemen met de 

ademhaling en onvermogen tot spreken.  

 

Sporadische versus Multipele Endocriene Neoplasie-Gerelateerde Primaire 

Hyperparathyreoïdie 

In Hoofdstuk 2 tot en met 4, hebben we laten zien dat sporadische, MEN1-

gerelateerde en MEN2-gerelateerde pHPT verschillende entiteiten zijn, zoals 

weergegeven door verschillen in preoperatieve klinische kenmerken en de serum 

calciumwaarde. Deze drie verschillende ziektebeelden verdienen allen een 

verschillende benadering tot preoperatieve diagnostiek en operatieve strategie. 

Alle MEN1 patiënten ontwikkelen op den duur pHPT. De etiologie van MEN1 

gerelateerde pHPT is meestal multiglandulair (meerdere klieren aangedaan). Er 

bestaat veel controverse over het beste type chirurgische behandeling van pHPT in 

deze patiënten. Het is onduidelijk of alleen de aangedane bijschildklier, meerdere 

bijschildklieren of alle bijschildklieren verwijderd dienen te worden.  

Resectie van minder dan 3 klieren kan leiden tot een hogere kans op herhaald 

voorkomen (recidiveren) en blijvend voorkomen (persisteren) van ziekte, wat kan 

leiden tot een reoperatie met de geassocieerde risico’s. Secundaire chirurgie is 

lastiger uitvoerbaar, vanwege postoperatieve littekenvorming en fibrose, wat de 

identificatie van de bijschildklieren bemoeilijkt en leidt tot een hoger risico op 

bijschildklierinsufficiëntie en letsel van de nervus laryngeus recurrens. Echter, ook als 

3 van de 4 klieren verwijderd worden, is de kans op recidief ziekte hoog. Echter, bij 

verwijderen van alle 4 de bijschildklieren (totale bijschildklierresectie, totale 

parathyreoïdectomie) bestaat weer een hoog risico op bijschildklierinsufficiëntie wat 

onbehandeld tot ernstige gevolgen kan leiden. 

De resultaten van onze eigen studiepopulatie, beschreven in Hoofdstuk 2, 

laten zien dat resectie van 3-3½ bijschildklieren (subtotale bijschildklierresectie, 

subtotale parathyreoïdectomie) de meest optimale chirurgische behandeling van 

MEN1-gerelateerde pHPT is, ondanks het relatief hoge recidiefpercentage na deze 

behandeling. De meeste recidieven ontstaan gemiddeld pas na 10 jaar. Bovendien, 

is het risico op permanente bijschildklierinsufficiëntie significant lager dan na totale 

bijschildklierresectie met autotransplantatie (terugplaatsen van een deel van 1 van de 

bijschildklieren in de onderarm van de patiënt). Onze begeleidende literatuurstudie 

toont subtotale bijschildklierresectie tevens als beste chirurgische behandeling van 

pHPT in MEN1 patiënten. 

 

In patiënten met MEN2A, komt pHPT minder vaak voor en is de ziekte vaak milder in 

vergelijking met pHPT in MEN1 patiënten. Bovendien is de aandoening vaker 



  Summary in Dutch 

- 207 - 

geassocieerd met solitaire bijschildklierziekte. Ook over de chirurgische behandeling 

bij deze patiënten is onduidelijkheid. In Hoofdstuk 3, hebben we aan de hand van 

onze relatief grote patiëntenpopulatie laten zien dat het verwijderen van slechts 1 of 

2 bijschildklieren via een minimaal invasieve ingreep (MIP) veilig is en een laag 

recidiefpercentage geeft. Echter, we zullen deze patiënten in de tijd moeten blijven 

volgen om het effect van deze behandeling op langere termijn te beoordelen. 

 

Patiënten met sporadische pHPT lijken, ondanks verschillende patiëntkenmerken, 

veel op MEN2A patiënten met betrekking tot operatieve benadering en bevindingen. 

Sporadische pHPT wordt ook meestal veroorzaakt door een adenoom in één enkele 

bijschildklier. Daarom, net als voor MEN2A, adviseren wij minimaal invasieve resectie 

van 1 of 2 bijschildklieren, mits preoperatief beeldvormend onderzoek conclusief is. 

Voor de behandeling van sporadische pHPT, heeft minimaal invasieve chirurgie 

goede resultaten met minimale complicaties. 
 

Peroperatieve Bijschildklierhormoon Meting 

Echografie van de hals en technetium-99m-sestamibi scintigrafie worden 

tegenwoordig standaard toegepast voor de preoperatieve beeldvorming van de 

bijschildklieren. Peroperatieve PTH (intra-operatieve PTH [IOPTH], tijdens de 

operatie) meting is een snelle en relatief goedkope methode dat toegepast kan 

worden tijdens minimaal invasieve bijschildklierchirurgie in combinatie met 

preoperatief beeldvormend onderzoek om het succes van bijschildklierchirurgie te 

vergroten. De Miami-criteria bepalen dat de IOPTH-waarde 10 minuten na 

verwijdering (excisie of resectie) van het adenoom en de bijschildklier met 50% 

gedaald moet zijn ten opzichte van de hoogste waarde van PTH vóór excisie. 

 In eerdere studies wordt gesuggereerd dat Afro-Amerikaanse patiënten zich 

met meer vergevorderde ziekte presenteren met betrekking tot de calcium- en PTH-

waarden in vergelijking met blanke patiënten met pHPT. Verschillen in toegang tot de 

gezondheidszorg en intrinsieke biochemische verschillen worden als oorzakelijke 

factoren gezien. In Hoofdstuk 5, hebben we gekeken naar de mogelijke invloed van 

etniciteit op de IOPTH-kinetiek en de optimale interpretatie van IOPTH-waarden. 

Zoals blijkt uit onze gegevens, hebben Afro-Amerikaanse patiënten een hogere 

calcium- en hogere initiële PTH-concentratie vergeleken met blanke patiënten, 

hoewel deze waarden niet geassocieerd blijken met klinische verschijnselen van een 

te hoge calciumwaarde. 

Met betrekking tot IOPTH-metingen, hadden Afro-Amerikaanse patiënten een 

hogere initiële waarde en een hogere waarde 5 minuten na resectie, maar de waarde 

10 minuten na resectie was vergelijkbaar met de waarde gevonden bij blanke 

patiënten. Beiden groepen hadden een vergelijkbaar percentage adequate daling 

van IOPTH. Er was wel een trend van meer persisterende ziekte in Afro-

Amerikaanse patiënten wanneer alleen gekeken werd naar de Miami-criteria. Naast 

de in de Verenigde Staten bestaande verschillen in gezondheidszorgvoorzieningen, 

kunnen vitamine D deficiëntie en een hogere body mass index (gewicht in kilogram 

gedeeld door de lengte in meters in het kwadraat) bijdragen aan de gevonden 
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verschillen tussen Afro-Amerikaanse en blanke patiënten. Dit effect moet echter nog 

wel in grotere studies onderzocht worden. Bovendien is nog onduidelijk of het Afro-

Amerikaans ras geassocieerd is met een lagere sensitiviteit voor de Miami-criteria 

met betrekking tot het aantonen van multiglandulaire ziekte tijdens 

bijschildklierchirurgie.  

 

De Bijnieren 

De bijnieren liggen in het retroperitoneum boven de nieren beiderzijds. De twee 

componenten van de bijnier zijn het centraal gelegen merg (medulla) en de buitenste 

schors (cortex). De schors is verantwoordelijk voor de productie van aldosteron 

(regulatie van de bloeddruk), cortisol (glucoseregulatie in reactie op stress, dag- en 

nachtritme en afweerreactie) en androgenen (voorloper van testosteron en 

oestrogeen, de geslachtshormonen). Het bijniermerg produceert de catecholaminen 

adrenaline en noradrenaline, welke functioneren als stresshormonen en zorgen voor 

een verhoging van de bloeddruk en hartslag via de alfa (α)-receptoren in de 

bloedvaten. 

 Vanwege het veelzijdig functieprofiel van de bijnier, is het niet verwonderlijk 

dat veel verschillende soorten goed- en kwaadaardige (maligne) tumoren hun 

oorsprong vinden in de bijnier. Voorbeelden zijn het aldosteronoom (overmatige 

aldosteron productie), het Cushing’s adenoom (overmatige cortisol productie), het 

feochromocytoom (overmatige catecholamine productie), virilizerende tumoren 

(overmatige androgeen productie), niet-functionerende adenomen en minder vaak 

voorkomende aandoeningen als bijniercarcinomen, cysten en myelolipomen (gezwel 

uitgaande van vet- en bloedcellen). Tenslotte kunnen andere tumoren uitzaaien 

(metastaseren) naar de bijnieren. 

 

Chirurgische Behandeling van Bijniertumoren 

Laparoscopische bijnierresectie (adrenalectomie) is de behandeling van keuze voor 

de meeste bijniertumoren. In de literatuur is er veel discussie over de invloed van de 

grootte en aard van de bijniertumor op de korte termijn uitkomst van bijnierchirurgie. 

Over het algemeen is bijnierchirurgie geassocieerd met een lage complicatiekans en 

een sterfte van rond de 1.5%. In Hoofdstuk 6, hebben we aangetoond dat de grootte 

van de bijniertumor het meest voorspellend is voor de uitkomst van laparoscopische 

bijnierresectie. Patiënten met tumoren 3 cm en groter hebben een langere 

operatieduur, meer bloedverlies, een hogere kans op conversie naar een open 

procedure en meer peri- en postoperatieve complicaties in vergelijking met patiënten 

met tumoren kleiner dan 3 cm. Daarnaast, hebben patiënten met feochromocytomen, 

bijniermetastases en Cushing’s adenomen meer bloedverlies vergeleken met 

patiënten met aldosteronomen.  

Een langere operatieduur en meer bloedverlies bij grotere tumoren kan 

verklaard worden door een groter dissectie-oppervlak en een rijker vascularisatie-

patroon dat meer zorg en aandacht vereist van de chirurg.  
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Identificatie en controle van de bijnierader (bijniervene) zijn belangrijke stappen 

tijdens laparoscopische bijnierresectie. De veneuze afvloed van elke bijnier is over 

het algemeen via een enkele bijniervene. Aan de rechter kant draineert deze direct in 

de onderste holle ader (vena cava inferieur) en aan de linker kant via de onderste 

middenrifader (vena phrenica inferieur) in de linker nierader (vena renalis). In 

Hoofdstuk 7, laten we zien dat varianten van de anatomie van de bijniervene vaak 

voorkomen, vooral bij patiënten met feochromocytomen en grote tumoren. 

Voorbeelden van varianten hebben betrekking op zowel het aantal venen dat de 

bijnier draineert, als de locatie van de bijniervene in relatie tot de leverader (vena 

hepatica) of vena phrenica inferieur. 

Een toename van vaatnieuwvorming (angiogenese en vasculogenese) in 

feochromocytomen kan de hogere prevalentie van varianten in deze tumoren 

verklaren. Bovendien, als de bijniertumor groter wordt, kunnen normaal aanwezige 

kleine venen rondom de bijnier die een collateraal veneuze afvloed vormen, groeien 

en prominenter worden.  

Het drainagepatroon van de bijnier, alsmede de variaties daarin, kunnen 

duidelijk gedefinieerd worden tijdens laparoscopische bijnierresectie. Door de 

vergroting op het beeldscherm, biedt laparoscopie beter overzicht van de anatomie 

van de bijnier. In onze studie, hadden patiënten met een variant van de anatomie van 

de bijniervene vergelijkbare peroperatieve complicaties als patiënten met een 

normale anatomie.  

 

Feochromocytoom 

Feochromocytomen zijn zeldzame neuro-endocriene catecholamine-producerende 

tumoren. Behalve in het merg van de bijnier, kunnen deze tumoren ook buiten de 

bijnier (extra-adrenaal) in het neuro-endocriene sympathisch zenuwstelsel 

voorkomen, langs de aorta en wervelkolom. Het extra-adrenale feochromocytoom 

wordt ook wel paraganglioom genoemd. 

Feochromocytomen kunnen sporadisch of als onderdeel van een erfelijk 

syndroom, zoals MEN2 voorkomen. De klassieke presentatie van het 

feochromocytoom bestaat uit paroxysmale hypertensie, hoofdpijn, hartkloppingen 

(palpitaties) en overmatig zweten (diaforesis). Een gevreesde en mogelijk dodelijke 

complicatie van het feochromocytoom is een feochromocytoom crisis. Het 

feochromocytoom kan multipel en bilateraal voorkomen en tevens maligne 

ontaarden. 

Chirurgie is de behandeling van keuze voor het feochromocytoom. De ingreep 

zelf, echter, kan levensbedreigend zijn door hypertensieve crisis en multiorgaan falen 

of ernstige hypotensie na tumorresectie. Preoperatieve behandeling met α-, beta (β)-, 

en/of calciumkanaalblokkers verlaagt het risico op peroperatieve ernstige bloeddruk-

schommelingen (hemodynamische instabiliteit) en complicaties daarvan. Vooral een 

daling in de bloeddruk na resectie geeft een hoge kans op sterfte tijdens of vlak na 

de operatie. 
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Feochromocytoom Crisis 

Het klinische beeld van een feochromocytoom crisis loopt uiteen van ernstige 

hypertensie tot circulatoire shock met betrokkenheid van meerdere orgaansystemen, 

inclusief het cardiovasculaire, pulmonale, neurologische, gastro-intestinale, renale, 

hepatogene en metabole systeem. Het feochromocytoom crisis is geassocieerd met 

een hoge mortaliteit. In Hoofdstuk 8, identificeren we drie behandelstrategieën met 

betrekking tot resectie van het feochromocytoom: electief, na adequate α-blokkade 

tijdens geplande heropname in het ziekenhuis; urgent, na stabilisatie en adequate α-

blokkade tijdens dezelfde ziekenhuisopname als voor de crisis; en spoed, direct na 

crisispresentatie of vanwege klinische verslechtering van de patiënt zonder adequate 

α-blokkade of preoperatieve behandeling. 

 Behandeling van patiënten met een feochromocytoom crisis dient altijd te 

bestaan uit initiële stabilisatie en daarna α- en, indien nodig, β-blokkade, in 

combinatie met electieve of urgente chirurgie. Medische stabilisatie gevolgd door α-

blokkade is veilig en effectief en vereist een individuele benadering afhankelijk van 

de klinische presentatie. In sommige gevallen zijn buitengewone maatregelen, zoals 

intra-aortale ballonpomp behandeling nodig. Laparoscopische resectie na stabilisatie 

is ook in crisis patiënten veilig uitvoerbaar. Spoedresectie van het feochromocytoom 

in crisis patiënten is geassocieerd met hoge chirurgische morbiditeit en mortaliteit. 

 

Feochromocytoom in Multipele Endocriene Neoplasie 

Feochromocytomen in MEN2 komen in de helft van de patiënten voor, zijn vaak 

bilateraal en zelden maligne in vergelijking met sporadische gevallen. Alle MEN2 

patiënten dienen jaarlijks te worden gescreend op de aanwezigheid van het 

feochromocytoom door middel van urine- of bloedonderzoek en beeldvormend 

onderzoek om een potentieel levensbedreigende feochromocytoom crisis te 

voorkomen. Dit screeningsprotocol zorgt er voor dat feochromocytomen in MEN2 

patiënten vaak in een vroeger stadium worden gevonden. In de meeste gevallen, 

leidt vroege diagnose tot de ontdekking van kleinere tumoren, welke vaak 

geassocieerd zijn met minder symptomen en minder vaak en minder ernstige 

hypertensie.  

In Hoofdstuk 9, laten we zien dat, ondanks preoperatieve verschillen, MEN2 

patiënten met een feochromocytoom vergelijkbare peroperatieve hypertensie hebben 

als sporadische gevallen met een feochromocytoom. Dit kan betekenen dat de 

relatief kleine MEN2-gerelateerde feochromocytomen makkelijk gestimuleerd worden 

tot het uitscheiden van catecholamines tijdens resectie. Daarom, moeten alle 

patiënten – MEN2 patiënten en patiënten met kleine tumoren niet uitgezonderd – 

preoperatief behandeld worden met α-blokkers en, in geval van een hoge hartslag, β-

blokkers.  

Tevens, tonen we aan dat de grootte van de tumor een risicofactor is voor 

hemodynamische instabiliteit tijdens feochromocytoomresectie, onafhankelijk van 

preoperatieve hormoonspiegels, preoperatieve medicatie, chirurgische benadering 

en de aanwezigheid van een erfelijk syndroom. 
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Feochromocytomen – zeker in geval van een erfelijk syndroom – kunnen recidiveren, 

aan de andere (contralaterale) zijde als gevolg van de biologie van de ziekte, of aan 

de zelfde (ipsilaterale) zijde zelfs jaren na de initiële operatie. Vroeger werd 

dubbelzijdige totale bijnierresectie (bilaterale totale adrenalectomie) voor patiënten 

met MEN2 aanbevolen om het risico op recidief te verkleinen. Vanwege de noodzaak 

tot levenslange hormoon- (corticosteroïd-) vervangingstherapie, met de nodige 

complicaties waaronder een acuut levensbedreigende crisis waarbij de cortisol 

niveau te laag is (hypocortisolistische crisis), wordt deze methode niet meer 

geadviseerd.  

In Hoofdstuk 10, tonen we aan dat eenzijdige partiële bijnierresectie 

(unilaterale subtotale adrenalectomie) een geschikte behandeling is voor MEN2 

patiënten met een feochromocytoom. Deze behandelmethode heeft het voordeel van 

behoud van de bijnierschors- (adrenocorticale) functie en vermijdt daarmee de 

noodzaak tot en complicaties van hormoonvervangingstherapie. Bovendien heeft 

deze behandeling vergelijkbare recidiefpercentages als eenzijdige totale 

bijnierresectie (unilaterale totale adrenalectomie).  

Er zijn twee redenen waarom een minder agressieve benadering acceptabel is 

in patiënten met een erfelijk feochromocytoom. Ten eerste, omdat de over het 

algemeen langzame progressie van de ziekte, in combinatie met een effectief, 

geprotocoliseerd screeningsprogramma en tijdige chirurgie het risico op een 

hypertensieve crisis van een recidief feochromocytoom, minimaliseert. Ten tweede, 

omdat een kwaadaardig feochromocytoom zelden voorkomt in patiënten met MEN2 

in tegenstelling tot sporadisch gevallen. Laparoscopische schors-sparende chirurgie 

is veilig en succesvol, zelfs in geval van een reoperatie.  

 
Samenvattend, zien we dat de chirurgische behandeling van familiaire en 

sporadische endocriene tumoren over de afgelopen jaren is geëvolueerd tot gepast 

maatwerk, aangepast op de genetische achtergrond en het biologisch gedrag van de 

tumor en op de klinische kenmerken van de patiënt en zijn of haar familie. 

Bovendien, hebben verbeteringen in preoperatieve voorzieningen en peri-operatieve 

zorg geleid tot de opkomst van minimaal invasieve operatietechnieken en de 

mogelijkheid tot minimale resecties. Vooralsnog laten deze technieken goede 

resultaten zien met betrekking tot het risico op recidiveren of persisteren van de 

aandoening en tot de kans op complicaties. 

 



 

   

 

 

 



 

 

 

 

 

 

 

 

Review Committee 

Acknowledgements 

Curriculum Vitae 

List of publications  



 

   

 

 



  Review Committee 

- 215 - 

Prof Dr JF Hamming 

Department of Surgery 

Leiden University Medical Center 

Leiden, The Netherlands 

 

Prof Dr WW de Herder 

Department of Internal Medicine 

Erasmus Medical Center 

Rotterdam, The Netherlands 

 

Prof Dr MME Schneider 

Department of Internal Medicine 

University Medical Center Utrecht 

Utrecht, The Netherlands 

 

Prof Dr HTM Timmers 

Department of Molecular Cancer Research 

University Medical Center Utrecht 

Utrecht, The Netherlands 

 

Prof Dr TJMV van Vroonhoven 

Department of Surgery 

University of Utrecht 

Utrecht, The Netherlands 

 



 

   

 

 



 

 

 

 

 

 

 

Review Committee 

Acknowledgements 

Curriculum Vitae 

List of publications 



 

   

 



  Acknowledgements 

- 219 - 

De totstandkoming van dit proefschrift was niet mogelijk geweest zonder de hulp van 

anderen. Ik wil een aantal personen in het bijzonder bedanken. 

 

Prof Dr IHM Borel Rinkes, beste Inne, bedankt voor dit mooie resultaat! Ik hoop dat u 

net zo tevreden bent als ik! Bedankt voor alle steun en vertrouwen, eigenlijk al vanaf 

de eerste ontmoeting op de afdeling in 2008. Ik kwam toen bij u voor mijn 

onderzoeksstage. Bedankt voor de vele mogelijkheden die u mij toen geboden heeft. 

Die zijn gelukkig met hard werken uitgegroeid tot geweldige resultaten. Met weinig 

woorden weet u me altijd te motiveren en te stimuleren tot beter werk, maar ook tot 

plezier in en naast mijn werk. Het is een eer om van u te mogen leren! 

 

Dr MR Vriens, beste Menno, ontzettend bedankt! Bedankt voor alle steun en voor de 

geweldig productieve samenwerking. Jij hebt me gestimuleerd tot het maken van dit 

mooie boekje. Je bent mijn mentor en grote voorbeeld. Niets is onbereikbaar. Door 

jouw inspiratie heb ik mijn weg gevonden in de mooie wereld van chirurgie, de 

grootse wereld van onderzoek helemaal tot het andere eind van de wereld in San 

Francisco. Ik had het niet willen missen. Bedankt voor alle mooie en gezellige 

onderzoekservaringen in het buitenland, in Gubbio, Italië, in Götenborg, Zweden en 

in San Francisco. Ik hoop op een heel vruchtbare onderzoekstoekomst samen en kijk 

er naar uit om onder jouw begeleiding een deel van mijn opleiding te volgen. Je zal 

me altijd weten te stimuleren en motiveren! 

 

Dr GD Valk, beste Gerlof, bedankt voor al je inbreng! Je hebt me geleerd beter na te 

denken over statistiek en me beter leren schrijven. Bedankt voor je enthousiasme en 

je positieve en stimulerende feedback. Ook bedankt voor het evenwicht dat je in 

onze onderzoeksgroepje inbracht (vanuit de endocrinologie). Het was nodig en werd 

zeer gewaardeerd! Ik heb zin in alle toekomstige endocriene-chirurgie congressen, 

tripjes naar Italië, etcetera, gezellig! Ik verheug me ook op de voortzetting van onze 

professionele samenwerking, zowel in de kliniek als op onderzoeksgebied.  

 

Prof Dr HTM Timmers, Prof Dr TJMV van Vroonhoven, Prof Dr MME Schneider, Prof 

Dr WW de Herder en Prof Dr JF Hamming, hartelijk dank voor de bereidheid zitting te 

nemen in de beoordelingscommissie van mijn proefschrift.  

 

Prof Dr QY Duh, dear Quan, thank you so much for your support and encouragement 

during my stay in San Francisco and at the University of California, San Francisco 

(UCSF). You made me work harder and enjoy every moment of it. You are so modest 

and kind, and a wonderful academic surgeon. Your knowledge expands far beyond 

‘All You Need To Know About Endocrine Surgery’, fine dining and whiskey drinks. It 

was an honor and a privilege to be able to work with you and create such a great 

thesis with your help. Of course, also many thanks to you and Ann for the Friday 

evening Journal Club Meetings, the barbecues, and dinner parties, and specially my 

farewell dinner. You made my stay in San Francisco more worth while and I am very 

much looking forward to coming back and to learning more from you in practice. 



Chapter 13   

- 220 - 

Dr MS Ibelings, beste Maaike, bedankt voor de begeleiding tijdens de eerste 

maanden van mijn opleiding. Ik kijk uit naar de aankomende jaren die ik onder jouw 

supervisie in het Tweesteden Ziekenhuis Tilburg zal doorbrengen als assistent 

chirurgie. Ik verwacht dat het een mooie tijd gaat worden waarin ik veel van je zal 

kunnen leren.  

 

Prof Dr LPH Leenen, geachte professor, heel erg bedankt voor uw vertrouwen in mij 

om aan de slag te gaan als assistent op de Spoedeisende Hulp in het Universitair 

Medisch Centrum Utrecht (UMCU). Ik heb veel klinische ervaring opgedaan, onder 

andere doordat u op een juiste manier weet te stimuleren en motiveren. Het is een 

mooi vooruitzicht om straks onder uw begeleiding de mooiste bekkenfracturen te 

leren stabiliseren en opereren! 

 

Prof Dr OH Clark, dear Orlo, thank you for your guidance and insightful questions 

during my research period at UCSF. You are a true master of endocrine surgery and 

an inspiration to know more and do better. It was a great honor to be part of your 

research crew at UCSF. I have learned a lot from you, but most importantly to ask the 

right questions at the right time. I had great pleasure in meeting you and your wife, 

Carol and talking about the beautiful places where the worlds of art and endocrine 

surgery combine.  

 

Dr WT Shen, dear Wen (“the Menno of San Francisco”), thank you for your 

enthusiastic guidance. Thank you for the recommendations about great restaurants 

in San Francisco, and your unnecessary worries about my wellbeing around 

Thanksgiving. I am looking forward to all next international meetings and my next 

stay in San Francisco to catch up again and perhaps talk about football and soccer! 

 

Drs EJ Damhuis, Drs RAPA Hessels en Drs M Witten, beste Esther, Roger en Marja, 

bedankt voor jullie begeleiding op de Spoedeisende Hulp in het UMCU. Ik heb veel 

van jullie geleerd en plezierig met jullie gewerkt. 

 

Dr GJ Clevers, beste Gertjan, hartelijk dank voor uw vertrouwen in mij om onder uw 

begeleiding te werken als assistent chirurgie op uw afdeling in het Diakonessen 

Ziekenhuis Utrecht. Ik heb in korte tijd met plezier geleerd hoe het is te werken in de 

periferie.  

 

Secretaresses van de Heelkunde in het UMCU, en speciaal Romy Liesdek en 

Mariëlle Hoefakker-Saraber, bedankt voor jullie ondersteuning. Bedankt voor het 

perfect regelen van afspraken en op tijd bijspringen bij organisatorische problemen 

(met onder andere de email en het verzamelen van handtekeningen). 

 

Alle stafleden en assistenten van de afdeling Heelkunde in het UMCU en het 

Diakonessen Ziekenhuis Utrecht, en van de afdeling Spoedeisende Hulp in het 

UMCU, dank voor jullie interesse in mijn proefschrift en bedankt voor de prettige 



  Acknowledgements 

- 221 - 

samenwerking de afgelopen jaren. Wij zullen elkaar in de toekomst nog vaak zien! 

 

Alle stafleden en arts-assistenten van de afdeling Heelkunde in het Tweesteden 

Ziekenhuis Tilburg, bedankt voor de eerste periode van mijn opleiding, voor jullie 

geduld en steun. Ik verheug me om veel te leren van jullie tijdens mijn opleiding.  

 

De verpleging van de afdeling Heelkunde en de afdeling Spoedeisende Hulp in het 

UMCU, bedankt voor de prettige samenwerking en de gezellige nachtdiensten. 

 

De verpleging van de afdeling Heelkunde in het Diakonessen Ziekenhuis Utrecht en 

het Tweestede Ziekenhuis Tilburg, bedankt voor de prettige samenwerking.  

 

Alle collega endocriene-onderzoekers, bedankt voor jullie interesse in mijn 

proefschrift en jullie mede interesse in dit mooie vakgebied binnen de chirurgie! 

 

Drs CR Pieterman en Dr JMJ Schreinemakers, beste Carla en Jennifer, bedankt voor 

jullie begeleiding tijdens het maken van de eerste stappen van dit proefschrift. 

Zonder het zien van jullie motivatie voor het vak, had ik het niet gekund. Beiden wens 

ik jullie veel succes met alles in de toekomst! 

 

Drs RM Cisco, dear Robin, thank you for your patience with me and for all your help 

with writing and bringing our papers to a good end. I have learned a lot from you. 

Most importantly, I have learned it is possible to combine family life with working hard 

as an endocrine surgical fellow. Good luck with everything in the future, and most of 

all with Josh, Ben and Emily.  

 

Drs SR Pereboom, beste Susanne, beste Suus, heel erg bedankt voor alle steun 

tijdens de zes jaar van onze opleiding tot arts samen. Wij waren onafscheidelijk 

tijdens colleges en we hebben onze eerste coschappen met een lach en een traan 

samen doorstaan. Bedankt voor je luisterend oor en de ‘swirls’ die we in de kou op 

het station hebben gedeeld. Veel succes met alles in de toekomst, ik weet zeker dat 

het je goed af zal gaan! 

 

Hennie Schrijver, beste oom Hennie, bedankt voor uw prachtig ontwerp voor de 

omslag van dit boekje. Bedankt voor uw tijd en moeite die geleid hebben tot een 

schitterend en uniek resultaat! 

 

Barbara Colton, dear Barbara, thank you for being there for me during my stay in San 

Francisco. I couldn’t have done it (so successfully) without you and I wouldn’t have 

enjoyed it as much. It’s amazing how some worlds combine so perfectly, 

unexpectedly. Thanks for all our talks and walks. I am very much looking forward to 

seeing you and Phoebe again in the near future. I wish you all the best! 

 



Chapter 13   

- 222 - 

Marlijn L Poolman Simons en Maaike Scholten, lieve paranimfen. 

Lieve Marlijn, ontzettend fijn dat je mijn paranifme bent. Wij begonnen tegelijk op de 

afdeling C4Oost in het UMCU. Ik kan ontzettend gezellig met je lachen en soms ook 

met je huilen. Je weet altijd het juiste te zeggen. Je bent geweldig, lief en grappig in 

je werk. Voor mij ben je een meer dan fantastische vriendin en een ontzettend grote 

steun (geweest bij alle kleine stressmomenten van dit proefschrift). Ook dank aan 

Artur, jullie vormen een prachtig paar! Ik kijk nu al uit naar onze samenwerking op de 

afdeling in het UMCU!  

 

Lieve Maaike, ik hou van je. Ontzettend fijn dat je mijn paranifme bent. Je bent de 

beste zus die je kunt wensen. Ondanks dat we erg verschillen, lijken we veel op 

elkaar, en nog minder dan ik, wist jij wat een paranimf was. Toch ben je er voor me, 

zoals je er altijd voor me zult zijn. Soms hebben we aan één woord genoeg of 

hebben we zelfs geen woorden nodig om elkaar te begrijpen. Je bent een geweldige 

vrouw waar ik altijd tegen op zal kijken. Ik volg je en hopelijk kan ik ooit hetzelfde 

voor jou betekenen als jij voor mij. 

 

Lieve mama, ik hou van je. Ik zou niet weten met welke woorden ik je kan bedanken. 

Bedankt voor de miljoenen (telefoon)gesprekken, de gezellig (winkel)middagen en de 

wandelingen om mijn boog eindelijk eens te laten ontspannen, je goede zorgen en je 

opbeurende woorden. Jouw onvoorwaardelijke steun heeft mij geholpen dit tot een 

goed einde te brengen. Je bent er altijd voor me. Het is bewonderenswaardig te zien 

hoe jij met mensen omgaat. Dankzij jou wil ik een beter mens zijn en de ‘liefste en 

meest zorgzame chirurg’ worden. 

 

Lieve papa, ik hou van je. Moeilijke woorden en moeilijke zinnen opgeschreven en bij 

elkaar gebundeld in een boekje, het zegt jou allemaal niet meer dan alle uren en 

inspanningen die eraan zijn gaan zitten en de momenten dat de boog weer eens 

gespannen was. Daarom ben ik je zo dankbaar voor jouw onvoorwaardelijke steun 

en liefde. Ik had dit niet kunnen realiseren zonder jou. Je bent er altijd voor me. Ik zal 

beter mijn best doen niet altijd te proberen het leven te veranderen, maar te 

accepteren wat niet veranderd kan worden. Je bent mijn voorbeeld en inspiratie en 

door jou wil ik een beter mens zijn en de beste chirurg worden. 

 



 

 

 

 



 

   

 

 

 



 

 

 

 

 

 

 

 

Review Committee 

Acknowledgements 

Curriculum Vitae 

List of publications 



 

 



  Curriculum Vitae 

  - 227 - 

Anouk Scholten was born on October 30th 1985, in Amersfoort, The Netherlands. 

She graduated from the athenaeum at ‘t Atrium, in Amersfoort, in 2003. She studied 

Medicine at the University of Utrecht from 2003 to 2009. During her last year she 

participated in several research projects at the Endocrine Surgery Department of the 

University Medical Center Utrecht under the supervision of Professor Dr IHM Borel 

Rinkes, Dr MR Vriens, and Dr GD Valk. Her research focused on the best surgical 

strategies in patients with familial parathyroid and adrenal disorders. In August of 

2009, she graduated cum laude, after which she started working as a resident at the 

Department of Surgery, at the University Medical Center Utrecht. She also continued 

working on several research projects. Thereafter, she worked as a resident at the 

Department of Emergency Medicine at the same hospital. In September 2011, she 

received a Fulbright Scholarship to perform research at the University of California, 

San Francisco. Under the supervision of Professor Dr QY Duh and Professor Dr OH 

Clark, she continued researching the surgical management of endocrine disorders. In 

March 2012, she commenced working at the Department of Surgery of the 

Diakonessen Hospital, in Utrecht. In July 2012, she started residency in general 

surgery under Dr MS Ibelings’ supervision at the Tweesteden Hospital, in Tilburg. 

During her residency, she will also work at the University Medical Center Utrecht 

under the supervision of Dr MR Vriens.  



 

   

 

 

 



 

 

 

 

 

 

 

 

Review Committee 

Acknowledgements 

Curriculum Vitae 

List of publications 

 



 

   

 



  List of Publications 

  - 231 - 

Scholten A, Schreinemakers JMJ, Pieterman CR, Valk GD, Vriens MR, Borel Rinkes 

IHM. Evolution of surgical management of primary hyperparathyroidism in multiple 

endocrine neoplasia type 2A patients. Endocr Pract 2011; Jan-Feb;17(1):7-15. 

 

Scholten A, Vriens MR, Cromheecke GJ, Borel Rinkes IHM, Valk GD. Hemodynamic 

instability during resection of pheochromocytoma in MEN versus non-MEN patients. 

Eur J Endocrinol 2011; Jul;165(1):91-96. 

 

Schreinemakers JMJ, Pieterman CR, Scholten A, Vriens MR, Valk GD, Borel Rinkes 

IHM. The optimal surgical treatment for primary hyperparathyroidism in MEN1 

patients; a systematic review. World J Surg 2011; Sep;35(9):1993-2005. 

 

Scholten A, Valk GD, Ulfman D, Borel Rinkes IHM, Vriens MR. Unilateral subtotal 

adrenalectomy for pheochromocytoma in MEN2 patients, a feasible surgical strategy. 

Ann Surg 2011; Dec;254(6):1022-1027. 

 

Cisco RM, Kuo JH, Ogawa L, Scholten A, Tsinberg M, Gosnell JE, Clark OH, Duh 

QY, Shen WT. The impact of race on intraoperative PTH kinetics: an analysis of 910 

patients undergoing parathyroidectomy for primary hyperparathyroidism. Arch Surg 

2012; Nov;147(11):1036-1040. 

 

Tsinberg M, Duh QY, Cisco RM, Scholten A, Gosnell JE, Clark OH, Shen WT. 

Practice patterns and job satisfaction in fellowship-trained endocrine surgeons. 

Surgery 2012; Dec;152(6):953-956. 

 

Scholten A, Cisco RM, Vriens MR, Cohen JK, Mitmaker EJ, Liu C, Shen WT, Duh 

QY. Pheochromocytoma crisis is not a surgical emergency. J Clin Endocrinol Metab 

2013; Jan;98(2):581-591. 

 

Cohen JK, Cisco RM, Scholten A, Mitmaker EJ, Duh QY. Pheochromocytoma crisis 
resulting in acute heart failure and cardioembolic stroke in a 37-year-old man. 
Surgery 2013; Jan. 
 

Scholten A, Cisco RM, Vriens MR, Shen WT, Duh QY. Variant adrenal venous 

anatomy in 546 laparoscopic adrenalectomies. JAMA Surgery 2013; Apr;148(4). 

 

Twigt BA, Scholten A, Valk GD, Borel Rinkes IHM, Vriens MR. Differences between 

sporadic and multiple endocrine neoplasia-related primary hyperparathyroidism; 

clinical expression, preoperative workup, operative strategy and follow-up. Orphanet 

J Rare Dis 2013; Apr;8(1):50. 

 



Chapter 13   

- 232 -  

Scholten A, Cisco RM, Hwang J, Tsinberg M, Gosnell JE, Vriens MR, Clark OH, 

Shen WT, Duh QY. Tumor Size is the Most Significant Predictor of Short-Term 

Surgical Outcome: Analysis of 523 Patients Undergoing Laparscopic Adrenalectomy. 

Submitted to Ann Surg 



Uitnodiging

Voor het bijwonen van 

de openbare verdediging van 

het proefschrift

Modern Surgical 
Management of Familial 

and Sporadic Parathyroid 
and Adrenal Disorders

door

Anouk Scholten

Op donderdag 16 mei 2013 

om 14:30 in de Senaatszaal van 

het Academiegebouw, 

Domplein 29 te Utrecht

Na afloop bent u van harte 

uitgenodigd voor de receptie

Anouk Scholten

Abt Ludolfweg 35

3732 AL De Bilt

06-41002689

scholten_anouk85@hotmail.com

Paranimfen

Maaike Scholten

Marlijn Poolman Simons

Modern Surgical Management of Familial and 
Sporadic Parathyroid and Adrenal Disorders

Anouk Scholten 

Surgery of Parathyroid and A
drenal D

isorders 
 

A. Scholten




