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Background: Surgery for catecholamine-producing tumours can be complicated by intraoperative and
postoperative haemodynamic instability. Several perioperative management strategies have emerged
but none has been evaluated in randomized trials. To assess this issue, contemporary perioperative
management and outcome data from 21 centres were collected.
Methods: Twenty-one centres contributed outcome data from patients who had surgery for phaeochro-
mocytoma and paraganglioma between 2000 and 2017. The data included the number of patients with
and without 𝛂-receptor blockade, surgical and anaesthetic techniques, complications and perioperative
mortality.
Results: Across all centres, data were reported on 1860 patients with phaeochromocytoma or para-
ganglioma, of whom 343 underwent surgery without 𝛂-receptor blockade. The majority of operations
(78⋅9 per cent) were performed using minimally invasive techniques, including 16⋅1 per cent adrenal
cortex-sparing procedures. The cardiovascular complication rate was 5⋅0 per cent overall: 5⋅9 per cent
(90 of 1517) in patients with preoperative 𝛂-receptor blockade and 0⋅9 per cent (3 of 343) among patients
without 𝛂-receptor blockade. The mortality rate was 0⋅5 per cent overall (9 of 1860): 0⋅5 per cent (8 of
517) in pretreated and 0⋅3 per cent (1 of 343) in non-pretreated patients.
Conclusion: There is substantial variability in the perioperative management of catecholamine-
producing tumours, yet the overall complication rate is low. Further studies are needed to better define
the optimal management approach, and reappraisal of international perioperative guidelines appears
desirable.
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Introduction

Phaeochromocytoma and paraganglioma are rare diseases
with an incidence of approximately one per 100 000 peo-
ple per year1. These tumours produce catecholamines,
including adrenaline (epinephrine), noradrenaline (nor-
epinephrine) and dopamine, potentially leading to episodes
of tachycardia, palpitations, diaphoresis and extreme arte-
rial hypertension. Over time, non-physiological and
excessive release of these hormones can lead to cardiovas-
cular complications, decompensation and death. Surgical
removal is the treatment of choice1–3. Intraoperative
manipulation of the tumour can elicit hypertensive crises,
which historically have been regarded as responsible for
perioperative mortality rates of up to 48 per cent1–3.

Over the past 60 years the perioperative mortality
rate has decreased to 2–7 per cent1–10. For rare dis-
eases, overall mortality and morbidity rates are, however,
difficult to ascertain and are often derived from small
single-institution case series1–10. It is even more difficult
to determine the factors contributing to the observed

Table 1 Number of patients per centre with phaeochromocytoma or paraganglioma, surgical technique, and use of 𝛂-receptor blockade,
phenoxybenzamine or alternative substances

Study
interval

No. of
patients

Tumour
type

(phaeo/
para)

Surgical
approach

(endoscopic/
open)

Adrenalectomy
(partial/

complete)

𝛂-Receptor
blockade

(𝛂-bl/no bl)

𝛂-Receptor
blocker

(phenoxybenzamine/
other)

Kliniken Essen-Mitte 2001–2017 504 452/52 495/9 187/190 247/257 208/39

Asklepios Klinik Langen 2009–2013 7 3/4 6/1 0/3 1/6 0/1

Amsterdam VUMC 2012–2015 35 – 33/2 0/0 35/0 10/25

University Düsseldorf 2001–2017 58 55/3 39/19 5/46 46/12 39/7

Amsterdam AMC 2008–2015 41 35/6 22/19 0/36 40/1 4/36

University of California, San Francisco 2000–2014 141 126/15 129/12 0/126 140/1 140/0

University of Galway 2001–2015 17 16/1 9/8 0/16 17/0 14/3

Tufts University Boston 2005–2016 37 24/13 25/12 0/24 31/6 1/30

Mayo Clinic Rochester 2000–2016 258 210/48 161/97 0/210 247/11 240/7

Royal Melbourne Hospital 2000–2016 61 54/7 31/30 6/48 58/3 53/5

Sapporo Medical University 2006–2015 26 23/3 21/5 2/21 24/2 0/24

Dresden University 2008–2016 49 48/1 21/28 – 34/15 –

University of Chicago 2012–2016 27 25/2 26/1 1/24 26/1 18/8

Vanderbilt University 2002–2016 138 135/3 111/27 0/135 132/6 96/36

Massachusetts General Hospital 2002–2013 134 127/7 102/32 15/112 127/7 122/5

Columbia University, New York 2006–2016 60 51/9 54/6 1/50 52/8 45/7

University Medical Centre Groningen 2001–2011 59 56/3 38/21 0/56 59/0 15/44

Medical College of Wisconsin 2010–2017 53 43/10 39 /14 10/ 33 52 /1 15 /37

Klinikum München Bogenhausen 2012–2017 10 10/0 9/1 0/10 7/3 7/0

OHSU Portland 2000–2017 80 72/8 59/21 5/67 77/3 51/25

University of Texas MDACC 2001–2017 65 61/4 37/28 10/51 65/0 31/34

Total 1860 1626/199 1467/393 242/1258 1517/343 1108/348

Phaeo, phaeochromocytoma; para, paraganglioma; α-bl, α-blocker; no bl, no blocker; VUMC, VU Medical Centre; AMC, Academic Medical Centre;
OHSU, Oregon Health and Science University; MDACC, MD Anderson Cancer Center.

extraordinary reduction in mortality rates. The improve-
ment in mortality has most often been attributed to the
introduction of perioperative α-receptor blockade. Many
other advances in diagnostics, monitoring, surgery and
anaesthetic management have occurred concurrently, and
are also likely to have contributed to these improvements
by allowing earlier diagnosis, more precise tumour localiza-
tion, less surgical trauma, improved monitoring and better
intraoperative BP control5,11–20.

The clinical impact of these care elements on outcomes
has never been investigated comprehensively1–3,21–23. For
rare diseases, such as catecholamine-producing tumours,
randomized studies to examine the influence of individual
interventions on clinical outcomes including mortality are
difficult to carry out as, with an expected mortality rate of
1–3 per cent, several thousand patients would be needed
for adequate study power.

Because of the relative infrequency of these tumours,
evidence-based recommendations for best perioperative
practice are desirable. Given the inability to conduct
large RCTs, the Phaeochromocytoma and Paraganglioma
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Table 2 Number of patients per centre with phaeochromocytoma or paraganglioma, type of anaesthesia, preferred antihypertensive
and antihypotensive drugs, and use of central venous catheters

No. of
patients

Anaesthesia
(GA/GA+RA)

𝛂-Receptor
blockade

(𝛂-bl/no bl)
Antihypertensive

therapy
Antihypotensive

therapy CVC

Kliniken Essen-Mitte 504 504/0 247/257 SNP Noradrenaline Regularly

Asklepios Klinik Langen 7 5/2 1/6 SNP Noradrenaline Regularly

Amsterdam VUMC 35 33/2 35/0 Urapidil Phenylephrine,
noradrenaline

Regularly

University Düsseldorf 58 51/7 46/12 SNP, urapidil Noradrenaline Regularly

Amsterdam AMC 41 24/17 40/1 Urapidil Noradrenaline Individualized

University of California, San Francisco 141 141/0 140/1 SNP Phenylephrine,
noradrenaline

Individualized

University of Galway 17 9/8 17/0 SNP, urapidil Noradrenaline Regularly

Tufts University Boston 37 34/3 31/6 SNP Phenylephrine,
noradrenaline

Individualized

Mayo Clinic Rochester 258 258/0 247/11 SNP, nicardipine Phenylephrine,
vasopressin

Individualized

Royal Melbourne Hospital 61 61/0 58/3 Prazosin, magnesium Phenylephrine,
noradrenaline

Individualized

Sapporo Medical University 26 9/17 24/2 Nicardipine, nitroglycerin Dopamine,
noradrenaline

Regularly

Dresden University 49 18/31 34/15 Urapidil Noradrenaline Individualized

University of Chicago 27 26/1 26/1 SNP Phenylephrine Individualized

Vanderbilt University 138 138/0 132/6 SNP, nicardipine Noradrenaline,
phenylephrine

Individualized

Massachusetts General Hospital 134 124/10 127/7 SNP, phentolamine, esmolol Phenylephrine,
noradrenaline

Individualized

Columbia University, New York 60 57/3 52/8 Nicardipine Phenylephrine Individualized

University Medical Centre Groningen 59 59/0 59/0 Phentolamine, urapidil Noradrenaline,
phenylephrine

Individualized

Medical College of Wisconsin 53 53/0 52/1 SNP Phenylephrine Individualized

Klinikum München Bogenhausen 10 9/1 7/3 Urapidil Norepinephrine Individualized

OHSU Portland 80 64/16 77/3 Phentolamine Phenylephrine,
norepinephrine

Regularly

University of Texas MDACC 65 53/12 65/0 SNP, nicardipine Norepinephrine,
phenylephrine

Individualized

Total 1860 1727/130 1517/130

GA, general anaesthesia; RA, regional anaesthesia; α-bl, α-blocker; no bl, no blocker; CVC, central venous catheters; SNP, sodium nitroprusside; VUMC,
VU Medical Centre; AMC, Academic Medical Centre; OHSU, Oregon Health and Science University; MDACC, MD Anderson Cancer Centre.

Initiative (PPI) was founded to establish an international
multicentre retrospective database allowing analysis of
aggregate patient data from experienced international cen-
tres. The ultimate goal was to assess surgical approaches,
perioperative anaesthetic management and postoperative
outcomes, and to evaluate the need for, and effective-
ness of, specific management strategies. To this end,
perioperative data from more than 1800 patients were
collected.

Methods

The PPI was initiated in 2015, and includes experts from
Europe, North America, Asia and Australia. The aim was

to summarize patient outcomes as well as contemporary
anaesthetic and surgical techniques employed to manage
surgical procedures for catecholamine-producing tumours.
To minimize the influence of management changes over
time, procedures and data before 2000 were excluded.
Most data for this study originated in the decade pre-
ceding completion of data collection on 1 November
2017.

Participating centres from six countries (Australia, Ger-
many, Ireland, Japan, the Netherlands and USA) collab-
oratively generated a single questionnaire to capture data
from each centre. The centres were variably represented
by physicians from departments of surgery, anaesthesia
and endocrinology. Each centre received approval from
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Table 3 Postoperative intensive care stay, procedure-related morbidity and mortality, and systolic BP increase above 250 mmHg, in
patients with and without 𝛂-receptor blockade, by centre

Systolic BP increase (mmHg)

No. of
patients

𝛂-Receptor
blockade

(𝛂-bl/no bl)
Postoperative

ICU stay
Morbidity

(𝛂-bl/no bl)
Mortality

(𝛂-bl/no bl)
𝛂-bl

(>250/≤250)
No bl

(>250/≤ 250)

Kliniken Essen-Mitte 504 247/257 24 3/2 1/0 16/231 23/234

Asklepios Klinik Langen 7 1/6 2 0/0 0/1 0/1 0/6

Amsterdam VUMC 35 35/0 – 0/0 0/0 – –

University Düsseldorf 58 46/12 18 2/0 0/0 – –

Amsterdam AMC 41 40/1 10 9/0 0/0 6/34 0/1

University of California, San Francisco 141 140/1 21 12/0 0/0 – –

University of Galway 17 17/0 1 1/0 0/0 0/17 0/0

Tufts University Boston 37 31/6 9 0/0 1/0 0/31 0/6

Mayo Clinic Rochester 258 247/11 87 3/0 1/0 9/238 0/11

Royal Melbourne Hospital 61 58/3 42 7/0 0/0 – –

Sapporo Medical University 26 24/2 1 1/0 0/0 1/23 0/2

Dresden University 49 34/15 – 0/0 0/0 4/30 1/14

University of Chicago 27 26/1 7 7/0 0/0 1/25 0/1

Vanderbilt University 138 132/6 2 5/0 0/0 6/126 0/6

Massachusetts General Hospital 134 127/7 36 8/0 2/0 8/119 0/7

Columbia University, New York 60 52/8 14 14/1 0/0 6/46 1/7

University Medical Centre Groningen 59 59/0 22 3/0 2/0 2/57 0/0

Medical College of Wisconsin 53 52/1 19 1/0 0/0 3/49 0/1

Klinikum München Bogenhausen 10 7/3 3 2/0 0/0 1/6 0/3

OHSU Portland 80 77/3 46 5/0 1/0 1/76 0/3

University of Texas MDACC 65 65/0 7 7/0 0/0 0/65 0/0

Total 1860 1517/343 385 90/3 8/1 64/1174 25/302

α-bl, α-Blocker; no bl, no blocker; VUMC, VU Medical Centre; AMC, Academic Medical Centre; OHSU, Oregon Health and Science University;
MDACC, MD Anderson Cancer Center.

its institutional review board (IRB) or ethics committee.
In some centres, IRB or ethics approval was waived,
citing the use of deidentified summary data. Only data
from patients with a histologically verified tumour were
included.

Patients, data acquisition and perioperative
management

Data collected included: presence of either phaeochromo-
cytoma or paraganglioma; type of surgical approach (open
laparotomy or endoscopic minimally invasive surgery),
and adrenal cortex-sparing resection. The percentage of
patients receiving preoperative α-receptor blockade and
the various agents used were recorded.

Anaesthetic variables included information from each
centre regarding use of routine central venous catheters
and/or invasive arterial lines, the choice of drugs used for
intraoperative BP management, and the number of patients

who received combined epidural–general anaesthesia com-
pared with general anaesthesia alone.

Outcome analysis

The main outcome variables were intraoperative
hypertensive crises, and perioperative morbidity and
mortality. These complications were described overall and
separately by use of preoperative α-adrenergic receptor
blockers. The number of patients who experienced intra-
operative hypertensive crises was defined by a systolic
BP increase above 250 mmHg; each patient was counted
as one regardless of the number of episodes. Procedural
complications were counted only if they were related
to catecholamine-producing tumour-specific pathology
(related to haemodynamic instability). Specifically, this
included cardiac decompensation, myocardial infarction,
symptomatic hypertension, transient or persistent cerebral
ischaemia, orthostatic dysregulation, sustained hypoten-
sion, sustained arrhythmia, acute respiratory failure,
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hypoglycaemia or pulmonary embolism. Other periopera-
tive complications, such as wound infection, postoperative
nausea and vomiting, and transfusion requirements were
not included. All intraoperative and postoperative deaths
within 3 months of surgery were assessed and described
briefly for each patient.

Statistical analysis

Percentages are shown with 95 per cent confidence
intervals. The χ2 test was used to evaluate differences in
the incidence of BP episodes above 250 mmHg, morbidity
and mortality between patients with or without α-receptor
blockade. An analysis for confounding variables was not
undertaken owing to the small fraction and type of data
that each individual centre was able to contribute to the
data set. P < 0⋅050 was considered significant. Charac-
teristics of 504 patients treated at Kliniken Essen-Mitte
were analysed by t test and χ2 test as indicated. Data were
analysed using Statview® version 5.0.1 (SAS Institute,
Cary, North Carolina, USA).

Results

Characteristics of the centres

Twenty-five centres were contacted and 21 provided data. A
total of 1860 patients were included across all centres. The
number of patients included differed substantially across
centres, from seven to 504. Some of the centres could not
retrieve a complete data set (Tables 1–3). One centre could
not provide data on partial resections, one could not spec-
ify the type of preoperative α-receptor blockade used, four
centres were unable to determine the frequency of episodes
with an intraoperative systolic BP above 250 mmHg, and
two could not provide the number of patients requiring
postoperative treatment in the ICU. For the centre with the
largest group of patients without α-receptor blockade, sep-
arate data on groups of patients with or without α-receptor
blockade are presented (Table 4).

Surgical approach and preoperative preparation

Most procedures were performed endoscopically; excep-
tions were excision of large tumours, and operations in four
patients who were scheduled for multivisceral resections
in addition to removal of the catecholamine-producing
tumour (Table 1). All resected tumours were verified
histologically as either phaeochromocytoma or paragan-
glioma.

Many centres used preoperative α-receptor blockade rou-
tinely. Phenoxybenzamine was the predominant agent used

Table 4 Characteristics of 504 patients treated at Kliniken
Essen-Mitte with or without 𝛂-receptor blockade

𝛂-Receptor
blockade
(n = 247)

No
blockade
(n = 257) P‡

Height (cm)* 172 (170, 174) 172 (170, 174) 0⋅916

Weight (kg)* 75 (72, 78) 75 (72, 78) 0⋅808

Age (years)* 43 (41, 48) 42 (40, 44) 0⋅688

Sex ratio (F : M) 118 : 129 139 : 118 0⋅156§
Typical symptoms 0⋅420§

Yes 193 193

No 54 64

Duration of operation (min)* 66 (59, 73) 62 (57, 67) 0⋅221

Tumour diameter (cm)* 3⋅6 (3⋅3, 3⋅9) 3⋅4 (3⋅2, 3⋅6) 0⋅191

Adrenaline (%)* † 668 (551, 785) 596 (472, 720) 0⋅404

Noradrenaline (%)* † 761 (504, 1018) 589 (476, 702) 0⋅213

*Values are mean (95 per cent c.i.). †Per cent upper limit of reference
values. ‡t test, except §χ2 test.

(11 centres), followed by alternative α-receptor blockers
such as doxazosin (3 centres), prazosin (3 centres) and ter-
azosin (1 centre) (Table 1). Two centres did not use routine
α-receptor blockade.

Anaesthetic approach

All procedures were performed under general anaesthe-
sia. In contrast to patients undergoing minimally invasive
surgical approaches, some of those having an open proce-
dure received a combined epidural and general anaesthetic
technique (7⋅0 per cent). Anaesthetists monitored and con-
trolled intraoperative and postoperative BP with invasive
BP measurements in all centres. The preferred vasoactive
drugs and the use of central venous catheters are summa-
rized in Table 2.

Morbidity and mortality with and without
preoperative 𝛂-receptor blockade

The incidence of episodes of intraoperative arterial systolic
BP peaks above 250 mmHg did not differ between patients
with and without α-receptor blockade: 5⋅2 (95 per cent
c.i. 4⋅9 to 6⋅4) and 7⋅6 (4⋅7 to 10⋅5) per cent respectively
(P = 0⋅086) (Table 3).

Tumour-specific complications related to haemodynamic
instability occurred in 93 patients (5⋅0 per cent) (Table 3).
The rate was significantly higher in patients with than
in those without preoperative α-receptor blockade: 5⋅9
(95 per cent c.i. 4⋅7 to 7⋅1) and 0⋅9 (–0⋅1 to 1⋅9) per cent
respectively (P < 0⋅001) (Fig. 1a). Among patients receiving
α-receptor blocking agents, the following medication- or
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Fig. 1 Tumour-related morbidity and mortality rates in patients with and without 𝛂-receptor blockade
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tumour-related complications occurred: symptomatic
hypotension (8), orthostatic dysregulation (24), stroke or
transient ischaemic attack (7), sustained arrythmia (18),
cardiac decompensation (17), myocardial infarction (4),
pulmonary embolism (1), acute respiratory failure (1),
hypoglycaemia (3) and arterial hypertension (7). Among
those without α-receptor blockade, one patient developed
sustained hypotension, one hypertension and one stroke.

There was no difference in mortality between patients
who did and those who did not have α-receptor blockade:
0⋅5 (95 per cent c.i. 0⋅1 to 0⋅9) per cent (8 of 1517) versus
0⋅3 (–0⋅3 to 0⋅9) per cent (1 of 343) respectively (P = 0⋅569)
(Fig. 1b). All operations with a fatal outcome are described
briefly in Table S1 (supporting information).

Discussion

For rare diseases such as phaeochromocytoma and para-
ganglioma, management guidelines are based mainly on
clinical experience, and formal outcome data leading to
an evidence-based management approach are difficult to
obtain. To compare the relative mortality rates of differ-
ent management techniques in a randomized trial at an
expected mortality rate of 1 per cent, several thousand
patients would be required. Such a trial is unrealistic.
Most of the currently available information stems from
small single-institution case series with fewer than 100
patients, or from single-institution case series collected

over prolonged time intervals of 40 years or more. The
interpretation of results from such series is complicated
both because of the small numbers of patients, and by the
changes in surgical and anaesthetic techniques over time.
Furthermore, management strategies often reflect only
the practice and expert opinions of a single centre6,24,25.
Therefore, the aim of the present study was to collect
data from international centres, with a focus on creating
a recent patient cohort, so patient selection was limited to
the years 2000–2017.

A minimally invasive surgical approach (laparoscopic
using the transabdominal approach and to a lesser extent
retroperitoneoscopic) was used in around 80 per cent of
patients. For specific endocrine syndromes such as von
Hippel–Lindau disease or multiple endocrine neoplasia
(MEN), gland-sparing techniques were frequently used
(16⋅1 per cent of all patients). This finding is similar to
that of a previous large retrospective study24 from 2014,
which focused on patients with MEN2. As a minimally
invasive approach was often used, general anaesthesia
without an epidural catheter was employed in 93⋅0 per
cent of the patients. General anaesthesia was combined
with epidural anaesthesia in a small number of patients
receiving primarily open surgery.

All centres used invasive arterial BP measurement
for continuous haemodynamic monitoring. Approxi-
mately half of the European centres (5) used a central
venous catheter as standard of care for administration of
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vasoactive medications, whereas most American centres
used central venous catheters in selected patients only.
The preferred vasopressor was noradrenaline followed
by phenylephrine, and the preferred vasodilators were
sodium nitroprusside and urapidil. The preferred medica-
tion regimen may be influenced by issues of drug demand
and supply, particularly if such drugs are limited to use
in a small patient population. Patients with rare diseases
require only small quantities of specific medications such
as sodium nitroprusside, phentolamine or phenoxybenza-
mine, making their production commercially unattractive
for pharmaceutical companies. Therefore, some of these
drugs are either no longer produced or have to be imported
at an excessively high cost, influencing decisions regarding
which drug to use26.

Perioperative α-receptor blockade was introduced
approximately 60 years ago, with the rationale to pro-
vide improved intraoperative haemodynamic control,
particularly of anticipated hypertensive episodes. This
concept still prevails, and the use of preoperative
α-receptor blockade is regarded as standard of care in
the 2014 guideline2 for the management of patients with
catecholamine-producing tumours. Its efficacy has never
been proven, nor have the potential adverse effects of this
recommendation been evaluated. Based on the present
findings, consideration of the adverse effects of α-receptor
blockade and discussion regarding its routine use in the
contemporary management of these tumours are clearly
warranted22,23,27–29. Most of the data here on patients
without an α-receptor blockade stem from a single centre,
and it is questionable whether the two groups of patients
from this centre differ in their characteristics. No such
differences were, however, shown in a separate analysis.

Although it has been assumed that preoperative
α-receptor blockade protects against complications related
to intraoperative hypertensive episodes, such treatment is
associated with preoperative symptoms including ortho-
static hypotension, and the time needed for drug titration
may delay surgery unnecessarily. Despite the use of
α-receptor blockade, excessive intraoperative hypertension
still occurs. In addition, patients receiving preoperative
α-receptor blockade often develop clinically significant
hypotensive episodes that continue into the postoperative
phase22,23,28,30. This is underlined in the present study,
where 31 of 90 patients with α-receptor blockade and
tumour-related complications needed treatment for arte-
rial hypotension. Because of these peculiarities associated
with catecholamine-producing tumours, surgery should
be performed in centres with expertise and a continuous
caseload of procedures.

A second important recommendation from the 2014
management guidelines is the requirement for contin-
uous postoperative haemodynamic monitoring for 24 h.
Therefore, the practice of postoperative monitoring was
evaluated and wide variation among centres was found.
Some 1⋅4–68⋅8 per cent of patients were admitted to
ICU2,3. These data are likely to be influenced to some
extent by institutional practices that may include routine
ICU, intermediate-care unit or recovery room admission.
It can, however, be emphasized that none of the fatal
outcomes in this cohort were prevented by 24 h of ICU
treatment, as the patients died in the immediate periop-
erative period or more than 40 h later. The periopera-
tive mortality rate in this cohort was 0⋅5 per cent. Eight
deaths occurred among patients who had received preop-
erative α-receptor blockade, and one in a patient without
α-receptor blockade. How these deaths were related to the
catecholamine-producing tumour or the surgery or patient
co-morbidities is difficult to establish retrospectively, as the
aetiologies included sepsis and multiple morbidities unre-
lated to the catecholamine-producing tumour.

Although there was no difference statistically, excessive
hypertension with maximal systolic BP peaks above
250 mmHg tended to occur more often in patients
without preoperative α-receptor blockade. This finding
reflects the inclusion of patients who were misdiagnosed
initially, and started surgery with a diagnosis of inci-
dentaloma (an adrenal tumour without known hormone
production), which was eventually confirmed to be a
catecholamine-producing tumour. At least six of these mis-
diagnosed patients developed systolic BP increases above
250 mmHg until the team could respond properly. This
might have biased the number of patients with excessive
hypertensive episodes to the untreated group.

This study has several limitations, including its retro-
spective design. The management concepts encountered
are often institution-specific, and driven by local expert
opinion and centre experience. The strength of this anal-
ysis is the contribution of data from 21 international
centres, demonstrating a range of management practices.
This study includes patients from a 17-year interval, and
changes in techniques and knowledge may have occurred
even during this relatively narrow time frame. The time
interval for the study was limited to patients operated
from the year 2000 in part because of the major change
in surgical approach, with a shift from open to minimally
invasive endoscopic surgery at the end of the 1990s1–3,7,8.
This had a major impact on operating times and the asso-
ciated surgical trauma. Finally, considering the variation
in the pathology of catecholamine-producing tumours
and the different types and amounts of catecholamines
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produced, a cohort of 1860 patients is still relatively small
in terms of drawing any definitive conclusions regarding
treatment strategies, and their individual impact on patient
morbidity and mortality. This study, however, reports data
from a large cohort of patients, nearly tenfold more than
in previous reports on which current guidelines and the
most recent mortality estimates are based.

In the absence of a large longitudinal data set, manage-
ment of patients with catecholamine-producing tumours,
including the use of preoperative α-receptor blockers,
has become largely dogmatic; additional studies will
help clarify which patients, if any, truly benefit from
each intervention. The ultimate aim of the PPI is to
advance knowledge of the behaviour and management
of catecholamine-producing tumours, and to provide
stronger evidence on which to base future clinical prac-
tice recommendations. These data highlight the need
for a prospective, collaborative, international database,
and for ongoing critical reassessment and discussion of the
contemporary perioperative management of these patients.
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