
Citation: Senne, M.; Wichmann, D.;

Pindur, P.; Grasshoff, C.; Mueller, S.

Hemodynamic Instability during

Surgery for Pheochromocytoma: A

Retrospective Cohort Analysis. J.

Clin. Med. 2022, 11, 7471. https://

doi.org/10.3390/jcm11247471

Academic Editors: Andrea Polistena

and Giuseppe Cavallaro

Received: 18 November 2022

Accepted: 14 December 2022

Published: 16 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Hemodynamic Instability during Surgery for
Pheochromocytoma: A Retrospective Cohort Analysis
Moritz Senne 1,*, Doerte Wichmann 1 , Pascal Pindur 1, Christian Grasshoff 2 and Sven Mueller 1,3

1 Department for Visceral, General and Transplant Surgery, Tübingen University Hospital,
72076 Tübingen, Germany

2 Department of Anaesthesiology and Intensive Care Medicine, Tübingen University Hospital,
72076 Tübingen, Germany

3 Department of General and Visceral Surgery, Helios Clinics Gifhorn, 38518 Gifhorn, Germany
* Correspondence: moritz.senne@uni-tuebingen.de

Abstract: Background: Perioperative hemodynamic instability is one of the most common adverse
events in patients undergoing adrenalectomy for pheochromocytoma. The aim of this study was
to analyze the impact of perioperative severe hemodynamic instability. Methods: We present a
retrospective, single-center analysis in a major tertiary hospital of all consecutive patients undergoing
elective adrenalectomy from 2005 to 2019 for pheochromocytoma. Severe perioperative hypertension
and hypotension were evaluated, defined as changes in blood pressure larger than 30% of the
preoperative patient-specific mean arterial pressure (MAP). Results: Unilateral adrenalectomy was
performed in 67 patients. Intraoperative episodes of hemodynamic instability occurred in 97% of
all patients (n = 65), severe hypertension occurred in 24 patients (36%), and severe hypotensive
episodes occurred in 62 patients (93%). Patients with more than five severe hypotensive episodes
(n = 29) received higher preoperative alpha-adrenergic blockades (phenoxybenzamine 51 ± 50 mg
d−1 vs. 29 ± 27 mg d−1; p = 0.023) and had a longer mean ICU stay (39.6 ± 41.5 h vs. 20.6 ± 19.1 h,
p = 0.015). Conclusion: Intraoperative hypotensive, rather than hypertensive, episodes occurred
during adrenalectomy. The occurrence of more than five hypotensive episodes correlated well with a
significantly longer hospital stay and ICU time.
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1. Introduction

Pheochromocytoma is a rarely diagnosed tumor with an incidence of one to three per
one million habitants [1]. Because of their neuroectodermal origin, pulsatile catecholamine
secretion leads to several symptoms, such as hypertensive blood pressure and paroxysmal
palpitations, anxiety, sweating, and headaches [2,3]. Cases of lethal outcomes have been
described due to stroke and myocardial infarction following severe hypertension in un-
diagnosed settings [4]. The laparoscopic removal of pheochromocytoma after medicinal
alpha-adrenergic blocking to prevent an intraoperative hypertensive crisis is the most
commonly used treatment [2,5]. Nonselective alpha-adrenergic blocking with phenoxyben-
zamine is also still widely used [6]. Alternatively, doxazosin, a selective alpha-locker, is
increasingly used in some centers [7].

During surgery, hemodynamic instability, in terms of hypertensive crisis and tachycar-
dia due to the manipulation of the tumors and severe hypotension after vessel interruption,
are the most frequently described intraoperative complications [8–11]. It is known that
severe intraoperative hypotension in noncardiac surgery can lead to complications like
acute kidney injury, stroke, or myocardial infarction [12,13]. The aim of this study was to
assess the occurrence of intraoperative episodes of hyper- and hypotension during surgery
for pheochromocytoma and their correlation with postoperative outcomes.
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2. Materials and Methods
2.1. Study Setting

This retrospective study was approved by the local ethics review board (069/2018BO2).
Using our in-house patient data management system (PDMS; SAP, Walldorf, Germany),
we analyzed all anesthetic digital records from adults who underwent primary unilateral
adrenalectomy due to pheochromocytoma at Tübingen University Hospital between 2005
and 2019.

2.2. Patients

All patients (≥18 years) with pheochromocytoma and elective adrenalectomy were
included. Pheochromocytoma was diagnosed either by preoperative elevated urinary
or plasma-free catecholamines, metanephrines [14], and/or positive histology [1]. We
excluded all cases of other disease entities, emergency surgery, or preoperative ICU stays,
as well as patients with inconsistent diagnoses of pheochromocytoma or those missing
primary outcome and follow-up data.

2.3. Anesthesiologic Management

After arrival in the anesthesia induction room, an intravenous infusion was imple-
mented, and the noninvasive monitoring of vital parameters was applied. General anesthe-
sia was induced by intravenous injection of sufentanil (Hameln Pharma GmbH, Hameln,
Germany) 0.4–0.6 µg kg−1, 2–3 mg kg−1 propofol (Fresenius Kabi Deutschlang GmbH,
Bad Homburg, Germany), and 0.5–0.9 mg kg−1 rocuronium (Inresa Arzneimittel GmbH,
Freiburg, Germany). After the intubation of the trachea, a radial arterial line and a three-
lumen central-venous catheter were inserted. General anesthesia was maintained with
sevoflurane (AbbVie Deutschland GmbH, Ludwigsburg, Germany) (0.7–1.0 MAC) and
the intravenous boli of sufentanil and rocuronium at the discretion of the anesthesiologist.
Norepinephrine (Cheplapharm Arzneimittel GmbH, Greifswald, Germany) and glycerol
trinitrate (Carinopharm GmbH, Elme, Germany) were used to stabilize the blood pressure.
After the end of the surgery, the patients were promptly extubated.

2.4. Outcome Measures and Variables

The preoperative patient-specific average MAP was calculated by averaging three to
five MAP values measured before the start of general anesthesia. The intraoperative MAP
was digitally recorded every minute using an arterial catheter. The primary outcome was
the occurrence of hemodynamic instability, defined as a 30% deviation of the intraoperative
MAP from the preoperatively calculated patient-specific average MAP. Furthermore, devia-
tions were assessed for the number of episodes [15]. An episode was defined by the course
of MAP exceeding the ±30% [12,13] limit of the preoperative patient-specific average MAP
for at least one minute or longer. The population was divided into two groups based on
the mean value of the hypotensive episodes. Pre- and perioperative treatments (preexisting
alpha-adrenergic blockade, alpha-adrenergic blockade daily dosage (mg phenoxybenza-
mine), intraoperatively applied catecholamines, intraoperatively administered fluids, and
glycerol trinitrate use) were analyzed, and complications were graded according to the
Clavien–Dindo classification [16]. Furthermore, the following patient characteristics were
assessed: age, gender, body size (BMI), final histopathologic diagnosis, presence of preoper-
ative urinary catecholamines elevated more than sixfold according to Namekawa et al. [17],
previous abdominal surgery, largest pheochromocytoma diameter in preoperative CT scan,
pheochromocytoma site, type of surgery (laparoscopy vs. open), surgery time (minutes),
date of surgery, postoperative ICU stay (hours), pre- and postoperative serum creatinine
(mg dL−1), urinary output in the first 24 h after surgery (mL d−1), pre- and postoperative
(24 h) hemoglobin concentration (g dL−1), platelet count (per µL), preexisting comorbidities
(cardiovascular disease, arterial hypertension, diabetes mellitus), redo surgery, and 30-day
hospital readmission.
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2.5. Data Management

Data were reported according to the STROBE guidelines for retrospective cohorts [18].
Statistical analysis was performed using SPSS Statistics 22 for Windows (IBM Corporation,
Armonk, NY, USA). Descriptive statistics were expressed as mean [standard deviation] or
median [range] as appropriate. The Mann–Whitney U and the Kruskal–Wallis test were
used to compare continuous variables, while the Chi-square and Fisher’s exact tests were
used for the comparison of discrete variables. A p-value less than 0.05 was considered to be
statistically significant. The factors of age, sex, preoperative comorbidities (diabetes, renal
insufficiency, coronary heart disease), pheochromocytoma size, preoperative catecholamine
levels, preoperative patient-specific MAP, surgery time or type, and preoperatively de-
scribed hypertensive crisis were analyzed in a univariate logistic regression analysis if they
were associated with more than five severe intraoperative hypotensive episodes.

3. Results

During the study period, a total of 345 patients underwent adrenalectomy. We ex-
cluded two patients with pheochromocytoma, one because of missing intraoperative and
postoperative blood pressure data and the other because of required preoperative ICU treat-
ment. In 276 patients, no pheochromocytoma was a reason for resection. Finally, 67 patients
with pheochromocytoma were included and analyzed. Patient characteristics are displayed
in Table 1. Intraoperative hemodynamic instability occurred in 65 patients. Severe episodes
of hypotension occurred in 62 patients, and episodes of severe hypertension occurred in 24
patients. The 24 patients with severe hypertension had a mean of 2.1 ± 1.6 episodes, and
the 62 patients with severe hypotension had a mean of 5.4 ± 2.8 episodes.

Table 1. Patient characteristics.

Items Total Severe Hypertension Severe Hypotension

Patients (n) 67 24 62
Median age (years) 54 [25–87] 57 [25–81] 54 [25–87]
Gender, female (n) 37 16 34

Mean Body Mass Index (kg m−2) 26 ± 6.8 27 ± 8 26 ± 6.1
Mean maximum radiologic diameter (cm) 4 ± 1.9 5.1 ± 1.9 4.3 ± 1.9

Right Localisation (n) 35 10 34
Median surgery time (min) 113 [35–291] 115 [36–205] 116 [35–291]

Preoperative employed alpha blockade (n) 58 19 55
Mean dosage alpha blockade a (mg d−1) 39 ± 40 44 ± 55 40 ± 40

Preexisting hypertensive crisis (>180/120 mmHg) (n) 21 7 20
preoperative patient-specific average MAP (mmHg) 108 ± 17 101 ± 21 108 ± 16

Preoperative > 6-fold elevated catecholamines (n) 16 5 16

Comorbidity (n)
Diabetes 22 8 20

Coronary Heart Disease 11 4 11
Renal insufficiency 9 3 7

Type of surgery (n)
Minimal invasive 52 19 47

Open 15 5 15

Mean duration of episodes (min) 11.8 ± 14.8 62 ± 47.7
Mean episodes (n) 2.1 ± 1.6 5.4 ± 2.8

a Phenoxybenzamine; MAP, mean arterial pressure.

A cutoff value of more than five episodes of hemodynamic instability was found to
correlate to a significantly longer ICU (39.6 ± 41.5 h vs. 20.6 ± 19.1 h, p = 0.015) and hospital
stay (8 d [4–25] vs. 5 d [2–16], p = 0.011). No correlation was found between the number
of episodes of hemodynamic instability and postoperative complications. Detailed results
of episodes and duration of hemodynamic instability are displayed in Table 2. Patients
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with more than five severe intraoperative hypotensive episodes were identified to have a
significantly higher preoperative dosage of alpha-adrenergic blockade (51 ± 50 mg d−1 vs.
29 ± 27 mg d−1 phenoxybenzamine; p = 0.023) and a higher preoperative patient-specific
average MAP (112.2 ± 13.2 mmHg vs. 99.2 ± 17.5 mmHg; p= 0.0014).

Table 2. Details of preoperative average MAP, along with episodes and duration of hemodynamic
instability.

Number of Episodes of Severe Hypotension ≤5 >5 p-Values

Patients (n) 38 29
Mean duration of hemodynamic instability (min) 39.6 ± 51.3 66.6 ± 41.6 0.017

Preoperative patient-specific average MAP (mmHg) 99.2 ± 17.5 112.2 ± 13.2 0.0014
Mean intraoperative norepinephrine (µg kg−1 min−1) 0.13 ± 0.16 0.19 ± 0.2 0.177

Episodes of severe hypertension 0.87 ± 1.6 0.62 ± 0.98 0.471
Mean intraoperative glycerol nitrate (µg kg−1 min−1) 0.09 ± 0.26 0.26 ± 0.52 0.08

Mean intraoperative crystalloids (mL) 1922 ± 1256 2707 ± 1606 0.032
Mean 24 h crystalloids (mL) 3068 ± 2190 3809 ± 1800 0.176

Preoperative dosage alpha blockade (mg d−1

Phenoxybenzamine)
29 ± 27 51 ± 50 0.023

Median ICU time (h) 20.6 ± 19.1 39.6 ± 41.5 0.015
Median length of hospital stay (d) 5 [2–16] 8 [4–25] 0.011

Complication Clavien–Dindo (13) (n)
0.311≤II 9 7

≥III 1 4

Any preoperative antihypertensive drug intake (except
phenoxybenzamine) 24 21 0.447

MAP = mean arterial pressure; ICU = intensive care unit.

No associations were found between age, sex, preoperative comorbidities (diabetes,
renal insufficiency, coronary heart disease), pheochromocytoma size, preoperative cat-
echolamine levels, preoperative patient-specific MAP, surgery time or type, comorbid-
ity, preoperatively described hypertensive crisis, and severe intraoperative hypotensive
episodes. To exclude a change in perioperative treatment over time, two different time
periods (February 2005–2013 and March 2013–2019) were analyzed. No differences were
found between these two periods regarding the occurrence of hemodynamic instability,
surgery time, intraoperative norepinephrine, and glycerol trinitrate use.

4. Discussion

This study showed that severe hemodynamic instability during surgery for pheochro-
mocytoma was a frequent event, with almost all patients being exposed to hypotensive
episodes for a relevant time, while hypertensive episodes occurred less frequently in only
one-third of the patients. Specifically, patients with more than five episodes of severe
hypotension needed more perioperative fluid administration and showed a significantly
longer ICU and hospital stay, while severe hypertensive episodes had no impact. It is well
known that patients with larger and more hormonally active tumors are at higher risk for
extreme hypertensive episodes during surgery [9,19]. A work by Tauzin-Fin et al. showed
that hypertensive peaks during resection for pheochromocytoma occurred mainly during
the creation of the pneumoperitoneum and tumor manipulation, while hypotension oc-
curred mainly during and after tumor resection [20]. Even though a number of studies have
tried to identify risk factors for intraoperative hemodynamic instability, individual periop-
erative courses are often unpredictable, posing a challenge to the anesthesiologist [21,22].
Chen et al. [23] reported that the type of surgery had an impact on hemodynamic instability.
However, in our analysis, we did not find a difference between open trans-abdominal and
minimally invasive surgeries. Interestingly, in our study, episodes of hypotension were
observed, not only after resection but throughout the whole surgical procedure. Therefore,
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close perioperative hemodynamic monitoring is necessary to protect the patient from possi-
ble complications. In general, intraoperative hemodynamic monitoring with continuous
arterial blood pressure measurement is recommended for pheochromocytoma surgery
to detect rapid blood pressure changes early [24]. The impact of severe perioperative
hypotension during pheochromocytoma surgery is described far less often.

Prolonged intraoperative hypotension is shown to be associated with increased organ
failure, such as perioperative acute kidney injury within the first few days [25], myocardial
events with elevated troponin [12], postoperative stroke [15], and overall 30-day mortality
after noncardiac surgery [26]. However, intraoperative hemodynamic instability is not
accurately defined. Some authors have defined intraoperative hypotension as a time-related
drop below a previously defined value of MAP [26,27], while others have used relative
changes related to patient-specific preoperative MAP [12,13]. There is no consensus on
what definition should be used to describe relevant hypotension or hypertension during
surgery [28]. Using absolute values to describe hypo- and hypertension might be easier [13],
but some authors have propagated a relative drop in the MAP of more than 30% compared
to the preoperative patient-specific average MAP [15,25] to consider patients’ individual
normal blood pressure. Therefore, we decided to use deviations from the individual normal
pressure as a marker. Hypotension after resection for pheochromocytoma is mainly de-
scribed in the early postoperative course and may be the reason for postoperative intensive
care treatment [17,19]. This is explained by persisting circulating antihypertensive medica-
tion, the downregulation of adrenergic receptors, and the reversal of chronic vasospasm [17].
In general practice, perioperative hypotension is mostly treated reactively after low blood
pressures have already been recorded [29]. In addition, severe intraoperative hypotension
might be a result of a higher preoperative dosage of phenoxybenzamine, a nonselective
and long-acting alpha-adrenergic antagonist [30]. Patients with more than five episodes of
severe hypotension had a significantly higher preoperative dosage of phenoxybenzamine
than patients with fewer episodes in our series. A preoperative alpha receptor blockade has
historically been assumed to prevent cardiovascular morbidity and mortality due to excess
hypertensive periods [31]. Due to this fact, preoperative alpha-blockage is widely used to
reduce intraoperative hypertensive crises and is recommended in several guidelines [6,32].
However, routine preoperative administration remains doubtful, as no controlled trials
exist on this issue. Several uncontrolled trials reported no relevant effects of preoperative al-
pha receptor blockades on morbidity after pheochromocytoma surgery [33,34]. Buitenwerf
et al. demonstrated, in a prospective randomized trial comparing phenoxybenzamine and
doxazosin, an advantage for phenoxybenzamine in reducing intraoperative hemodynamic
instability, but they did so without showing a difference in postoperative outcome and
with no effect on the duration of blood pressure outside the target range during surgery [7].
A multicenter retrospective survey by Groeben et al. even showed that cases without
preoperative alpha receptor blockades had fewer cardiovascular events in the peri- and
postoperative course than patients with routine alpha receptor blockades [35]. Furthermore,
the incidence of severe intraoperative hypertensive periods was seen to have no effect when
comparing patients treated with and without preoperative alpha receptor blockades [34]. In
a systematic review, Schimmack et al. compared several proceedings with selective or non-
selective preoperative alpha receptor blockades. The authors did not describe an impact on
hemodynamic stability [36]. Urapidil, as a competitive selective short-acting α1 blockade,
was investigated by Tauzin-Fin et al. in a retrospective analysis of a cohort of 79 cases. In
contrast to Schimmack et al., they evaluated urapidil to potentially result in lower rates of
hemodynamic instability peaks [20]. In this context, a competitive selective short-acting α1
blockade would be an alternative to the more commonly used phenoxybenzamine.

The limitations of this study included its retrospective design, the limited number of
analyzed patients, and lacking a consensus on the definition of intraoperative hemodynamic
instability. No association was found between hemodynamic instability (either hypotensive
or hypertensive episodes) and complication grade. As complications ranged around 10%
after surgery for pheochromocytoma, manifold larger sample sizes in a trial are needed to
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detect differences. There is evidence for both the absolute value of MAP (<60–70 mmHg)
and the relative deviation of patients’ individual MAP (−30%) for postoperative myocardial
complications. Randomized prospective trials are needed to decide which parameter should
be used.

5. Conclusions

In summary, this retrospective study showed that patients undergoing adrenalec-
tomy for pheochromocytoma displayed more and longer intraoperative episodes of severe
hypotension than hypertension, resulting in a greater need for intraoperative crystalloid
fluid substitution and longer ICU and hospital stays. The general recommendation of the
preoperative use of alpha-adrenergic receptor blockades demands further investigation,
considering short-acting alpha-blockade options.

Author Contributions: M.S. and S.M. conceptualized and designed the study and wrote the manuscript.
P.P. and M.S. collected the data and performed data analysis. C.G. and D.W. assisted with the
drafting and revision of the paper. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding. This work was supported by the Clinic for
Visceral, General, and Transplant Surgery, Tübingen University Hospital, Germany. The APC was
partly funded by the Open Access Publishing Fund of the University of Tübingen.

Institutional Review Board Statement: The protocol was approved by the local ethics review board
in Tuebingen, Germany (069/2018BO2), and the trial registration number is DRKS00016640. All
procedures conducted in studies involving human participants were in accordance with the ethical
standards of the institutions and the National Research Council and with the 1964 Declaration of
Helsinki and subsequent amendments. This article does not include any studies conducted by the
authors on animals.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
not publicly available due to institutional privacy policy but are available from the corresponding
author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Turchini, J.; Cheung, V.K.Y.; Tischler, A.S.; De Krijger, R.R.; Gill, A.J. Pathology and genetics of phaeochromocytoma and

paraganglioma. Histopathology 2018, 72, 97–105. [CrossRef] [PubMed]
2. Lenders, J.W.; Eisenhofer, G.; Mannelli, M.; Pacak, K. Phaeochromocytoma. Lancet 2005, 366, 665–675. [CrossRef] [PubMed]
3. Falhammar, H.; Kjellman, M.; Calissendorff, J. Initial clinical presentation and spectrum of pheochromocytoma: A study of 94

cases from a single center. Endocr. Connect. 2018, 7, 186–192. [CrossRef] [PubMed]
4. Petri, B.J.; van Eijck, C.H.; de Herder, W.W.; Wagner, A.; de Krijger, R.R. Phaeochromocytomas and sympathetic paragangliomas.

Br. J. Surg. 2009, 96, 1381–1392. [CrossRef]
5. Calissendorff, J.; Juhlin, C.C.; Bancos, I.; Falhammar, H. Pheochromocytomas and Abdominal Paragangliomas: A Practical

Guidance. Cancers 2022, 14, 917. [CrossRef]
6. Neumann, H.P.H.; Young, W.F., Jr.; Eng, C. Pheochromocytoma and Paraganglioma. N. Engl. J. Med. 2019, 381, 552–565. [CrossRef]
7. Buitenwerf, E.; Osinga, T.E.; Timmers, H.; Lenders, J.W.M.; Feelders, R.A.; Eekhoff, E.M.W.; Haak, H.R.; Corssmit, E.P.M.;

Bisschop, P.; Valk, G.D.; et al. Efficacy of alpha-Blockers on Hemodynamic Control during Pheochromocytoma Resection: A
Randomized Controlled Trial. J. Clin. Endocrinol. Metab. 2020, 105, 2381–2391. [CrossRef]

8. Tiberio, G.A.; Baiocchi, G.L.; Arru, L.; Agabiti Rosei, C.; De Ponti, S.; Matheis, A.; Rizzoni, D.; Giulini, S.M. Prospective
randomized comparison of laparoscopic versus open adrenalectomy for sporadic pheochromocytoma. Surg. Endosc. 2008, 22,
1435–1439. [CrossRef]

9. Bruynzeel, H.; Feelders, R.A.; Groenland, T.H.; van den Meiracker, A.H.; van Eijck, C.H.; Lange, J.F.; de Herder, W.W.; Kazemier,
G. Risk Factors for Hemodynamic Instability during Surgery for Pheochromocytoma. J. Clin. Endocrinol. Metab. 2010, 95, 678–685.
[CrossRef]

10. Livingstone, M.; Duttchen, K.; Thompson, J.; Sunderani, Z.; Hawboldt, G.; Sarah Rose, M.; Pasieka, J. Hemodynamic Stability
During Pheochromocytoma Resection: Lessons Learned Over the Last Two Decades. Ann. Surg. Oncol. 2015, 22, 4175–4180.
[CrossRef]

http://doi.org/10.1111/his.13402
http://www.ncbi.nlm.nih.gov/pubmed/29239044
http://doi.org/10.1016/S0140-6736(05)67139-5
http://www.ncbi.nlm.nih.gov/pubmed/16112304
http://doi.org/10.1530/EC-17-0321
http://www.ncbi.nlm.nih.gov/pubmed/29217652
http://doi.org/10.1002/bjs.6821
http://doi.org/10.3390/cancers14040917
http://doi.org/10.1056/NEJMra1806651
http://doi.org/10.1210/clinem/dgz188
http://doi.org/10.1007/s00464-008-9904-1
http://doi.org/10.1210/jc.2009-1051
http://doi.org/10.1245/s10434-015-4519-y


J. Clin. Med. 2022, 11, 7471 7 of 8

11. Gaujoux, S.; Bonnet, S.; Lentschener, C.; Thillois, J.M.; Duboc, D.; Bertherat, J.; Samama, C.M.; Dousset, B. Preoperative risk
factors of hemodynamic instability during laparoscopic adrenalectomy for pheochromocytoma. Surg. Endosc. 2016, 30, 2984–2993.
[CrossRef]

12. Salmasi, V.; Maheshwari, K.; Yang, D.; Mascha, E.J.; Singh, A.; Sessler, D.I.; Kurz, A. Relationship between Intraoperative
Hypotension, Defined by Either Reduction from Baseline or Absolute Thresholds, and Acute Kidney and Myocardial Injury after
Noncardiac Surgery: A Retrospective Cohort Analysis. Anesthesiology 2017, 126, 47–65. [CrossRef]

13. Sessler, D.I.; Bloomstone, J.A.; Aronson, S.; Berry, C.; Gan, T.J.; Kellum, J.A.; Plumb, J.; Mythen, M.G.; Grocott, M.P.W.; Edwards,
M.R.; et al. Perioperative Quality Initiative consensus statement on intraoperative blood pressure, risk and outcomes for elective
surgery. Br. J. Anaesth. 2019, 122, 563–574. [CrossRef]

14. Hodin, R.; Lubitz, C.; Phitayakorn, R.; Stephen, A. Diagnosis and management of pheochromocytoma. Curr. Probl. Surg. 2014, 51,
151–187. [CrossRef]

15. Bijker, J.B.; Persoon, S.; Peelen, L.M.; Moons, K.G.; Kalkman, C.J.; Kappelle, L.J.; van Klei, W.A. Intraoperative hypotension and
perioperative ischemic stroke after general surgery: A nested case-control study. Anesthesiology 2012, 116, 658–664. [CrossRef]

16. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

17. Namekawa, T.; Utsumi, T.; Kawamura, K.; Kamiya, N.; Imamoto, T.; Takiguchi, T.; Hashimoto, N.; Tanaka, T.; Naya, Y.; Suzuki,
H.; et al. Clinical predictors of prolonged postresection hypotension after laparoscopic adrenalectomy for pheochromocytoma.
Surgery 2016, 159, 763–770. [CrossRef]

18. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Iniciativa, S. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Revista
Española de Salud Pública 2008, 82, 251–259. [CrossRef]

19. Kiernan, C.M.; Du, L.; Chen, X.; Broome, J.T.; Shi, C.; Peters, M.F.; Solorzano, C.C. Predictors of hemodynamic instability during
surgery for pheochromocytoma. Ann. Surg. Oncol. 2014, 21, 3865–3871. [CrossRef]

20. Tauzin-Fin, P.; Barrucand, K.; Sesay, M.; Roullet, S.; Gosse, P.; Bernhard, J.C.; Robert, G.; Sztark, F. Peri-operative management of
pheochromocytoma with intravenous urapidil to prevent hemodynamic instability: A 17-year experience. J. Anaesthesiol. Clin.
Pharmacol. 2020, 36, 49–54. [CrossRef]

21. Aksakal, N.; Agcaoglu, O.; Sahbaz, N.A.; Albuz, O.; Saracoglu, A.; Yavru, A.; Barbaros, U.; Erbil, Y. Predictive Factors of Operative
Hemodynamic Instability for Pheochromocytoma. Am. Surg. 2018, 84, 920–923. [CrossRef] [PubMed]

22. Vorselaars, W.; Postma, E.L.; Mirallie, E.; Thiery, J.; Lustgarten, M.; Pasternak, J.D.; Bellantone, R.; Raffaelli, M.; Fahey, T.,
3rd; Vriens, M.R.; et al. Hemodynamic instability during surgery for pheochromocytoma: Comparing the transperitoneal and
retroperitoneal approach in a multicenter analysis of 341 patients. Surgery 2018, 163, 176–182. [CrossRef]

23. Chen, F.; Adhami, M.; Tan, M.; Grodski, S.; Serpell, J.; Orr, A.; Stark, A.; Lee, J.C. Hypotension in Posterior Retroperitoneoscopic
Versus Transperitoneal Laparoscopic Adrenalectomy. J. Surg. Res. 2022, 275, 87–95. [CrossRef] [PubMed]

24. Aseni, P.; Orsenigo, S.; Storti, E.; Pulici, M.; Arlati, S. Current concepts of perioperative monitoring in high-risk surgical patients:
A review. Patient Saf. Surg. 2019, 13, 32. [CrossRef]

25. Hallqvist, L.; Granath, F.; Huldt, E.; Bell, M. Intraoperative hypotension is associated with acute kidney injury in noncardiac
surgery: An observational study. Eur. J. Anaesthesiol. 2018, 35, 273–279. [CrossRef] [PubMed]

26. Mascha, E.J.; Yang, D.; Weiss, S.; Sessler, D.I. Intraoperative Mean Arterial Pressure Variability and 30-day Mortality in Patients
Having Noncardiac Surgery. Anesthesiology 2015, 123, 79–91. [CrossRef]

27. Walsh, M.; Devereaux, P.J.; Garg, A.X.; Kurz, A.; Turan, A.; Rodseth, R.N.; Cywinski, J.; Thabane, L.; Sessler, D.I. Relationship
between intraoperative mean arterial pressure and clinical outcomes after noncardiac surgery: Toward an empirical definition of
hypotension. Anesthesiology 2013, 119, 507–515. [CrossRef]

28. Bijker, J.B.; van Klei, W.A.; Kappen, T.H.; van Wolfswinkel, L.; Moons, K.G.; Kalkman, C.J. Incidence of intraoperative hypotension
as a function of the chosen definition: Literature definitions applied to a retrospective cohort using automated data collection.
Anesthesiology 2007, 107, 213–220. [CrossRef]

29. Saugel, B.; Kouz, K.; Hoppe, P.; Maheshwari, K.; Scheeren, T.W.L. Predicting hypotension in perioperative and intensive care
medicine. Best Pract. Res. Clin. Anaesthesiol. 2019, 33, 189–197. [CrossRef]

30. Kinney, M.A.; Warner, M.E.; vanHeerden, J.A.; Horlocker, T.T.; Young, W.F., Jr.; Schroeder, D.R.; Maxson, P.M.; Warner, M.A.
Perianesthetic risks and outcomes of pheochromocytoma and paraganglioma resection. Anesth. Analg. 2000, 91, 1118–1123.
[CrossRef]

31. Naranjo, J.; Dodd, S.; Martin, Y.N. Perioperative Management of Pheochromocytoma. J. Cardiothorac. Vasc. Anesth. 2017, 31,
1427–1439. [CrossRef]

32. Pacak, K. Preoperative management of the pheochromocytoma patient. J. Clin. Endocrinol. Metab. 2007, 92, 4069–4079. [CrossRef]
33. Buisset, C.; Guerin, C.; Cungi, P.J.; Gardette, M.; Paladino, N.C.; Taieb, D.; Cuny, T.; Castinetti, F.; Sebag, F. Pheochromocytoma

surgery without systematic preoperative pharmacological preparation: Insights from a referral tertiary center experience. Surg.
Endosc. 2021, 35, 728–735. [CrossRef]

34. Groeben, H.; Nottebaum, B.J.; Alesina, P.F.; Traut, A.; Neumann, H.P.; Walz, M.K. Perioperative alpha-receptor blockade in
phaeochromocytoma surgery: An observational case series. Br. J. Anaesth. 2017, 118, 182–189. [CrossRef]

http://doi.org/10.1007/s00464-015-4587-x
http://doi.org/10.1097/ALN.0000000000001432
http://doi.org/10.1016/j.bja.2019.01.013
http://doi.org/10.1067/j.cpsurg.2013.12.001
http://doi.org/10.1097/ALN.0b013e3182472320
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1016/j.surg.2015.09.016
http://doi.org/10.1097/EDE.0b013e3181577654
http://doi.org/10.1245/s10434-014-3847-7
http://doi.org/10.4103/joacp.JOACP_71_18
http://doi.org/10.1177/000313481808400642
http://www.ncbi.nlm.nih.gov/pubmed/29981625
http://doi.org/10.1016/j.surg.2017.05.029
http://doi.org/10.1016/j.jss.2022.01.013
http://www.ncbi.nlm.nih.gov/pubmed/35245831
http://doi.org/10.1186/s13037-019-0213-5
http://doi.org/10.1097/EJA.0000000000000735
http://www.ncbi.nlm.nih.gov/pubmed/29210843
http://doi.org/10.1097/ALN.0000000000000686
http://doi.org/10.1097/ALN.0b013e3182a10e26
http://doi.org/10.1097/01.anes.0000270724.40897.8e
http://doi.org/10.1016/j.bpa.2019.04.001
http://doi.org/10.1097/00000539-200011000-00013
http://doi.org/10.1053/j.jvca.2017.02.023
http://doi.org/10.1210/jc.2007-1720
http://doi.org/10.1007/s00464-020-07439-1
http://doi.org/10.1093/bja/aew392


J. Clin. Med. 2022, 11, 7471 8 of 8

35. Groeben, H.; Walz, M.K.; Nottebaum, B.J.; Alesina, P.F.; Greenwald, A.; Schumann, R.; Hollmann, M.W.; Schwarte, L.; Behrends,
M.; Rossel, T.; et al. International multicentre review of perioperative management and outcome for catecholamine-producing
tumours. Br. J. Surg. 2020, 107, e170–e178. [CrossRef]

36. Schimmack, S.; Kaiser, J.; Probst, P.; Kalkum, E.; Diener, M.K.; Strobel, O. Meta-analysis of alpha-blockade versus no blockade
before adrenalectomy for phaeochromocytoma. Br. J. Surg. 2020, 107, e102–e108. [CrossRef]

http://doi.org/10.1002/bjs.11378
http://doi.org/10.1002/bjs.11348

	Introduction 
	Materials and Methods 
	Study Setting 
	Patients 
	Anesthesiologic Management 
	Outcome Measures and Variables 
	Data Management 

	Results 
	Discussion 
	Conclusions 
	References

