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Abstract
Background (purpose): Surgery on patients with Carcinoid Syndrome (CS) and Carcinoid Heart Disease (CHD) is a challenge for anesthesiologists due to the high
risk of developing Carcinoid Crisis (CC). The purpose of the study is to assess whether or not the use of octreotide as prophylaxis in the perioperative environment would
decrease the incidence of CC (PEAK METHOD). We also try to identify CC’s precipitating factors.
Material and methods (source): Research upon octreotide eﬃcacy on CC prophylaxis was made on PubMed, Google Scholar, Cochrane, and web of science (WOS),
from January 2010 to February 2021. We carried out a retrospective qualitative Systematic Review, which was developed in accordance with the PRISMA statement.
Results (principal findings): Eleven articles were included in the study, five of them are retrospective studies, one is a prospective study, one is a prospective case
series, two are retrospective case series, one is a meta-analysis of retrospective studies, and one is a cohort study. 5 of them are retrospective studies, 1 is a prospective
study, 1 is a prospective case series and finally, 1 is a meta-analysis on retrospective studies. According to Massimino, et al. 2013; Guo, et al. 2014, Condron, et al. 2016
and Condron, et al. 2019, prophylaxis with octreotide is insuﬃcient, it does not prevent and is ineﬃcient in preventing CC. Tapia Rico et al confirm that due to the use of
octreotide as prophylaxis, 1 patient experienced CC and 6 symptoms of CS. Fouche, et al. conclude that with prophylaxis, intraoperative carcinoid syndrome (ioCS) was
mostly hypertensive. For the retrospective review that Kinney, et al. carried out, it was found that 169 patients did not experience CC. In the review carried out by Woltering,
et al. it was found that out of 179 cytoreductive surgeries, prophylaxis with octreotide decreased the incidence of CC, they registered only 6 cases of CC (3,4%).
Discussions and conclusions: Although octreotide constitutes the cornerstone for the prevention and treatment of CC, the current data does not support the idea that
it is totally effective in preventing it.

Introduction
Neuroendocrine neoplasms (NEN) are tumors derived
from the neuroectoderm (from the neural crest) [1,2]. OMS
classifies every neuroendocrine cancer as neuroendocrine
neoplasms (NEN) that can divide into well-differentiated

neuroendocrine carcinomas (NET) [1-4] and poorly
differentiated neuroendocrine carcinomas (NEC), later called
mixed neuroendocrine neoplasia (MiNEC) [5,6].
Most NEN is found in the gastrointestinal tract (55%) or
in the bronchopulmonary tract (25%) [2,5,7,8]. NEN in the
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small intestine metastasize more frequently [5] and are the
main cause of CS [9]. Up to 30-40% of the patients with NEN
experience CS [10].
NEN’s incidence is rising all over the world due to the
improvement of imaging techniques. It affects 1.2-35/100.000
people each year [2,4,5,7,11]. It is more frequent in AfricanAmerican women [5].
They can synthesize, store and secrete up to 40 vasoactive
substances like serotonin, main substance, (diarrhea, cardiac
valve lesions), tachykinins (substance P), histamine, and
kallikreins (skin redness), prostaglandins (PG), catecholamines,
and motilin to the bloodstream [1]. In healthy individuals,
serotonin is metabolized mainly to 5-hidroxiindolacetic acid.
When there is liver metastasis, liver degradation is blocked
and the substances reach the systemic circulation, inferior
vena cava, and lastly, the right side of the heart, developing
CS as a result (rush, diarrhea, and bronchospasm) [2,12]. The
exceptions to this pathophysiological pathway are ovarian
carcinoids that drain directly into the systemic circulation or
very rare cases of extensive metastases in the retroperitoneal
lymph nodes (<1%), forcing thoracic duct drainage [1,2,6,8,1113].
Most episodes of CS occur spontaneously but can be
provoked by certain foods, alcohol, defecating, emotional
stress, liver palpation, and anesthesia [2].
20 to 50% of the individuals with CS were diagnosed with
carcinoid heart disease (CHD) [2,7,13].
In medical treatment, there are two somatostatin analogs
(SSTA) available, octreotide and lanreotide (approximately
80% of neuroendocrine tumors have somatostatin receptors).
The use of somatostatin analogs inhibits serotonin and
vasoactive intestinal peptide secretion, leading to the control
of CS symptoms such as diarrhea and hot flushes. It also helps
stabilize blood pressure (BP). Many studies have shown that
octreotide and lanreotide can also inhibit the proliferation of
tumor cells [12].

Carcinoid heart disease
Carcinoid Heart Disease (CHD) (Hedinger’s Syndrome)
is characterized by fibrous tissue deposits, such as plaques,
pathognomonic in heart valves and in the endocardium,
mainly on the right side of the heart (tricuspid regurgitation,
pulmonary stenosis) [11]. Prolonged exposure to high serotonin
blood concentrations is a crucial factor [2,4]. The stimulation
of serotonin receptors (5HT 2B) increases the cardiomyocyte
and fibroblasts’ mitogenic activity. Levels of 5-HIIA above 300
umol/24 hours, more than 3 redness episodes per day, and
the N-terminal pro-brain natriuretic peptide (NT-proBNP)
have been considered very useful as a tool for the diagnosis,
development, or progression of CHD in patients with CS
[2,14,15].

Carcinoid crisis
CC is an acute and potentially fatal CS complication caused
by the sudden release of 5-HT and other vasoactive peptides

such as tachykinins, histamine, kallikrein, prostaglandins,
motilin, or catecholamines, by carcinoid tumor cells [1]. This
causes intensive blushing, bronchospasms, deep hypotension,
hemodynamic instability, and arrhythmias. On the other hand,
there is no clear consensus on its precise definition [1,2,8,12,16].
Retrospective, prospective, and case series studies use different
definitions [17-24]. (Table 1 definition). In a perioperative
context, the retrospective series notified a CC incidence of 30%
in patients with CS.
It can occur spontaneously after medication intake,
alcohol, abdominal palpation, induced anesthesia, surgery
(tumor manipulation), tumor necrosis due to chemotherapy,
hepatic artery ligature or embolization, intra-arterial therapy,
(hepatic artery embolization, chemoembolization, and radioembolization), bronchoscopy, echography, and mammography
[16,18,21-23,25-41].
Some studies have identified a group of patients at high risk
for developing intraoperative CC [20,42]. These patients include
those with a significant tumor burden, liver metastases [18,20]
coronary heart disease, elevated levels of 5-HIAA in urine
[20,22] and chromogranin A, presence of previous uncontrolled
CS (although patients without CS or liver metastases may
develop CC) [20,42] duration of surgery and advanced age [20]
(See perioperative data in Table 2).
Histamine-releasing drugs such as sympathomimetic
bronchodilators are also precipitating factors, although
Limbach, et al. 2019 in their retrospective study concluded
that β-agonists are not associated with secondary CC [43]. See
precipitating factors [7,18-24,43-45] (Table 3).
The presence of coronary heart disease and elevated levels
of 5-HIAA represent predictors of an emerging CC. Patients
with a large tumor burden, elevated chromogranin A levels,
or elevated urine 5-HIAA levels are more likely to experience
a CC episode during surgery; however, not all of these risks
have been systematically confirmed [9]. In these, perioperative
prophylactic octreotide will be especially considered; calcium
and catecholamines cause the release of tumor mediators and
worsen the syndrome [5,9,22,30].
The criteria for its definition are not well established, so
its actual incidence is unknown [28]. There is no standard
definition of CC [17-24,32], Table 1) being used to describe a
range of conditions. This makes it difficult to draw conclusions
regarding the incidence and severity of CC episodes, and
therefore to propose prophylactic guidelines and treatment
protocols.

CC prevention
Perioperative management: We must improve and
stabilize the patient with symptoms of CS. Premedication
with benzodiazepines and antihistamines can be useful to
reduce anxiety, but their administration is controversial,
since histamine release can occur, especially in gastric and
bronchial carcinoids. Although corticosteroids may not prevent
anaphylactic shock, they can reduce episodes caused by
nonspecific histamine release [28].
020
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Table 1: Definition Of CC.
Fujie 2010 [32]

Life-threatening hypotension, with arrhythmias, bronchospasm, facial rash, edema, metabolic acidosis, confusion, coma, and death.

CC does not have a strict definition, it is considered as the sudden onset of life-threatening features of CS, rash, diarrhea, bronchospasm, tachycardia,
bradycardia, HT, hypotension, and fever. That can cause vasomotor collapse and death. Intraoperative complications are defined as prolonged
Massimino 2013 [18]
hypotension (SAT≤80mmHg>10min) or hemodynamic instability (hypotension, hypertension, or tachycardia) not attributed to acute blood loss or
obvious causes treated by the anesthetist or by the surgeon.
Condron 2015 [20]

Significant hemodynamic instability is not attributed to compression of the inferior vena cava, blood loss, SBP (≤80 o > de 180mmHg≥10 minutes, HR
>120 bpm with organ dysfunction (ventricular arrhythmias or bronchospasm).

Woltering 2016 [21]

CC is a potentially life-threatening exacerbation of CS characterized by rash, bronchospasm, tachycardia, and wide BP fluctuations (SBP <80mmHg
≥10 min); hemodynamic instability not explained by blood loss or volume status.

Kinney 2018 [22]

Sudden or abrupt onset of at least two of the following:
Rash or hives are not explained by an allergic reaction.
Bronchospasm or treatment with bronchodilators (Albuterol)
Hypotension, SBP <80 mmHg for ≥10 min not explained by volume status of bleeding and treated with vasopressors.
Arrhythmia is not explained by volume status or bleeding
Tachycardia ≥120 bpm

Fouche 2018

Life-threatening ioCS, refractory to octreotide boluses, including hemodynamic instability, cardiac arrhythmias, cardiogenic shock, and bronchodilators
- ioCS is so highly probable if there are changes in BP ≥40% or rapid HR in less than 5 min that are not explained by anesthetic/surgical
management and that return ≥20% after the IV bolus of octreotide
- ioCS is probable: rapid onset in 5-10 minutes and/or hemodynamic changes 20-40% and does not revert ≥ 20% with octreotide
- ioCS is suspicious: ioCS that is detected by an injection of octreotide recorded in the anesthesia registry is neither highly probable nor
probable.

Otros: Modlin 2010
CC is an exacerbation of CS and the main symptoms include rash, diarrhea, hemodynamic instability (hypotension and more rarely hypertension),
Guo 2014 [19]
bronchospasm, and mental disturbances.
Tapia Rico 2018 [24]
CC is a life-threatening syndrome of Neuroendocrine Tumors (NETs) characterized by dramatic fluctuations in BP, arrhythmias, and bronchospasm.
CC: Carcinoid Crisis; ioCS: intraoperative Carcinoid Syndrome

Intraoperative hypotension, hypertension, and hypercapnia
should be avoided [2]. Different methods have been proposed
for the prophylactic administration of SSTA. There is no
international consensus on the best regimen or form of
administration of octreotide, subcutaneously (sb), or in
continuous intravenous (IV) infusion. Several protocols have
been devised, from the Mount Sinai [8], of the European
Neuroendocrine Tumor Society (ENETS) [9] the American
Neuroendocrine Tumor Society (NANETS) [46] or the UK and
Ireland Neuroendocrine Tumour Society NETS [47] However,
the efficacy of using somatostatin analogs has not been fully
evaluated and the programs are generally based on the personal
experience of the author. Most of them label the prophylactic
use of octreotide as the fundamental measure to try to prevent
CHD [2]
The prophylactic administration of octreotide (300-500 μg
sb or iv), prior to the resection of liver metastases, (levels of
evidence Grade 1B), as well as its prophylactic use for patients
with CS and extensive tumor before embolization of the
hepatic artery (Grade 1B) decreases the incidence of CC. Some
recommend prophylactic octreotide for CS patients before
surgery, while others advocate it for all NET patients scheduled
for surgical resection. For those whose symptoms cannot be
adequately relieved by medical therapy, close monitoring of the
CC is crucial to avoid life-threatening events [16].
The Mont Sinai protocol begins with a preventive infusion
of 50-100 μg /hour at least 12 hours before proceeding and 48
hours postoperatively; infusion maximized to 300 μg/h if it is
necessary.
During induction, a bolus of 50-100 μg can be administered
routinely.

Transthoracic echocardiography can be performed 48 hours
before surgery. On the morning of surgery, the patient can be
premedicated with 500 μg of octreotide (sb or iv) and in both 10
mg of dexchlorpheniramine, 200 mg of hydrocortisone, and 150
mg of iv ranitidine y 2 mg of midazolam in the operating room.
After standard monitoring plus invasive blood pressure with
local anesthesia, induction can be done with TIVA, fentanyl,
propofol, and cis-atracurium (we must avoid Morphine,
atracurium that release histamine, and Suxamethonium that
produces fasciculations).
Anesthesia maintained with propofol 3-6 mg/kg/hour,
fentanyl 150ug, and cis-atracurium boluses [2]. Remifentanil
(0.05–0.2 μg kg−1 min1) in optimizing intubating conditions,
Two peripheral lines of large caliber 16-G and 18-G
and the central venous line must be inserted. CC considers
phenylephrine and epinephrine in RV dysfunction [8].
Laparotomy with epidural catheter placement may be
beneficial as long as we avoid hypotension associated with its
use [27].
We benefit from hemodynamic monitoring and the
Bispectral Index (BIS) (BIS, Covidien, IIc, Mansfield, USA).
Thermal covers were also used.

Methods
We conducted and presented this systematic review using
the Preferred Reporting Items for Systematic Review and
Meta-Analysis statement (PRISMA-ScR) (Figure 1).

Eligibility criteria
The studies chosen included patients with a history of
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378min±
SD(Tºme
dio±S)

Condron 2016
[20]
Prospective
Case series

Woltering
2016 [21]
Retrospective
Review

Tapia rico 2018
[24]
RRTP
Retrospective
Case series

Welch 2016 [45]
retrospective
Review

-NO events
298 min
(203-365)
-With events
370(278454).
-Combined
318min(227
-382 mean or
frequency

Guo 2014 [19]
retrospective
Studies
Metaanalisis

Massimino
2013 [18]
Retrospective
Study

7
PATIENTS:
1 patient with
CC, 6 carcinoid
symptoms
CC: 3,23,5%
7
PREVIOUS
CC

11 patients
1 CC

6/179
surgeries
(3,4%)

45/150
surgeries
(30%)
(127
patients/15 0
surgeries)

53 cases of
CC
28 patients

21/87 p 0,77
(24,1%)with
proph.
2/10(20.0) no
prophylaxis 97
patients

8,7 min

Duration of the Intraopera
Duration of
anesthesi a
tive carcinoid
CC
(min)
crisis(CC)

Table 2: Datos Perioperatorios.

Small Intestine
Respiratory system

Small Intestine 65(67,0)
Appendix……….7(7,2)
Colon/Rectum……5(5,2)
Others…………7(7,2)
Unknown……….13(18,4)

ASA 3: 10
ASA 4: 1

M69(46%)
F81(54%)

3 HEPATIC MTX

Median de
60ª.
45%
Male
11 BRAIN MTX
CARCINOID

RESPIRATORY: 3
SMALL
INTESTINE :2
THYMUS 1
UNKNOWN 2

2 CS

-Pat. with CS
150(85%)

High GC in 5
7 CS
patients

Mean
2413(μg/L)
Median
113(μg/L)

-No previous
symptoms. NO
events…32%(34)
-No previous
symptoms. NO
events… …11%(5)
-With previous
symptoms.
NO events…
…68%(71)
-With previous
symptoms. NO
events…89%(40)

-Patient with CS
:57(58,8) N:97
-Patient without
CS: 47

5- HIAA (In
Chromogran
urine in 24 H)
in A
CS
N: (0N:(≤93μg/L)
41,84μmol/d)

Mean in
patients
-NO events
with CS
60a(52,67)
43μmol/d
-With events
Mean in
61a (54,66)
patients
-Combined
without CS
61a(54,66)
17μmol/d

60a 17V,
11M

Mean age
59,3 years
M 41
F 56

Mean age
59±10ª
Median
59y(3180ª)

Hepatic……71
Mesenteric…68
Others………….35

Hepatic……….75(77,3)
Mesenteric……
46(47,4)
Others……………27(27,
8)

Metastasis

Age at the
time of the
surgery

Ileum...73(49)
Terminal ileum.36(24
Jejunum...2(1)
Small intestine 39 (26).
Not specified

Most of them
Small intestine
were ASA III

ASA II.24
(24,7%)AS
A III
69(72,9%)A
SA IV 2
(2,1%)

ASA

Location of primary
tumor

SEE TABLE
3
YES

SEE TABLE YES
3

PRO
PHY
LAX
IS

1 CHD

SEE TABLE
YES
3

SEE TABLE
YES
3

SEE TABLE
YES
3

-NO CHD, no
intraoperative
events...96%(101)
-NO CHD, with
intraoperative
events...98%(44) SEE TABLE
YES
-CHD patients.
3
No intraoperative
events...4%(4)
-CHD patients,
with intraoperative
events …2%(1)

18,9%

-Patients with
CHD..2(2,1)

CHD

CC
PRECIPITA
TING
FACTORS
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1 CC/ 17
patients
Mean
(62,4+- 9,3
years)
52,9 % Males

Primary location + fr:
-Digestive system
-Lungs
-Ovary

9 patients presented
metastatic disease.

Crisis:
Mean age
63,3 years,
31 mesenteric
16
metastases. (67%)
M
9
NO crisis:
carcinomatosis(13%)
62,1 years
old , 12H.
p0,652

1º hepatic cytoreductive
surgery
NO CRISIS:25
CRISIS:12
P 0,497
Most frequent primary
location: Small intestine:
40 patients(87%)

Age:60,6
4 vs 62(p
0,572)
FEMALE
24 VS 16(P
0,628

Mean age
at time of
surgery 60y
(IQR 5168)

SMALL
INTESTINE 33 VS
20 (p, 627)

Hepatic….169(196)

Small
intestine.118(69,8%)
Colon/rectum……
17(10,1%)
Bronchus…………7(4,
1%)
Others……………...6(3
,6%)
Unknown………21(12,
4%)

ASAII.70(41,
4)
ASAIII
96(56,8)
ASAIV 3(1,8)
Age: Median
60 (51,68)
M83(49,1)
F86(50,9)A

Hepatic 32 vs
19(p0,775
Mesenteric 27vs18
(p0,545)
Others 11 vs
10(p0,252)

59 HEPATIC MTX
7 EXTRAADBOMINAL
MTX

SMALL
INTESTINE

ASA I-II: 65
ASA III-IV
16

CC: Carcinoid Crisis; CS: Carcinoid Syndrome; CHD: Carcinoid Heart Disease; H: Female; M: Male MTX: Metastasis

Shabtaie 2021
[7] retrospective
Review

Mean
duration 349
min
(range
208-543)

Mean 8,1 min
(317min)

Limbach 2019
[43]
Retrosopective
Review

16 CC/46
patients

161 CC;
20,7%
(phenylephri
8,08 min VS
ne) vs 12,9
10,7( p
% (β agonists) 0,257)
NO
MEANING

Kinney 2018 [22] 294±78m
Retrospective
in (mean
Review
duration)

Condron 2019
[43]
Prospective
Study

0,0%;95%
CI 0,02,2%

Fouche 2018
Retrospective
Review

371,08 VS
382,55
(p0,761)

81
PATIENTS
(42 MALES)
139 ioCS
(highly
probable 45, p
67 y s 27)

Median 220
(89,596).
(25th75th)
51% patients
(87/169) had
high preop. 5HIAA levels
4%
(7/169) N

HIGH
LEVELS IN 40
PATIENTS

Median 675
μg/L
(1821305).
(25th75th)

7 PREVIOUS
CHD

3 patients

NO Crisis: 19SC
Crisis: 11SC
P 0,713
CS 30pat. (65%)

30 vs 19 (p
0,757)

2 patients

-Patients with
-Patients with CS
CHD 14
130
(8,3%)

49 PREVIOUS CS

SEE TABLE YES
3

SEE TABLE
YES
3

SEE TABLE
YES
3

SEE TABLE
YES
3

YES
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Table 3: Precipitating factors and prophylaxis.
Author

Massimino
2013 [18]

CC precipitating factors
-Hepatic MTX
-Functioning (21%) and non-functioning tumors (28%)
-Prolonged hypotension, hemodynamic instability.
-Anesthetic induction, incision, QCA manipulation, liver resection,
mesenteric mass resection.
-Loss of blood with complications 430 ml (170-1000ml) and no
complications 200 ml (100-400).
-Blood transfusion
-Emotional stress
-Catecholamine use
-Major and minor QCOs procedures
-Arteriography
-Epidural catheter placement, not use.

Guo
2014 [19]

-Anesthesia/surgery 33 cases (63.5%)
-Interventional therapy 6 cases (11.5%)
-Radionuclide therapy 5 (9.6%)
-Body examination (Eco. Colonos. 4) (7.7%)
-Medication 2 (3.8%)
-Biopsy 1 (2%)
-Spontaneous 1 (2%)

Condron
2016 [20]

-Liver MTX
-High levels of 5-HIAA
-CS but not required for the CC to occur
-Increase the duration of anesthesia
-Female: There are more complications in females but do not
correlate with an increase in CC
-Advanced age, higher incidence of complications

Woltering
2016 [21]

Welch
2016 [45]

-QCO or anesthetic stimulus
-Radiologic interventions
-CS
-Exercise.
-Alcohol.
-Large intake of foods rich in tyramine

a) Long-term ambulatory octreotide (LAR) in 70 patients
b) 87 patients (90%) received preoperative IV boluses of octreotide (100-1000
μg) with a median of 500μg.
c) Continuous intraoperative IV infusion of 50 μg /hour of octreotide.

Variable from LAR, a bolus of 250-1000 μg before invasive procedures (Oberg),
to continuous IV of octreotide 50mg/h 12 hours before and up to 48 hours after
(Ramage)

a) Preoperative bolus of 500 μg followed by
b) continuous IV infusion of 500 μg /hour

83% of the patients (149/179) were on long-term outpatient LACREOTHYDE (LAR)
OR OCTREOTIDE ACETATE. Intravenous infusion of 500 μg / h of octreotide acetate
preoperatively, intraoperatively, and postoperatively. 500 μg IV boluses if needed.

Physiological stress, exercise, large intake of foods rich in serotonin,
physical manipulation of the tumor, spontaneous anesthesia induction

4 patients received somatostatin analogs.

PRRT

Long-acting analogs were stopped 1 month earlier; octreotide 100μg/hour up to 24
hours prior to the procedure.

Tapia rico
2018 [24]

Fouche
2018

Prophylaxis pattern

Stress, hypoxemia, hypothermia, hypo or hypertension, pain, induction of
anesthesia, tumor manipulation, and pharmacological agents, including
anesthetic drugs (vasopressors).

a)
b)

Continuous preoperative infusion of 40 or 80 μg/h (if the patient had
previous CS, MTX, or CHD) 12-48 hours prior to surgery.
Continue with continuous IV infusion at doses of 40-80 μg/h during
intraoperative and postoperative

Kinney
2018 [22]

-Liver QCA manipulation
-Vena cava compression
-Intraoperative hemorrhage
-Hepatic vascular clamping
-Increased 5HIAA (87/169)
-Pharmacological agents (anesthetics and
Vasopressors).

Limbach
2019 [43]

-Anesthesia/surgery
-Vasopressors

Condron
2019 [43]

-Anesthesia/surgery

-LAR
-Bolus of 500 μg of octreotide before induction of anesthesia,
-Continuous infusion of 500 μg /hour until the end of the surgery.

Shabtaie
2021 [7]

-Anesthesia/catheter ablation
-CS active
-CHD

Whether CS is active or CHD present, octreotide 2-4 weeks before ablation.

NET with CHD, with or without CS or CHD, scheduled or in
an emergency for resection surgery, embolization, RRTP,
arteriography, or another type of surgery, who received
perioperative prophylaxis with octreotide. We analyze the
appearance of CC, and CHD, in the number of patients, sex,
and age… according to the definition established by the author.

a) Long-acting (LAR) outpatient monthly injection in 28% of patients (48/169).
b) Despite the monthly LAR, 77% (130/169) received 500μg sb preoperatively
of octreotide SA.
c) 23% of patients (39/169) received 500μg of IV octreotide intraoperatively.

A preoperative bolus of 500 μg of iv octreotide, followed by an infusion of 500 μg/
hour iv of octreotide for the duration of the surgery.

As inclusion criteria, it was considered that they were
fully-text articles, conducted in humans and articles available
in English published between 2010-2021, informing the use of
the prophylactic value of octreotide in CC.
On the other hand, the following were excluded on the
basis of one case: letters to the editor, editorials, conference
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Screening

Records identified through
Database searching nº= 5

Additional records identified through
other sources nº= 144+0+0+1

Records after duplicates removed
(nº= 143)

Eligibility

Included

Records excluded by
title and abstract and
not complete text
(nº=53)

Records screened
(nº=143)

Identification

Full-text articles excluded, with
reasons:
-1 case: 15
-Letter to the editor: 2
-Conference text: 0
-Lack of information: 62

Full-text article
assessed for
eligibility (nº=90)

Studies included in
qualitative synthesis.
(nº=11)

Studies included in
quantitative
synthesis (metaanalysis) (nº=0)

Figure 1: Flow Chart PRISMA 2009.

texts, unavailable full text, and text that, although a study of
the prophylactic use of octreotide in CC, did not document it
with specific studies. They were excluded because the use of
octreotide in the prevention of CC was our first objective; we
also wanted to delve into the precipitating factors.

Search strategy
It was carried out using MEDLINE (accessed from PubMed),
Google Scholar and the Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library, Excerpta Medica

(EMBASE), and WOS (web of science). The search strategy was
based on the population, intervention, comparator, outcome
(PEAK) framework and was designed to find studies and
reviews, from the last ten years, related to the usefulness of
octreotide in the prevention of CC. The keywords “carcinoid
crisis” AND anesthesia AND octreotide AND (prophylaxis or
prevention) were used. This search strategy was developed by
a biostatistician with experience in systematic reviews.
Two authors independently searched for relevant
publications and reviewed the studies identified in the
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bibliography below. The relevant reference lists as well as
the articles included in this review were assessed by the two
reviewers to identify the articles that fit our inclusion criteria.
The two reviewers discussed the obtained results and updated
the data continuously. Approval was obtained from COMITÉ DE
ÉTICA DE LA INVESTIGACION CON MEDICAMENTOS DEL ÁREA
DE SALUD DE SALAMANCA (CEIm Code PI 2018 11 140) dated
July 27, 2019, and the patient’s informed consent.

Study selection
The two reviewers assessed the eligibility of the articles
identified over a period of time from 2010 to 2021. Doubts were
resolved by consensus between them.

Data abstraction
From the articles included and always in accordance with
the definition of CC given by each author, the following data
were obtained:
Type of study, year of publication, age, sex, type of surgery,
precipitating factors, octreotide prophylaxis, appearance or
not of CC, usefulness or not in preventing CC, the perioperative
protocol used, the appearance of CHD. We accompany a
scheduled patient for various interventions, with a history of
CS, CHD, and previous CC.
Study quality assessment tools were followed for systematic
reviews according to the National Heart, Lung, and Blood
Institute. The validity of each included study was carried out
using nine items for which the affirmative (+), negative (-), or
other, including “cannot be determined”, “not applicable” and
“not reported”, (ie, unclear responses) was assigned and rated
as good (7-9), fair (4-6), or poor (3 or less) for each individual
study [28,48].

Results
Study selection
Our electronic research on Medline identified 5 articles,
together with another 145 identified through other sources
such as Google Scholar (n=144), The Cochrane Central Register
of Controlled Trials (CENTRAL) in the Cochrane Library (n = 0),
Excerpta Medica (EMBASE) (n = 0) and WOS (web of science n
= 1).
After reviewing titles, abstracts, and full texts, 90 articles
were included for eligibility; in the end, 11 articles met the
inclusion criteria after excluding clinical case reports, letters
to the editor, and texts with a lack of information (Figure 1).

Characteristics of the study
Of the included articles, five of them are retrospective
studies, one is a prospective study, one is a prospective
case series, two are retrospective case series, one is a metaanalysis of retrospective studies, and one is a cohort study. The
characteristics of the study, mean age, history of hepatic MTX,
CS or CHD, type of procedure used, most frequent primary

location, octreotide prophylaxis used, and dose; appearance
or not of CC are shown in Table 2. All articles were published
between 2010 and 2021.
The selected articles were Massimino et al. [18] 2013; Guo,
et al. 2014 [19] Condron, et al. 2016 [20] Woltering, et al. 2016
[21] Welch et al. [45] 2016; Tapia Rico et al. [24] 2018; Fouche,
et al. 2018 [23] Kinney, et al. 2018 [22] Limbach, et al. 2019 [43]
Condron, et al. 2019 [44] y Shabtaie, et al. 2021 [7]. In them, a
large proportion of patients had a history of CS, hepatic MTX,
and in some cases CHD. The most common primary site was
the small intestine (ID); the most frequent type of procedure
was SI resection, followed by hepatic resection, cytoreductive
hepatic MTX, and PRRT.
According to Massimino, et al. 2013; [18] Guo, et al. 2014;
[19] Condron, et al. 2019, [44] octreotide prophylaxis is
insufficient, it does not prevent nor is effective in preventing CC.
Tapia Rico, et al. [24] concluded that despite prophylaxis with
octreotide, 1 patient had CC and 6 had symptoms of CS. Fouche,
et al. [23] concluded that with prophylaxis the IoCS was mainly
hypertensive. Kinney, et al. 2018 [22] in their retrospective
review with 169 patients did not report any CC. Woltering, et
al. [21] in their review of 179 cytoreductive surgeries, affirm
that prophylaxis with octreotide does decrease the incidence,
documenting only 6 cases (3,4%).
This review has also helped us state that beta-agonists are
not associated with secondary CC (Limbach 2019) [43]. In the
brain MTX resection by Welch, et al. 2016 [45] only one episode
of CC was observed, of course, their retrospective study was
only made on 11 patients. Shabtaie, et al. 2021 [7] in another
retrospective study made on 17 patients for arrhythmia ablation
with a catheter, only reported one CC episode.

Discussion
The efficacy of somatostatin analogs in preventing CC
is controversial. The results are contradictory between the
different studies. Although current evidence is limited to small
series, the use of octreotide infusion has been proposed to
prevent intraoperative CC. However, the literature in this regard
and recent evidence do not support its efficacy in preventing
it. A retrospective study [18] on 97 patients indicated that
octreotide LAR and single-dose prophylactic octreotide were
not associated with a reduced incidence of perioperative CC.
A

recently

published

retrospective

meta-analysis

supported these findings, this time with continuous infusion
[19]. A prospective study was conducted by Condron 2016 [20]
evaluated the preventive use of a 500 μg octreotide perioperative
bolus followed by continuous intraoperative infusion at a rate
of 500 μg /hour. The seizures occurred with a frequency similar
to that of the control of a previous series (30% vs 24%). This
author in a subsequent study on 46 patients in 2019 [44]
reaffirmed that it was ineffective in preventing CC, as 16 cases
of CC were found. Fouche et al. 2018 [23] in their retrospective
case series study in 81 patients found 139 ioCS in 45 patients,
45 cases of highly probable ioCS (CC), 67 probable ioCS, and 27
suspicious ioCS.
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On the other hand, Woltering, et al. 2016 [21] in their
retrospective study of 179 cytoreductive surgeries only found
6 episodes of CC (3.4%), concluding that the incidence did
decrease. Also, Kinney [22] in his retrospective study of
169 patients did not find any CC. Shabtaie, et al. in 20217 in
a cohort study of 17 patients for catheter ablation of cardiac
arrhythmias, only had 1 case of CC. Welch, et al. 2016 [45] in
their retrospective study found only 1 episode of CC out of 11
patients undergoing brain MTX resection.
The ideal prophylactic schedule and dose of octreotide are
not clearly established; various guides recommend different
protocols. The ENETS guideline recommends a regimen with
octreotide 50-100 μg /hour intravenously 12 hours before,
up to 48 h after surgery to successfully prevent CC [9]. The
North American Society for Neuroendocrine Tumors Guideline
(NANETS) advises that routine administration of octreotide
does not prevent CC, but recommends an octreotide program
of 100-500 μg /hour intraoperatively [44].
In contrast, the UKI NETS guideline provides an extensive
schedule on different categories of patients and types of
procedures for the dose and coverage period of octreotide.
Medical therapy with somatostatin analogs as demonstrated in
the PROMID study of octreotide LAR may improve the time to
progression [49].
Somatostatin analogs (SSTA) exert their inhibitory effect
on the secretion of NETs through 5 subtypes of somatostatin
receptors coupled to the G protein, mainly SSTR2 and SSTR5
[17]. The main mechanism is the decrease in c-AMP and
intracellular Ca concentration [17]. However, although
octreotide has proven value in preventing and treating CC,
the current literature is based on small sample size studies
and relatively low-quality data. Perhaps this controversy of
the results can be explained by the heterogeneity of NETs,
perhaps they do not express somatostatin receptors and thus
the SSTA cannot act, perhaps octreotide dose is not capable
of overcoming the acute discharge of mediators, perhaps the
new pasireotide with affinity on SSR1, SSR2, SSR3, and SSR5
if effective in refractory cases to octreotide and lanreotide,
perhaps there is a complementary pathway for the release of
mediators.
Some studies have identified a group of patients at high risk
for developing intraoperative CC [20,42]. These patients include
those with a significant tumor burden, liver metastases [18,20]
coronary heart disease, elevated levels of 5-HIAA in urine
[20,22] and chromogranin A, presence of previous uncontrolled
CS (although patients without CS or liver metastases may
develop CC) [20,42] duration of surgery and advanced age [20].
The imaging procedure of choice to diagnose
neurosarcoidosis (CNS) disease is magnetic resonance imaging
contrast-enhanced (MRI); in the presence of CS and advanced
age could be a risk factor for CC [50].
Paragangliomas are other rare neuroendocrine tumors:
they have the ability to secrete catecholamines. They arise from
the extra-adrenal autonomic paraganglia.

Paragangliomas of the head and neck sometimes release
catecholamines. Head and neck paragangliomas are rare,
accounting for about 0,6% of head and neck tumors. Less than
5% of head and neck paragangliomas secrete catecholamines.
However, most catecholamine-secreting paragangliomas
are found in the abdomen and pelvis. Rachel Moor et al describe
us as a nonsecretory clival paraganglioma [51].
In addition, the inconsistent use of the term CC and the
scarcity of published articles prevent the adaptation of a
universally accepted octreotide dosage. This work has its
limitations such as the scarcity of quality studies using
octreotide in CC prophylaxis. The heterogeneity of the definition
of CC given by each author must be recognized, without there
being a single accepted definition or prophylaxis protocol.

Conclusion
Most NEN is found in the gastrointestinal tract (55%) They
can synthesize, store and secrete up to 40 vasoactive substances
like serotonin, (main substance), tachykinins (substance P),
histamine, kallikreins, prostaglandins (PG), catecholamines,
and motilin to the bloodstream. In healthy individuals,
serotonin is metabolized mainly to 5-hidroxiindolacetic acid.
When there is liver metastasis, liver degradation is blocked and
the substances reach the systemic circulation, developing CS as
a result (rush, diarrhea, and bronchospasm).
CC is an acute and potentially fatal CS complication caused
by the sudden release of 5-HT and other vasoactive peptides
by carcinoid tumor cells. This causes intensive blushing,
bronchospasms, deep hypotension, hemodynamic instability,
and arrhythmias. On the other hand, there is no clear consensus
on its precise definition. Retrospective, prospective, and case
series studies use different definitions. In a perioperative
context, the retrospective series notified a CC incidence of 30%
in patients with CS.
It can occur spontaneously after medication intake,
alcohol, abdominal palpation, induced anesthesia, surgery
(tumor manipulation), tumor necrosis due to chemotherapy,
hepatic artery embolization, bronchoscopy, echography, and
mammography, mostly in patients with extensive tumor bulk.
There is no international consensus on the best regimen or
form of administration of octreotide, subcutaneously (sb) or
in continuous intravenous (iv) infusion. Several protocols have
been devised Mount Sinai, NANETS, ENETS, NETS.
The prophylactic administration of octreotide (300-500 μg
sb or iv), prior to the resection of liver metastases, (levels of
evidence Grade 1B), as well as its prophylactic use for patients
with CS and extensive tumor before embolization of the
hepatic artery (Grade 1B) decreases the incidence of CC. Some
recommend prophylactic octreotide for CS patients before
surgery, while others advocate it for all NET patients scheduled
for surgical resection. For those whose symptoms cannot be
adequately relieved by medical therapy, close monitoring of the
CC is crucial to avoid life-threatening events.
027

Citation: Iglesias-González JL, López-Iglesias MR, Rodríguez-López JM, Díaz-Alvarez A, Gómez-Caminero López F, et al. (2022) Anesthetic management of
patients with carcinoid syndrome and carcinoid heart disease: A systematic review. J Surg Surgical Res 8(2): 019-029.
DOI: https://dx.doi.org/10.17352/2455-2968.000149

https://www.peertechzpublications.com/journals/journal-of-surgery-and-surgical-research

Somatostatin analogs can reduce the risk of developing
CHD and possibly inhibit the progression of the existing
disease since reduce circulating serotonin levels (periodic
echocardiography is recommended and/or monitoring of
serum levels of N-terminal brain natriuretic peptide)
Although octreotide is the cornerstone in the prophylaxis
and treatment of CC, current studies point to a lack of efficacy
in the prevention of CC.
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