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a b s t r a c t 

Background: Sudden massive release of serotonin, histamine, kallikrein, and bradykinin is postulated to 

cause an intraoperative carcinoid crisis. The exact roles of each of these possible agents, however, re- 

main unknown. Optimal treatment will require an improved understanding of the pathophysiology of the 

carcinoid crisis. 

Methods: Carcinoid patients with liver metastases undergoing elective abdominal operations were studied 

prospectively, using intraoperative, transesophageal echocardiography, pulmonary artery catheterization, 

and intraoperative blood collection. Serotonin, histamine, kallikrein, and bradykinin levels were analyzed 

by enzyme-linked immunosorbent assay. 

Results: Of 46 patients studied, 16 had intraoperative hypotensive crises. Preincision serotonin levels were 

greater in patients who had crises (1,064 vs 453 ng/mL, P = .0064). Preincision hormone profiles were oth- 

erwise diverse. Cardiac function on transesophageal echocardiography during the crisis was normal, but 

intracardiac hypovolemia was observed consistently. Pulmonary artery pressure decreased during crises 

( P = .025). Linear regression of preincision serotonin levels showed a positive relationship with mid-crisis 

cardiac index (r = 0.73, P = .017) and a negative relationship with systemic vascular resistance (r = -0.61, 

P = .015). There were no statistically significant increases of serotonin, histamine, kallikrein, or bradykinin 

levels during the crises. 

Conclusion: The pathophysiology of carcinoid crisis appears consistent with distributive shock. Hormonal 

secretion from carcinoid tumors varies widely, but increased preincision serotonin levels correlate with 

crises and with hemodynamic parameters during the crises. Statistically significant increases of serotonin, 

histamine, kallikrein, or bradykinin during the crises were not observed. 

© 2018 Elsevier Inc. All rights reserved. 
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Background 

Carcinoid tumors are rare neuroendocrine tumors (2.5 to 5 in-

dividuals per 10 0,0 0 0 persons per year in the United States) that

most often arise from the midgut. 1 They are known for their pe-

culiar behavior and their ability to secrete an array of hormones,

including serotonin, histamine, tachykinins, and bradykinin. 1,2 Se-

cretion of these hormones by the tumor is believed to be respon-

sible for carcinoid syndrome, which is characterized by flushing,
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bdominal pain, and diarrhea. 1–4 An equally complex, but acutely

ife-threatening feature of carcinoid disease is intraoperative carci-

oid crisis. This scenario is characterized by the abrupt onset of

emodynamic instability, sometimes accompanied by characteris-

ics of carcinoid syndrome, that can result in cardiovascular col-

apse and death. 3,5 Case reports and small studies have suggested

hat physiologic stress or direct tumor manipulation may initiate

hese crises. 3,6 , 7 The pathophysiology of carcinoid crisis is hypoth-

sized to be attributable to a sudden, massive release of the afore-

entioned vasoactive hormones mediated by catecholamines. 3,8 

his hypothesis, however, remains unproven. Early reports of a

arcinoid crisis assumed it to be a severe form of carcinoid syn-

rome, 3 and consequently, the theories of the underlying mecha-

isms of the crisis appear to be extrapolated from what is under-

tood of carcinoid syndrome from early investigations. 8–12 
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Hemodynamic instability from an intraoperative crisis presents

 difficult and dangerous clinical problem. The profound hypoten-

ion that often accompanies such a crisis can cause hypoper-

usion of vital organs, which can result in stroke, myocardial

nfarction, acute kidney injury, and liver damage, among other

omplications. It is therefore, not surprising that patients whose

rises cause greater than 10 minutes of hypotension are at a

reater risk of major postoperative complications. 13,14 Effective pro-

hylaxis and treatment strategies, however, have remained elusive.

Determination of proper pharmacologic intervention, let alone

rophylaxis, for a carcinoid crisis has been hampered by the lack

f understanding of the underlying pathophysiology. Possible hor-

onally driven mechanisms include cardiac failure or cardiogenic

hock, increased pulmonary vascular resistance impeding cardiac

utput, 15,16 and peripheral vasodilation. 12,17 There is one case re-

ort known to us that provides echocardiographic data during a

arcinoid crisis, but it was limited by the absence of precrisis eval-

ation and by concomitant atrial flutter. 18 In an attempt to deter-

ine the pathophysiology of and hormones responsible for carci-

oid crisis, we prospectively studied hemodynamic parameters and

erum levels of hormones historically thought to be the most likely

riggers of carcinoid crisis 3 , 8–12 during operations performed on

atients at high risk for a crisis. 

ethods 

Approval for this study was obtained from the Oregon Health &

cience University Institutional Review Board (Portland). Patients

ere eligible for inclusion if they had a small bowel or lung pri-

ary carcinoid tumor, were at increased risk of a carcinoid cri-

is because of the documented presence of hepatic metastases, 14 

nd were undergoing elective abdominal operation with the princi-

al investigator (R.F.P.). Patients with carcinoid heart disease were

xcluded. Informed consent was obtained from eligible patients.

atient demographics, details of operative procedures, anesthesia,

nd postoperative course were obtained via review of the elec-

ronic medical record and electronic anesthesia record. The latter

ecord documented vital-sign data with time-stamped, 1-minute

esolution. The volume of liver metastases was measured using the

rterial phase of preoperative computed tomography or magnetic

esonance imaging of the liver. All data collection and storage were

ompliant with the Health Insurance Portability and Accountability

ct of 1996. 

All patients were treated with octreotide long-acting repeatable

LAR) at 30 mg—with exceptions of 3 patients who received 20

g and 1 who received 10 mg—and had long-established control

f symptoms on those doses. No patients missed a dose within

8 days of their operation. All patients received a loading dose of

00 mcg of intravenous octreotide before induction of anesthesia.

fter induction, a continuous infusion of 500 mcg of octreotide

er hour was given until the end of the operation. Perioperative

ransesophageal echocardiography (TEE) was performed by TEE-

redentialed attending anesthesiologists. Standard echocardiogra- 

hy views were recorded before incision, before closing, and dur-

ng any crises that were declared. TEE studies were then analyzed

ost-hoc, using dedicated, vendor-independent, speckle tracking

oftware (EchoInsite Right Ventricle Software Suite, Epsilon Imag-

ng, MI). 

A percutaneous pulmonary artery catheter was inserted via

n internal jugular vein. Measurements of cardiac index, cardiac

utput, pulmonary artery pressure, systemic vascular resistance,

nd central venous pressure were recorded before incision, be-

ore closing, and during any crises that were declared. Periph-

ral blood samples for hormone assays were drawn before in-

ision, before closing, and during any crises that were declared.

lood samples were frozen, stored, and batched for enzyme-linked
mmunosorbent assay (ELISA) analysis of serotonin, histamine,

allikrein, and bradykinin levels. ELISA analysis was performed

sing the following commercially available kits according to the

anufacturer’s instructions: 

• Serotonin ELISA kit (Enzo Life Sciences, Inc, Farmingdale, NY,

USA). 

• Abnova Histamine ELISA kit (Abnova Corporation, Taipei City,

Taiwan). 

• Human Kallikrein 5 Quantikine ELISA kit (R&D systems, Min-

neapolis, MN, USA). 

• Human Bradykinin EIA kit (Innovative Research, Novi, MI, USA).

An intraoperative carcinoid crisis was defined as a clinically im-

ortant hemodynamic instability not attributable to other factors,

uch as substantial blood loss or compression of the inferior vena

ava. Hemodynamic instability was considered clinically important

f the systolic blood pressure was < 80 or > 180 mmHg, if the heart

ate was greater than 120 beats per min, or if the patient was dis-

laying physiology that, if sustained, would be expected to cause

nd organ dysfunction, such as ventricular arrhythmias or bron-

hospasm causing difficulty with ventilation. Consensus of the sur-

eon and attending anesthesiologist was necessary to declare a

risis. 

Differences in patient characteristics were evaluated with inde-

endent sample t tests, χ2 analysis, or the Fisher’s exact test. Uni-

ariate analyses of risk factors for intraoperative carcinoid hemody-

amic events and for major postoperative complications informed

he construction of a multivariate logistic regression model for

he risk of intraoperative crisis. The Hosmer and Lemeshow vari-

ble reduction methods were used to find the most parsimonious

odel. Likelihood ratio tests evaluated model fit. Differences in

ormone levels and hemodynamic parameters at preincision, mid-

risis, and closing time points were evaluated with paired t tests.

he association between hormone levels and hemodynamic pa-

ameters was evaluated with the Pearson correlation coefficient.

inear regression of hormone levels at each of the three time

oints studied and hemodynamic parameters was performed using

BM SPSS Statistics for Windows, v 24.0 (IBM, Armonk, NY). The

evel of significance was set at P ≤ .05. 

esults 

A total of 46 patients were studied between 2015 and 2017,

f whom 28 were women. Mean age was 63 years. A total of 40

atients (87%) had a small bowel primary, and 30 (65%) had car-

inoid syndrome. Thirty-one patients had mesenteric metastases

67%), and 9 had carcinomatosis (13%). The most common proce-

ures performed during the operation were debulking of hepatic

etastases (80%), prophylactic cholecystectomy (76.%), resection of

 mesenteric nodal mass (50%), and resection of small bowel pri-

ary (48%). The majority of patients had more than 1 procedure

uring their operation. Mean duration of anesthesia was 349 min-

tes (range 208–543 minutes), and mean estimated blood loss was

21 mL (range 20–3,500 mL). Median duration of hospital stay was

 days (interquartile range 7—9 days). A total of 41 patients (89%)

ad an epidural placed preoperatively, but none had medications

nfused via the epidural during the operation. Twenty-two patients

48%) had postoperative complications, of which 8 had Clavien-

indo class III-IV complications ( Table 1 ). 19 

A total of 16 patients (35%) had an intraoperative hypoten-

ive carcinoid crisis declared. Mean crisis duration was 8.1 min-

tes (range 3–17 minutes). Comparison of characteristics among

atients who had an intraoperative crisis and those who did not

 Table 2 ) revealed no differences among the parameters studied.

here was no difference between groups in the overall rate of post-

perative complications. 
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Table 1 

Postoperative complications of patients grouped by incidence of intraoperative carcinoid 

crisis 

Complication Without crisis With crisis Clavien-Dindo 

N (%) N (%) classification 

Dysthrythmia 2 1 II 

Hemorrhage requiring transfusion 1 2 (13) II-IIIb 

Surgical site event 3 (10) 3 (19) I-IIIb 

Intra-abdominal abscess 4 1 IIIa 

Anastomotic leak 0 1 IVb 

Acute kidney injury 1 1 I 

Urinary tract infection 2 0 II 

Clostridium difficile infection 0 3 (19) II 

Pneumonia 1 0 II 

Decompensated liver failure 0 1 IVb 

Return to the operating room 2 1 IIIb 

Note: Patients without crisis N = 30, and patients with crisis N = 16. Some patients with 

and without crisis had more than one complication. 

Table 2 

Patient Characteristics Grouped by Incidence of Intraoperative Carcinoid Crisis 

No Crisis (N = 30) Intraoperative Crisis (N = 16) 

N (%) Mean SD N(%) Mean SD p -value 

Age at operation (years) 63.3 9.4 62.1 8.1 0.652 

Female sex 16 (53.3) 12 (75) 0.152 

Presence of carcinoid syndrome 19 (63.3) 11 (68.8) 0.713 

Operative procedures 

Hepatic debulking 25 (83.3) 12 (75) 0.497 

Prophylactic cholecystectomy 22 (73.3) 13 (81.3) 0.549 

Resection of primary tumor 14 (46.7) 10 (62.5) 0.306 

Resection of mesenteric nodal mass 16 (53.3) 7 (43.8) 0.536 

Combination of above procedures 26 (86.7) 14 (87.5) 0.936 

Volume of hepatic metastases on preoperative CT or MRI (cm 

3 ) 34.3 62.3 83.2 109.7 0.059 

Estimated volume debulked (cm 

3 ) 21.5 40.2 29.7 32.2 0.484 

Duration anesthesia (min) 340.6 72.4 363.3 71.4 0.314 

Estimated blood loss (mL) 619.0 722.3 625.0 440.5 0.976 

Hospital length of stay (days) 8.4 4.3 11.6 11.9 0.315 

Any postoperative complication 14 (46.7) 8 (50.0) 0.829 

Clavien-Dindo class I-II complications 8 (26.7) 6 (37.5) 0.447 

Clavien-Dindo class III-IV complications 6 (20.0) 2 (12.5) 0.523 

Dose of octreotide LAR at time of operation (mg) 28.5 3.7 28.7 5.2 0.912 

Duration of treatment with long acting somatostatin analogue prior to operation (months) 16.6 31.5 14.6 31.3 0.832 

Note . SD = standard deviation, CT = computed tomography, MRI = magnetic resonance imaging, LAR = long acting repeatable. P -values reported from χ 2 analysis and inde- 

pendent sample t-tests. P < 0.05 considered significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d  

p  

i  

n  

w  

(

H

 

w  

b  

t  

h  

o  

s  

p  

v  

l  

[  

 

m  

v  

k  
TEE data 

All measured echocardiographic parameters were within the

normal ranges at the preincision and closing time points in all pa-

tients. The TEE during the crisis also showed echocardiographic pa-

rameters were within the normal ranges and not different from

preincision or closing values ( Table 3 ). There were no differences

in preincision and the closing TEE parameters between patients

who did and did not have a crisis ( Table 4 ), but intracardiac hy-

povolemia was consistently observed during the crisis. 

Hemodynamic data 

All patients had an increase in cardiac index (2.5 vs 3.4

L/min/m 

2 , P < .001) and a decrease in systemic vascular resis-

tance (1,261 vs 946 dyn • s • cm 

–5 , P < .001) from preincision to clos-

ing time points. There were no changes in mean pulmonary artery

pressure in patients who did not have an intraoperative carcinoid

crisis; in contrast, patients who had an intraoperative carcinoid cri-

sis demonstrated a decrease in mean pulmonary artery pressure at

the time of crisis compared with mean preincision pressure (16.5

mmHg vs 18.9 mmHg, P = .025). Systemic vascular resistance also

decreased during the crisis (1,412 vs 1,030 dyn • s • cm 

–5 , P = .011),

but this value was not different from systemic vascular resistance
uring closing (1,028 vs 928 dyn • s • cm 

–5 , P = .217; Table 3 ). Com-

arison of hemodynamic parameters at both preincision and clos-

ng time points between patients with and without crisis revealed

o differences, except for closing central venous pressure, which

as less in patients who had a crisis (8.2 vs 11.0 mmHg, P = .019)

 Table 4 ). 

ormone data 

Preincision hormone profiles among the individual patients

ere markedly diverse. Comparison of preincision hormone levels

etween patients who had an intraoperative carcinoid crisis and

hose who did not showed greater levels of serotonin in those who

ad had a crisis (1,064 vs 453 ng/mL, P = .006). There were no

ther differences in the preincision levels of the other 3 hormones

tudied. In a best-fit, multivariate logistic regression model of the

reincision hormone levels, as well as operative and demographic

ariables associated with a crisis, only the preincision serotonin

evel remained associated with development of crisis (odds ratio

OR] 1.10, P = .015, 95% confidence interval [CI] 1.02–1.19) ( Table 5 ).

Comparison of mean hormone levels between preincision and

id-crisis time points revealed no differences in serotonin (1,064

s 910 ng/mL, P = .295), histamine (1.07 vs 0.52 pg/mL, P = .158),

allikrein (37.6 vs 32.5 pg/mL, P = .467), or bradykinin levels (334
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Table 3 

Comparison of transesophageal echocardiographic and hemodynamic parameters in patients with intraoperative carcinoid crisis at preincision, 

mid-crisis, and closing time points 

Preincision Mid-crisis Closing Preincision versus 

mid-crisis P value 

Mid-crisis versus 

closing P value 

N Mean SD N Mean SD N Mean SD 

RV PLSS (%) 10 –23.4 4.4 10 –22.2 4.8 9 –23.2 5.0 .423 .687 

RV TAPSE (cm) 10 1.6 0.3 10 1.5 0.3 9 1.7 0.6 .175 .193 

LV GLS (%) 11 –21.2 3.7 11 –21.3 4.7 10 –22.0 3.1 .917 .608 

LV EF (%) 11 57.5 6.3 11 55.5 6.9 10 55.3 6.2 .377 .965 

MAP (mmHg) 15 80.9 14 15 62.0 9.6 15 73.7 11 < .001 ∗ .010 ∗

HR (bpm) 15 64.1 13 15 70.3 15.3 15 82.1 18 .071 .005 ∗

CI (L/min/m 

2 ) 15 2.53 0.6 15 2.47 0.6 15 3.47 0.8 .635 < .001 ∗

CO (L/min) 15 4.7 1.3 15 4.7 1.3 15 6.5 2.0 .683 < .001 ∗

SVR (dyn • s • cm 

–5 ) 14 1412 574 14 1030 350 14 928 307 .011 ∗ .217 

Mean PAP (mmHg) 15 18.9 4.0 15 16.5 2.1 15 18.8 4.3 .025 ∗ .012 ∗

CVP (mmHg) 15 11.0 5.4 15 8.0 2.6 15 7.9 2.1 .060 .845 

Note: P values reported from paired t tests. P ≤ .05 considered significant. 
∗ P ≤ .05. SD , standard deviation; RV , right ventricle; PLSS , peak longitudinal systolic strain; TAPSE , tricuspid annular plane systolic excursion; 

LV , left ventricle; GLS , global longitudinal strain; EF , ejection fraction; MAP , mean arterial pressure; HR , heart rate; CI , cardiac index; CO , cardiac 

output; SVR , systemic vascular resistance; PAP , pulmonary artery pressure; CVP , central venous pressure. 

Table 4 

Comparison of transesophageal echocardiographic and hemodynamic parameters in patients with and 

without intraoperative carcinoid crisis 

No crisis Intraoperative crisis P value 

N Mean SD N Mean SD 

Preincision RV PLSS (%) 26 –22.0 3.2 14 –22.9 4.7 .530 

Preincision RV TAPSE (cm) 26 1.82 0.4 14 1.68 0.4 .227 

Preincision LV GLS (%) 27 –21.1 3.6 14 –20.9 3.3 .895 

Preincision LV EF (%) 26 50.7 16.5 14 55.4 7.2 .315 

Preincision MAP (mmHg) 29 81.6 17.8 15 80.9 13.9 .720 

Preincision HR (bpm) 29 67.1 12.2 15 64.1 12.5 .447 

Preincision CI (L/min/m 

2 ) 29 2.50 0.35 15 2.53 0.62 .889 

Preincision CO (L/min) 29 4.79 0.75 15 4.74 1.34 .865 

Preincision SVR (dyn • s • cm 

–5 ) 28 1185 284 14 1412 574 .183 

Preincision mean PAP (mmHg) 30 20.2 6.47 16 17.8 6.1 .217 

Preincision CVP (mmHg) 29 11.2 4.8 16 11.1 5.3 .144 

Mean mid-crisis RV PLSS (%) 0 — — 10 –22.2 4.8 —

Mean mid-crisis RV TAPSE (cm) 0 — — 10 1.5 0.3 —

Mean mid-crisis LV GLS (%) 0 — — 11 –21.4 4.7 —

Mean mid-crisis LV EF (%) 0 — — 11 55.5 7.0 —

Mean mid-crisis MAP (mmHg) 0 — — 15 62.0 9.6 —

Mean mid-crisis HR (bpm) 0 — — 15 70.3 15.3 —

Mean mid-crisis CI (L/min/m 

2 ) 0 — — 15 2.5 0.6 —

Mean mid-crisis CO (L/min) 0 — — 15 4.7 1.3 —

Mean mid-crisis SVR (dyn • s • cm 

–5 ) 0 — — 15 1028 337.4 —

Mean mid-crisis mean PAP (mmHg) 0 — — 15 16.5 2.1 —

Mean mid-crisis CVP (mmHg) 0 — — 15 8.0 2.6 —

Closing RV PLSS(%) 21 –22.9 4.0 11 –23.7 4.0 .585 

Closing RV TAPSE(cm) 21 1.8 0.4 11 1.7 0.5 .510 

Closing LV GLS(%) 21 –22.0 3.1 11 –21.7 3.1 .756 

Closing LV EF(%) 21 54.8 10.0 11 54.8 6.1 .987 

Closing MAP (mmHg) 29 83.6 17.6 15 73.7 11.2 .054 

Closing HR (bpm) 29 79.8 17.4 15 82.1 18.4 .689 

Closing CI (L/min/m 

2 ) 29 3.4 0.8 15 3.5 0.8 .781 

Closing CO (L/min) 29 6.4 1.5 15 6.5 2.0 .819 

Closing SVR (dyn • s • cm 

–5 ) 29 944 240.3 15 928 307.2 .842 

Closing mean PAP (mmHg) 29 20.9 6.1 15 18.7 4.3 .228 

Closing CVP (mmHg) 30 11.0 3.9 16 8.3 2.7 .019 

Note: N = 46. P values reported from independent sample t tests. P ≤ .05 is considered significant. 

SD , standard deviation; RV , right ventricle; PLSS , peak longitudinal systolic strain; TAPSE , tricuspid 

annular plane systolic excursion; LV , left ventricle; GLS , global longitudinal strain; EF , ejection frac- 

tion; MAP , mean arterial pressure; HR , heart rate; CI , cardiac index; CO , cardiac output; SVR , systemic 

vascular resistance; PAP , pulmonary artery pressure; CVP , central venous pressure. 
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a  
s 311 ng/mL, P = .869) ( Fig. 1 ). Similarly, there were no differences

etween the mid-crisis and closing time points in the levels of any

f the 4 hormones studied. Patients both with and without crisis

ad decreases from preincision to closing time points in kallikrein

evels (47.7 vs 29.8 pg/mL, P = .001) and bradykinin levels (300 vs

39 ng/mL, P = .002) ( Fig. 1 ). 
t  
orrelations between hormone levels and hemodynamic parameters 

Linear regression revealed relationships between preincision

erotonin levels and the mid-crisis cardiac index (r = 0.73, P = .017)

 Fig. 2 ) and cardiac output (r = 0.61, P = .017) ( Fig. 3 ), as well as

 negative relationship with mid-crisis systemic vascular resis-

ance (r = –0.61, P = .015) ( Fig. 4 ). Linear regression also showed a
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Fig. 1. Levels of serotonin, histamine, kallikrein, and bradykinin at preincision, mid-crisis, and closing time points in patients with and without intraoperative carcinoid crisis. 

Note: Normal range for whole-blood serotonin is 101–283 ng/mL, plasma histamine 0.3–1.0 ng/mL, and plasma bradykinin 3.0–4.8 ng/mL. 25 A normal range is not available 

for plasma kallikrein. ∗P ≤ .05 

Table 5 

Adjusted odds ratios and 95% confidence intervals for the risk of intraoperative car- 

cinoid crisis from parsimonious multivariate logistic regression model 

Factor (per unit increase) Adjusted OR 95% CI P value 

lower upper 

Age at operation (5 year) 1.04 0.70 1.56 .8467 

Anesthesia time (10 min) 1.11 0.96 1.27 .1328 

EBL (50 mL) 0.97 0.90 1.05 .4178 

Preincision serotonin (100 ng/mL) 1.10 1.01 1.19 .0151 

Preincision histamine (0.1 ng/mL) 1.00 0.96 1.03 .7853 

Preincision kallikrein (10 pg/mL) 0.92 0.75 1.13 .4144 

Preincision bradykinin (50 ng/mL) 1.04 0.96 1.11 .3670 

Note: N = 46. Model c-statistic (AUC) = 0.75. P ≤ .05 considered statistically signifi- 

cant. 

AUC , area under the curve; CI , confidence interval; EBL , estimated blood loss. OR , 

odds ratio. 
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Fig. 2. Linear regression of preincision and mid-crisis serotonin levels and mid- 

crisis cardiac index in patients with intraoperative carcinoid crisis. 
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negative relationship between mid-crisis serotonin levels and the

mid-crisis systemic vascular resistance (r = –0.54, P = .039) ( Fig. 4 ).

In addition, mid-crisis serotonin levels positively correlated with

the mid-crisis cardiac index ( r = .56, P = .030) and cardiac output

( r = 0.53, P = .043) using the Pearson correlation. There were no

correlations using the Pearson correlation between any of the other

hormone levels at either the preincision or mid-crisis time points

with pulmonary artery pressure, heart rate, mean arterial pressure,

or systolic blood pressure. 
Patients with intraoperative carcinoid crisis who required at

east 1 vasopressor bolus for treatment of their hypotension

ad greater levels of preincision serotonin (1,413 ng/mL vs 294

g/mL, P = .004), mid-crisis serotonin (1,223 ng/mL vs 221 ng/mL,

 = .010), and closing serotonin (1,022 ng/mL vs 145 ng/mL,

 = .022) than those who did not require vasopressor support.

here were no differences in histamine, kallikrein, or bradykinin
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Fig. 3. Linear regression of preincision and mid-crisis serotonin levels and mid- 

crisis cardiac output in patients with intraoperative carcinoid crisis. 
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crisis systemic vascular resistance in patients with intraoperative carcinoid crisis. 
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evels between these groups at any of the measured time

oints. 

iscussion 

This prospective study of the pathophysiology of intraoperative

arcinoid crisis has revealed multiple unexpected differences from

he hypothetic model of carcinoid crisis being caused by sudden,

assive release of hormones associated with carcinoid syndrome.

any studies, most of which were performed in the 1960s, have

uggested prominent roles for serotonin, histamine, and bradykinin

n the manifestations of carcinoid syndrome, namely the diarrhea

nd flushing. 10–12 , 20 Although previous work has indicated that

arcinoid syndrome is a risk factor for intraoperative carcinoid cri-

is, 14 data directly supporting the connection between these hor-

ones and carcinoid crisis are lacking. Thus, direct study of these

ormones, using modern biochemical assays, was performed to de-

ermine their relative roles and to possibly identify pharmacologic

argets for intervention. These hormonal investigations were cou-

led with invasive monitoring of cardiac and hemodynamic param-

ters to elucidate the pathophysiology of intraoperative crisis and

otentially guide treatment. 

The predominant finding of this study was that there was

o massive release or even a change of serotonin, histamine,

allikrein, or bradykinin levels during the hypotensive carcinoid

risis. Therefore, none of these vasoactive hormones can be directly

mplicated as being responsible for triggering a crisis. These ob-

ervations suggest that an intraoperative carcinoid crisis may be

n entirely separate pathophysiologic entity from that of carcinoid
yndrome, rather than the extreme end of a spectrum of symp-

oms, and that the assumptions regarding its mechanism based

n studies of carcinoid syndrome may be incorrect. Furthermore,

here is no physiologic basis for targeting any of these hormones

harmacologically for either prophylaxis against or treatment of a

risis. 

Another unexpected finding was that there was no “typical”

ormone profile for carcinoid patients with liver metastases. The

reincision serotonin, histamine, kallikrein, and bradykinin serum

rofiles in the patients in this study varied widely, although mean

alues of serotonin and bradykinin did exceed the upper limits of

ormal. Within this wide variability, we found that patients who

ad an intraoperative crisis had greater preincision serotonin lev-

ls than patients who did not have a crisis. Thus, increased sero-

onin levels appear to be a marker of risk for intraoperative car-

inoid crisis, even though serotonin does not appear to be the

ausative hormone. This finding is in agreement with our previous

bservation that carcinoid syndrome is also a marker of risk. 14 Be-

ause serotonin is known to be a potent vasoconstrictor, 16 it would

ot be expected to cause hypotension unless it caused vasocon-

triction in the cardiac vasculature, leading to cardiac pump fail-

re, or in the pulmonary vasculature, impeding delivery of blood

o the left heart. TEE, however, found that all cardiac functions

ere normal and unchanged compared with the baseline during a

risis, ruling out cardiac pump failure as a mechanism. Pulmonary

rtery catheterization also showed that mean pulmonary arterial

ressures decreased significantly during a crisis, ruling out pul-

onary vasoconstriction. Instead, TEE consistently showed intrac-

rdiac hypovolemia during the crisis. The observed combination of

ntracardiac hypovolemia, decreased systemic blood pressure, and

o change in central venous pressure or compensatory increase in

ystemic vascular resistance indicates that the pathophysiology of

ntraoperative carcinoid crisis is most consistent with distributive

hock. The underlying mechanism is thus most likely to be vasodi-

ation decreasing return of venous blood to the heart, resulting in

ypotension. 

Further supporting distributive shock as a mechanism was the

bservation of decreased systemic vascular resistance during the

risis, although it is difficult to determine definitively whether this

epresented peripheral vasodilation secondary to the crisis itself or

 background effect of general anesthetic. 21 A strong case for the

atter could be made, based on the lack of change in systemic vas-

ular resistance between the mid-crisis and closing time points.

ighly significant negative correlations between both preincision

nd mid-crisis serotonin levels and systemic vascular resistance

uring a crisis were, however, detected. Furthermore, patients with

igh preincision serotonin levels were more likely to require vaso-

ressor treatment for hypotension during a crisis. These findings

ndicate that increased serotonin levels are not only a marker of

isk for a crisis but also for the severity of the crisis. 

Historically, physicians have used octreotide for both prophy-

axis and treatment of carcinoid crisis. 8,9 , 22–24 This choice was log-

cal under the assumption that a carcinoid crisis is caused by the

ame hormones as carcinoid syndrome. We have systematically

tudied the use of outpatient octreotide LAR, preoperative and in-

raoperative boluses of octreotide, and continuous infusion of oc-

reotide and found them all to be ineffective at preventing an in-

raoperative hypotensive carcinoid crisis. 13,14 Regardless of these

ndings, we continued to administer octreotide LAR, a loading

ose of intravenous octreotide, and a continuous infusion of intra-

enous octreotide to all patients in this study to avoid introducing

dditional variables that might confound comparisons with other

ork. Despite the use of octreotide, a high rate (35 %) of other-

ise inexplicable hypotensive events occurred during this study,

roviding additional data that prophylactic octreotide is ineffective.

ailure to find data supporting the theory that a carcinoid crisis is
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caused by massive release of the hormones octreotide is known to

suppress further weakens its potential role as a prophylactic agent.

Continued reliance on octreotide for prevention may result in po-

tentially dangerous complacence among providers. 

Rather, providers should recognize that intraoperative crisis oc-

curs in a substantial percentage of carcinoid patients, particularly

those with liver metastases and carcinoid syndrome, and be pre-

pared to treat it promptly and aggressively. The most appropriate

treatment for hypotension consistent with distributive shock would

be the administration of intravenous fluids and vasopressors. Fu-

ture work should focus on the relative efficacies of various vaso-

pressors for quickly restoring hemodynamic parameters to normal

and evaluating whether beta-adrenergic agonists, which tradition-

ally have been avoided in carcinoid patients for fear of provoking a

secondary crisis, actually provoke a secondary crisis or are effective

treatment options. 

References 

1. Modlin IM , Oberg K , Chung DC , Jensen RT , de Herder WW , Thakker RV ,
et al. Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol .

2008;9:61–72 . 

2. Mancuso K , Kaye AD , Boudreaux JP , Fox CJ , Lang P , Kalarickal PL , et al. Car-
cinoid syndrome and perioperative anesthetic considerations. J Clin Anesth .

2011;23:329–341 . 
3. Kahil ME , Brown H , Fred HL . The carcinoid crisis. Arch Intern Med .

1964;114:26–28 . 
4. Lips CJ , Lentjes EG , Hoppener JW . The spectrum of carcinoid tumours and car-

cinoid syndromes. Ann Clin Biochem . 2003;40:612–627 . 

5. Vaughan DJ , Brunner MD . Anesthesia for patients with carcinoid syndrome. Int
Anesthesiol Clin . 1997;35:129–142 . 

6. Magabe PC , Bloom AL . Sudden death from carcinoid crisis during image-guided
biopsy of a lung mass. J Vasc Interv Radiol . 2014;25:4 84–4 87 . 

7. Morrisroe K , Sim IW , McLachlan K , Inder WJ . Carcinoid crisis induced by re-
peated abdominal examination. Intern Med J . 2012;42:342–344 . 

8. Woltering EA , Wright AE , Stevens MA , Wang YZ , Boudreaux JP , Mamikunian G ,

et al. Development of effective prophylaxis against intraoperative carcinoid cri-
sis. J Clin Anesth . 2016;32:189–193 . 

Discussion 

Dr James Howe (Iowa City, IA): It’s a great body of work that

Dr. Pommier’s group is doing to examine a really important clinical

problem that we don’t all understand. 

What I am trying to take away from your talk is whether we

should be giving patients octreotide during these cases, or do we

just give it to people with preoperative elevated serotonin levels?

When they have these crises, what do we do? Do we give them

volume, phenylephrine, vasopressin? Do you avoid epinephrine like

it has been recommended because this may cause increased re-

lease of vasoactive amines? How should what you have learned

help us move forward? 

Dr Kristen E. Limbach : Thank you for that excellent question.

Based on prior studies that have looked at both bolus octreotide

and continuous infusion of octreotide for the duration of the op-

eration, none of those have shown any difference in terms of rate

of crisis. Our data continue to support that. Anecdotally, our in-

stitution has stopped using prophylactic octreotide and has found

no increased rate of carcinoid crisis after that change. We have

done about a hundred cases without prophylactic octreotide at this

point. 

In terms of what we should be doing to treat carcinoid cri-

sis, given the mechanism of distributive shock that our study sug-

gested, the way we treat distributive shock would be fluids and
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ressors. If you think of sepsis guidelines, et cetera, those really

mphasize early fluids and early pressors. 

Dr Subash Patel (Chicago, IL): You have described a physiologic

odel that looks like a sepsis model. When you look at distributive

hock, the prime mediator for distributive shock, in hyperdynamic

irculation like this, is nitric oxide. Did you look at NO as a marker

or this phenomenon that you are observing? 

Dr Kristen E. Limbach : Unfortunately, were not able to mea-

ure nitric oxide in this study. However, many of the downstream

ffects of some of the hormones studied include increased NO. Be-

ause we did not see a massive increase at the time of crisis, one

ould potentially extrapolate that NO may or may not be a poten-

ial mediator here. It’s really difficult to tell with what we have,

nd it might be something we could look at in the future. 

Dr Steven Libutti (Bronx, NY): Do you still have the samples

hat you used to look at the cytokines? 

Dr Kristen E. Limbach : Yes, sir, we do. 

Dr Steven Libutti (Bronx, NY): I would suggest looking at IL-6,

ecause serotonin is a known inducer of IL-6 expression. IL-6 is a

ajor vasodilator working at the endothelial level. It has a longer

alf-life than nitric oxide, and I think it would be more likely to

e the effector cytokine for what you are seeing. And, if you see

levated IL-6 levels, then you would have a potential therapeutic

trategy around preventing the vasodilatation, whether it be anti-
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ody therapy, or what have you. So, I would strongly encourage

ou to look at IL-6. 

You should look at IL-6, IL-8, and tumor necrosis factor (TNF)

ecause those are the likely cytokines. I would be willing to bet

t’s going to be one or all of those three that are elevated as a

esult of the serotonin. 

Dr Kristen E. Limbach : Thank you so much. I appreciate that. 

Dr Janic Pasieka (Calgary, AB): Would you define what mid-

risis is? Because this is dynamic. The patient starts to go into cri-

is. And then there are interventions being done, and then you are

rawing the blood at mid-crisis. What can you say to reassure me

hat mid-crisis for each of these diverse patients was essentially

round the same time? 

Dr Kristen E. Limbach : Thank you for that excellent question.

o, as you all saw on the video that was demonstrated, crisis can

e a very dramatic time in the operating room—the patient having

 profound episode of hypotension. A lot of things need to happen

n a very short period for the care of that patient. 

Typically, our samples were drawn as soon as a crisis had been

eclared. As the patient went into a hypotensive episode, the deci-

ion had to be made rather quickly: Was this a crisis or not? The

urgeon and anesthesiologist made that decision together, and then

he samples were drawn. In terms of our hemodynamic data, all of

he data were reported at the nadir of that crisis. 

Dr Xavier Keutgen (Chicago, IL): I just wanted to ask you a few

uestions about the types of surgery that you were doing. 

Was there a difference in the operations you did and whether

ou observed a crisis or not? 

The second question is whether there is a threshold for sero-

onin levels. Do you say that everybody with a high serotonin level

reoperatively, even if it was just 10% above normal, is at risk for

his? 

My third point comes back to the samples, which are probably

ery precious. I have a theory that at this point we cannot measure

hings that these tumors are secreting. So, there are newer ways,

ike metabolomics, et cetera, that I would really look into to figure

ut if maybe it’s IL-6, maybe it’s another cytokine, or maybe it’s

omething else that these tumors are secreting that we are just not

ware of. Because I personally know of many patients that have a

carcinoid crisis” with a completely normal hormonal profile. 

Dr Kristen E. Limbach : To address your first question, there

as no difference between operation types in terms of rate of cri-

is or of any of the hormones that we measured. The predominant

perative procedures that were done for these patients was hep-

tic debulking, resection of a mesenteric nodal mass, resection of

he primary tumor, and prophylactic cholecystectomy. Those were

he most frequently performed operative procedures and, as I said,

here were no differences between crisis and non-crisis and no dif-

erences in their hormone profiles. 

In terms of a serotonin threshold, I would be very cautious

n interpreting the pre-incision serotonin as being associated with

isk of crisis and therefore as an indicator that we should base our

perative anesthesia protocols on that serotonin level. The adjusted
dds ratio in that model was 1.1, so extremely weak. And some of

ur patients with the highest serotonin levels did not have a crisis,

nd vice versa. 

So I would still be very vigilant with all carcinoid patients in

erms of their operative care. 

And regarding your last comment, yes, we will certainly hold

nto those samples. 

Dr Herb Chen (Birmingham, AL): You mentioned you are not

sing octreotide anymore. Correct? Are you repeating the studies

ith the sampling for the patients that are not on octreotide? 

Dr Kristen E. Limbach : We have not begun that process, al-

hough I think there are a lot of things we would like to under-

tand now in terms of what the role of octreotide may be in the

ctreotide-naive patient. 

There are, of course, many reports out there of octreotide saving

he day, being given in a bolus fashion after a profound carcinoid

risis. Anecdotally, we have seen increased return of blood flow to

he right heart with administration of octreotide in an octreotide-

aive patient. So, I think there are several studies on the horizon in

erms of what we should be looking at now that we have stopped

sing prophylactic octreotide. 

Dr John Chabot (New York City, NY): You have a unique oppor-

unity in this experimental setup to look at mixed venous blood

nd arterial samples simultaneously. Did you do that? And did

ou see what contributions the lungs may have to clearing these

gents? 

Dr Kristen E. Limbach : We actually did draw both peripheral

nd central samples. However, many of the findings that we had

ith the peripheral samples were repeated with central samples,

nd it was very difficult to interpret the pre-incision hormone pro-

les (which were only peripheral) in the context of a centrally

rawn mid-crisis and closing serotonin level, and, of course, repeat

hat with the other hormones. So, we had a lot of difficulty inter-

reting the exact role of the central venous level and these were

ll peripheral values that were reported. 

Dr Mira Milas (Phoenix, AZ): Recently in the anesthesia liter-

ture, it has come to light that lisinopril and ACE inhibitors can

ause a profound hypotensive episode in combination with some

nesthetics, so that those medications are now being scrutinized

o a high degree in order to prevent patient complications. 

So, as you try to understand the mechanism of this, did you

ook at anesthetic combinations? Did you look at preoperative pa-

ient medications, or anything else that would be coexistent with

hese biomarkers and their patterns that could be contributing? 

Dr Kristen E. Limbach : Thank you, Dr Milas, for that excellent

uestion. We did look at anesthetic types and found no differences.

ost of our patients had propofol. Very few had an inhaled anes-

hetics or anything like that, so we really did not find anything in

articular in terms of differences between the groups there. 

We did not analyze the baseline medication profiles. In prior

tudies, we had not seen any difference there, so we did not make

hat a priority. It’s something that would be interesting to look at

or the future. 
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