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Background/Aims
In patients with neuroendocrine tumors, excessive production of serotonin and other amines may cause the carcinoid syndrome, 
which is mainly characterized by diarrhea and flushing. Little is known about the pathophysiology of carcinoid diarrhea. In several 
other groups of patients, diarrhea may be associated with rectal hypersensitivity and increased rectal tone. Therefore, the aim of the 
present study was to compare rectal sensitivity and compliance in patients with carcinoid diarrhea and in healthy subjects. 

Methods
Twelve patients (6 males, aged 54-78 years, median 65 years), with carcinoid diarrhea and 19 healthy subjects (7 males, aged 50-78 
years, median 61 years) were included. Rectal mechanical and heat stimulation was used for assessment of rectal mechano-sensory 
properties. 

Results
Overall, 5.3% higher temperatures were needed to elicit sensory responses in patients with carcinoid diarrhea than in healthy subjects 
(P = 0.015). Posthoc analyses revealed that the sensory threshold to heat was 48.1 ± 3.1oC in patients vs 44.7 ± 4.7oC in healthy 
subjects (P = 0.041). In contrast, patients and healthy subjects showed no overall differences in rectal sensory response to mechanical 
distension (P = 0.731) or rectal compliance (P = 0.990). 

Conclusions
Patients with carcinoid diarrhea have higher sensory thresholds to heat stimulation in comparison to healthy subjects, but normal 
rectal sensation to mechanical distension and normal compliance. Therefore, treatment of carcinoid diarrhea should aim at prolonging 
gastrointestinal transit and decreasing secretion, rather than modifying rectal mechano-sensory function.
(J Neurogastroenterol Motil 2016;22:264-271)
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Introduction 	

Neuroendocrine tumors (NETs) are rare tumors arising from 
neuroendocrine cells mostly found in the gastrointestinal (GI) tract, 
but they are also present in other organs including the lungs and 
pancreas.1,2 NETs are defined as functioning or non-functioning 
depending on whether they produce amines and hormones or not. 
When the tumor is local the production of active substances is 
usually limited and rapidly metabolized in the liver. If the tumor 
spreads to the liver or retroperitoneal glands, the production of ac-
tive substances rises and they are able to escape hepatic first-pass 
metabolism.3,4 Serotonin (5-hydroxy-tryptamine [5-HT]) is the 
predominant secreted amine and, probably, the main cause of the 
carcinoid symptoms which includes diarrhea, flushing, endocardial 
fibrosis and asthmatic-like attacks.5,6

Diarrhea and flushing are the predominant symptoms of the 
carcinoid syndrome7,8 and diarrhea has the greatest impact on 
health related quality of life.9,10 The standard treatment for carcinoid 
diarrhea is somatostatin analogues.11-13 However, only 33-90% of 
patients have a reduction in frequency of bowel movements during 
treatment.3,11,14 This warrants further study of the GI physiology in 
patients with carcinoid diarrhea.

A number of factors could contribute to carcinoid diarrhea 
but there are only very few data available.14-17 Previous studies have 
shown that patients with carcinoid diarrhea have intestinal hyperse-
cretion17 and faster than normal transit through the small intestine 
and the colorectum.14-16 However, it is well known from other 
patient groups that frequent bowel movements may be associated 
with rectal hypersensitivity and increased rectal tone.18-21 The effects 
of excessive amounts of 5-HT on rectal mechano-sensory function 
are incompletely understood and unpredictable. Rectal stimulation 
with heat and mechanical distension is a novel method which allows 

detailed examination of rectal mechano-sensory function.22-25 
Based on their clinical presentation, we hypothesized that 

patients with carcinoid diarrhea have rectal hypersensitivity and re-
duced rectal compliance. Hence, the aim of the present study was to 
compare rectal mechano-sensory function in patients with carcinoid 
diarrhea and healthy subjects by use of rectal mechanical and heat 
stimulation.

Materials and Methods 	

Patients and Healthy Subjects
Twelve patients (6 males) with metastatic, pathologically veri-

fied NETs and at least 3 bowel movements per day were included 
from the Department of Hepatology and Gastroenterology, Aarhus 
University Hospital, Denmark. Demographics are shown in Table 
1. Eleven patients had primary tumor in the small intestine and 1 
had a pancreatic NET. Median Ki67 was 5 (range: 1-40) and 4 
had a G1 tumor, 7 had a G2 tumor, and 1 had a G3 tumor.26 In 7 
patients prior resection on the small intestine and/or colon had been 
performed, however, all had diarrhea prior to surgery. None had 
undergone anorectal surgery or received radiation therapy to the 
pelvic organs. Five were treatment-naïve with respect to long-acting 
somatostatin analogs, and the remaining 7 had treatment paused for 
a minimum of 6 weeks. To minimize any influence of other medica-
tion possibly affecting GI motility, these were discontinued during 
the study. Patients were compared to 19 healthy subjects (7 males) 
with normal bowel function and no history of GI surgery or current 
use of medication affecting GI function. Data from 14 healthy sub-
jects have been used in other studies.27-29 Five patients had been part 
of a previous study on GI transit times in patients with carcinoid 
diarrhea.15

The study was conducted in accordance with the Declaration 

Table 1. Baseline Characteristics

Patients with carcinoid diarrhea Healthy subjects P-value

Age (median [range], yr) 65 (54-78) 61  (50-78) 0.211
Height (mean [CI], cm) 172 (169-175) 174.8 (170.7-179.0) 0.328
Weight (mean [CI], kg) 67.7 (57.6-77.8) 75.6 (69.1-82.1) 0.138
BMI (mean [CI], kg/m2) 22.8 (19.8-25.8) 24.8 (23.1-26.5) 0.188
Bowel movements/day (median [range]) 4.5 (3.0-8.0)
Chromogranin A (median [range], pmol/L) 4500 (148-16200)
Serotonin (median [range], nmol/L) 139.5 (< 10-7020)
24-hr U-5HIAA (median [range], μmol/24 hr) 289 (34-50209)

CI, confidence interval; BMI, body mass index; U-5HIAA, urine 5-hydroxyindoleacetic acid.
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of Helsinki, approved by the local scientific ethics committee, and 
the Danish Health and Medicines Authority (Eudract no 2012-
003939-27). All subjects provided written informed consent.

Sensory Assessments
Subjects were instructed in how to use an electronic modified 

visual analog scale (VAS) that ranges from 0-10. These numbers 
represent: 0 = no perception, 1 = vague perception, 3 = vague 
perception of moderate sensation, 5 = pain detection threshold 
(PDT)/normal desire to defecate, 7 = moderate pain detection 
threshold (MPDT)/severe urgency, 8 = medium pain intensity, 9 
= intense pain and 10 = unbearable pain. Subjects never exceeded 
MPDT/severe urgency during the investigation. Volume, pressure, 
and temperature were registered at VAS 1, 3, 5, and 7. The VAS 
scale has been validated and has shown good reproducibility.22,30 

Rectal Mechanical and Heat Stimulation
The system for rectal mechano-sensory stimulation has previ-

ously proved to be robust and with good reproducibility, and is 
described in detail elsewhere.22 It consists of a probe with an outer 
diameter of 6.2 mm on which a non-conducting, non-compliant, 30 
µm thick and 140 mm long polyurethane bag is mounted (Fig. 1). 
The bag has a maximum diameter of 11.5 cm and volume of 480 
mL. Two sensors run in the probe, the one for pressure measure-
ments is connected with an external pressure transducer (Edwards 
Lifesciences, Irvine, CA, USA), and the other one is for tempera-
ture recordings (Buhl & Boensoe AS, Virum, Denmark). The bag 
can be circulated with 68oC heated water from a temperature con-
trolled water bath (Grant GD100; Grant Instruments, Cambridge, 
UK). A peristaltic pump (type 110ACR; Ole Dich Instruments-

Multimodal stimulation probe
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Figure 1. Schematic illustration of the rectal stimulation probe used 
for heat and mechanical stimulation (A and B). The probe has an 
outer diameter of 6.2 mm and a non-compliant bag is mounted on the 
probe. (C) Photo of the probe.
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makers, Hvidovre, Denmark) was used to maintain the water cir-
culation. 

Protocol
The subjects arrived at the department after an overnight fast. 

A sodium citrate 450 mg and sodium lauryl sulphoacetate 45 mg 
enema (Microlax, McNeil, Birkeroed, Denmark) was adminis-
tered half an hour prior to the investigation. Subjects were examined 
in the left lateral position. A digital rectal examination was done 
prior to insertion of a lubricated anoscope. The stimulation probe 
was inserted through the anoscope until resistance was felt at the 
recto-sigmoid junction. The anoscope was left in position to protect 
activation of the sensory nerves in the anal canal during heat stimu-
lation. The catheter and anoscope were held in place manually. The 
stimulation order was first thermal and then mechanical.

Thermal Stimulation
The bag was filled with 60 mL saline (37oC) to ensure mucosal 

contact. Thermal stimulus was applied by recirculation of hot water 
(68oC) with a flow rate of 150 mL/min to increase the temperature 
gradually till MPDT/severe urgency was reached. The volume 
in the bag remained at 60 mL. Real-time temperatures and VAS 
scores were recorded continuously and stored electronically for later 
analyses.

Mechanical Stimulation
The bag was filled with saline (37oC) at a flow rate of 200 mL/

min using the peristaltic pump. Subjects scored sensation continu-
ously and this information was stored electronically. First 3 precon-
ditioning distensions reaching PDT/normal desire to defecate were 
performed. At the fourth distension, infusion was continued till 
MPDT/severe urgency. Pressure and volume inside the bag were 
continuously recorded and electronically stored. In accordance with 
several previous studies, we computed compliance of the rectal wall 
as change in volume divided by change in pressure during filling of 
the bag. 

Assessment of Symptoms
The number of daily bowel movements in the week prior to 

the investigation was recorded in a questionnaire. Blood analysis 
for low-platelet 5-HT, chromogranin A, and 24 hours urine 5-hy-
droxyindoleacetic acid (U-5HIAA) were collected on the day of the 
investigation.

Statistical Methods
Data are provided as mean ± standard deviation (SD) unless 

otherwise stated. Based on the data distribution, comparisons in de-
mographics were done by either t tests (weight and height) or Wil-
coxon rank-sum tests (age). Mixed model was chosen to evaluate 
the patients vs healthy subjects and their repeated sensory scores at 
the predefined VAS scores to the rectal stimulus (heat or volume). 
To investigate any interdependency to confounders, like age and 
gender, these were also included in a multiple regression analyses. 
The software package STATA (Stata corp. LP, Texas, USA) was 
used in the statistical analysis, P-values ≤ 0.05 were considered as 
significant. No formal sample size calculation was done on rectal 
sensitivity or biomechanics because the information necessary for 
this did not exist (SD and minimal clinical relevant difference). 
However, previous studies with the multimodal probe have shown 
differences with approximately the same group size.

Results 	

The protocol with mechanical and heat stimulation was well 
tolerated. Due to technical problems, experimental data from one 
patient were excluded and mechanical data had to be discarded in 1 
patient and 3 healthy subjects. Thus, data from thermal stimulation 
were available from 11 patients and 19 healthy, while distension data 
were available from 10 patients and 16 healthy.

All patients had 3 or more bowel movements per day. Low-
platelet plasma 5-HT was elevated in 10 patients (≥ 30 nmol/L) and 
24-hour U-5HIAA was elevated in 6 of 9 patients (≥ 40 µmol/24 
hours) (Table 1).

Thermal Stimulation
Overall, patients with carcinoid diarrhea were less sensitive to 

thermal stimulation and thus reached 5.3% higher temperatures to 
reach the predefined sensory responses when compared to healthy 
subjects (P = 0.015). As an example, the sensory threshold to 
heat was 48.1 ± 3.1oC in patients with carcinoid diarrhea versus 
44.7 ± 4.7oC in healthy subjects (P = 0.041) (Fig. 2). Age was a 
confounder, showing that increased age was associated with higher 
temperatures to the predefined levels (P < 0.001). In either of the 
sensory levels, no association between tolerance to heat and levels of 
5-HT (P > 0.2), chromogranin A (P > 0.2), or U-5HIAA (P > 
0.1) were shown.
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Mechanical Stimulation
No differences were found in overall sensory response to me-

chanical distension (P = 0.731) (Fig. 3). Details on rectal compli-
ance at the various VAS levels are shown in Table 2. There was no 
overall difference in rectal compliance between patients and healthy 
subjects (P = 0.990). Gender was a confounder, showing that men 
were less sensitive to increasing volume (P = 0.024) than women.

Discussion 	

We found that patients with carcinoid diarrhea had reduced 
rectal sensitivity to heat but normal sensitivity to distension and 
normal rectal compliance. The findings were contrary to our hy-
potheses that carcinoid diarrhea would be associated with rectal 
hypersensitivity and low compliance. Our hypotheses were based on 
the clinical presentation of patients with carcinoid diarrhea and on 
previous data from patients with diarrhea caused by ulcerative coli-
tis, irritable bowel syndrome, or sequelae of radiation therapy.18-20,31

Excessive production of 5-HT escaping hepatic first-pass me-

tabolism is considered the main reason for the carcinoid syndrome.5 
As seen in most patients included in the present study, very high 
levels of 5-HT can be reached in the systemic circulation of patients 
with NET. The sensory effects of this are difficult to predict be-
cause 5-HT have both local effects on intrinsic and extrinsic affer-
ent neurons, and effects on the central nervous system.32 The local 
effects on the sensory afferent nerves are complex as a variety of 
5-HT receptor subtypes are stimulated, which can result in either 
analgesia or anti-analgesia.33,34 In the central nervous system, 5-HT 
affects the descending control system whereby the brain exerts con-
trol over the incoming nociceptive input from the periphery. The 
effect is mainly inhibitory.35 Thus, our results from rectal stimuli 
with heat indicate that the main sensory effect of 5-HT secreted by 
NETs is inhibitory, and the main effect is probably exerted via the 
brain. 

In a number of patient groups, diarrhea is associated with 
increased rectal tone,18-21 and we hypothesized that the same was 
true for patients with the carcinoid syndrome. The effect of 5-HT 
on rectal compliance remains obscure and needs further study.36,37 
Contrary to our hypothesis, we found no difference in rectal compli-

Table 2. Rectal Compliance in Healthy Subjects and Patients with Carcinoid Diarrhea

Healthy subjects
(n = 16)

Patients with carcinoid diarrhea  
(n = 10)

P-value

Compliance VAS 1-3 (mean ± SD, mL/mmHg) 17.9 ± 24.0 18.0 ± 10.8 0.986
Compliance VAS 3-5 (mean ± SD, mL/mmHg) 14.7 ± 22.7 30.8 ± 60.7 0.341
Compliance VAS 5-7 (mean ± SD, mL/mmHg) 5.3 ± 3.9 18.4 ± 38.8 0.189

VAS, visual analog scale.
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Figure 2. Tolerated rectal temperatures at 4 sensory levels in healthy 
subjects and neuroendocrine tumor (NET) patients with carcinoid diar-
rhea. Patients with NET were hyposensitive to heat compared to healthy 
subjects. SEM, standard error of mean. VAS, visual analog scale.

Figure 3. Rectal volumes at 4 sensory levels in healthy subjects and 
in neuroendocrine tumor (NET) patients with carcinoid diarrhea. No 
statistically significant difference in the sensory response to distension 
was found. SEM, standard error of mean. VAS, visual analog scale.
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ance between patients with carcinoid diarrhea and healthy controls. 
Thus, our data speak strongly against an effect of 5-HT on rectal 
biomechanics in patients with NET. Functioning NETs produce 
amines and active substances other than 5-HT and some of these 
may contribute to carcinoid diarrhea. 

Patients with NET were compared to healthy subjects of 
comparable age, height, and weight. Carcinoid diarrhea is a rare 
but clinically challenging condition. Our department receives pa-
tients with NET from the western part of Denmark (uptake area 
of 1.5 million people). A substantial proportion of patients had to 
be excluded from the study mainly because of medication affecting 
rectal function or comorbidity. In 2 years we were able to include 12 
patients. The limited number of patients included carries a risk for 
a type II errors.

Multimodal rectal stimulation can provide new insight into rec-
tal sensory function. In the present study we chose to use mechani-
cal and heat stimulation only. We did not include stimulation with 
cold as several subjects may not reach pain detection threshold with 
cold.22 The thermal stimulation was refined but otherwise done as 
described by Brock et al.22 In the esophagus exponential stimula-
tion ramps have been implemented.38 The impact of bag volume 
has shown to alter the tissue energy load, assessed as thermal heat 
load.39 During rectal stimulation, these factors seem to affect the 
results less. Therefore, the present easier applicable design has been 
developed and implemented in numerous studies. The maximum 
tolerated temperatures in the healthy subjects included in our study 
are between those found for healthy subjects by Olesen et al28 and 
Søfteland et al.29 Thus, the findings in the present study seem reli-
able. 

Fourteen of the healthy subjects in the present study have been 
part of previous studies where electrical stimulation was performed 
before the thermal stimuli.27,29,40 This may be a potential source of 
error, but we consider the effect very small as electrical stimula-
tion activates the nerve endings directly, in contrast to thermal and 
mechanical stimuli, which activates peripheral receptors in the GI 
wall. Mechanical stimulation is probably more robust because it is 
preceded by preconditioning that minimizes the effects of elastic tis-
sue properties, and ensures more reliable assessment of the sensory 
response. 

Compliance is the most commonly used parameter for descrip-
tion of biomechanical properties within the GI tract. There are 
limitations with the use of compliance, and other parameters includ-
ing stress-strain and elastic modulus have been proposed instead. 
However, our data did not allow computation of those parameters. 

Even though data should be interpreted with caution due to 

the limited numbers, this study showed that tolerance to rectal heat 
stimulus increased with age. Opposing reports have been published 
on whether age is associated with the development of NET.41,42 
Until consensus in this field has been reached, age could be consid-
ered as an effect modifier. However, for clarity we have chosen to 
define it as a confounder. Also, men tolerated higher volumes than 
women. Gender difference in pain perception is a topic of much 
discussion.43-45 Others have found that there are no differences in 
rectal pain threshold or rating between men and women, neither in 
healthy nor in IBS patients.44,46-48 Sloots et al46 found no relationship 
between age and tolerated rectal volumes. However, subjects in that 
study were between 22-66 years, and therefore younger than in our 
study. 

General statistical models including testing for confounding 
usually require larger datasets. In spite of this, we have chosen to 
present the confounders as the findings were statistically significant 
and possibly applicable to a larger cohort. 

In our previous studies we found that total GI transit is twice 
as fast, small intestinal transit minimally faster, and colorectal transit 
times 3 times faster in patients with carcinoid diarrhea than in nor-
mal persons.14,15 Donowitz and Binder17 have described increased 
intestinal secretion in patients with carcinoid diarrhea, which will 
also contribute to diarrhea. Therefore, these factors rather than ab-
normal rectal mechano-sensory function are likely the major causes 
of carcinoid diarrhea.

Patients with carcinoid diarrhea have increased tolerance to 
heat, but normal sensation to distension and normal rectal compli-
ance. Thus, carcinoid diarrhea in patients with NET cannot be 
explained by increased rectal tone or sensation to the luminal con-
tent. The clinical implication is that treatment of carcinoid diarrhea 
should aim at prolonging GI transit and decreasing secretion rather 
than at modifying rectal mechano-sensory function.
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