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ABSTRACT

Background: Animal studies have demonstrated that visceral afferent stimulation
alters autonomic cardiovascular reflexes. This mechanism might play an important
role in the pathophysiology of conditions associated with visceral hypersensitivity,
such as irritable bowel syndrome (IBS). As such studies in humans are lacking,
we measured viscerosensory-cardiovascular reflex interactions in IBS patients and
healthy controls.

Methods: Blood pressure (SBP), heart rate (HR) and arterial baroreflex sensitivity
(BRS) were studied in 87 IBS patients and 36 healthy controls under baseline condi-
tions and during mild (15 mmHg) and intense (35 mmHg) visceral stimulation by
rectal balloon distension. BRS was computed from continuous ECG and arterial
blood pressure signals (Finapres-method) during 5 min periods of 15/min metro-
nome respiration.

Results: Baseline SBP and HR were not different between patients and controls. In
both groups, SBP increased similarly during rectal stimulation, whereas HR decreased
during mild and increased during intense stimulation. BRS was significantly higher
in patients compared to controls at baseline (7.9+5.4 vs. 5.7+3.7 ms/mmHg, P=0.03)
and increased significantly in both groups during mild stimulation. This increase per-
sisted in controls during intense stimulation, but BRS returned to baseline in patients.
BRS was not significantly different between groups during rectal distension.
Conclusion: This study demonstrates the presence of a viscerosensory-cardiovascular
reflex in healthy individuals and in IBS patients. The increased BRS in IBS patients at
baseline may either be a training-effect (frequent challenging of the reflex) or reflects

altered viscerosensory processing at the nucleus tracti solitarii.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a frequently occurring functional disorder with a
prevalence ranging from approximately 6 to 22%%2. It is characterized by recurrent
abdominal pain and disturbed bowel habits. In the absence of an established bio-
logical substrate, the diagnosis is symptom-based and made according to the Rome
IT criteria®.

IBS is a multifactorial condition in which disturbances in the brain-gut axis have
been identified. In particular, visceral hypersensitivity, which may be induced by
a number of factors such as post-inflammatory tissue injury® or persistent mucosal
immune activation®®, is thought to play a central role in the pathophysiology”®.
In addition, abnormal activity of the autonomic nervous system, reflected in the
cardiovascular system by altered heart rate variability (HRV)*'* and in the gastroin-
testinal tract by disturbed motility'"'?, has been reported. These observations suggest
disturbed viscerosensory-autonomic reflexes in IBS.

Gastrointestinal functioning is controlled by the dorsal vagal complex (DVC)®.
This is an integrated structure comprising the motor nucleus of the vagus (DMV)
from which autonomic outflow to the colon arises; the nucleus ambiguus (NA),
where parasympathetic outflow to the cardiovascular system is generated; and the
nucleus tracti solitarii (NTS), which integrates viscerosensory input from the gut,
cardiovascular system (e.g. carotid and aortic baroreceptors) and other organs'?.
Interneurons from the NTS also reach the NA.

Noxious viscerosensory information from the gut down to the splenic flexure
is transmitted by sympathetic spinal fibers, while physiological information is car-
ried by cranial nerve afferents that terminate in the NTS. From here, interneurons
project to the ventrolateral medulla (VLM), which governs sympathetic outflow, and
to higher centers. Sensory information from the descending colon and rectum is
exclusively conveyed by spinal afferent fibers that terminate in the thalamus, but
collaterals also reach the NTS and VLM'*'7. The key role of the NTS suggests that
the altered autonomic outflow observed in IBS may result from an abnormal reflex
response to disturbed afferent viscerosensory information from the gut.

Results of a study by Saleh et al. point to the possible involvement of the arte-
rial baroreflex in IBS. They demonstrated that, in rats, electrical stimulation of ab-
dominal vagal afferents increased sympathetic outflow and also decreased baroreflex
sensitivity (BRS)'®. Altered baroreflex functioning during gastrointestinal stress may
constitute a pathophysiological key in IBS, as the arterial baroreflex not only modu-
lates sympathetic and parasympathetic autonomic outflow, but also affects cortical

arousal™® and somatic'?' and visceral'® pain perception.



24 | Chapter2

Thus far, no human studies have addressed BRS involvement in IBS. As, in gen-
eral, BRS is reduced in disease’*?!] we expected that baseline BRS is depressed
in IBS patients. Furthermore, we anticipated an exaggerated BRS reduction during
gastrointestinal stress in IBS patients compared to healthy controls®. Both assump-
tions would explain at least part of the previously observed abnormal activity of
the autonomic nervous system (i.e., increased sympethetic predominance) and the
increased visceral pain perception in IBS patients. The following study was done to
corroborate this hypothesis.

METHODS

The local ethics committee approved the study protocol.

Participants

Between March 2001 and July 2002, IBS patients were recruited through the out-
patient department of Gastroenterology and Hepatology of the Leiden University
Medical Center and through local advertisement. Eligible patients were seen by one
of the investigators (PvdV). Exclusion criteria were the presence of organic disease,
previous major abdominal surgery apart from cholecystectomy and appendectomy,
dependence on analgesics and pregnancy. Patients who were taking cardio-active
or antihypertensive drugs were excluded. Other medication such as antispasmod-
ics, laxatives, bulking agents and occasional use of analgesics was permitted. All
included patients met the Rome 1II criteria for IBS®. Age and sex matched healthy
volunteers were recruited by advertisement. Each participant provided informed
consent before entering the study.

Visceral stimulator

An electronic visceral stimulator, i.e. barostat (Synectics Visceral Stimulator, Synectics
Medical, Stockholm, Sweden), was used to study the effect of a visceral stressor
on blood pressure, heart rate and BRS. Using electronic feedback regulation, this
device is able to apply isobaric distensions. Constant pressure is maintained within a
highly compliant, polyethylene bag (maximum capacity 1000 mL) tied to the end of
a multilumen tube (19 Fr) by injecting air when the rectal wall relaxes and aspirating
air during rectal contraction®. Intrabag pressure is directly measured via a separate

lumen.
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BRS instrumentation

The finger cuff of a noninvasive blood pressure measurement device (Finapres,
TNO, Amsterdam, NL) was attached to the middle finger of the subjects’ right hand
to continuously record arterial blood pressure and heart rate. When this did not yield
a good signal, the cuff was attached to another finger on the same hand. The cuff
of an automatic sphygmomanometer (Accutorr, Datascope Corp, Montvale, NJ, USA)
was attached to the subject’s left upper arm. A surface ECG was obtained with a
Marquette Case-12 electrocardiograph (Marquette Electronics Inc., Milwaukee, USA).
Thoracic impedance was measured by two electrodes attached to the lateral sides
of the lower part of the thorax to monitor subject’s compliance with the metronome
respiration protocol described below. An indicator for metronome respiration was
visualized on a computer screen. The ECG, finger blood pressure and thoracic im-
pedance signals were digitally stored (sampling rate 500 Hz, sample size 16 bits).

Study design

Recordings were performed in a quiet, air-conditioned room with a constant tem-
perature of 20 °C. No individuals except the investigator were allowed to enter the
room during measurements. Subjects were allowed a standardized small, fat-free
breakfast at 8:00 am. Upon arrival at our department at 11:00 am, a tap water enema
was given to empty the rectosigmoid area. Next, subjects were placed in a bed,
which was in a 6° head-down position to abolish gravitational effects of the abdomi-
nal contents on the rectal balloon. The bag was inserted into the rectum and the
catheter was connected to the barostat. Subsequently, ECG, Finapres and Accutorr
devices were connected during a 30 min adaptation period. In this period, aortic and
carotid baroreceptors could adjust to the supine blood pressure that was maintained
throughout the entire recording period.

The experimental procedure is outlined in Figure 1. Each BRS measurement se-
quence consisted of a 5-min 15/min metronome respiration episode, preceded by
three Accutorr blood pressure measurements to determine systolic blood pressure
(SBP). Metronome respiration at 0.25 Hz prevents the direct mechanical component
of respiration and the respiratory gating effect to enter the low-frequency band (0.04-
0.15 Hz) in which we compute baroreflex sensitivity**®. Subjects were asked not to
speak during metronome respiration, but to report any discomfort. Free chosen tidal
volume was permitted to assure comfortable breathing.

After a baseline BRS measurement procedure at 0 mmHg rectal pressure, a slow
ramp distension (5-30 mmHg, 1 mmHg/min) was performed to measure rectal pain
perception. This was done using a 10 cm Visual Analog Scale (VAS) anchored ‘none’
to ‘unbearable’ that was administered at every even pressure. Pain perception scores

> 1 cm were considered significant. Perception measurements during the BRS mea-
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Figure 1. Study design. The three vertical lines next to shaded boxes denote the Accutorr systolic blood pressure measurements.
Shaded boxes denote metronome respiration period for baroreflex sensitivity (BRS) assessment. B, baseline, M, mild rectal stimulation, I,
intense rectal stimulation. Open boxes denote ramp distension (5-30 mmHg) or phasic rectal distensions of 15, 25 and 35 mmHg.

surement sequence were not feasible because of interference with metronome respi-
ration. After balloon deflation, BRS measurement sequences were carried out during
isobaric phasic distensions of 15 mmHg (mild, non-painful stimulus) and 35 mmHg
(intense, mostly painful stimulus)®. Each distension lasted 6 min and was preceded
by a 4-min period at 5 mmHg. Metronome respiration commenced one minute after
each rectal distension onset. A 25 mmHg isobaric distension was performed in be-

tween the mild and strong stimuli to provide a gradual transition.

BRS signal analysis

To characterize arterial baroreflex function we computed baroreflex sensitivity (BRS),
the reflex-induced increase/decrease of the interval between heart beats in millisec-
onds when arterial blood pressure rises/falls by 1 mm Hg. First, the longest arrhyth-
mia free and stationary period in each metronome respiration episode was selected
(sinus rhythm and a stationary signal are prerequisites for a reliable BRS value).
Then, BRS was computed in the selected episode using the POLYAN software®.
This algorithm calculates the transfer function between the systolic blood pressure
variability (baroreflex input) and the interbeat interval variability (output), averaged
over the 0.04-0.15 Hz band. BRS assessment was deemed impossible if this period
was less than 90 seconds. Data selection and BRS computations were performed by
two independent analysts.

The Accutorr arm cuff was not inflated during the BRS measurement procedures
to avoid any possible interaction with the rectal distension stimulus. Instead, we cal-
culated blood pressure during this period by computing the difference between the

Finapres BP in the 3 min prior to the BRS measurement procedure and the Finapres
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BP during the subsequent BRS measurement procedure. This difference was added

to the Accutorr BP measured prior to the BRS assessment.

Statistical analysis

Linear mixed model analysis was used to detect overall differences in BRS, SBP
and HR between IBS patients and controls (SPSS for Windows 11.0, Chicago IL,
USA). Condition (baseline or rectal distension), group (IBS patients or controls),
and condition by group interaction were analyzed as separate contributors. Subjects
with missing data were not excluded from the analysis. Within-group changes from
baseline in BRS, SBP, HR, and pain perception scores were analyzed using t statistics
or Wilcoxon Signed Ranks Tests, and between-group differences were compared by
t statistics or Mann-Whitney tests where appropriate. Data are expressed as mean =
SD in text and tables and, for clarity purposes, as mean = SE in figures. The level of

significance was set at P<0.05.

RESULTS

Subject characteristics

We screened 130 patients, 26 of whom did not meet Rome 1II criteria, and 40 healthy
volunteers. All 40 volunteers and 104 patients provided informed consent. From
these, 17 patients and 4 control subjects were excluded from the analysis: 10 patients
and 1 control subject used cardio-active or antihypertensive medication, 4 patients
and 3 controls had cardiac arrhythmias and 1 patient had a pacemaker. Two more
patients were excluded due to technical difficulties during the BRS measurements.
Thus, 87 patients and 36 controls were included in the final analysis. Mean age and
gender distribution were comparable in patients and controls (Table 1). Pain percep-
tion was significantly increased in patients from 8 mmHg onward, but in controls
from 22 mmHg onward, indicating hypersensitivity to balloon distension in patients
(Fig 2).

Baseline assessment

Opposite to what we expected, baseline BRS was higher in IBS patients compared to
controls (7.9 + 5.4 versus 5.7 + 3.7 ms/mmHg, P=0.03) (Fig 3). Baseline SBP (Table

2) and HR (Table 3) were not significantly different between patients and controls.
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Table 1. Baseline characteristics of IBS patients and healthy controls

IBS (n=87) Controls (n=36)

Age (yr) 40.0+13 395+ 15
Females 60 (69) 21 (58)
Bowel habit

diarrhea 31(36) 0

constipation 27 3D 0

alternating 22(25) 0

currently unknown 78

normal - 36 (100)

Numbers within parentheses show percentages. IBS, irritable bowel syndrome; n, number of patients or controls.

BRS, blood pressure and heart rate during phasic rectal distension

BRS

Figure 3 shows mean BRS in patients and controls during baseline and 15 and
35 mmHg rectal distensions. The condition by group interaction was significant
(P=0.01). BRS was not different between patients and controls during 15 mmHg (9.0
+ 5.7 versus 9.2 + 6.4 ms/mmHg, respectively, P=0.68) and 35 mmHg distensions
(7.3 £ 4.3 versus 7.9 £ 4.3 ms/mmHg, respectively, P=0.40). BRS was significantly
increased in controls (£<0.0001) and in patients (P<0.05) during 15 mmHg, but only
in controls (P=0.002) and not in patients (P=0.25) during 35 mmHg distensions.

Systolic blood pressure

Mixed model analysis showed that neither condition by group interaction nor the
group factor was significant for systolic blood pressure (P=0.37 and P=0.41, respec-
tively), indicating that the SBP response to rectal distensions was similar in patients
and control subjects. In contrast, condition was significant (7<0.0001), indicating that
blood pressure changed similarly in both groups. SBP was significantly increased in
controls (P=0.002) with a similar trend in patients (=0.08) during 15 mmHg disten-
sion, and in both groups during 35 mmHg distension (P<0.001) (Table 2).

Heart rate

HR condition by group interaction was not statistically significant (£=0.13), nor was
group (P=0.07), but condition was significant (<0.0001). Compared to baseline,
HR decreased significantly in patients (£<0.0001) and controls (£=0.003) during 15
mmHg and increased significantly in patients (£<0.0001) and controls (P=0.05) dur-
ing 35 mmHg distension (Table 3).
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Figure 2. Pain perception during ramp distension. Visual Analog Scale (VAS, range 0-10) scores for rectal pain perception (mean =

SE) during the ramp distension procedure in IBS patients (closed squares) and healthy controls (open squares). Asterisks denote the first

pressure at which the perception score was significantly increased compared to 6 mmHg (P<0.05), which was at 8 mmHg for IBS patients

and at 22 mmHg for controls.
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Figure 3. BRS (mean + SE) at baseline and during mild (15 mmHg) and intense (35 mmHg) rectal stimulation in IBS patients
(closed squares) and healthy controls (open squares). Baseline BRS was significantly larger in patients compared to controls

(#,P=0.025). * significant increase from baseline (P<0.05).
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Table 2. Mean systolic blood pressure at baseline and during mild and intense rectal stimulation in IBS patients and healthy controls

baseline 15 mmHg P-value* 35 mmHg P-valuet
IBS 120.7+ 14.8 1225+ 17.7 0.08 130.6 + 13.6 <0.001
(n=87)
Controls 116.4 £ 12.7 121.6 +12.8 0.002 129.5+14.5 <0.001
(n=36)
P-valuet 0.23 0.91 0.90

Data are expressed as mean = SD. * 15 mmHg versus baseline; T 35 mmHg versus baseline; i IBS patients versus control subjects.

DISCUSSION

Our study demonstrates that stimulation of visceral afferents by a standardized stimu-
lus, i.e., pressure-driven rectal balloon distension, produces significant changes in
systolic blood pressure and heart rate in healthy subjects and in patients with IBS.
Moreover, this stimulus increases baroreflex sensitivity in healthy individuals and in
IBS patients. In addition, resting BRS is significantly larger in IBS patients compared
to healthy subjects.

Physiologic mechanisms underlying the cardiovascular response to rectal distension

Heart rate and blood pressure

Several studies have reported that stimulation of visceral afferents produces cardio-
vascular responses, notably in blood pressure and heart rate. Yet, the results are
contradictory, which may be caused by widely varying experimental designs. For
instance, abdominal vagal nerve stimulation in anesthetized rats did not alter blood
pressure and heart rate'®. Azpiroz and colleagues reported that neither jejunal balloon
distension below the perception threshold, nor distension at the discomfort thresh-
old or above affected heart rate in healthy volunteers (blood pressure data were
not reported)®. Cardiovascular responses to colorectal distension were measured in
rats*? and in humans®. In awake rats, blood pressure and heart rate increased during
colorectal distension in a dose-dependent manner®’. In healthy volunteers, a similar
graded response was observed in blood pressure (heart rate was not reported)®.

Table 3. Mean heart rate at baseline and during mild and intense rectal stimulation in IBS patients and healthy controls

baseline 15 mmHg P-value* 35 mmHg P-valuet
IBS 67.1+10.1 64.0£9.6 <0.001 72.0 £ 14.7 <0.001
(n=87)
Controls 64.2+93 61.4+89 0.003 66.5+12.0 0.05
(n=36)
P-valuet 0.14 0.33 0.07

Data are expressed as mean + SD. * 15 mmHg versus baseline; 1 35 mmHg versus baseline; 3 IBS patients versus control subjects.
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Our findings are consistent with a graded hypertensive response in healthy individu-
als and in IBS patients. The response in heart rate was, however, biphasic in both
groups: heart rate decreased during mild rectal distension (15 mmHg) but increased
during more intense stimulation (35 mmHg).

Most likely, the primary autonomic response to the stimulus we applied is sympa-
thetic activation. This hypothesis is supported by the consistent blood pressure in-
creases as demonstrated in this study and by others***. The hypertension-associated
baroreceptor loading reflexly reduces the increase in sympathetic outflow (thereby
reducing the original blood pressure rise and tachycardic response) while enhancing
vagal outflow (which lowers heart rate, but not peripheral vascular resistance and
thereby blood pressure). Thus, a mild hypertensive stressor may leave heart rate
unaffected or even cause a slight decrease. Thus far, heart rate decreases have been
reported during mental stress*?°. To our knowledge, we are the first to demonstrate
this phenomenon during viscerosensory stimulation.

In contrast, a high blood pressure increase (e.g. during 35 mmHg distension)
will be counteracted by the baroreflex to a lesser degree as the baroreceptor fir-
ing characteristic is S-shaped®. Consequently, the significant baroreceptor loading
during high pressure rectal distension will lead to less reduction of the increase in
sympathetic tone and less stimulation of parasympathetic outflow. This may explain
our finding that during high rectal distension pressure, not only blood pressure but
also heart rate increased.

Individual heart rate responses differed in sign and magnitude. Approximately
80% of our study population (IBS patients plus control group) exhibited a heart rate
decrease during mild stimulation. Six percent (5/87 patients and 2/36 controls) had a
heart rate decrease of more than 10 bpm and in one subject in the IBS group, heart
rate lowered by 12 bpm from 62 to 50 bpm. On intake, this patient had reported
defecation syncope on several occasions. It has been long hypothesized that strain-
ing during defecation (Valsalva maneuver) plays a dominant role in this form of
fainting. However, recently, syncope was recorded during colonic air insufflation in
a patient with recurrent defecation syncope that was not specifically associated with
straining. A cardiac pacemaker resolved these symptoms completely”. It is hence
conceivable that the colorectal-cardiovascular reflex response to mild distension as
measured in our study provides an alternative clue to the mechanism that underlies

this form of syncope.

Baroreflex sensitivity
We measured an increase in baroreflex sensitivity under mild rectal distension in
healthy subjects and in IBS patients. During intense stimulation, the BRS increase

compared to baseline persisted in healthy controls, albeit to a lesser extent, whereas
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BRS returned to baseline in patients. These findings are opposed to our original
hypothesis that BRS would lower under stress. This expectation was based on a
study in rats, showing that sympathetic output increased and baroreflex sensitivity
decreased following stimulation of general gastric afferents’®. Several incompatibili-
ties may account for this difference. First, anesthetized rats were used'®, while our
study subjects were not sedated. Thus, cortical perception (stimulus awareness) may
have played a role in the BRS increase we observed. In addition, it has been shown
that anesthetic agents as used in the rat study considerably depress the arterial
baroreflex®. Second, the insertion of catheters into the femoral artery and vein may
additionally have influenced the autonomic conditions® in the rat experiment. Third,
it cannot be ruled out that the spinal afferent viscerosensory input caused by the
rectal distensions in our study is processed differently at the level of the brainstem
from the cranial nerve (vagal) afferent input in the rat study.

The mechanism responsible for the BRS increase can only be speculated upon.
Possibly, projections of the viscerosensory afferents ending at the NTS produce a
neurotransmitter that directly enhances the baroreflex gain. Substance P, which is
known to enhance the baroreflex by modulating the transmission from the barore-
ceptive afferents to the NTS neurons, would be a candidate neurotransmitter to
achieve this effect!®®. Substance P production at the level of the NTS has been
demonstrated for somatosensory afferents®, while a high density of substance-P-
containing fibers originating from the gastrointestinal tract have also been found in
the pigeon NTS%. Alternatively, enhanced parasympathetic tone as a reflex response
to rectal stimulation may have enhanced BRS by facilitating deeper modulation of
the parasympathetic outflow, i.e. allowing increased heart rate fluctuation, rather

than by increasing baroreflex gain.

Differences between IBS patients and healthy control subjects
Baseline supine heart rate and blood pressure were not significantly different be-
tween IBS patients and controls, although patients tended to have slightly higher
values (Tables 2 and 3). The non-significant trend (P=0.14) to higher supine baseline
HR values in IBS patients we observed was also reported by several other groups”**
1 HR was similar during mild distension in patients and controls (=0.33), but again
tended to be higher in IBS patients during intense rectal distension (P=0.07). Few
published numerical data are available regarding baseline blood pressure differences
between IBS patients and healthy controls. Levine et al. found that baseline systolic
blood pressure was significantly higher in patients®.

The most striking difference between IBS patients and healthy control subjects
was the 39% elevated BRS-value in patients (7.9 + 5.4 versus 5.7 £ 3.7 ms/mmHg,

P=0.03). This difference no longer existed during mild and intense rectal distension.
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The marked elevated baseline BRS in IBS patients may provide an explanation for
autonomic alterations reported in patients!®##. The baroreflex plays a key role in the
generation of heart rate variability as it transfers respiration induced blood pressure
variability into fluctuations in sympathetic and parasympathetic outflow, eventually
leading to modulation of the discharge rate of the cardiac pacemaker®. Differences
in heart rate variability (HRV) and HRV-derived assessments of the sympathovagal
balance®> as reported by several research groups'®"# might therefore at least partly
be explained by differences in baroreflex function.

Our study does not provide information on the basis of which the elevated base-
line BRS value in IBS patients and its functional role in IBS can be explained. We
speculate that the frequently experienced viscerosensory stimuli, e.g., abdominal
pain, entail a training-effect, possibly materialized in chronic elevated substance
P concentrations at the NTS level?®44151 Such a training-mechanism can only be
further investigated in animal models of visceral afferent stimulation. Alternatively,
the elevated baseline BRS value may reflect an intrinsic autonomic characteristic
in which IBS patients differ from healthy individuals. Altered baroreflex function
could witness altered information processing at the NTS level. For the esophagus,
a vago-vagal reflex from/to the gastrointestinal tract (GI-GI reflex pathway) has
been demonstrated involving the NTS as well as the NA*%. In analogy, spino-spinal
GI-GI sensorimotor reflex pathways, although not identified yet, may be involved in
reflexes regarding the distal gut.

It is tempting to interpret the enhanced baseline baroreflex vigor as an anticipatory
phenomenon and to expect benefits from that anticipation in the form of inhibition
of cortical arousal™® and visceral pain perception'® during irritating stimuli such
as abdominal pain. However, our finding that no differences in BRS values exist
between IBS patients and control subjects during rectal distension renders such a
hypothesis unlikely.

A limitation of our study was that we did not measure rectal perception during
the applied rectal stimuli (phasic distensions), as this was not feasible due to the
imposed metronome respiration. It may, however, be inferred from the pain scores
during ramp distension (Fig 2) that pain perception was increased in IBS patients
compared to controls. Furthermore, the lack of baseline values in the patient group
prior to disease onset should be appreciated when interpreting our results. Finally,
although we controlled for age and gender in this study, which have been shown
to be strong determinants of spontaneous baroreflex sensitivity, there are other vari-

ables that may also affect baseline BRS*.
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Conclusions

In summary, our study provides evidence for the existence for a colorectal-cardio-
vascular reflex, characterized by a blood pressure increase, slight heart rate decrease,
and an increase of baroreflex sensitivity during mild stimuli. Intense stimuli increase
heart rate and blood pressure, while baroreflex sensitivity seems to be impaired
compared to mild stimulation. This reflex, that was evident in normals as well as in
IBS patients, might well be involved in defecation syncope.

Our study also provides evidence for baroreflex involvement in irritable bowel
syndrome, as IBS patients have a higher baseline BRS-value than healthy controls.
This finding renders the hypothesis unlikely that IBS patients are hypersensitive due
to diminished baroflex function. We provide two possible explanations for the higher
baseline BRS in IBS: 1) a “training-effect” (frequent challenging of the reflex by IBS-
associated abdominal discomfort); 2) altered information processing at the NTS that
causes BRS increases and, in parallel, abnormal GI-GI sensorimotor reflexes. While
the first explanation considers the autonomic changes as a consequence of IBS, the
second one recognizes a role for the autonomic nervous system in the pathophysiol-
ogy of IBS and explains both altered HRV and changes in gastrointestinal motility as

observed in this condition®. The latter hypothesis requires further corroboration.
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