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Abstract

Backgrounds and objectives: Gastrointestinal complications are common in patients after ischemic stroke. Gastric motility is
regulated by gastric pace-making activity (also called gastric myoelectrical activity (GMA)) and autonomic function. The aim of
this study was to evaluate GMA, assessed by noninvasive electrogastrography (EGG), and autonomic function, measured via
spectral analysis of heart rate variability derived from the electrocardiogram in patients with ischemic stroke.

Methods: EGG and electrocardiogram were simultaneously recorded in both fasting and postprandial states in 14 patients with
ischemic stroke and 11 healthy controls. Multi-channel surface EGG was used to measure GMA, and autonomic function was
evaluated by heart rate variability spectral analysis.

Results: Compared to healthy subjects, patients with ischemic stroke, especially those with a modified Rankin scale > 4, had
impaired GMA in both fasting and postprandial states. This included a lower percentage of normal gastric slow waves (the
basic rhythmic waves of GMA) and a higher percentage of tachygastria, bradygastria, or arrhythmia. Patients with ischemic
stroke also showed a decrease in the dominant frequency and power of the gastric slow waves. Autonomic functions were
altered in ischemic stroke patients with a modified Rankin scale > 4, as reflected by increased sympathetic activity and reduced
parasympathetic activity.

Conclusions: Gastric pace-making activity is impaired in patients with severe ischemic stroke, as evidenced by a reduced
percentage of normal gastric slow waves and a lower frequency of gastric slow waves, likely due to impaired autonomic
functions.

Introduction cause of adult disability and mortality worldwide. It can occur due
to the acute interruption of oxygenated blood flow in the central
nervous system. The incidence of ischemic stroke has been gradu-
ally increasing in recent years.!> The global prevalence of stroke
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and found that esophageal sphincter function was impaired in these
patients.® Cerebral ischemic rats also showed impaired small in-
testine motility.” Constipation and fecal incontinence are common
among ischemic stroke patients.®? The incidence of constipation
is even higher in post-stroke patients in rehabilitation institutions,
and laxatives are almost universally used.!’ The colon transit time
was found to be prolonged in post-stroke constipation patients, as
reported in one study.!! However, little research has addressed gas-
tric motility in stroke patients.

Currently, only a few studies have reported altered gastric emp-
tying in stroke patients. Evidence suggests that delayed gastric
emptying caused by stroke may increase the incidence of Helico-
bacter pylori gastric colonization.'> Crome et al. reported delayed
gastric emptying in acute stroke patients using the paracetamol
absorption test, which might result in delayed pharmacological ac-
tion of orally administered drugs.'® Accordingly, it is important to
assess gastric dysmotility in stroke patients as early as possible to
provide early intervention.

Gastric myoelectrical activity (GMA), also known as gastric
pace-making activity, plays an important role in regulating gas-
tric motility.!* GMA consists of slow waves and spikes, with the
former determining the frequency and propagation of gastric con-
tractions.'s Non-invasive electrogastrography (EGG) is a common
method to measure GMA. When appropriately recorded, EGG is
an accurate measure of gastric slow waves.!%!7 Gastric dysrhyth-
mia detected by EGG has been associated with functional dyspep-
sia.!8

Spectral analysis of heart rate variability (HRV) is one of the
most common methods used to assess autonomic functions. It has
also been used to evaluate autonomic functions in stroke patients,
with increased sympathetic activity and decreased vagal activity
being consistently reported.!® However, no studies have simultane-
ously investigated the gastric pace-making activity and autonomic
functions, or the possible autonomic mechanisms involved in the
impairment of gastric motility in patients with ischemic stroke.

Therefore, this study was designed to evaluate possible altera-
tions in GMA in patients after ischemic stroke using non-invasive
EGG and to explore the possible mechanisms involving autonomic
functions.

Materials and methods

Subjects

Patients were enrolled from Beilun People’s Hospital of Ningbo,
Zhejiang Province. All of the patients were diagnosed with is-
chemic stroke through brain imaging, including computed tomog-
raphy and/or magnetic resonance imaging. We recruited patients
with ischemic stroke who were hospitalized within seven days
of the stroke. Patients who met at least one of the following cri-
teria were excluded: (1) patients who suffered from disturbance
of consciousness; (2) patients who suffered from secondary cer-
ebral infarction, transient cerebral ischemia, hemorrhagic cerebral
infarction, asymptomatic cerebral infarction, or lacunar cerebral
infarction; (3) patients who suffered from severe diseases of the
heart, lungs, liver, or kidneys, or had a history of gastrointestinal
diseases; (4) patients who suffered from any brain organic diseases
or neurological diseases, such as Parkinson’s disease or multiple
sclerosis; (5) patients with poor compliance. All patients recruited
into the study were assessed using the modified Rankin scale and
the National Institutes of Health Stroke Scale (NIHSS) immedi-
ately before the study by one member of the study team. The total
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score of the National Institutes of Health Stroke Scale ranges from
0 to 42, with higher scores indicating more severe symptoms. The
scores of the modified Rankin scale range from 0 to 6: no symp-
toms at all (0); no significant disability (1); slight disability (2);
moderate disability, but able to walk (3); moderate disability, but
unable to walk (4); severe disability (5); and deceased (6).2° The
disease was considered mild or mild-moderate when the scale was
no more than three points; otherwise, the disease was considered
moderate-severe or severe.

Age- and sex-matched healthy volunteers were recruited from
the community through advertisement, with compensation for
their time, to serve as controls. The exclusion criteria for the con-
trol group were: (1) any medical history of heart, lung, neurologi-
cal, or digestive diseases, and (2) any abnormal findings during
physical examination.

The study protocol was approved by the hospital’s ethical com-
mittee, and written consent was obtained from the participants.

Measurement and analysis of gastric myoelectrical activity

Surface EGG was applied to record GMA using a four-channel re-
cording device (Ningbo MedKinetic Inc., Ningbo, Zhejiang, Chi-
na). After an overnight fast, the EGG was recorded using the fol-
lowing procedure.?!=23 Prior to electrode placement, the abdominal
skin was cleaned with a special gel (Nuprep, D.O. Weaver and Co.,
Aurora, CO, USA) to reduce impedance. Four active electrocar-
diogram (ECG) electrodes were placed on the cleaned abdominal
area: one at the midpoint of the xiphoid process and the umbilicus,
the second and third electrodes placed on a 45-degree line, 5 cm
and 10 cm above and to the left of the first electrode, respectively,
and the fourth electrode 3 cm horizontally to the right of the first
one. A common reference electrode was placed at the xiphoid
process. Four EGG signals were derived by connecting each of
the four active electrodes to the common reference electrode. The
EGG signals were amplified by the recording device with cutoff
frequencies of 0.016 Hz and 0.5 Hz. The recordings were made for
30 m in the fasting state and 30 m after a standard testing meal (475
keal, with 21% protein, 17% fat, and 62% carbohydrate) consumed
within 15 m. Subjects were in a supine position and instructed to
minimize movements during the entire recording period; no talk-
ing or reading was allowed. The duration of the EGG recordings
(30-m fasting and 30-m postprandial recordings) and the size of
the test meal were based on previously established methods.?*+?3
These previous studies suggest that a 30-m recording is appropri-
ate for the EGG to accurately reflect gastric slow waves and that
the test meal should contain a minimum of 250 kcal (ideally > 400
kcal) with no more than 35% fat.

Analysis of GMA

The EGG data obtained during the 30-m fasting state and the 30-m
postprandial state were analyzed using established software vali-
dated in previous studies.?® The pattern of the EGG was charac-
terized by several quantitative parameters, including the percent-
ages of normal rhythmic waves (typically called slow waves),
bradygastria, tachygastria, arrhythmia, dominant frequency, and
dominant power (DP). The percentage of normal gastric slow
waves was defined as the percentage of time during which normal
two to four cycles per minute (cpm) slow waves were present in
the minute-by-minute running spectra. A minute of data was de-
fined as bradygastria if its spectral peak was in the range of 0.5-2
cpm, tachygastria if the peak was in the 4-9 cpm range, or arrhyth-
mia if there was no clear peak in the spectrum.?”-2® DP was defined
as the dominant peak in the range of 0.5-9.0 cpm in the overall
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Table 1. Demographic characteristics of the patients
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Control group

Stroke patients (n = 14)

(n=10) Mild-moderate (n = 7) Moderate-severe (n = 7) Pvalue
Male (%) 7 (70%) 6 (85.7%) 5(71.4%) 0.737
Age (years) 73354 70.1+5.9 80.3+25 0.322
Upper gastrointestinal symptoms none One had abdominal distension  Three had abdominal distension  0.064

power spectrum of the 30-m fasting or postprandial recording. The
frequency corresponding to the DP was defined as the dominant
frequency.

Assessment of autonomic function

The ECG recording was obtained using an ECG amplifier (ECG-
201, Ningbo MedKinetic Inc., Ningbo, Zhejiang, China) with
a cutoff frequency of 100 Hz via three surface ECG electrodes
placed on the right manubrium of the sternum, the fifth intercostal
space in the left medioclavicular line, and the right chest (ground
electrode), respectively. Previously validated software was used
to identify R waves from the ECG signal and establish the cor-
responding HRV signal.?! The HRV signal was then subjected to
overall power spectral analysis. The power in each frequency sub-
band was calculated according to a previously validated method.?!
Low-frequency power (LF) was defined in the frequency sub-band
of 0.04-0.15 Hz to represent mainly sympathetic activity, while
high-frequency power (HF) was defined in the frequency sub-band
of 0.15-0.50 Hz to reflect parasympathetic or vagal activity. The
LF/HF ratio reflects the balance of sympathetic and parasympa-
thetic activity.?!

Statistical analysis

Statistical analyses were performed on the EGG and HRV data us-
ing the SPSS statistical package (version 20.0; SPSS Inc., Chi-
cago, IL, USA). All data are expressed as means + SEM. Analysis
of variance was performed to investigate the differences in EGG
and HRV parameters among healthy controls, patients with mild-
moderate stroke, and patients with severe stroke. Paired and un-
paired Student’s t-tests were used to investigate the differences in
EGG and HRV between fasting and fed states, as well as between
patients with mild-moderate stroke or severe stroke and healthy
controls, respectively. A P-value of less than 0.05 was considered
statistically significant.

Results

This study included 14 patients, 11 men (79%) and three women
(21%). The average age of the enrolled patients was 75.2 + 4.9
years. Seven patients had a mild-moderate stroke, and the other
seven patients had a moderate-severe stroke. The healthy controls
had a mean age of 73.3 £ 5.4 years, with seven males and three
females (see Table 1).

Gastric myoelectrical activity

In the fasting state, patients with severe stroke showed impaired
GMA, reflected as a reduced percentage of normal slow waves and
a reduced dominant frequency. Figures 1 and 2 show the param-
eters (percentages of normal slow waves, tachygastria, bradygas-
tria, and dominant frequency) of the EGG (each individual channel
and average of four channels) in the fasting state among different
groups of subjects (controls, patients with mild-moderate stroke,
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and patients with severe stroke). The patients with mild or mild-
moderate stroke showed no significant difference in percentages
of normal slow waves averaged over the four channels. However,
patients with severe stroke showed impaired gastric slow waves in
comparison with the healthy controls. Overall (see average values
of all four channels), patients with severe stroke showed a signifi-
cantly reduced percentage of normal slow waves, significantly in-
creased percentages of bradygastria and tachygastria (Fig. 1), and
significantly reduced dominant frequency (Fig. 2) in comparison
with the healthy controls. Some of these differences were also sig-
nificant in individual channels, such as a reduced percentage of
normal slow waves in Channels 1 to 3, an increased percentage of
bradygastria in Channels 1, 2 and 4 and an increased percentage
of tachygastria in Channels 1 and 2. The reduction in dominant
frequency in patients with severe stroke was also significant com-
pared to patients with mild-moderate stroke (Channels 1 and 2 and
overall across four channels).

Similar abnormalities were also noted in the postprandial state.
As shown in Figure 3, patients with severe stroke showed a re-
duced percentage of normal slow waves and an increased percent-
age of bradygastria in all channels of the EGG and the average of 4
channels of the EGG, and an increased percentage of tachygastria
in Channels 2 to 4 and the average of 4 channels of the EGG. These
abnormalities in gastric slow waves were, however, not noted in
patients with mild stroke, suggesting that the impairment in gastric
slow waves was associated with the severity of stroke.

The healthy controls showed a postprandial increase in the DP
of'the EGG, and this increase was also noted in patients with stroke.
As shown in Figure 4, no significant difference was observed in
the postprandial increase among the three groups of subjects.

Cardiac sympathetic and vagal activities

Cardiac vagal activity, assessed by the spectral analysis of HRV,
was significantly different between healthy elderly subjects and
severe stroke patients, while no difference was found between the
control group and patients with mild to moderate stroke. Vagal
activity (HF) was decreased, while sympathetic activity was in-
creased in stroke patients whose modified Rankin scale was >4.
The sympathovagal balance (LF/HF) was also decreased in these
stroke patients (see Fig. 5).

Discussions

In this study, we investigated GMA in stroke patients using non-
invasive EGG and autonomic function using spectral analysis of
HRV. Our study demonstrated that: (1) patients with severe is-
chemic stroke showed impaired gastric slow wave rhythms in both
fasting and fed states, reflected as a decrease in normal slow waves
and an increase in gastric dysrhythmia; (2) patients with severe
ischemic stroke also exhibited impaired cardiac autonomic func-
tions, shown as an increase in sympathetic activity and a decrease
in vagal activity; (3) the abnormalities in gastric and cardiac func-
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Fig. 1. Pre-prandial gastric rhythms among stroke patients of varying severity and healthy elderly individuals. The X-axis (1-4) represents Channels 1-4,
respectively, and “whole” refers to the average of the four channels. **P < 0.01, *P < 0.05 compared to healthy subjects; #P < 0.05 compared to moderate

stroke patients.
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Fig. 2. Dominant frequency of gastric slow waves in the fasting state
among stroke patients of varying severity and healthy elderly individu-
als. The X-axis (1-4) represents Channels 1-4, respectively, and “whole”
refers to the average of the four channels. *"P < 0.01, *P < 0.05 compared
to healthy subjects; #P < 0.01, #P < 0.05 compared to moderate stroke
patients.

tions were associated with the severity of stroke, with mild-mod-
erate ischemic stroke not resulting in any impairment in gastric
myoelectrical activity or cardiac autonomic function.

To the best of our knowledge, this was the first study to investi-
gate GMA in patients with ischemic stroke. GMA is a gastric pace-
maker activity that plays an important role in regulating gastric
motility and can be assessed noninvasively using EGG. The cur-
rent study demonstrated impaired gastric slow waves in patients
with severe ischemic stroke, reflected as a reduced percentage of
normal slow waves and increased gastric dysrhythmias. In patients
with mild stroke, however, gastric pacemaker activity was not al-
tered. These results suggest that impairment in gastric slow waves
was associated with the severity of the stroke. Additionally, we
noted that the impairment in the slow waves was more severe in
the postprandial state than the fasting state. In the fasting state,
three of the four EGG channels showed a significant decrease in
the percentage of normal slow waves; this was also true for the
average of the four channels. Moreover, the dominant frequency
of slow waves was significantly decreased in Channels 1 and 2
as well as in the average of the four channels. In the postprandial
state, the reduction in the percentage of normal slow waves was
observed in all channels; However, there was no significant de-
crease in the dominant frequency of slow waves. These findings

DOI: 10.14218/JTG.2024.00029 | Volume 3 Issue 1, March 2025


https://doi.org/10.14218/JTG.2024.00029

Sun X. et al: Stroke-induced impaired gastric and cardiac functions

Il Control
[0 Patients with Rankin scale <3
[ Patients with Rankin scale = 4

1001
80+ #
* #
*
3
S 6o
g
O 404
P-4
20
. L
N v > @
> > > >
& N & & &
2 2 2 2
& & & &
I Control
[ Patients with Rankin scale < 3
[ Patients with Rankin scale = 4
20' ##
# *
e I
#
15 I *
< T
S
210
[%}
©
=
5
o L L =
N v 5 » e
AN N AN N >
& & & & N
@ 2 @ L
& o & (o

J Transl Gastroenterol

I Control
[ Patients with Rankin scale <3
[ Patients with Rankin scale > 4

30 #
¥
I #
%
— 20
S
>
T
&
10
1] L |
N v > S @
> > N >
& & & & 4\‘\0
2 2 2 2
& & (o (o
@l Control
[ Patients with Rankin scale <3
[] Patients with Rankin scale = 4
10+
8.
S
8 61
£
K
Z 4
E
<
2
0.
N Vv > ™ @
& & & S S
& & & & N
2 @ 2 @
[ & o &

Fig. 3. Post-prandial gastric rhythms among stroke patients of varying severity and healthy elderly individuals. The X-axis (1-4) represents Channels 1-4,
respectively, and “whole” refers to the average of the four channels. **P < 0.01, “P < 0.05 compared to healthy subjects; #*P < 0.01, #P < 0.05 compared to

moderate stroke patients.
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Fig. 4. Postprandial increase in dominant power (DP) of the electrogas-
trography among three groups of subjects. The X-axis (1-4) represents
Channels 1-4, respectively.

DOI: 10.14218/JTG.2024.00029 | Volume 3 Issue 1, March 2025

suggest that in some patients, although gastric pacemaker activity
was impaired in the fasting state, it returned to normal in the post-
prandial state, indicating that these patients might tolerate feeding
better. Due to the limited sample size, more detailed analyses were
not possible to investigate the relationship between postprandial
slow waves and food intolerance. The pathophysiological basis
of GI dysmotility in ischemic stroke patients remains poorly un-
derstood, and this is also true for the impairment in gastric slow
waves. Bradygastria is attributed to a decrease in the frequency
of regular pacemaker activity, while tachygastria is caused by an
ectopic pacemaker, usually located in the antrum, firing at an ab-
normally higher frequency. Sometimes, the ectopic pacemaker ac-
tivity is unstable in both frequency and location, which can lead to
mixed gastric tachyarrhythmia or bradyarrhythmia.?*-3

The impairment in gastric slow waves observed in patients with
severe ischemic stroke highlights the brain-gut interaction. It has
previously been reported that injuries in central nervous system
were the cause of swallowing dysfunction.?' In addition to the
brain-gut neural pathway, brain-gut peptides may also contribute
to the control of gastric motility. For example, cerebral ischemia
may lead to changes in the synthesis and secretion of central neu-
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Fig. 5. Autonomic functions among three groups of patients in the fasting state. LF, low-frequency component representing sympathetic activity; HF, high-
frequency component representing vagal activity. “*P < 0.01 compared to healthy subjects; #P < 0.01 compared to moderate stroke patients.

ropeptides, resulting in alterations in gastric motility. Due to the
limited studies on gastric myoelectric activity in acute and/or
chronic stroke patients, we were unable to compare our results
with other similar studies.

The concurrent impairment in autonomic functions in patients
with severe ischemic stroke suggests an autonomic mechanism in-
volved in the impairment of gastric pacemaker activity. We specu-
late that severe ischemia in the brain results in sympathetic overac-
tivity and suppression of vagal efferent activity, which in turn leads
to impaired gastric slow waves. Concurrent with the impairment in
gastric slow waves, an increased sympathovagal ratio and reduced
vagal efferent activity were noted in the same group of patients.
Since vagal activity, assessed from the spectral analysis of HRV,
represents vagal efferent activity to the heart, the reduced vagal
activity indicates reduced vagal efferent outflow from the central
nervous system. It is well known that suppression of vagal activity
and/or activation of sympathetic activity inhibits gastrointestinal
motility. In this study, we noted a significant increase in sympa-
thetic activity and a significant decrease in vagal activity, which
we believe contributed to the impairment in gastric slow waves.
A number of previous studies have also shown autonomic mech-
anisms involved in the impairment of gastric myoelectrical and
motility activities.!>3? Increased sympathetic and decreased vagal
tones have been reported to be associated with poorer functional
outcomes and higher mortality.3*3* However, this is the first study
to attribute impaired gastric pacemaker activity to reduced vagal
activity and increased sympathetic activity.

In summary, we speculate the following potential mechanisms
behind the observed stroke-induced gastric dysrhythmia: stroke
induces sympathetic overactivity and suppression of vagal tone,
as shown in this study as well as those reported in the literature;33

altered autonomic function has a direct impact on gastric motility
(including slow waves) and an indirect impact on gastric motility
by impairing enteric nerves.*® This hypothesized autonomic mech-
anism is supported by a previous study,® which reported that stroke
induced similar alterations in autonomic function, and the altered
autonomic function was correlated with reduced rectal sensation,
resulting in stroke-induced constipation.

Pharmacologically, there is a lack of therapy to improve auto-
nomic function. Recently, however, invasive neuromodulation, such
as vagal nerve stimulation and sacral nerve stimulation, has been
proposed to improve autonomic function.3” Moreover, noninvasive
neuromodulation via acupuncture points, such as ST36 and PC6, has
been shown to improve autonomic function in patients after stroke’
and improve both autonomic function and impaired pace-making
activity in patients with gastroesophageal reflux.3® Further research
is warranted to explore the role of neuromodulation in impaired gas-
tric pace-making activity in patients after stroke.

Several limitations of this study should be acknowledged. First-
ly, the sample size was small. Secondly, we excluded patients with
mental disorders and severe cardiac disease, which could have un-
derpowered our results. Additionally, there was a lack of in-depth
study on the possible mechanisms. We plan to conduct a clinical
study with a larger sample size in patients with moderate-severe
stroke, along with a noninvasive neuromodulation therapy for the
treatment of stroke-induced gastric dysrhythmia in the near future.

Conclusions

Gastric pacemaker activity is impaired in patients with severe is-
chemic stroke, reflected as a reduced percentage and frequency of
normal gastric slow waves, possibly attributed to impaired auto-
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nomic functions. More studies are needed to confirm this potential
mechanism.
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