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Abstract

Introduction  Gastroparesis is acommon chronic and costly
disorder for which medical therapy is often unsuccessful.
Gastric electrical stimulation (GES) has been used to treat
refractory cases, however, response is variable and difficult
to predict. This study aims to assess whether pre-operative
opioid analgesics (OA) use affects clinical success of GES.
Methods Records of 128 patients who underwent laparo-
scopic GES placement from March 2001 to September 2012
were analyzed retrospectively. Data collected included
demographics, surgical outcomes, and clinical parameters.
Pre- and post-operative opioid analgesic dosing (No = 0
morphine equivalents (ME)/day, Low = 0-40 ME/day,
Mid = 41-80 ME/day, High >80 ME/day), as well as
clinical symptom assessment was collected for up to 3 years
post-operatively. Clinical success was defined as (1) OA
reduction of >50 %, (2) maintenance of weight, or (3)
symptom improvement. Descriptive statistics were com-
puted for all factors. A p < 0.05 was considered statistically
significant.

Results  Fifty-three patients were on OA pre-operatively
compared to 69 patients who were not. Patients not on OA
pre-operatively were less likely than those on OA pre-op
group to be on OA post-operatively (p = 0.005); however,
there were no differences in weight or symptom
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improvement. Sub-group analysis of the 53 patients on OA
demonstrated significant improvement in clinical symp-
toms in the low-morphine cohort compared to the mid-
morphine cohort (p = 0.02), and OA dosing post-opera-
tively in the low-morphine cohort diminished significantly
compared to mid- and high-morphine cohort (p = 0.032).
There was no significant difference in weight.

Conclusion OA dosing pre-operatively significantly
affects clinical success of GES placement. Criteria for
offering GES implantation may need to take OA dosing
into consideration.

Keywords Gastric pacemaker - Gastric electrical
stimulator (GES) - Opioid analgesia - Endoscopy

Gastroparesis is a chronic disorder defined by delay in
emptying of the stomach and is most commonly charac-
terized by nausea, vomiting, epigastric pain, early satiety,
fullness, and bloating [1]. Gastroparesis occurs in up to
5 million patients in the United States and typically affects
the younger population. The female to male ratio is
approximately 4:1 [2]. Sex-specific incidence per 100,000
persons with gastroparesis between the reported years 1996
and 2006 was 9.8 % in women and 2.4 % in men [3].
Medical therapy consists of prokinetic and antiemetic
agents, with the aim of the therapy being symptom relief.
Despite medical therapy, patients may continue to experi-
ence symptoms, such as pain, often leading to the use of
opioid analgesia (OA). Gastric electrical stimulation (GES)
therapy has been used to treat medically refractory cases of
gastroparesis. At our institution, most GES are implanted
with a laparoscopic approach. Response to GES treatment
is variable, and predicting improvement is difficult. The
aim of the current study is to assess whether OA use pre-
operatively is associated with the clinical success of GES.
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Methods
Patients

After Institutional Review Board approval, pre- and post-
operative data were collected in all patients who underwent
GES placement (Enterra Therapy System: Medtronic,
Minneapolis, MN, USA) between 2001 and 2012. Pre-
operative variables included: past medical history, weight,
body mass index, medications used and discontinued, OA
usage, pre-operative work-up, and nutritional support was
input into the database. Post-operative variables included
weight, medications used, discontinued medications, OA
use, nutritional support, complications, and post-operative
results. OA dosing pre- and post-operatively [No = 0
morphine equivalents (ME)/day, Low = 0-40 ME/day,
Mid = 41-80 ME/day, High > 80 ME/day], as well as
clinical symptom assessment was collected for up to
3 years post-operatively at 1-, 3-, and 6-month, and 1-, 2-,
and 3-year post-operative follow-up intervals. Opioid
analgesic (OA) use was determined by chart review of
clinic notes both pre-operatively and post-operatively, and
was corroborated through validation by reviewing the
medications in the medications list for each individual
under the medications tab in our electronic medical records
(EMR). Furthermore, our group didn’t calculate OA use for
an interval of 4 weeks post-operatively to allow sufficient
time for resolution of post-operative pain, this was done to
avoid calculating OA use for post-operative pain control
versus pain related to gastroparesis.

Our group defined the clinical success as (1) OA dose
reduction of >50 %, (2) maintenance or increased weight,
or (3) symptom improvement. Symptom improvement was
based on a subjective evaluation reported by each indi-
vidual patient.

The primary outcome of the study was whether there
was a difference in clinical success as defined above
(individual and combined metrics) in patients who were on
pre-operative OA compared to those who were not. Sec-
ondary outcomes were (1) whether there was a difference
in clinical success in patients on low, mid, and high pre-
operative OA dosing and (2) whether there was a differ-
ence in clinical success in patients who were on short-term
OA (defined as less than 1 month) compared to chronic OA
(defined as greater than 1 month).

Statistical analysis
Data are presented as mean =+ SD for continuous variables
and frequency percentages for categorical variables. The

distribution of the data was checked for normality using the
Shapiro—Wilk test. These characteristics were analyzed
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Table 1 Patient demographics

Patient demographics

n =128 Results

Specifics
Age 40.2 £+ 13.1
Gender (F/M) 106 F/22 M
Etiology Idiopathic 64 (50 %),

Diabetic (DM) 64 (50 %)

Mean pre-operative BMI 264 £ 7.1
Mean post-operative BMI 271+ 73
Pre-operative (ME) 32.4 £ 46.1
Post-operative (ME) 28.1 £ 41.9
Follow-up duration (months) 22.1 £ 12.7

using unpaired student’s ¢ test (or Mann—Whitney test) for
continuous variables and Chi square test (or Fisher’s exact
test) for categorical variables. All tests were two-tailed and
the results with a p < 0.05 were considered statistically
significant. Additionally, Cox regression was used to assess
the role of OA in GES success. A p value <0.05 was
considered statistically significant. Statistical analyses were
performed using the software package IBM SPSS, version
21.0 for Windows (Armonk, NY, USA).

Results

Patient demographics are listed in Table 1. A total of 128
patients underwent gastric electrical stimulator placement
during the study period with six patients lost to follow up in
regards to opioid usage (Fig. 1). The remaining 122
patients were analyzed.

Primary outcome

Fifty-three patients were on OA pre-operatively compared
to 69 patients who were not. Patients who were not on OA
pre-operatively were less likely than those on OA pre-op
group to be on OA post-operatively (p = 0.005); our group
classified low OA use to be 0—40 ME, mid OA use to be
40-80 ME, and high OA to be >80 ME. The high-mor-
phine group had significantly higher failure rate for
morphine usage (p = 0.03). There was no statistical sig-
nificance for “symptom improvement” or “maintenance of
weight” (p = 0.09).

Secondary outcomes: We further conducted a sub-group
analysis on the 53 patients receiving OA pre-operatively.
The mid-morphine cohort had significantly higher clinical
failure rates compared to the low-morphine cohort
(p = 0.02), as expected, high-morphine sub-group analysis
had significantly higher failure rate by morphine usage
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Fig. 2 Sub-group statistical analysis 2

Table 2 Multi-variant analysis

Variables p value Odds Confidence
ratio  interval
Low High
limit limit
Multi-variant analysis
Age 0.586 1.010 0.975 1.046
Morphine group 0.014  3.098 1.263 7.601
BMI stabilization 0411 1.537 0.551 4.286
Etiology (idiopathic or DM) 0.171 2.015 0.739 5.493
Gender 0.506  0.643 0.175 2.364

criterion (p = 0.03). Details of the statistical results are
shown in Fig. 2. Multivariable analysis confirms that OA is
an independent risk factor for GES failure Table 2.

operatively
|
No p(:‘ use
operatively (42)

(_I
operatively (25)

Fig. 1 Flow diagram of patients using OA pre/post-operatively, and patients without the use of OA

Discussion

There is variable clinical success in the use of GES
placement for gastroparesis. Our group recently published
a study demonstrating no difference between those who
received GES for idiopathic gastroparesis and those who
received GES for diabetic gastroparesis in terms of overall
symptoms improvement and weight maintenance. Hence, it
became vital to ascertain what other factors may be playing
a role in GES clinical success if disease etiology does not.
To the best of our knowledge, this is the first study of its
kind evaluating and demonstrating that OA use pre-oper-
atively impacts clinical success in patients who undergo
GES placement.

OA use has played a significant role in gastroparesis
management, since abdominal pain is often a predominant
symptom. For this reason, we considered it important to
include OA use as one of the parameters of success. Our
findings demonstrate that a significant number of patients
continued the use of OA therapy post-operatively and
overall were less likely to benefit from GES placement.
There may be biochemical causes for this finding. Chronic
pain is thought to be less about an increase in afferent
visceral stimuli and more about the central nervous system
[4]. Patients who develop increased pain sensitivity despite
treatment with OA can develop opioid-induced hyperal-
gesia, an adverse effect of chronic use of OA, [5, 6] which
is thought to be related to the effects by opioid metabolites,
such as morphine 3-gluceronide (M3G) [7]. This has been
confirmed by studies conducted on patients with chronic
opioid use [8].

There are at least three mechanisms induced by chronic
opioid use, leading to a hyperalgesic state: (1) bimodal
opioid dysregulation, in which both the excitatory and
inhibitory modulation of sensory neuron action by opiates
mediated by G, receptor activation at the dorsal root
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ganglia leading to hyperalgesia [9, 10]. (2) Counter-regu-
latory mechanisms, due to increase in dynorphin produc-
tion causing further hyperalgesia, and (3) glial activation
and opioid facilitation, where the use of OA binds to the
mu receptor causing an activation of glia and leading to a
release of inflammatory cytokines causing glial cells to
increase, furthermore increasing receptor expression
causing an increase in the development of hyperalgesia
[10-12].

In short, chronic use of OA post-operatively will alter
pain perception in these individuals. The use of OA may
initially control the symptoms of abdominal pain early on
in the course of treatment, but as the use of OA over time
continues, this will lead to a reduction of pain tolerance due
to chronic suppression of pain with continuous use of OA.
The pain-free periods become shorter in duration despite
increasing doses of opiates. OA use must be taken into high
consideration in treatment of post-operative pain symp-
toms, or patients may ultimately face clinical failure.

In terms of failure of nutritional improvement, of all
patients who needed supplemental nutrition at some point
during their GES therapy (N = 12), only six required
supplemental nutrition at last follow-up. Six out of these 12
patients had no improvement of symptoms, which led to
persistent need for enteral access. The other six patients
had improvement of symptoms but required ongoing
nutritional supplementation due to the severity of their
malnutrition or symptom constellation. These findings
confirm the theory that gastroparesis is a disorder with a
broad spectrum of symptom duration and severity, and
long-term follow-up with a multi-disciplinary approach is
required [13]. A particular challenge arises when address-
ing patients with both medically refractory gastroparesis
and class I or II obesity. Those with class II obesity
remained obese following GES placement, and several
patients with class I obesity converted to class II obesity
during the study period [13].

Secondary outcomes

Low-morphine usage (0—40 ME/day) had the greatest
symptom improvement, whereas mid-morphine usage
(41-80 ME/day) had a significant failure rate. The reason
for this is not completely clear, although opioid-induced
hyperalgesia may be partly playing a role.

Opioid analgesics have variable effects on gastric
motility. Opioid-induced bowel dysfunction (OIBD) may
cause symptoms ranging from nausea and vomiting, delay
in gastric emptying (causing symptoms of GERD),
abdominal pain, bloating, flatulence, constipation, hard
stools, and severe straining during bowel movements [14].
More serious complications such as fecal impaction,
pseudo- obstruction, and pseudo- obstructions leading to
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perforation have been previously documented [15]. Vari-
ous sources note that 40-95 % of patients using OA are
prone to develop opioid-induced constipation (OIC) and
decrease gastric motility [16]. This is of significant
importance for patients who suffer from gastric motility
disorders such as gastroparesis. Opioids enhance their
effect on the gut through three receptors: u-, -, and -
opioid receptors. The majority of opioids exert their effects
primarily through the u-receptors, which are located on the
myenteric and submucosal neurons [17]. These receptors
are primarily in the stomach and proximal colon. OIC is
achieved through various mechanisms within the gut.
Opioids cause a delay in intestinal transit through the
stimulation of non-propulsive motility, increase of intesti-
nal tone, and stimulation of sphincters of the gut, such as
the pyloric and ileocecal sphincters, through the p-recep-
tors in the myenteric and submucosal neurons. Further-
more, opioids enhance fluid absorption by delay in transit
time, which causes a prolonged contact time for absorption,
and lastly causing the stimulation of mucosal sensory
receptors [18].

There are several limitations to our study that need to be
acknowledged. This is a retrospective database study which
poses its own inherent limitations. Although this is the
biggest study of its kind up-to-date, the number of the
patients is a possible limiting factor. One possible limita-
tion is the fact that our institution is a tertiary care center
that has a main campus as well as small satellite hospitals
with their own independent inpatient facilities. Some
patients may have been lost to follow up, or had medication
adjustments that we did not detect. We also consider the
review of OA medications through our chart review to be a
possible limitation of our study. Review of OA medications
was dependent on the accuracy of medical records in
addition to the frequency, and the number of follow-up
visits of each individual patient.

Additionally, standardization was performed of dosing
which was achieved by converting all dosage of narcotic
analgesics to morphine equivalents, and maximal possible
dosages of patient prescriptions were used in calculations
to maintain consistency in our results. Because of this, our
results may reflect an overestimation of dosage received by
the patients, but this effect is consistent across all patients.

Conclusion

In conclusion, the findings of this study support the
importance of reducing and if possible, eliminating pre-
operative OA use prior to GES placement. There is now
evidence that there may be a dose response correlation with
clinical success. Future protocols determining candidacy
for GES implantation should consider OA dosing although
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multicenter, prospective trials are needed to confirm this
finding.
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