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Abstract

Background Patients with chronic nausea and vomiting often also have chronic abdominal pain. Spinal cord stimulation
(SCS) may provide pain control, but scarce data are available regarding the effect of SCS on chronic nausea and vomiting.
Aims We aimed to determine the effect of SCS in patients with chronic nausea, vomiting, and refractory abdominal pain.
Methods Retrospective chart review of 26 consecutive patients who underwent SCS trial for a primary diagnosis of nausea,
vomiting and refractory abdominal pain.

Results 26 patients underwent SCS trial, with an average age of 48 years. Twenty-three patients (88.5%) reported >50%
pain relief during the temporary SCS trial and then underwent permanent implantation. Patients were then followed for
41 (22-62) months. At baseline, 20 of the 23 patients (87.0%) reported daily nausea, but at 6 months and the most recent
follow-up, only 8 (34.8%) and 7 (30.4%) patients, respectively, had daily nausea (p <0.001). Days of nausea decreased from
26.3 days/month at baseline to 12.8 and 11.7 days/month at 6 months and at the most recent visit, respectively. Vomiting
episodes decreased by 50%. Abdominal pain scores improved from 8.7 to 3.0 and 3.2 at 6 months and the most recent visit,
respectively (both p <0.001). Opioid use decreased from 57.7 mg MSO4 equivalents to 24.3 mg at 6 months and to 28.0 mg
at the latest patient visit (both p <0.05).

Conclusions SCS may be an effective therapy for long-term treatment of symptoms for those patients afflicted with chronic
nausea, vomiting, and refractory abdominal pain.

Keywords Chronic nausea and vomiting - Chronic abdominal pain - Spinal cord stimulation - Gastric dysmotility

Introduction

There are many causes of nausea, a subjective symptom
often accompanied by autonomic features, and therefore the
diagnostic and therapeutic options are diverse. Additionally,
nausea is frequently accompanied by vomiting and the com-
bination of nausea and vomiting have marked deleterious
effects on quality of life and are predictors of healthcare
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utilization [1-4]. Despite the major quality of life impact
of these symptoms, treatment of the symptoms can be dif-
ficult and the identification of the underlying causes may
be challenging. Refractory abdominal pain in the setting
of chronic nausea and vomiting is reported in gastroparesis
and is similarly impactful with over one-third of patients
reporting severe abdominal pain [5]. Because of the well-
established gastrointestinal side effects of narcotic analge-
sics, management of this pain adds an additional layer of
clinical complexity to an already difficult predicament [6].
A relationship between conventional spinal cord stimula-
tion (SCS) and the enteric nervous system in abating visceral
pain, nausea, and vomiting has been demonstrated [7]. The
sympathetic nerves carry nociceptive information from the
viscera to spinal nerve roots, which makes sympathetic path-
ways an appropriate target for SCS. In contrast, the parasym-
pathetic vagal nerve afferents are carried in anterior and pos-
terior trunks and are not amenable to SCS. Gastrointestinal
(GI) motility is generally enhanced with the augmentation of
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vagal efferent nerve activity and inhibited by efferent sympa-
thetic activity [8, 9]. SCS decreases sympathetic activity by
providing sympathovagal balance as measured by spectral
analysis of heart rate variability [9]. These results suggest
that a SCS-induced increase in GI motility might be attrib-
uted to the inhibition of sympathetic afferent and/or effer-
ent activity with subsequent modulation of sympathovagal
balance.

SCS as a treatment for chronic visceral pain with optimal
lead placement for more consistent visceral pain relief was
published in 2010 [10]. In that study, low-frequency SCS
was delivered at the T4, T5, or T6 vertebral body levels
with 1-3 leads placed in the midline position. Twenty-four
patients reported at least 50% pain reduction, confirming
that the splanchnic nerves, which are derived from the T5-12
segments, are an important stimulation target [10]. A sub-
group in that patient cohort had gastroparesis and experi-
enced a significant decrease in pain. In another study SCS
improved pain scores and decreased opioid requirements in a
cohort that included patients with gastroparesis and abdomi-
nal pain [11]. The present single-center, retrospective con-
secutive case study is intended to determine the effective-
ness of SCS in improving symptoms in patients with chronic
nausea, vomiting, and refractory abdominal pain. The effect
on opioid use among this cohort was also studied.

Methods

After approval from the Institutional Review Board of the
Forsyth Medical Center, electronic chart review was con-
ducted in 26 consecutive patients with chronic nausea, vom-
iting, and refractory abdominal pain treated with SCS at the
Carolinas Pain Institute, from January 1st of 2011 through
January 1st 2018. Candidates were identified based on a
computer-generated list from the database of patients who
underwent SCS trial and had lingering nausea and vomiting
despite gastroenterological evaluation with various thera-
peutic trials.

A data collection sheet was generated including patient
age, gender, body mass index (BMI), a primary diagnosis
of chronic nausea, vomiting, and refractory abdominal pain
as documented by the referring provider. We performed a
retrospective chart review to confirm prior evaluation and
review four-hour solid-phase gastric emptying scintigraphy
results, when available (Table 1). Gastroparesis was defined
based on greater than 10% of the Eggbeaters meal remaining
at four-hours during a gastric emptying scintigraphy test.
Gastroparesis-like syndrome was defined based on symp-
toms consistent with gastroparesis (nausea, vomiting, early
satiety, post-prandial bloating) without documented delayed
gastric emptying. We documented the type of SCS system

Table 1 Baseline demographic

L . . Subject Age  Gender  Clinical diagnosis % Remaining at 4 hon GES  SCS type

data, clinical diagnosis,

gastric emptying scint.igraphy 1 71 F Gastroparesis-like 7.7 HF10-Nevro

iﬁfﬁ;;ﬁgﬁ;ﬁfezpmal cord 2 36 F Gastroparesis-like 9 Traditional Medtronic
3 38 F Gastroparesis 87y HF10-Nevro
4 52 F Gastroparesis 21 Traditional St. Jude
5 33 F Gastroparesis 25 Traditional St. Jude
6 54 F Gastroparesis 22 HF10-Nevro
7 43 F Gastroparesis 64.9 HF10-Nevro
8 51 M Gastroparesis 48.8 HF10-Nevro
9 38 F Gastroparesis 19 HF10-Nevro
10 43 F Gastroparesis 18.8 Traditional Medtronic
11 45 F Gastroparesis Emesis during test Traditional St. Jude
12 28 F Gastroparesis 57 Traditional St. Jude
13 60 M Gastroparesis 47 Traditional St. Jude
14 50 F Gastroparesis 92 Traditional St. Jude
15 32 F Gastroparesis-like 1.4 Traditional Medtronic
16 52 M Gastroparesis-like 7.9 HF10-Nevro
17 57 F Gastroparesis 14 HF10-Nevro
18 82 F Gastroparesis-like 4 HF10-Nevro
19 55 M Recurrent SBO n/a HF10-Nevro
20 52 M Gastroparesis 27 HF10-Nevro
21 72 F Chronic Pain n/a HF10-Nevro
22 50 F Chronic Pain n/a Traditional St. Jude
23 45 F Gastroparesis 12.8 Traditional St. Jude
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used as low frequency [40-90 Hz] (Trad-SCS) or high
frequency [10 kHz] (10 kHz-SCS) and also recorded the
length of SCS use per day. Pain scores (in visual analog scale
[VAS]), frequency of nausea (days per month), and vomiting
(events per month) were collected at baseline, approximately
6 months after implant, and during the patients last visit.
In addition, the total amount of opiates taken before, at the
6-month interval, and during the latest visit was documented
and converted to daily morphine sulfate (MSO4) equivalent
in milligrams. Post-implant complications related to SCS,
as well as patient satisfaction (Global Perceived Effect) and
patient recommendation of the treatment to their relatives or
friends were also recorded.

Complete electronic records of patients who underwent
SCS trial for primarily nausea and vomiting were identified.
If patients had a successful trial (>50% of pain relief), they
subsequently received a permanent implant. While Trad-
SCS system octrode leads were implanted within posterior
epidural space based on paresthesia mapping, 10 kHz-SCS
leads were always placed in the fluoroscopic midline posi-
tion with the tip of the first lead at the top of the T4 ver-
tebral body, and the second octrode was placed at the top
of T5 vertebral body (Fig. 1a, b). Programming of either
system was based on previously established manufacturer
parameters and completed by an industry representative. In
general, we used frequencies from 40 to 90 Hz, pulse width
240-400 ms and amplitudes from 3 to 8 mA in all patients
who received Trad-SCS. For 10 kHz-SCS parameters were
unchanged at 10 kHz, pulse width of 30 ms and amplitudes
from 2 to 7 mA.

(b)

Fig. 1 Fluoroscopic anterior—posterior view of two different epidural
lead placement configurations used in patients with chronic nausea,
vomiting, and refractory abdominal pain. a Paresthesia-based place-
ment of two parallel octrode leads at the T4 level. Traditional low-
frequency SCS elicited paresthesia responses covered abdominal area
with concordant pain. b Two stacked electrode leads placed in fluoro-
scopically midline position with distal tip at top of T4 vertebral body
(right lead) and T5 (left lead) used for high frequency 10 kHz stimu-
lation
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Data are summarized using descriptive statistics for con-
tinuous variables. We used Student’s paired ¢ tests to deter-
mine whether the VAS Scores attained following an implant
of SCS were significantly different from baseline. We used
Mann—Whitney Rank Sum Test to compare the two (inde-
pendent) success rates for reducing pain intensity. A Fisher’s
exact test was used to compare differences in proportions of
the number of days per month with nausea. All analyses and
calculations were completed using Sigma Plot (San Jose,
CA). Results are presented as mean (= standard deviation,
range, or 95% ClI is presented when indicated).

Results

Of 26 patients who underwent an SCS trial for the pri-
mary diagnosis of chronic nausea, vomiting, and refractory
abdominal pain, 20 were women and six were men with an
average age of 48.1 (24-83; SD + 16) years. Patients had a
variety of diagnoses for their chronic nausea and vomiting,
though primarily, they carried a diagnosis of gastric motility
disorders: gastroparesis when gastric emptying tests were
delayed or gastroparesis-like diagnosis when gastric empty-
ing was normal or unknown (Table 1). Twenty-three patients
had more than 50% pain relief during the temporary trial
(17 women and six men) and therefore underwent formal
SCS implant. Trad-SCS was implanted in 11 patients and
10 kHz-SCS was implanted in 12 patients. The 23 evalu-
ated patients had an average age of 52.3 (31-83; SD+13.1)
years old with a baseline BMI of 27.0 (15.1-38.5; SD +6.2)
kg/m?. These 23 patients had a mean post-implant follow-
up period of 41 months (22-62; SD + 13). All, except one
(using Trad-SCS 14 h per day), used their SCS continuously
for 24 h per day. There were no infections and no lead migra-
tions requiring revision. Six patients had mild discomfort
at the generator implantation site, one had moderate, and
two experienced mild to moderate discomfort at the site of
implantation.

Pain scores as measured by the VAS improved from
8.7+ 1.3 cm at baseline to 3.0+3.0 cm at 6 months
(»<0.001) and 3.2+3.1 cm at the last follow-up office
visit (p <0.001), see Fig. 2a. Pain scores in the subgroup
of 12 patients implanted with 10 kHz-SCS improved
from 8.4+ 1.2 cm at baseline to 2.6+ 3.3 cm at 6 months
(p<0.001) and 2.6 +3.2 cm at the latest patient visit
(»<0.001), see Fig. 2b. Similarly, in the Trad-SCS group
(n=11), pain scores improved from 8.9 + 1.4 cm at baseline
to 4.2+2.6 cm at 6 months (p <0.001) and 3.8 +3.0 cm at
the most recent visit (p =0.001). The individual pain reduc-
tion is shown in Fig. 3, with each bar representing the per-
cent pain relief between baseline and follow-up of a single
patient in the series. The overall responder rate was 73.9%,
with 17 of 23 patients achieving > 50% pain relief.
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Fig.2 a The average abdominal pain scores (+SEM) from visual
analog scale (VAS) with 0 indicting no pain and 10 indicating severe
pain are shown at baseline, 6 months, and at the last patient visit
after SCS implantation (last visit). Abdominal pain scores decreased
significantly at 6 months and at the last patient visit compared with
baseline (p <0.001) (n=23). b Bar graph showing average abdomi-
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nal pain scores in the high frequency spinal cord stimulators (10 kHz-
SCS) group (n=12) and the traditional low frequency spinal cord
stimulators (Trad-SCS) group (n=11). Abdominal pain decreased
more in the 10 kHz-SCS group, but not statistically significant when
compared with Trad-SCS group at 6 months and most recent visit
(last visit) (p>0.2)
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Fig.3 Percent change in reported pain compared with baseline for
each patient in the case series is shown at approximately 6 months
after implant (a) and during the most recent visit (b). Responders
were defined by achievement of greater than 50% pain relief. Over-

As displayed in Fig. 4a, opioid use at the baseline visit
was 57.7 (95% CI 34.3-81.0) mg of MSO4 equivalents
per day with a range of zero to 180 mg. Sixteen patients
(69.5%) were taking 30 mg or greater per day. Three
patients did not take any opiates, and four patients were
also on insignificant dosing of 4-8 MSO4 equivalents per
day. There was a significant decrease in opioid use to an
average of 24.3 (95% CI 8.9-39.7) mg and 28.0 (95% CI
12.3-43.8) mg at 6 months and at the last follow-up visit,
respectively (p <0.006 vs. baseline). Only nine patients

% Change in Reported Pain

m 10 kHz SCS O Trad-SCS

all, 17 of 23 patients were responders. Of the six non-responders, four
were low frequency spinal cord stimulators (Trad-SCS) and two were
high frequency spinal cord stimulators (10 kHz SCS)

were still receiving 30 mg or more MSO4 equivalents
at the last visit as opposed to 16 at baseline. No statisti-
cally significant difference was found between the patient
cohorts in terms of mean MS04 equivalent dose at baseline
or follow-ups, but the within group reduction was signifi-
cant for the 10 kHz-SCS group (p =0.02 at 6 months and
p=0.03 at the last visit, respectively), but not for the Trad-
SCS group (p=0.10 at 6 months and p=0.15 at the last
visit); see Fig. 4b.
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Fig.4 a Long-term decrease in opioid use as measured in morphine
milligram (MSO4 mg) equivalents with all spinal cord stimulator
implantations (SCS). Overall reduction of opioid use was more than
50% at last follow-up (p=0.006 vs. baseline) for all SCS. b Treat-
ment with a high frequency spinal cord stimulator (10 kHz-SCS)

As shown in Fig. 5a, 20 of 23 patients (87%) experienced
daily nausea at the baseline visit while only eight patients
(35%) experienced daily nausea at 6 months (p=0.001) and
only seven patients (30%) had daily nausea at the last follow-
up visit (p <0.001). The number of days per month with nau-
sea improved from 26.3 + 9.8 per month at the baseline visit
to 12.8+13.4 and 11.7 +13.0 days at 6 months (p <0.001)
and at last recorded visit (p <0.001) (Fig. 5b). Furthermore,
the number of days of nausea per month was significantly
less for 10 kHz-SCS than for Trad-SCS at both time points
(p=0.022 at 6 months and p=0.035 at last recorded visit
(Fig. 5¢).

Eighty-seven percent of the patients reported being satis-
fied with their therapy and 15 patients reported the highest
level of satisfaction; two patients reported the lowest satis-
faction level. Twenty of 23 patients (87%) indicated they
would recommend this therapy to others with the same
diagnosis.

Discussion

In this consecutive case series of patients with chronic nau-
sea, vomiting, and refractory abdominal pain we describe,
for the first time, the effects of SCS therapy on symptoms
of nausea, vomiting, pain control, and opioid requirements.
Significant improvements in abdominal pain, nausea and
vomiting were durable with an average follow-up of approxi-
mately 3.5 years. Importantly, opioid use was decreased and
patient satisfaction scores were encouraging. Our patients
had thorough diagnostic evaluations to exclude specific
mechanical or metabolic causes of symptoms. The majority

@ Springer
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resulted in significant reduction in opioid use (p<0.05) at follow-
up visits, both 6 month and last follow-up (last FU), that was not
recorded after treatment with low frequency spinal cord stimulators
(Trad-SCS). There was no significant difference between 10 kHz-SCS
and Trad-SCS in opioid use at baseline, or follow-ups

of patients had gastroparesis or gastroparesis-like symptoms;
furthermore, medical therapies had failed to improve their
symptoms. The combination of chronic nausea, vomiting,
and refractory abdominal pain in patients with gastroparesis
and gastroparesis-like symptoms and normal gastric emp-
tying posits a significant management challenge given the
paucity of effective therapies combined with the devastating
toll these symptoms have on patients. Approximately two-
thirds of patients with gastroparesis experience moderate-
to-severe abdominal pain and this has a negative effect on
their quality of life [1, 2, 5]. Our results suggest that SCS
could prove to be an alternative to currently available drug or
device therapies for patients with chronic nausea, vomiting,
and refractory abdominal pain.

The marked improvement in patient reported symptoms
of nausea, vomiting, and abdominal pain with SCS ther-
apy is an important advance among this cohort composed
primarily of patients with GI dysmotility. In addition, the
significant reduction in opioid use is profound for several
reasons. Opioids decrease motility throughout the gastro-
intestinal tract, delay gastric emptying, and act centrally
to induce nausea and vomiting [12, 13]. Opioid therapy in
general has been linked to increased mortality in non-cancer
pain syndromes, and thus strategies to mitigate opioid use
among our patients are paramount [14]. Our findings suggest
SCS treatment of nausea, vomiting and refractory abdominal
pain has two beneficial actions: reducing symptoms and the
need for opioids.

Gastric electrical stimulation (GES) is used with a
humanitarian device exemption to treat symptoms associated
with gastroparesis. The proposed mechanisms of action for
GES include modulation of central and autonomic nervous
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Fig.5 Days per month of nausea (a) and vomiting frequency per
month (b) at baseline, at 6 months, and the last visit after spinal cord
stimulator implantation. The number of days per month of nausea and
vomiting frequency per month decreased by 50% or more at 6 months
post-implant and this effect persisted without significant difference
to the last visit. ¢ Days per month of nausea are shown in patients

system activity, and fundic accommodation changes [1,
2,7, 9-11]. However, the exact mechanism(s) of GES on
refractory nausea and vomiting is unknown. SCS delivered
at the high thoracic level, on the other hand, is known to
suppress sympathetic outflow similar to sympathectomy
involving blockade of superior hypogastric or celiac plexus
[15, 16]. SCS, for example, is associated with segmental
and supraspinal down regulation of sympathetic outflow
and is the mechanism of action of SCS treatment for intrac-
table angina pectoris [17]. The effect of SCS on chronic
abdominal pain and visceral hyperalgesia, at least in part,
is attributed to segmental suppression of sympathetic out-
flow [18]. Furthermore, abdominal pain stimuli have been
shown to slow gastric motility via sympathetic activation,
and thus alleviating this pain and suppression of sympathetic
outflow may have a beneficial effect on GI motility [19].
In our study, the 10 kHz-SCS showed significantly greater
improvements in nausea and opioid usage and a trend toward
a greater suppression of pain and vomiting compared with

10 kHz Trad
6 months

T T T T T

10 kHz Trad
Last Visit

treated with high frequency spinal cord stimulators (10 kHz) and
low frequency spinal cord stimulators (Trad). Treatment with high
frequency spinal cord stimulators resulted in significant reduction in
days per month of nausea compared with low frequency spinal cord
stimulators at 6 months (p=0.022) and the last visit (p=0.035)

Trad-SCS. The superior outcomes of 10 kHz-SCS compared
with Trad-SCS may be related to more complete “sympa-
thectomy” or greater modulation of the activity of dorsal
horn neurons as suggested in rat and human studies [7, 20,
21]. It is unknown if the significant decrease in abdominal
pain after SCS account for the decrease in nausea and vomit-
ing symptoms or if pain, nausea, and vomiting pathways are
affected separately. Either way, additional opioid sparring
effect (see Fig. 4) seen here may contribute to an improve-
ments in nausea and vomiting documented in our patients
with painful dysmotility syndromes.

In addition to overall pain reduction, decreased opioid
requirements, and “sympathectomy” SCS may manifest
anti-nausea and anti-emetic properties through modula-
tion of gastric physiology. A majority of these patients had
gastroparesis, and while previous data on normalization of
gastric emptying with interventions (i.e. gastric electrical
stimulation versus gastric pacing) does not necessarily show
that symptoms correlate with the rate of gastric emptying,
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improvement in fundic accommodation or gastric empty-
ing would be important considerations [23]. Furthermore,
treatment of gastroparesis and gastroparesis-like syndromes
is challenging with a paucity of management options show-
ing significant benefit over placebo; however, importantly,
placebo effect in many therapeutic trials is rather robust [22,
23]. Thus, antinausea and antiemetic properties reported in
patients receiving SCS may be partly attributable to pla-
cebo effect. As such, future and ongoing studies are planned
to further evaluate the result of SCS on gastric emptying,
capacity and myoelectrical activity.

In summary, SCS, and particularly 10 kHz-SCS, is a
minimally invasive and safe treatment modality showing
excellent results in a cohort of challenging patients with
chronic nausea, vomiting, and refractory abdominal pain,
including those with gastroparesis and gastroparesis-like
symptoms. Not only were pain scores and opioid use sig-
nificantly reduced by SCS, but patients also reported a
decrease in nausea and vomiting. These promising results
are the basis to proceed with a prospective study of SCS in
well-characterized patients with chronic nausea, vomiting,
and abdominal pain with and without gastroparesis.
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