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Abstract
Patients with severe diabetic gastroparesis with
intractable bouts of nausea and vomiting are often refrac-
tory to drug therapy and have poor quality of life with
malnutrition, weight loss, poor glycaemic control and
frequent hospital admissions.  Such patients may benefit
from gastroelectrical stimulation (GES). The NICE guidance
on GES for gastroparesis in 2004 did not support its use
but since then a considerable amount of new evidence has
become available and NICE updated the guidance in May
2014.
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Introduction
In December 2004 NICE issued guidance on gastroelectrical stim-
ulation for gastroparesis which stated:     

‘Current evidence on the safety and efficacy of gastro-
electrical stimulation for gastroparesis does not appear
adequate to support the use of this procedure without
special arrangements for consent and for audit or
research. There is little evidence that the procedure
improves gastric emptying. Further research will be
useful, and NICE may review the procedure upon publi-
cation of further evidence’.1

Since then a considerable amount of new evidence has become
available and NICE updated the guidance in May 2014 which
now states:

‘Current evidence on the efficacy and safety of gastric
electrical stimulation for gastroparesis is adequate to
support the use of this procedure with normal arrange-
ments for clinical governance, consent and audit. During
the consent process, clinicians should inform patients
considering gastric electrical stimulation for gastroparesis
that some patients do not get any benefit from it. They
should also give patients detailed written information

about the risk of complications, which can be serious,
including the need to remove the device’.2

Delayed gastric emptying is an under-recognised complication
of diabetes occurring in some 30–50% of outpatients with long-
standing type 1 or type 2 diabetes.3,4 It can be completely asymp-
tomatic, but in those who do experience symptoms, these may
be mild, moderate or severe. Gastroparesis tends to follow a
relapsing and remitting course, but with increasing severity over
time the remissions may get shorter and shorter. Treatment of
diabetic gastroparesis includes optimisation of glycaemic control,
dietary modifications, prokinetic agents, and antiemetic agents.
Although the majority of patients have mild-to-moderate disease
that can be managed using these measures, approximately 2%
of patients, particularly the subgroup who have intractable bouts
of nausea and vomiting lasting a number of days, are refractory
to drug therapy and this can result in inadequate oral intake,
malnutrition, weight loss, deranged glycaemic control and can
cause poor quality of life with patients needing frequent hospital
admissions. Optimal management of these patients presents a
difficult challenge for the clinician. If oral intake is not adequate,
then enteral nutrition via a jejunostomy feeding tube needs to
be considered. Pyloroplasty should be used rarely and partial or
complete gastrectomy is regarded as a last resort because of the
associated mortality and morbidity.5 Although pyloric botulinum
toxin injection showed initial promise as a potential treatment
option, it is not recommended for patients with gastroparesis
based on the outcomes of randomised controlled trials.6 In
patients with refractory symptoms, particularly nausea and
vomiting, there is some evidence to support the use of GES. 

Gastroelectrical stimulation
GES involves implanting a neurostimulating device into the
abdomen. The application specifically refers to the use of a de-
vice called the Enterra™ (Medtronic Incorporated, USA) (Figure
1). This device generates a high-frequency (12 cycles per minute),
low-energy, short-duration pulse. Electrical stimulation is
delivered by two electrodes implanted laparoscopically or during
laparotomy into the circular muscle layer along the greater
curvature of the stomach, 10 cm proximal to the pylorus.
Leads from the electrodes connect to a neurostimulator, which
resembles a cardiac pacemaker that is implanted in the anterior
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abdominal wall. A wireless remote control allows the settings to
be adjusted from outside the body.7

The mechanism of action of high-frequency gastric electrical
neurostimulation is uncertain, but probably does not relate to
stimulation of gastric emptying. Little or no consistent accelera-
tion of solid-phase emptying has been observed in clinical trials
of neuro-stimulation. It is hypothesised that high-frequency GES
may act on sensory fibres which modulate activity in thoracic
spinal neurones that are responsive to gastric distension. 

The majority of the published data on GES are of low
methodological quality, largely consisting of non-comparative
case series reports which include a mixture of prospective and
retrospective data collection and patients with and without
diabetic gastroparesis. However, two randomised controlled
crossover studies have been reported in patients with diabetic
gastroparesis. Abell et al8 studied 33 patients with chronic
gastroparesis (17 diabetic and 16 idiopathic). After implantation,
patients were randomised in a double-blind, crossover design to
stimulation ON or OFF for a 1-month period. After this period
of time, all patients were programmed to stimulation ON and
evaluated at 6 and 12 months. There was significant benefit with
treatment ON versus OFF with the predominant benefit in those
with diabetes. Vomiting frequency decreased significantly at 6
and 12 months. Scores for symptom severity and quality of life
significantly improved whereas gastric emptying was only mod-
erately accelerated. The study sample size enrolled only about
50% of patients originally planned and was underpowered. The
second controlled study showed no difference between ON and
OFF treatment periods after an initial six weeks unblinded on
treatment phase.9 However, following the ON and OFF treatment
periods, all patients had their stimulators turned ON and all had
improvements in subjective and objective parameters with
chronic stimulation after 12 months of GES, compared with
baseline. GES has been reported to enhance nutritional status,
reduce the requirement for supplemental feeds, and improve
glycaemic control in patients with diabetes.8,10,11 Improvement
in gastric emptying has been variable. 

An initial meta-analysis11 suggested substantial benefits for
gastroparesis but identified that, among 13 included studies, 12
lacked controls and only one was blinded and randomised. A
more recent meta-analysis on GES showed similar results and
identified patients with diabetic gastroparesis as the most
responsive to GES, both subjectively and objectively, while the
idiopathic gastroparesis and post surgical gastroparesis sub-
groups were less responsive.12 Both meta-analyses and review of
the literature indicate that further controlled studies are required
to confirm the clinical benefits of high frequency GES.13

The neurostimulator has not been documented to reduce
fullness, bloating, or acid reflux symptoms.14 As a result, it is un-
certain if the therapy will be beneficial if these symptoms pre-
dominate. Because of the risk of infection after surgery, patients
on immunosuppressive therapy may not be optimal candidates
for this technology.

GES requires surgery under general anaesthesia. Complica-
tions from the device include local infection, lead migration and
bowel obstruction, as well as complications related to the
surgery which may occur in up to 10% of patients implanted
and the device may require removal. In a case series of 103
patients, 65 of whom had diabetes, treatment failure was
reported in 26%.15 In patients with diabetes a non-responder
rate of 10% has been reported.16 Average battery life is seven
years to a likely maximum of 12 years. GES is a costly treatment,
estimated at about £16,000 to £18,000 per patient. Additional
costs may be incurred if complications arise. There are potential
reductions in healthcare costs such as reduced hospital admis-
sions and reduction/withdrawal from enteral and parenteral
nutrition. Reductions in use of medication for gastroparesis are
unlikely to lead to important savings. Patient numbers have been
estimated at one or two patients per Clinical Commissioning
Group per annum. 

Conclusions
There is no consensus or societal guideline on the selection of
patients (e.g., failed therapeutic trials, or level of nutritional com-
promise) for the use of GES. Patients with severe nausea and
vomiting (occurring on average at least once daily), which have
proven refractory to aggressive antiemetic and prokinetic drug
therapy for at least one year in duration, may be candidates for
GES. Patients with nausea and vomiting and those without
narcotic dependence prior to placement of the stimulator have
a more favourable clinical response than those with bloating or
abdominal pain.   

NICE recommends that patient selection and follow-up
should be done in specialist gastroenterology units with expertise
in gastrointestinal motility disorders and the procedure should
only be performed by surgeons working in these units. Centres
that currently offer GES are Broomfield Hospital in Essex, Royal
Free Hospital and University College London Hospital, Leeds,
Aintree, Russells Hall Hospital in Dudley, West Midlands, Glas-
gow and Aberdeen. To date, 350 patients have received an
Enterra™ implant in the UK (personal communication,
Medtronic, August 2014). The centre in Broomfield Hospital has

Figure 1. The EnterraTM Device 

Source http://www.mc.vanderbilt.edu:8080/reporter/index.html?ID=3963
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now done 100 implants and reports a low complication rate and
following the procedure 25 out of 32 patients have stopped
enteral and parenteral feeding (personal communication,
S Kadirkamanathan, Broomfield Hospital, September 2014). A
centralised database of statistical data on GES submitted by all
the specialist centres would be beneficial to both clinicians and
patients in providing outcome data which will help clarify the
characteristics of those who may potentially have the best clinical
response.
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Key messages

• Gastroparesis is a much under-recognised complication
of diabetes mellitus; it can be asymptomatic, mild,
moderate or severe and may affect 30-50% of patients
with long-standing diabetes

• GES has been reported to enhance nutritional status,
reduce the requirement for supplemental feeds and
improve glycaemic control in patients with diabetes

• NICE recommends that patient selection and follow-up
should be done in specialist gastroenterology units with
expertise in gastrointestinal motility disorders and the
procedure should only be performed by surgeons
working in these units
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Erratum to ‘Consensus recommendations for the use 
of Ambulatory Glucose Profile in clinical practice’
(Br J Diabetes Vasc Dis 2014;14(4):153-157. http://dx.doi.org/10.15277/bjdvd.2014.046)

STEPHAN MATTHAEI, RAMIRO ANTUÑA DEALAIZ, EMANUELE BOSI,
MARK EVANS, NEL GEELHOED-DUIJVESTIJN, MICHAEL JOUBERT

We regret that an error occurred on page 154.  Figure 1 had incorrect 
labels applied as the 10th to 90th percentile is included twice, whereas
one of the labels should say the 25th to 75th percentile.  The correct 
figure is shown opposite.
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