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Background/Aims

Gastroparesis-like syndrome (GLS) is defined as gastroparesis-like symptoms with normal gastric scintigraphy. While the efficacy
of gastric electrical stimulation (GES) in gastroparesis is well known, the utility of GES in GLS is largely unknown. Our aim was
to clarify the role of GES in GLS. We implanted consecutive patients with symptoms of gastroparesis with temporary gastric
electrical stimulation and observed changes in gastric scintigraphy and total symptom score.

Methods

Five hundred and fifty-one patients suffering from symptoms of gastroparesis (nausea, vomiting, bloating/distension, anorex-
ia/early satiety, and abdominal pain) with negative endoscopy underwent gastric scintigraphy with analysis of 1) solid radio-
nuclide gastric emptying at 1, 2, and 4 hours (% remaining); 2) area under the gastric emptying curve (AUC) at 1, 2, and 4
hours; and 3) total gastric emptying test (GET) (the sum of 1, 2, and 4 hour values). Patients were stratified into: delayed gas-
tric emptying, normal gastric emptying, and rapid gastric emptying (Appendix). Of the 551 patients in the larger cohort, 379
had implantation of temporary gastric electrical stimulation (tGES). Gastrointestinal symptoms and gastric emptying were com-
pared pre and post tGES implantation.

Results

After tGES, 2 hour gastric retention decreased (P < 0.01) for the delayed patients, and increased (P < 0.001) for normal and
rapid patients. These changes were accompanied by improvements (P < 0.001) in vomiting, nausea, and total symptom scores
in all 3 subgroups.
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Conclusions

Gastric Stimulation Improves Rapid Emptying

Gastric electrical stimulation may be an effective therapy for treating the symptoms of gastroparesis with normal gastric emptying.
Further exploration of endoscopic electrical stimulation as a treatment for gastroparesis-like symptoms with non-delayed gastric

emptying is needed.
() Neurogastroenterol Motil 2015;21:520-527)
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Introduction

Gastroparesis (Gp) is a motility disorder characterized by de-
layed gastric emptying in the absence of mechanical obstruction.
The presentation can vary, but typical symptomatology includes:
nausea, vomiting, bloating, early satiety, and abdominal pain.'™ If
untreated, chronic gastroparesis can result in significant morbid-
ity and mortality including Mallory-Weiss tears, severe gastritis,
and life-threatening electrolyte derangements.” Interestingly,
patients with symptoms of Gp may have normal gastric emptying
scans: in a study of 425 patients with chronic nausea and vomit-
ing, 106 (25%) had normal gastric emptying despite symptoms of
Gp.’ These patients with gastroparesis symptomatology but with
non-delayed emptying are defined as suffering from gastro-
paresis-like syndrome (GLS). GLS is being increasingly recog-
nized as a discrete yet pathological process.”

The benefits of gastric electrical stimulation (GES) in Gp in-
dividuals have been extensively documented. Patients ten years
post-implantation have demonstrated improved nutritional scores,
improved symptom scores, and decreased mortality compared to
medically managed patients.” Symptom improvement has also
been reported with temporary gastric electrical stimulation, a
non-surgical adaption of GES using stimulating electrodes
placed in the stomach endoscopically.” The long-term results
with GES have also been shown to correlate with short-term re-
sults of temporary gastric electrical stimulation (tGES).” The ef-
fects of gastric stimulation in non-delayed gastric emptying, how-
ever, have not been precisely reviewed as compared to delayed
emptying. Our study thus aims to explore the effect of tGES in a
prospective study of patients with symptoms of gastroparesis with

non-delayed gastric emptying.

Materials and Methods

Regulatory Approval

For this prospective study, Institutional Review Board ap-
proval was obtained from the University of Mississippi Institu-
tional Review Board Panel. Patients/insurers paid for all costs,
including temporary GES implantation and gastric scintigraphy
studies with consecutive patients signing a consent for the
protocol. The temporary GES system used in this study has been
previously described'” and includes an FDA approved temporary
cardiac pacing lead (Medtronic model 6416), and an FDA ap-
proved implantable pulse generator (Medtronic 3116). Briefly,
patients undergo upper endoscopy with a standard 140 cm long
endoscope with a 7F accessory channel. Implantation of the tem-
porary lead was done at junction of antrum and body of stomach
into the stomach mucosa with a counter-clockwise turning mo-
tion and placement of 3-endoscopic clips. The lead was con-
nected to an external pulse generator. Both components (lead and

generator) are used off-label in this study.

Primary and Secondary Outcomes

Primary outcomes included measurement of gastric scintig-
raphy (gastric emptying test [GET], total gastic emptying
[TGE], and area under the curve [AUC]) and total symptoms
score (TSS) after insertion of tGES. Secondary outcomes are the

symptom improvements.

Study Patients

We enrolled 551 consecutive patients who presented to our
clinic with symptoms of nausea, vomiting, abdominal pain, and
bloating, with non-obstructive esophagogastroduodenoscopy.
These patients were considered potential candidates for perma-

nent GES and signed informed consent to participate in the

Vol. 21, No. 4 October, 2015 (520-527) 521



Sanjeev Singh, et al

Table 1. Inclusion and Exclusion Criteria for Humanitarian Use Device

Inclusion Criteria

Patients’ gastroparesis symptoms of diabetic, surgically related or idiopathic etiology

Patients aged 18-70 years old
Symptoms of gastroparesis for = 1 year

Refractory or intolerant to prokinetic drug classes (cholinergic agonists, motilin receptor agonists, dopamine receptor antagonists)

Refractory or intolerant to antiemetic drug classes (antihistamines and phenothiazines, serotonin receptor antagonists, dopamine receptor antagonists)

Chronic vomiting or nausea or severe dyspepsia like syndrome consistent with gastroparesis irrespective of gastric emptying test (GET) values

Exclusion Criteria

Non-candidates for endoscopic or surgical procedures and/or anesthesia due to physical or mental conditions

Pregnancy

551 patients screened for eligibility |

| 99 failed inclusion criteria |

v
452 underwent GS and TSS calculation

| 73 withdrew from study |

v

379 implanted with tGES and underwent
repeat GS and TSS calculation

Figure 1. Study design. GS, gastric scintigraphy; TSS, total symptoms
score; tGES, temporary gastric electrical stimulation.

study. The median age was 47 years (110 males and 441 females).
After initial enrollment, patients were excluded from final data
analysis if they did not meet inclusion criteria for the Humanitarian
Use Device (Table 1) or if the patient requested to be removed
from the study (Fig. 1).

Gastric Scintigraphy

Fach of the 551 patients underwent gastric scintigraphy as
previously described." We recorded values as (1) gastric re-
tention at 1, 2, and 4 hours,"" (2) TGE: the sum of 1, 2, and 4
hours, ie, similar to ejection fraction for the heart, and it is calcu-
lated as a global measure as a sum of gastric emptying at 1, 2, and
4 hours,"” and (3) total area under the curve (TAUC)" as dem-
onstrated in prior studies.'” All patients were subsequently strati-
fied as delayed gastric emptying and non-delayed gastric
emptying. Non-delayed gastric emptying was further stratified as
normal emptying and rapid gastric emptying, which was defined
after a sub-analysis of Tougas et al'' revealed the top 10% of
emptiers had 1 hour GET < 37%. The analysis and method-
ology of rapid gastric emptying with Tougas et al'' data can be

seen in Appendix.

Patients, regardless of gastric emptying results, then under-
went implantation with tGES as previously described," with pa-
tients undergoing test stimulation implantation for a period of §

days.

Symptom Scores and Gastric Scintigraphy
For symptom scores, each patient recorded gastroparesis
symptoms on a 5 point scale (0 = no symptom, 1 = mild, 2 =
moderate, 3 = severe, and 4 = very severe [debilitating] symp-
toms), in a patient reported outcome (PRO) diary.” The daily di-
ary, which was averaged over the § days, provided a method for
noting the daily absence/presence/severity of vomiting, nausea,
anorexia/early satiety, bloating/distension, and abdominal pain.
Study staff summed the § daily ratings, averaging frequency and
severity for each, to calculate each patient’s TSS.® The percent
gastric retention, "> AUC,"™"” TGE, and TSS were analyzed
before and after placement of the tGES. Initial gastric scinitig-
raphy results were used to stratify patients into delayed gastric
emptying, rapid gastric emptying (Appendix), and normal gastric
emptying. As mentioned above, at the end of the fifth day, pa-

tients’ TSS and gastric scintigraphy were re-collected.

Statistical Methods

Patient symptoms (vomiting, nausea, early satiety, bloating,
and abdominal pain) severity were assessed on a scale of 0-5 using
a standardized questionnaire. T'SS was computed as the sum of
the 5 individual symptom scores. TGE and TAUC were com-
puted from the patient GET data. Pre and post implantation
scores for TSS, GET, TGE, and TAUC are reported as mean

and standard error and compared using Student’s 7 test.
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Results

Our 551 consecutive patients had the following etiologies
for their Gp symptomatology: diabetic in 169 patients (31%),
post-surgical in 38 patients (6.9%), and idiopathic in 320 patients
(58%) with 24 patients (4.4%) believed to have “other” etiologies
(including known specific neuropathies and multi-system atro-
phy). Patients subsequently underwent gastric scintigraphy. Of
the 551 patients enrolled, 99 could not complete their gastric
emptying test (patients could not tolerate meal, vomiting during
study). The remaining 452 patients were subsequently stratified
into rapid, normal, and delayed gastric emptying cohorts based
upon their performance on GET with parameters as described
above.

Out of the 551 patients, the 452 patients who met inclusion
criteria had gastric scintigraphy (GS) that revealed 42 patients
with rapid emptying (9.3%), 273 patients with delayed emptying
(60.5%), and 137 patients with normal solid emptying (30.4%).
The predominant symptom of all patients was nausea (3.3 symp-
tom score), followed by: early satiety (3.0), then abdominal pain
(3.0), bloating (2.8), and finally vomiting (1.4). Sub-dividing the
patient cohort into normal, delayed, and rapid gastric emptying

Gastric Stimulation Improves Rapid Emptying

demonstrated similar order of symptoms for all 3 groups. The
normal cohort reported bloating as the third most common symp-
tom along with abdominal pain (Table 2).

Baseline gastric emptying results are shown in Table 2. For
patients with normal GET, retention values at 1 hour were
59.6%, at 2 hours were 28.7%, and at 4 hours were 4.9%. The de-
layed emptying group had gastric emptying times at 1, 2, and 4
hour values of 77.8%, 59.1%, and 35.7% respectively. The rapid
emptying group at 1, 2, and 4 hours had gastric emptying times at
25.2%, 10.2%, and 3.5% respectively. Total gastric emptying
times for normal, delayed and rapid were 93.2, 172.6, and 38.9
minutes respectively.

Of the 452 eligible patients, 73 did not wish to proceed with
tGES implantation. A total of 379 patients underwent im-
plantation with tGES. They subsequently had repeat GS and
TSS at the end of 5 days. The results of pre- and post- GET,
AUC, TGE, and TSS can be seen in Figures 2 and 3. We noted
the following: (1) Patients with delayed GE'T had decreased gas-
tric retention (1 and 2 hours), TGE, and AUC after tGES im-
plantation (P < 0.01 level from Student’s 7 test); (2) Patients
with normal GET had increased TGE and gastric retention at 2
and 4 hours after implantation (2 < 0.001 level); they had in-
creased AUC after implantation (P < 0.05). (3) Patients with

Table 2. Baseline Characteristics of 551 Consecutive Patients With Gastroparesis Symptomatology and of 451 Patients Undergoing Gastric

Emptying Test
All patients Normal (n = 137)  Delayed (n = 273) Rapid (n = 42)
Variable (N = 551) 21451 21451 22451
N % N % N % N %
Demographics Male 110 20 27 20 53 19 15 36
White 448 81 115 84 221 81 31 74
Diabetics 169 31 44 32 94 34 11 26
Idiopathic 320 58 79 58 150 55 24 57
Post surgical 38 7 8 5.8 22 8.1 3 7.1
Age (mean = SD) 474 £ 43 46.7 = 14.9 47.6 = 14.3 49.1 = 14.2
Symptom Scores Vomiting 2.4 1.5 2.4 1.4 2.4 1.3 2.1 1.3
Nausea 3.3 1.0 34 0.9 3.4 0.8 3.1 1.0
Anorexia early satiety 3.0 1.2 3.1 1.1 3.0 1.1 2.8 1.2
Bloating 2.8 1.3 3.0 1.1 2.9 1.1 2.7 1.4
Abdominal pain 3.0 1.2 3.0 1.2 3.0 1.1 2.8 1.4
Total symptoms score 14.5 3.7 14.9 3.4 14.6 3.3 13.4 4.1
GET measurements  Gastric emptying test 1 hour 67.4 214 59.6 13.8 77.8 15.3 25.2 11.8
(N =451) (% remaining)
Gastric emptying test 2 hour 45.3 254 28.7 13.7 59.1 20.8 10.2 7.7
Gastric emptying test 4 hour 23.3 24.1 4.9 3.1 35.7 24.0 3.5 3.5
Gastric emptying test total time 136 65.9 93.2 25.7 172.6 55.3 38.9 20.1

GET, gastric emptying test.
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Delayed

Delayed temporary gastric electrical stimulation
Normal

Normal temporary gastric electrical stimulation
Rapid

Rapid temporary gastric electrical stimulation
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Gastric emptying test retention (%)
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Hour of gastric retention

Figure 2. Gastric retention rates, after insertion of temporary gastric
electrical stimulation in delayed, normal, and rapid patients. GS, gastric
scintigraphy; TSS, total symptom score; tGES, temporary gastric
electrical stimulation. **P < 0.01, ***P < 0.001.

rapid GET had increased gastric retention (at 1 and 2 hours),
TGE, and AUC after implantation (2 < 0.001). The patients
with rapid GET had increased gastric retention at 4 hours after
implantation as well (P < 0.01). Thus, in the rapid emptying pa-
tients, treatment with tGES resulted in normalization of gastric
emptying to all parameters. Changes after tGES can be seen in
Figure 2 (GET) and in Figure 3 (TSS).

Symptom scores for nausea, vomiting, and T'SS improved af-
ter tGES for normal, delayed, and rapid populations at the P <
0.001 level. Patients with delayed emptying accelerated and those
with rapid emptying slowed. Patients with “normal” GET dem-
onstrated decreased emptying times and improvement of symp-

toms as well.

Discussion

In our prospective study that found statistical difference be-
tween groups, application of gastric electrical stimulation im-
proves symptoms of gastroparesis regardless of gastric sciniti-
graphy. The advantage of using temporary GES is that many pa-
tients, who might not otherwise be considered candidates for
GES can be studied to see if they might respond. Patients diag-

nosed with gastroparesis (via gastric scintigraphy) and intolerant

Delayed

Delayed temporary gastric electrical stimulation
Normal

Normal temporary gastric electrical stimulation
Rapid

Rapid temporary gastric electrical stimulation

- *kk
16.0 s

BOEROO

*kk

Symptom score
[ee]
o
1

Nausea

Vomiting

Total symptom
score
Symptoms

Figure 3. Symptoms after insertion of temporary gastric electrical
stimulation in delayed, normal, and rapid patients. ***P < 0.001

to pro-kinetic and anti-nausea medications demonstrated im-
proved quality of life and decreased GI symptomatology with
temporary gastric electrical stimulation.'* In those patients with-
out gastroparesis, who have been relatively un-studied with elec-
trical stimulation, our study demonstrated that temporary gastric
stimulation improved symptomatology. This population may be
diagnosed as functional dyspepsia in Rome III as they have
symptoms of Gp but normal GS results. A recent review of the
controversies regarding aspects of dyspepsia vs gastroparesis/
gastroparesis-like syndrome has outlined many possible diag-
nostic, therapeutic and terminologic options.” The patients in
this report, may represent a previously unstudied population for
tGES, and as studied here, may benefit from GES."

Our study further defined the epidemiology of GLS. We
demonstrated that 39.6% of patients had gastroparesis-like symp-
toms with non-delayed GET in a patient population of refractory
nausea and vomiting. Of these patients, Appendix demonstrates
classification of non-delayed GET into normal gastric emptying
and rapid gastric emptying (RGE) by re-analysis of the original
Tougas data and application towards our patient population. This
combined patient group has recently been described by the
National Institutes of Health (NIH) Gastroparesis Clinical
Research Consortium (GpCRC), and others, as gastroparesis-
like syndrome, or GLS.® The prospective NIH data set was de-

signed to include approximately 25% of their patients as non-de-
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layed emptiers.” However, the true percentage of patients with
GLS is unknown. Based on this sample of 551 consecutive pa-
tients, and 452 analyzable GETs, the percentage of patients with
GLS is likely much closer to the 40% of patients in this series.
Mechanisms for GLS may include rapid movement of food to
the small bowel resulting in small bowel distention and accom-
panied nausea, pain, and diarrhea, ie, similar symptoms to that of
gastroparesis.16’17 Other mechanisms may relate to proximal gas-
tric activity, which might be better demonstrated by liquid gastric
emptying, something not evaluated in this study. Indeed, patients
with normal gastric emptying may be more similar to RGE than
delayed gastroparesis as a mechanism for their symptomatology.
After all, it remains unclear how tGES improves symptomatology
in patients with normal gastric emptying as these patients demon-
strated slowing of gastric emptying after implantation with tGES.
Regarding how tGES slows gastric emptying, the exact mecha-
nism remains to be unknown.

The differentiation between patients with symptoms of gas-
troparesis, whether they have delayed or accelerated gastric emp-
tying, is not distinct. In a retrospective cohort of 642 patients with
presumed gastroparesis and RGE, the correlation between symp-
toms and GET were only 62% and 29%, respectively.”® Some
studies even report a preponderance of RGE over gastroparesis
in non-specific symptoms. In a small 57 patient trial exploring
gastric emptying in patients with functional dyspepsia, RGE was
more common (21%) than delayed gastric emptying of solids
(13%)."” Our study supports prior studies reporting the poor cor-
relation between clinical symptomatology and the diagnosis of
gastroparesis.17’18

This study did not look at response of tGES to pain, except as
part ofa larger symptoms spectrum. However, a recent report did
examine pain, in relation to neuropathic changes in the GI tract,
and found that some patients with abdominal pain do respond
well to tGES.” We also did not measure use of pro-kinetic or an-
ti-emetic drug before and after tGES implantation, which may be
a surrogate marker, along with T'SS, to discern patient sympto-
matology.

There are 3 main limitations to our study. First, the gastric
emptying studies performed previously in healthy volunteers as
well our patients were limited to solid gastric emptying.
Diagnostic criteria based on liquid or liquid-plus-solid gastric
emptying may have influenced the proportion of patients classi-
fied as rapid. Secondly, the response to tGES in our patients was
determined on the basis of an un-blinded study design. A sham
controlled study may have yielded different results in any of the

Gastric Stimulation Improves Rapid Emptying

sub-groups (delayed, rapid, or normal) that were studied. A sig-
nificant benefit our patients experienced may have been from a
placebo effect. Our patients may have had a significant psychi-
atric history contributing to their perceived symptoms; however
no psychiatric history was obtained nor were any psychotropic
medicine screened. Lastly, this study looked at only temporary
GES and not permanent. In prior trials temporary GES pre-
dicted improvement with permanent GES and tGES has been
validated using a double- masked crossover study.'"*!
Notwithstanding these limitations, our study demonstrated
that temporary endoscopic GES is an effective therapy for gastro-
paresis and GLS. We also demonstrated a new possible entity of
GLS categorized by RGE. Our research in a diverse patient pop-
ulation has shown that GES may be effective in normalizing gas-
tric emptying, as well as significantly decreasing symptoms, for
patients with gastroparesis and GL.S who have failed traditional
medical therapy. Larger controlled trials are now needed to test

these findings.
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Appendix

Re-analysis of the Tougas et al'' data was undertaken to ex-
amine the top Sth and 10th percentiles of gastric retention to de-
fine rapid emptying. The data involved 123 patients with the fol-
lowing characteristics: age 19-73 years, n = 60 for women, and
n= 63 for men. The patients were healthy volunteers with no
gastrointestinal symptomatology during the time of the gastric
emptying procedure. For the normal control data, the original da-
ta from 123 healthy volunteers in the Tougas report was analyzed
at the Sth and 10th percentiles using gastric emptying test (GET)
at 1 and 2 hours, total gastric emptying (TGE), and total area un-
der the curve (TAUC).

A re-analysis of the normal control data is shown in
Appendix Table 1. GET values observed in the 10th percentile
of normal volunteers at 1-; 2-, and 4-hour retention were values
less than 37%, 6.4%, and 0% respectively. At the Sth percentile of
normal volunteers, the 1, 2, and 4 hour values were 32%, 3.8%,
and 0%. The 5th and 10th percentiles of TGE (summation of 1,
2, and 4 hours) were 38.2% and 47.3%. Additionally, the Sth and
10th percentile AUC was computed for 1, 2, and 4 hours. The
Sth percentile and 10th percentile for AUC (%-hours) were 66.1
and 68.5 at 1 hour; 86.3 and 91.1 at 2 hours; and 90.8 and 102.7
at 4 hours, respectively. The parameter that included the most
number of patients as rapid emptiers without classifying any de-
layed or normal patients as rapid was GET at 1 hour (<37%
gastric retention).

Comparison of AUC, TGE, and GET at 1, 2, and 4 hours
can be seen in Appendix Table 2. The modality that classified the
most number of patients as rapid emptiers was 1 hr GET < 37%
encompassing 42 patients. AUC < 68.5 also identified 42 pa-
tients (100%) as rapid emptiers whereas TGE identified 23 pa-
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tients (55%) as rapid emptiers. GET < 6.4% at 2 hours identi-
fied 8 additional patients (19%) that were classified as normal by
GET < 37% at 1 hour. None of the patients classified as rapid
emptiers by 1 hour GET or 1 hour AUC were classified as
Normal or Delayed by standard (Tougas et al'") criteria. We de-
fined rapid gastric emptying as the modality that encompassed
the largest number of non-delayed patients; thus, our principal
criteria for rapid gastric emptying was 1 hour GET < 37%.
Column A lists the number of patients classified as rapid
emptiers with each respective criteria. Column B lists the number
of additional subjects classified as rapid emptiers that were not in-
cluded by the 1 hour GET < 37%. GET < 6.4% at 2 hours

classifies the most (8) additional patients as rapid emptiers.

Appendix Table 2. Comparison of Gastric Emptying Test, Total
Gastric Emptying, and Area Under the Curve for Rapid Gastric
Emptying in Sample of 451 Patients

Criteria A B
1 hr GET < 32% (5th percentile) 23 0
1 hr GET < 37% (10th percentile) 42 0
2hr GET < 3.8% (Sth percentile) 18 S
2hr GET < 6.4% (10th percentile) 24 8
TGE, 4 hr, < 38.2% (5th percentile) 16 0
TGE, 4 hr, < 47.3% (10th percentile) 25 2
AUC, 1 hr, < 66.1 (5th percentile) 25 0
AUC, 1 hr, < 68.5 (10th percentile) 42 0
AUC, 2 hr, < 86.3 (5th percentile) 20 0
AUC, 2 hr, < 91.1 (10th percentile) 33 1
AUC, 4 hr, < 90.8 (5th percentile) 15 0
AUC, 4 hr, < 102.7 (10th percentile) 30 6

GET, gastric emptying test; TGE, total gastric emptying; AUC, area under the
curve.

Appendix Table 1. Re-analysis of Normal Control Data Including Area Under the Curve, Total Gastric Emptying Test

Time (hr) No. Sth percentile AUC  10th percentile AUC Gastric retention
(%-hr) (%-hr) Mean Sth percentile (%) 10th percentile (%)
123 66.1 68.5 64.9 32.0 37.0
2 123 86.3 91.1 26.9 3.8 6.4
4 123 90.8 102.7 2.9 0.0 0.0
TGE 38.2 47.3

TGE, total gastric emptying.
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