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Background: The effect of different administration routes of omeprazole remains unclear
on the recovery in patients with obesity after laparoscopic sleeve gastrectomy (LSG).
Methods: We designed a randomized clinical trial enrolling 120 patients with a BMI>32.5 -
kg/m? after LSG. They were randomized into two groups to be administered with omepra-
zole by rapid intravenous injection (group A) or by continuous micropump infusion (group
B). The plasma concentration of omeprazole was monitored upon initiating administration.
Change in intragastric pH and gastrointestinal symptoms during follow-up served as indica-
tors for therapeutic evaluation.

Results: Patients in the two groups showed no difference in the AUC curves (P=0.25), but
group A had significantly higher peak concentration (P<0.001), and shorter time to reach
peak concentration after administration (P<0.001), compared to group B. Before and after the
administration of omeprazole, the average change in intragastric pH was much lower in
group A (0.031 £ 0.61) than in group B (0.48 = 0.74) (P=0.004). The incidence of gastro-
intestinal symptoms was similar between the two groups (P=0.85); however, the average
duration of remaining symptoms was longer in group A (3.97 months; 95% CI, 2.90-5.04)
than in group B (2.82 months; 95% CI, 2.01-3.63) (P=0.04).

Conclusion: Continuous micropump infusion of omeprazole may improve the outcomes in
patients with obesity after LSG.

Trial registration: China Clinical Trial Registration Center (ChiCTR), ChiCTR-IPR-17013365.
Registered 13 November 2017. http://www.chictr.org.cn/showproj.aspx?proj=22892.

Keywords: obesity, laparoscopic sleeve gastrectomy, omeprazole, gastrointestinal symptoms

Background

Obesity has become a global public concern that is closely related to the occurrence and
development of non-communicable diseases, such as hypertension, type 2 diabetes
mellitus, dyslipidaemia, cardiovascular events and even a variety of malignant
tumours." Globally from 1980 through 2016, the estimated number of overweight and
obese people has increased from 857 million to 2.1 billion According to the World Health
Organization. Approximately, 671 million people have a BMI >30 kg/m*? Chinese
individuals account for one-tenth of these people, which means one of every hundred
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in China suffers from obesity.? For most patients, the effects of
non-surgical treatment remain minimal and are reversible. The
only validated treatment with long-term effects is weight-loss
surgery, which can also reduce the levels of blood glucose and
blood lipid and reduce the incidence of various obesity-related
complications.*

Bariatric surgery is recommended as the new guidelines
for patients with a BMI above 32.5 kg/m” in China.’
Laparoscopic sleeve gastrectomy (LSG) is effective for obe-
sity and globally become popular, owing to a few severe
complications and substantial weight loss.® However, some
undesired gastrointestinal symptoms, such as pantothenic
acid, nausea, early satiety, hoarseness, dysphagia, sore throat,
chest pain, and epigastric pain, may effect quite a few post-
operative patients.’ After removing most of the stomach fun-
dus and body, the volume of the remnant stomach got much
smaller than before, which increased the gastric pressure and
decreased the gastric compliance decreased.® Expectantly,
Proton pump inhibitor (PPI) is one of the best choices of
the drug to relieve these symptoms by reducing gastric acid
secretion and protecting the barrier of gastric wall.”

Omeprazole, the first generation of PPI, is commonly
used for the treatment of peptic ulcers, stress ulcers, reflux
oesophagitis, gastrinoma and other digestive system acid
secretion diseases.” Omeprazole is lipid-soluble, weak
basic and easy to deteriorate under light, heat, acid and
oxidant conditions. Previous studies reported that compared
to intravenous injection when the omeprazole is delivered
via micropump, it could reduce the bleeding of peptic
ulcers, which may be related to micropump infusion making
the plasma concentration of omeprazole more stable.'®"!
Studies in healthy people showed that the distribution of
omeprazole in vivo conforms to the two compartments open
model, and its clinical efficacy is positively correlated with
areas under the curve (AUC).'? However, to the best of our
knowledge, there is no study which focused on the pharma-
cokinetics of omeprazole in obese humans.

In order to address this, we enrolled patients with obesity
who underwent LSG and then received omeprazole either via
rapid intravenous injection (Group A) or continuous micro-
pump infusion (Group B). We then compared outcomes,
including plasma omeprazole concentration, intragastric pH,
and gastrointestinal symptoms, between these groups. Our
study aimed to determine the pharmacokinetics of omeprazole
in obese people, and to assess whether micropump infusion
could result in improved outcomes in this population follow-
ing LSG.

Methods
Trial Design

We designed an open-label randomized clinical trial compar-
ing the outcomes of two omeprazole administration routes
after LSG. We prospectively enrolled the patients who met
the inclusion criteria (BMI>32.5 kg/m?)° and underwent LSG
from November 2017 through October 2019 in The Sixth
People’s Hospital, Shanghai Jiao Tong University. The exclu-
sion criteria were as follows: 1) being allergic to omeprazole or
other benzimidazole drugs; or 2) not being capable of main-
taining postoperative diet or lifestyle change. This trial was
registered in the China Clinical Trial Registration Center
(ChiCTR-IPR-17013365). In addition, patient data were col-
lected by one researcher blinded to the trial, mainly including
age, gender, BMI and comorbidities.

Justification of Sample Size

This trial is aimed to prospectively compare compared the
outcomes, including plasma concentration of omeprazole,
intragastric pH, and gastrointestinal symptoms, between the
two groups. The sample size is calculated using the software
PASS 11 (NCSS, LLC. Kaysville, Utah, USA) with two-
sample 7-test. We utilized the change in the intragastric pH
value to estimate the sample size. It was previously documen-
ted that the mean change was 2.58 between the pH values
before and after the administration of omeprazole by intrave-
nous injection in Chinese patients with peptic ulcer.”® In
another study, the mean change in Chinese newborn with stress
ulcer administered with omeprazole by intravenous injection
and micropump infusion was 1.6 and 2.84 (2.84 was larger
than 1.6 by 1.775 times), respectively.'* However, there was
limited data available in the patients with obesity. To obtain
a maximum sample size for appropriate statistical power, we
estimated the change in the intragastric pH value to be 2.58
(intravenous injection) and 4.58 (2.58*1.775=4.58; micro-
pump infusion), with a standard deviation (o) of 5, in the
patients with obesity. In addition, a and  were given values
of 0.05 and 0.2, respectively, as usual. Thus, the sample size
was determined to be 200 with 100 in each group.

In the trial, we found that it was difficult to collect the
sample of succus gastricus, as it had been reduced by about
90% after LSG,15 and would be further reduced about 80%
after omeprazole administration.'® To measure the intragastric
pH value accurately, we injected 20mL saline to the patients’
stomach through the nasogastric tube and drew out the succus
gastricus after 5 minutes in all the patients. The pH value was
measured in the specimens after centrifuged. In addition, it was
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not easy to enroll more patients in the study. Moreover, in the
late December, 2019, the epidemic of COVID-19 occurred in
China, which impeded the patients with obesity admitting to
the hospital. Accordingly, we had to estimate the statistical
power on the current sample size (60 in each group), which was
determined to be 0.95, based on a change in the intragastric pH
0f0.031 +0.61 (intravenous injection) and 0.48 + 0.74 (micro-
pump infusion), which was presented in the Results. Thus, we
considered terminating the trial, which was finally approved by
the Ethics Committee of the Shanghai Sixth People’s Hospital.

Randomization and Administration of

Omeprazole

We designed a two-year study to enroll more patients with
a BMI>32.5 kg/m? after LSG, as this population in China
remains limited. A total of 135 patients with obesity were
assessed for eligibility (Figure 1); of them, 125 were eligible
and then randomized into two groups, group A (rapid intrave-
nous injection) and group B (continuous micropump infusion)
to take omeprazole after LSG, in a 1:1 ratio. One researcher
performed a simple randomization using computer-generated
random numbers, and another researcher blinded to the trial
implemented the randomization. Administration of omepra-
zole was conducted open-label in this unblended trial.

Participating patients in group A received intravenous injection
of omeprazole (AstraZeneca Ltd., China State Food and Drug
Administration Approval Number: H20030945) at a dose of
40 mg over 30 minutes, whereas those in group B received
continuous micropump infusion of omeprazole at the same
dose lasting for 6 hours. During the next three days, each
participant in the trial received different administration routes
by their groups twice a day.

Measurement of Short-Term Outcome
Once omeprazole was administrated, blood samples from
the opposite dorsalis pedis artery were taken from the
patients at the points of time at 0.25 h, 0.5 h, 1 h, 2 h, 4
h, 6 h, 8 h, 12 h and 18 h, respectively, by a same
experienced nurse blinded to the study data, to examine
the plasma concentration of omeprazole. The areas under
the curve (AUCs) of the plasma concentration were then
calculated as described elsewhere.” Time to reach peak
concentration after administration (Tmax) and peak con-
centration (Cmax) were determined accordingly.

Meanwhile, patients’ gastric acid was obtained through
gastric tube to exam pH values before and 24 hours after
administration of omeprazole, which was measured by
FiveEasy Plus (Mettler Toledo, German).

l 135 patients were assessed for eligibility ]

10 patients were excluded due to following reasons:
+ 5did not meet inclusion criteria

+ 3 was allergic to omeprazole or other benzimidazole drugs
« 2rejected to participatein the trial

125 patients wererandomized

63 patients were assigned to the group A (rapid intravenous injection) |

2 patients withdrew from the
trial

1 patientwasnotcapableof <
maintaining postoperative
dietor lifestylechange

60 patients were included |

Figure | The flowchart of the inclusion of the patients in the trial.

| 62 patients were assigned to the group B (continuous micropump infusion)

2 patients withdrew from the
trial

| 60 patients were included
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Follow-Up and Measurement of

Long-Term Outcome

Follow-up was conducted at 1, 3, 6 and 12 months after
the administration of omeprazole. The lost to follow-up
was recorded and average duration of follow-up were
calculated. Gastrointestinal symptoms, including heart-
burn, acid reflux, dysphagia and vomiting, were defined
as primary outcome in this trial. The incidence density of
gastrointestinal symptoms and duration of remaining
symptoms was determined and compared in two groups.

Statistical Analysis

Baseline characteristics, plasma concentration of omepra-
zole, and change in intragastric pH values between the two
groups were compared by using one-way ANOVA, Chi-
square test, Fisher’s exact test, and nonparametric test
where applicable. Omeprazole pharmacokinetics was
inferred based on time-dependent plasma concentration
by wusing DAS 2.0 (Mathematical Pharmacology
Professional Committee of China). Then, the AUC of the
plasma concentration of omeprazole was calculated by the
trapezoidal rule. Age and BMI were explored as covariates
associated with the AUC by analysis of covariance.

In the follow-up, we observed that once the patients
reported non-occurrence of gastrointestinal symptoms in one
visit, they did not report any symptom in the following visits.
Thus, we utilized Kaplan-Meier survival analysis and defined
non-occurrence of symptoms as an “event”. The log-rank
method was employed to compare the cumulative probability
of the symptoms between the two groups. All analyses were

Table | Baseline Characteristics

performed using SPSS (SPSS Inc., Chicago, 1L, USA).
A P value less than 0.5 was considered statistically significant.

Results
Short-Term Outcomes After Omeprazole

Administration

A total of 125 patients were initially included in the study.
However, 5 of them withdrew from the trial at baseline.
Baseline characteristics are listed in Table 1. There is no
significant difference in demographics and comorbidity
status between the two groups.

The plasma concentration of omeprazole varied between
the two groups. The AUC value of the plasma concentration
was similar between group A (6577.23 + 4539.25) and group
B (5616.65 £ 4541.62) (P=0.25). There was also no significant
interaction between administration route and age (P=0.11) or
BMI (P=0.85) in regard to the AUC. Furthermore, Tmax was
significantly different between group A (2.10 + 4.51) and
group B (4.58 + 2.41) (P<0.001). Similarly, Cmax differed
between group A (2157.35 £ 931.34) and group B (967.75
1259.17) (P<0.001).

In addition, change in the intragastric pH values was
determined by assessing the pH before and after the
administration of omeprazole in 42 patients in group
A and 41 patients in group B. The average change in pH
was much lower in group A (0.031 + 0.61) than in group
B (0.48 £ 0.74) (P=0.004) (Table 2). To make the differ-
ence more visible, we made a box-plot according to the
data (Figure 2).

Group A (Rapid Intravenous Group B (Continuous Micropump P value
Injection) Infusion)
(n=60) (n=60)
Age (year), mean * SD 34.95 £ 9.94 32.38 £ 893 0.14
Sex (female, %) 47 (78.3) 40 (66.7) 0.15
BMI, mean + SD 41.19 2729 39.65 £ 6.18 0.21
Comorbidity (%)
Cardiovascular disease I (1.7) 2 (3.3) 1.0
Hypertension 14 (23.3) 12 (20.0) 0.66
Diabetes 27 (45.0) 26 (43.3) 0.85
Obstructive sleep apnea 1 (1.7) 4 (6.7) 0.36
syndrome
Fatty Liver 20 (33.3) 20 (33.3) 1.0
Hyperlipidemia 3 (5.0) 1 (1.7) 0.62
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Table 2 Change in the Intragastric pH Value Before and After Administration of Omeprazole

Group A (Rapid Intravenous Injection) Group B (Continuous Micropump Infusion)
No. Patients Average Change No. Patients Average Change
(Mean % SD) (Mean % SD)
Increase 20 0.55 + 0.43 29 0.82 + 0.59
Decrease 22 —0.44 + 0.28 12 —0.36 £ 0.24

Long-Term Outcomes in the Follow-Up
In this study, the occurrence of gastrointestinal symptoms
was recorded at 1, 3, 6 and 12 months postoperation. All
patients were visited at 1 month and 3 months. In the
following visits, 5 patients in group A (1 at 6-month and
4 at 12-month) and 4 patients in group B (1 at 6-month and
3 at 12-month) were lost. The average duration of follow-
up was 11.45 + 1.87 months in group A and 11.55 = 1.73
months in group B, with no significant difference
(P=0.76).

In two groups, gastrointestinal symptoms were
recorded in 26 patients in group A and 25 patients in
group B during the follow-up (P=0.85). Then, due to the
lost to follow-up, the incidence density was determined to
be 0.45 per person-year in group A and 0.43 per person-

year in group B. The duration of remaining symptoms was

Change in pH value

estimated to be 3.97 months (95% CI, 2.90-5.04) in group
A and 2.82 months (95% CI, 2.01-3.63) in group B,
suggesting that the patients in group B were likely to
have significantly faster recovery than those in group
A (P=0.04; Figure 3).

Discussion

Tradition medical treatment has a very limited impact on
obesity, with short-term weight loss often rebounding
within 5 years.> Surgery, particularly LSG, has become
the only standardized way to manage obesity. However,
this
symptoms,'” with previously reported incidences ranging
from 2.1% to 21.0%."® In our study, the incidence of these

symptoms was higher, occurring in 51 of 120 (42.5%) of

often results in uncomfortable gastrointestinal

people during 1 year of follow-up.

Intravenous injection

Micropump infusion

Figure 2 Change in the intragastric pH value before and after administration of omeprazole.
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Figure 3 Cumulative probability of gastrointestinal symptoms.

Tradition medical treatment has a very limited impact on
obesity, with short-term weight loss often rebounding within
5 years.” Surgery, particularly LSG, has become the only
standardized way to manage obesity. However, this often
results in uncomfortable gastrointestinal symptoms,'” with
previously reported incidences ranging from 2.1% to
21.0%."® In our study, the incidence of these symptoms was
higher, occurring in 51 of 120 (42.5%) of people during
1 year of follow-up.

As a first-generation PPI, omeprazole can inhibit H" K"
adenosine triphosphatase (ATPase) by activating the high-acid
environment of the tubules in gastric parietal cells.'®
Therefore, the transport of H" from parietal cells into the cell
cavity is blocked, preventing gastric acid secretion.?! Previous
studies in healthy people showed that the distribution of ome-
prazole confirms the two-compartment open model, and its
clinical efficacy is positively correlated with the AUC;** how-
ever, until now, no pharmacokinetic data were available for
omeprazole use in obese people.

Our study demonstrated that there was no significant
difference in the AUC between obese people who received
omeprazole via rapid intravenous injection and those who
received the drug via continuous micropump infusion (p =
0.25). However, there was a significantly higher peak
concentration of omeprazole and a shorter time to peak

concentration following administration via injection

compared with infusion. This aligns with previous
research demonstrating that continuous micropump drug
delivery sustains the equilibrium between the drug intake
and elimination rates.”*** The conflicting results in peak
concentration in our study may result from the interaction
of fatty tissue and drug distribution.'® In addition, the
approved dosage of omeprazole is currently the same for
those with a BMI classed as “normal” and those classed as
“obese”; omeprazole may therefore be less effective in
those with a higher BMI owing to a lower drug concentra-
tion to weight ratio, however, it has not yet been investi-
gated whether a higher dosage may be beneficial for this
group. This may help to explain the lack of significance in
the difference between the AUC for the two administration
routes in our study; further studies focusing on the effect
of different dosages delivered via various administration
routes could clarify this.

Compared with those who received omeprazole via
injection, there was a significantly greater increase in
intragastric pH and shorter duration of reported gastro-
intestinal symptoms in those who received the drug via
micropump infusion, suggesting that this route may sig-
nificantly improve outcomes in obese patients following
LSG. Previous studies have shown that the effect of

continuous, low-dose micropump infusion of omeprazole
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for the treatment of neonatal stress ulcers was significant,
and could improve clinical symptoms, which aligns with
our results.”>*® Although rapid intravenous injection is
simple, convenient, and commonly used, it often results
in an unstable plasma concentration;'* intravenous infu-
sion using a micropump could better sustain the equili-
brium between drug intake and elimination rates, which
may more effectively alleviate gastrointestinal
symptoms.

There are several limitations to this study. First, this
was a single-center study with a small sample size based
on the number of patients with obesity in this center at the
time, which was limited. Second, the majority of the
patients in this study was women, which may have
resulted in a gender bias and a limited applicability of
our results to men. This reflects the general trend in
China that women are more likely to agree to undergo
weight-loss surgery than men; research from northern
China in 2018 reported that women accounted for 74.7%
of all weight-loss surgery patients.”” Third, we measured
a point value for intragastric pH, rather than a continuous
24 h value, which might be an unreliable measurement.
We chose to measure a point value because a dynamic pH
monitoring machine is invasive; though it has been widely
used for evaluating pH levels in studies of various
antacids,”® people with obesity are very susceptible to
secondary injury after LSG, including through the use of

invasive monitoring equipment such as this.

Conclusions

Obese patients who received omeprazole via continuous
micropump infusion had a greater increase in intragastric
pH after LSG compared with those who received the drug
via rapid intravenous injection. The duration of gastro-
intestinal symptoms was also significantly shorter with
micropump infusion than with intravenous injection,
indicating that continuous micropump infusion may
enable faster recovery from surgery. Therefore, continu-
ous micropump infusion of omeprazole may improve
postoperative management of obese people who undergo
LSG.

Abbreviations

AUC, Area under the curve; BMI, Body mass index;
Cmax, Peak concentration; LSG, Laparoscopic sleeve gas-
trectomy; PPI, Proton pump inhibitor; Tmax, Time to
reach peak concentration after administration.
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