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Abstract

Background Data on the absorption of orally administered
drugs following Roux-en-Y gastric bypass (RYGB) surgery
in obese patients are limited and inconclusive. As it is difficult
to predict changes in absorption, studies on frequently used
drugs in this population are necessary. Acetylsalicylic acid
(ASA) and omeprazole are two commonly prescribed drugs
in obese patients.

Methods In this repeated measures study, omeprazole and
salicylic acid (SA) serum concentrations were measured before
and after RYGB in 34 morbidly obese subjects. Time to maxi-
mum concentration (Tmax), lag time (Tlag), maximum concen-
tration (Cmax), and area under the serum concentration versus
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time curve (AUC) were calculated for both drugs to determine
possible differences in drug absorption after the procedure.
Results For SA, Tmax significantly decreased after RYGB,
while both Cmax and AUC,_,4 significantly increased. For
omeprazole, both Tmax and Tlag significantly decreased after
RYGB, while Cmax significantly increased. Mean AUC,_;,
significantly decreased post-surgery. The difference in AUC,_
12 before and after surgery varied between subjects.
Conclusions Our study shows a faster absorption of both
ASA and omeprazole after RYGB. The exposure to ASA is
higher post-surgery, but the standard dose of 80 mg does not
need to be modified, considering its range in effective dose.
The exposure to omeprazole is, on average, decreased after
surgery. Clinicians should be aware to increase the dose of
omeprazole if symptoms suggest inadequate response.

Keywords Roux-en-Y gastric bypass - Drug absorption -
Acetylsalicylic acid (Aspirin) - Omeprazole

Introduction

Worldwide, obesity prevalence has doubled since the 1980s.
In 2014, 13 % of the adult population was obese, defined as a
body mass index (BMI) of >30 kg/m”. Obesity is related to
many co-morbidities and increased mortality [1]. Bariatric
surgery has shown to be the most effective method to treat
morbid obesity (BMI>35 kg/m?) and related co-morbidities.
Roux-en-Y gastric bypass surgery (RYGB) is one of the most
commonly performed procedures in bariatric surgery. In
RYGB, the stomach is reduced to a small gastric pouch. The
duodenum is bypassed by connecting the jejunum to this
pouch. The duodenum is connected to a lower part of the
jejunum to ensure passage of gastric acid, bile salts, and pan-
creatic enzymes [2].
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Food and drugs first pass the newly created gastric pouch,
before passing directly into the shortened jejunum. Changes in
volume and pH of the gastric pouch, and bypassing the greater
part of the stomach and the entire duodenum, could affect the
absorption of nutrients and drugs [3-6]. It is well recognized
that RYGB results in problems regarding vitamin and nutrient
absorption, and patients are eligible for life-long vitamin and
nutrient supplementation [7].

In contrast, limited well-controlled prospective data are
available on absorption of orally administered drugs after
RYGB. The literature consists mostly of case reports, small
studies, or in vitro research. Results of these publications are
inconclusive. Some authors report decreased absorption for
drugs; others report unchanged or better absorption. It is not
possible to predict easily whether drugs undergo any change
in absorption after RYGB [5, 8—18]. Therefore, studies should
be performed with frequently used drugs in this population.
Acetylsalicylic acid (ASA) and omeprazole are two drugs
commonly prescribed to obese patients and patients after
RYGB.

Acetylsalicylic Acid

In the Netherlands, ASA is one of the most commonly pre-
scribed drugs, and is usually administered in a dose of 80 mg
as a platelet-inhibitory agent, to prevent thrombotic disease in
high-risk patients [19, 20]. Low-dose ASA (75-150 mg) once
daily has been proven to be an effective dose in preventing
death, myocardial infarction, and stroke. The efficacy has,
however, not been proven in doses lower than 75 mg once
daily, except for stroke [21]. If RYGB would result in a de-
creased absorption of ASA, the efficacy might be insufficient
for preventing myocardial infarction and death.

Omeprazole

Omeprazole is a selective and irreversible proton pump inhib-
itor, inhibiting the proton pump in the parietal cells of the
stomach and therewith resulting in a less acidic stomach. It
is prescribed in reflux disease and treatment and prophylaxis
of ulcerations. Omeprazole is mainly metabolized by the liver
enzyme Cytochrome P450 2C19 (CYP2C19).
Polymorphisms of CYP2CI19 can lead to increased or de-
creased blood levels of omeprazole [19, 22]. After RYGB,
treatment with 20 mg omeprazole twice daily during a period
of 6 months is prescribed to patients to prevent ulcerations of
the anastomosis [23-25]. If the absorption of omeprazole
would be decreased after RYGB, this post-surgery prophylax-
is could possibly be ineffective.

We aimed to study and to compare the pharmacokinetics of
ASA and omeprazole in morbidly obese subjects before and
after RYGB, to identify possible changes in absorption of
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these drugs after the procedure, and to possibly relate omep-
razole outcomes to CYP2C19 phenotype.

Materials and Methods

This open-label longitudinal repeated measures study was per-
formed in morbidly obese subjects undergoing RYGB at the
Dutch Obesity Clinic (NOK) West. The RYGB resulted in the
creation of a gastric pouch of approximately 5 by 7 cm with a
residual volume of 35-50 cc, a biliary limb of circa 75 cm and
an alimentary limb of 150 cm. Subjects with at least one of the
following criteria were excluded: previously performed bar-
iatric surgery, increased bleeding risk, malabsorption disorder,
inability to swallow whole tablets, allergy to any of the study
medication, or the use of other medication with an interaction
with the study medication.

The absorption of omeprazole and ASA was investigated
before and after RYGB. Therefore, two intervention periods
were defined: one period more than 2 weeks before the sched-
uled surgery and one period more than 6 weeks after the per-
formed surgery. During the intervention periods, subjects were
instructed to take the study medication omeprazole 20 mg twice
daily for 1 week. On day 7 of each period, an outpatient visit
was planned at the study site, where the study medication
omeprazole (20 mg) and ASA (80 mg) were administered,
and data collection took place. Omeprazole was administered
as a whole tablet to preserve the enteric coating; ASA was
dispersed in 25 ml of water directly before administration. In
the pre-operative intervention period, subjects were instructed
to continue the use of 20 mg omeprazole twice daily due to
safety considerations after ASA intake [26]. After surgery, ad-
ministration of 20 mg omeprazole twice daily was routine prac-
tice for all subjects for the duration of 6 months. During the
intervention periods, subjects were instructed to register the
times of omeprazole intake, the use of other medications, and
side effects. Body weight, body height, BMI, and fat percent-
age were measured during scheduled visits in the obesity clinic
before and after the surgery. Both body weight and fat percent-
age were determined on the TANITA SC330 body composition
analyzer (WEDA BYV, Naarden, the Netherlands).

On day 7 of both intervention periods, blood was drawn
five times: once before administration of the study medication
(T=0) and four times after the administration of the medica-
tion: at 30 (7=30), 60 (7=60), 120 (T=120), and 240 min
(T=240). One extra sample was drawn on one of both days
for genotyping. In Fig. 1, the study procedures are
summarized.

Blood samples were collected in ethylenediaminetetraace-
tic acid (EDTA) and Clot Activator tubes (BD, Plymouth,
UK). As ASA is rapidly hydrolyzed to salicylic acid (SA) after
administration, SA was measured as a marker for ASA.
Samples for SA and omeprazole drug concentration
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Fig. 1 Summary of ERY-PAO
study procedures
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measurements were kept at room temperature for a maximum
of 5 h and then centrifuged for 10 min at 2530g. Serum was
then aliquoted. Samples for genotyping were not centrifuged.
All samples were stored at —80 °C until further use.

Concentrations of SA and omeprazole were analyzed in
serum using a validated liquid chromatography-mass spec-
trometry (LC/MS/MS) (Agilent 6460 MS, Agilent 1290 LC)
method (LLOQ omeprazole 0.01 mg/l, linearity 0.026—
2.64 mg/l; LLOQ SA 0.2 mg/l, linearity 0.25-10 mg/1).
Concentrations for SA were expressed in milligram per liter
(mg/l) and for omeprazole, in microgram per liter (png/l).
Genotyping was performed on 10-ng DNA using TagMan
probes, as described earlier [27] and translated to a
CYP2C19 predicted phenotype.

Using validated pharmacokinetic software MWPharm
(version 3.70 Mediware, Groningen, the Netherlands), time
to maximum concentration (Tmax), lag time (Tlag), maxi-
mum concentration (Cmax), and area under the serum con-
centration versus time curve for 12 or 24 h (AUC,y_;, or
AUC »4 ) were calculated for omeprazole and SA.

Results are reported as mean=+standard deviation (SD).
Data were analyzed using SPSS statistics version 20 (IBM,
Armonk, NY, USA). Data were tested for normality. A paired ¢
test was performed on the obtained data before and after sur-
gery. A bivariate analysis was performed on omeprazole data
and phenotype. A p value of <0.05 was considered significant.

Approval for the study was obtained from the local ethics
committee of The Hague (METCZWH, The Hague, the
Netherlands). Before participating in the study, informed con-
sent was obtained from all individual study subjects.

Results

Forty subjects were included in the study and completed test
day 1. Both study days were completed by 34 subjects. Patient
recruitment and inclusion are described in Fig. 2. The acquired
numerical data passed the test for normality.

The mean age of the subjects on the surgery date was 48.7
+ 10 years. Of the subjects, 79 % was female. Subjects did not
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Fig.2 Inclusion of study subjects
for the ERY-PAO study

163 subjects were
screened for
eligibility

criteria and were

115 subjects met inclusion

for participation

48 subjects were excluded:

approached L 27 (56%) previously treated for obesity with bariatric surgery

- 14 (29%): language barrier/ cognitive impairment

43 subjects signed informed
consent

1 -5 (11%): use of interfering drugs
72 subjects did not| | 1 (2%) : contra-indication for acetylsalicylic acid/ increased
consent bleeding risk

- 1(2%): other

3 subjects were not included 40 subjects were included and
due to maximum inclusion completed test day 1

3 subjects were exluded:

L 2: (67%) gastric sleeve surgery instead of RYGB surgery due to
complications during surgery

- 1: (33%) waived surgery

3 subjects withdrew consent for test day 2

34 subjects completed test day 2

use interacting medication during both test periods. Test days
were performed on an average of 63 + 18 days before (test day
1) and 58+ 18 days after (test day 2) the date of surgery.

Mean weight before the surgery was 128.9+18.7 kg with a
mean BMI of 44.9+6 and a percentage of body fat of 48.4
+6.3. After surgery, the average percentage of total weight
loss (TWL) was 11.5 % with a decrease in body fat of 5 %.
Results are shown in Table 1. In Table 2 various pharmacoki-
netic values of SA and omeprazole before and after the sur-
gery are displayed. Figure 3 shows an absorption curve before
and after surgery for both SA and omeprazole.

Salicylic Acid

The Tmax of SA after RYGB was significantly shorter than
before surgery: 0.7 and 1 h, respectively (»p<0.001). Both
Cmax and AUC,_,4 were significantly higher after surgery
compared to the pre-surgery data: Mean Cmax increased from
3.5+1 to 4.6+0.9 mg/l (p<0.001) and mean AUC ,4 in-
creased from 11.4+5.2 to 14.1£6.4 mg/l (»p<0.001). Figure
4 shows the difference in AUC 4 of SA for each individual
subject. For each subject, an increase in SA AUC, 4 was
observed.

Omeprazole

For omeprazole, both Tmax and lag-time, the time necessary
for the drug formulation to release the drug for absorption
(Tlag), were significantly shorter after surgery. The Tmax after
surgery was 0.9 h compared to 2.1 h before surgery
(»<0.001). Tlag after surgery was 0.4 h compared to 1 h
before surgery (p<0.001).
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The Cmax of omeprazole was significantly higher after
(958.6+300.8 pg/l) than before surgery (731.1+£339.0 ng/l,
p<0.001). In contrast, mean AUC,,_;, after surgery was sig-
nificantly lower compared with mean AUC,_;, before sur-
gery: 2834.1+1560.4 and 3737.4+21932 g h/l, respectively
(»<0.001). Figure 5 displays the difference in AUC,_, of
omeprazole displayed for each individual subject and shows
variation between subjects. No correlation between phenotype
and difference in AUC,_,, was found.

Discussion

The pharmacokinetics of ASA and omeprazole appear to
change after RYGB. In this study, the absorption of ASA
was faster and better after RYGB. Absorption of omeprazole
after surgery was also faster, but the mean total exposure was
lower.

Salicylic Acid

To the best of our knowledge, this is the first study that inves-
tigated absorption of ASA before and after RYGB. ASA is
regularly absorbed by passive diffusion as unionized drug in
the stomach and partly as ionized drug in the duodenum. In
our study population, although the stomach and the duodenum
were bypassed after surgery, both Cmax and AUC,_,4 signif-
icantly increased after surgery. This suggests that absorption
of ionized ASA can also take place in the jejunum, replacing
the stomach and duodenum as an absorption site. According
to our data, absorption in the jejunum is even better,
explaining the higher exposure. The low volume of
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Table 1  Subject characteristics before and after RYGB

Test day 1 (pre-surgery) Test day 2 Mean total difference Ratio post-surgery/ p value

(post-surgery) pre-surgery

Age(years) on surgery date 48.7+10 NA NA NA
Female (%) 79 NA NA NA
Weight (kg) 128.9+18.7 114.1+17.0 —14.8+4.7 0.89 p<0.001
BMI (kg/m?) 449+6.0 39.8+5.4 -52+1.6 0.89 »<0.001
Body fat (%) » 484+6.3 459+6.7 —24+32 0.95 p<0.001
CYP2C19 Genotype (%) *1/%1: 24 % NA NA NA

*1/%2:32 %

*1/%17:32 %

*2/%¥2:6 %

*2%17:3 %

*17/*17:3 %
CYP2C19 Phenotype (%) Poor metabolizer: 6 % NA NA NA

Intermediate metabolizer: 32 %
Extensive metabolizer: 27 %
Extensive/ultra-rapid metabolizer: 32 %
Ultra-rapid metabolizer 3 %

Subject characteristics before (test day 1) and after (test day 2) RYGB a) N=30

NA not applicable; BMI body mass index, CYP2C19 cytochrome P450 2C19

distribution of SA (0.17 1/kg) suggests a negligible effect of
the weight loss after surgery on serum concentrations of
salicylic acid.

After absorption, ASA is rapidly hydrolyzed in the liver to
SA. A small part of this conversion already happens in the
intestinal wall during absorption [28]. After RYGB, transit
time through the stomach to the intestinal wall is shorter [3]
and hydrolysis of ASA starts faster. This might explain the
reduced Tmax of salicylic acid after surgery.

Sufficient absorption of ASA after gastric or bowel surgery
is important, given the effect of ASA in preventing cardiovas-
cular complications. The ERY-PAO study shows no decreased
absorption of ASA (80 mg) and therefore suggests an ade-
quate effect of ASA after RYGB. Although the increase in
Cmax and AUC, ,4 of SA is statistically significant, it is not
clinically relevant and can be compared with a dose of
100 mg, still within the recommended dosing range of ASA
as a platelet aggregation inhibitor.

Table 2  Pharmacokinetic data for salicylic acid and omeprazole before and after RYGB

Test day 1 (pre-surgery) Test day 2 (post-surgery) Mean total difference Ratio post-surgery/ p value
pre-surgery
Salicylic acid
Cmax (mg/l) 35+1.0 4.6+09 1.1+1.1 1.30 »<0.001
Tmax (hours) 1.0+0.3 0.7+0.2 -03+04 0.71 »<0.001
AUCq o4 (mg h/l) 114+52 14.1+6.4 27+3.4 1.24 p<0.001
Omeprazole 1,
Cmax (pg/l) 731.1+£339.0 958.6+300.8 226.6+319.3 1.31 p<0.001
Tmax (hours) 21+1.0 09+0.3 -1.2+1.0 0.42 p<0.001
Tlag (hours) 1.0+0.5 0.4+0,1 -0.6+0,5 0.43 »<0.001
AUCq 15 (ng h/) 3737.4+2193.2 2834.1+1560.4 —903.3+1183.7 0.76 »<0.001

Pharmacokinetic data for salicylic acid and omeprazole before (test day 1) and after (test day 2) RYGB

Cmax maximum serum concentration, 7max time to maximum serum concentration, 7/ag lag time, time for the drug to be released from the tablet for
absorption, AUC, , area under the serum concentration versus time curve between 0 and 24 h after administration, 4UC),_;, area under the serum
concentration versus time curve between 0 and 12 h after administration b) N=33
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Fig. 3 Absorption curve of
salicylic acid and omeprazole in a
subject before and after RYGB
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Omeprazole

Omeprazole is formulated as an enteric-coated tablet. In nor-
mal physiology, after passing the acidic stomach, the coating
dissolves and omeprazole is absorbed. After RYGB, the coat-
ing will dissolve faster due to an increased gastric pouch pH.
In addition, because of the shorter transit time, omeprazole
will be available for absorption sooner after administration.
This is shown in the reduced Tlag and Tmax after surgery.
Our results are similar to a previously published case-control
study of Tandra et al., showing a faster absorption and increased
Cmax in operated versus non-operated subjects [29]. The higher
Cmax is presumably caused by the faster absorption of omep-
razole after surgery. As BMI was similar between both subject
groups, the increase in Cmax cannot be explained alone by
weight loss after surgery. In addition, the low volume of distri-
bution of omeprazole (0.3 L/kg) suggests only a minor effect of
weight loss on omeprazole concentrations in our study

Salicylic acid

AUC (mg*h/l)

0

1
Pre-surgery Surgery Post-surgery

Fig. 4 Changes in area under the serum concentration versus time curve
0-24 h (AUC, _»4) of salicylic acid for each individual subject before and
after RYGB
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population. Tandra et al. reported a similar exposure to omepra-
zole (AUC) in both subject groups, while we found a mean
lower AUC,,_;, post-surgery, with wide variation between indi-
vidual subjects. Great inter-individual variability in omeprazole
pharmacokinetics has been reported previously [22]. This dis-
crepancy in the change in exposure may be due to differences in
the study design; the use of matched controls versus our repeated
measures design. Furthermore, in the case-control study, only a
single dose of 20-mg omeprazole was administered. Only after
repeated intake of omeprazole would a steady-state situation
exist, by a decrease in first-pass effect due to auto-inhibition of
CYP2C19, thereby reducing the inter- and intra-individual var-
iability in CYP2C19 capacity and reflecting the normal outpa-
tient situation.

The degree of acid inhibition by omeprazole is related to
AUC. However, a clear lower limit of efficacy has not been
established [22, 30]. A significant decrease in omeprazole
AUC,_;, was seen in a substantial number of our subjects.

Omeprazole

8000-\

o000 e

AUC (ug*h/l)

] 1
Pre-surgery Surgery Post-surgery

Fig. 5 Changes in area under the serum concentration versus time curve
0-12 h (AUC,_;,) of omeprazole for each individual subject before and
after RYGB
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Possibly, this can result in inadequate acid inhibition, leading
to an increased risk of ulcerations. Symptoms in patients after
RYGB could indicate insufficient exposure to omeprazole. In
these cases, omeprazole dose could be increased after exclu-
sion of other possible causes for lower exposure, such as drug-
drug interactions.

Our study has some strengths and limitations. Compared to
previously published articles describing drug absorption be-
fore and after RYGB, our study has a relatively large study
population. Another advantage is the repeated measures study
design, wherein the subjects act as their own controls to min-
imize variability between the pre-surgery and post-surgery
situation. Because of the applied exclusion criteria, pharma-
cokinetics was not influenced by interacting medication. A
possible limitation of our study is the determination of SA as
ameasure for ASA absorption. However, since ASA is readily
and completely transformed to SA and no SA was measured in
serum on 7=0, we consider the SA serum concentration a
good surrogate marker for ASA absorption. For ethical con-
siderations, no dietary restrictions were imposed on the sub-
jects during the study. Differences in food consumption might
have influenced the rate of absorption for both drugs.
However, dietary variation during the study reflects the reality,
and therefore, our results can be extrapolated to daily practice.

In conclusion, our study shows a faster absorption of both
ASA and omeprazole after RYGB. The exposure to ASA is
higher post-surgery, but the standard dose of 80 mg once daily
does not need to be modified. The exposure to omeprazole is,
on average, lower after surgery. Clinicians should be aware to
increase the dose of omeprazole if symptoms suggest inade-
quate response.
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