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Effects of Sleeve Gastrectomy and Roux-en-Y Gastric Bypass
on Escitalopram Pharmacokinetics: A Cohort Study
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Background: Changes in the gastrointestinal physiology after
bariatric surgery may affect the pharmacokinetics of medications.
Data on the impact of different surgical techniques on the pharma-
cokinetics of commonly prescribed antidepressants such as escitalo-
pram are limited.
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Methods: This case-only prospective study investigated
escitalopram-treated patients who underwent bariatric surgery at
hospitals in Central Norway. Escitalopram concentrations were
assessed using serial blood samples obtained during a dose interval
of 24 hours preoperatively and at 1, 6, and 12 months, postoperatively.
The primary outcomes were changes in the area under the time—
concentration curve (AUCg,4) with secondary outcomes, including
full pharmacokinetic profiling. We performed repeated-measures anal-
ysis of variance for the AUCy,4 and secondary outcomes.

Results: Escitalopram-treated obese patients who underwent sleeve
gastrectomy (n = 5) and Roux-en-Y gastric bypass (n = 4) were
included. Compared with preoperative baseline, dose-adjusted AUC,.
24 values were within =20% at all time points, postoperatively in the
sleeve gastrectomy and oux-en-Y gastric bypass groups, with the larg-
est changes occurring 1 month postoperatively (+14.5 and +17.2%,
respectively). No statistically significant changes in any pharmacoki-
netic variables over time were reported; however, there was a trend
toward increased maximum concentrations after surgery (P = 0.069).

Conclusions: Our findings suggest that bariatric surgery has no
systematic effect on the pharmacokinetics of escitalopram. However,
because of the substantial interindividual variation, therapeutic drug
monitoring can be considered to guide postoperative dose adjustments.

Key Words: bariatric surgery, Roux-en-Y gastric bypass, sleeve
gastrectomy, antidepressant, escitalopram
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INTRODUCTION

Epidemiologic data worldwide suggest that obesity is
an emerging public health issue with alarming proportions.!
Based on current trends, it is estimated that by 2025, approx-
imately one in 4 adults may suffer from obesity.! Moreover,
patients with severe mental illnesses, including major depres-
sion, are at an elevated risk of obesity; factors explaining this
risk may include a sedentary lifestyle and an unhealthy diet.?
Affective symptoms? and metabolic effects of several psycho-
tropic medications may partially account for the increased
prevalence of obesity in patients with severe mental illness.>

Despite the high prevalence of obesity in patients with
severe mental illness, there are limited data on the effects of
obesity on the pharmacokinetics of antidepressants,* which are
a core component of the mainstay treatment of several mental
disorders. The effects of obesity on drug disposition vary sub-
stantially among antidepressants.>® Apart from the knowledge
gap regarding the effects of obesity on the pharmacokinetics of
numerous antidepressants, evidence regarding the effects of
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bariatric surgery on the pharmacokinetics of antidepressants is
limited.”-® Nevertheless, as bariatric surgery plays a consider-
able role in the treatment of morbid obesity,” patients with
psychiatric comorbidities and/or those undergoing antidepres-
sant treatment are frequently referred for bariatric surgery.!%!!
The 2 most commonly performed weight loss operations are the
sleeve gastrectomy (SG) and the Roux-en-Y gastric bypass
(RYGB).!2 Over the past decade, there has been a relative
increase in the number of SG, which now rank first in the
United States, followed by RYGB.'? Both procedures are
restrictive, whereas RYGB is also malabsomptive.!?
Postoperative changes in gastric mixing, gastric pH, gastric
emptying, gastrointestinal transit time, and presystemic metab-
olism by gut mucosal enzymes may underlie alterations in the
bioavailability of drugs. These alterations may also be associ-
ated with changes in drug solubility and absorption in the gas-
trointestinal tract. Moreover, cytochrome P450 (CYP) enzymes
3A4 and 3AS5, located in the wall of the proximal intestinal
tract, may be less involved in the presystemic metabolism of
antidepressants after RYGB'# because of the bypass of the
duodenum during RYGB with ingested food and medications
directly moving into the jejunum. Long-term pharmacokinetic
changes are likely to occur as patients lose weight. For example,
a reduction in adipose tissue mass may lead to the redistribution
of lipophilic agents, such as psychotropic medications.!> In
addition, because there seems to be an inverse relationship
between body mass index (BMI) and CYP3A-activity, the oral
bioavailability of CYP3A-substrates change during weight
loss.!®17 Owing to the multitude of physiologic changes that
occur after bariatric surgery, it may be difficult to predict their
impact on the pharmacokinetics of antidepressants. This effect
may be associated with perioperative changes in treatment
response or safety.'8

Escitalopram, the active S enantiomer of racemic citalo-
pram, is one of the most commonly prescribed selective
serotonin reuptake inhibitors.'® Escitalopram shows very high
serotonin transporter selectivity?® and is indicated for the treat-
ment of major depressive disorder in adults and adolescents,
and for generalized anxiety disorder in adults.?! Escitalopram
metabolism  primarily  involves = CYP2C19-mediated
N-demethylation,”> whereas CYP3A4 and CYP2D6 seem to
be involved to a lesser extent?>?* Although CYP2C19,
CYP2D6, and CYP3A4 contribute to hepatic metabolism, only
CYP3A4/5 is highly expressed in the intestinal mucosa.?

To the best of our knowledge, data on changes in
escitalopram pharmacokinetics after bariatric surgery are lim-
ited, although escitalopram is a first-line antidepressant. Two
cases of escitalopram-treated patients from a selective serotonin
reuptake inhibitor-treated cohort undergoing RYGB have been
reported.?® Here, the authors reported minimal changes in the
area under the time—serum concentration curve (AUC) at one
and 6 months postoperatively in one of the patients, whereas in
the second patient, there was a >50% decrease in AUC, 1
month after RYGB, gradually increasing up to preoperative
levels 6 months postoperatively. Two studies investigated the
impact of bariatric surgery on the trough concentrations of es-
citalopram,?”-?8 although such measures may be more prone to
chance variability than AUCs. In a cohort of 4 escitalopram-
treated obese patients undergoing RYGB,?” decreased

escitalopram concentrations were observed at 2 and 6 weeks
postoperatively in all patients compared with preoperative lev-
els; the decline ranged 4%—71%. In a more recent naturalistic
study,?® dose-adjusted concentrations were relatively stable
(decreased by approximately 20% on average) within 1 year
postoperatively in a pooled group of 17 citalopram- or
escitalopram-treated patients undergoing RYGB or SG.

The aim of our study was to assess the effects of RYGB
and SG on escitalopram pharmacokinetics assessed at 1, 6,
and 12 months postoperatively.

METHODS

Study Design and Population

This case-only prospective study investigated patients
treated with escitalopram who underwent bariatric surgery for
obesity between November 2016 and March 2022. Data were
collected from the Centre for Obesity Research at St. Olav
University Hospital, Trondheim, Norway. All patients under-
went a psychiatric assessment as part of the multidisciplinary
preoperative screening at the Obesity Clinic, were informed
regarding the potential influence of the scheduled bariatric
surgery on the pharmacokinetics of escitalopram, and were
invited to participate in a pharmacokinetic study. The patient
did not follow any dietary regimen. Patients who had previously
undergone gastrointestinal tract resection were excluded. This
pharmacokinetic platform study, “Changes in oral health and
pharmacokinetics of drugs after bariatric surgery, BAR-MEDS”
has been approved by the Regional Committee for Medical and
Health Research Ethics in Mid Norway (ref. 2016/1145). The
study was registered at www.clinicaltrials.gov (NCT03460379)
and performed in accordance with the ethical standards of the
1964 Declaration of Helsinki and its later amendments or com-
parable ethical standards.

Serial blood samples were obtained preoperatively and
at 1, 6, and 12 months, postoperatively. Blood samples were
obtained at 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 12, and 24 hours
after escitalopram administration. After centrifugation and
pipetting, serum was stored at —80°C. Comedications with
potential inhibitory or inducing effects on CYP isoenzyme
activity were also recorded.

Drug Quantification

Serum escitalopram concentrations were analyzed using
a validated, enantiomer-selective, ultra-high-performance
supercritical fluid chromatography-tandem mass spectrometry
(UHPSFC-MS/MS) method developed in our laboratory as
described previously.?® Briefly, sample preparation before the
UHPSFC-MS/MS analysis consisted of protein precipitation
in acetonitrile and filtration through a phospholipid removal
plate. This method used a UPC2 Trefoil CEL2 column and a
mobile phase consisting of CO, and methanol/acetonitrile
(70:30, v/v) with 10 mmol/L ammonium acetate. MS/MS
detection was performed with positive electrospray ionization
and multiple reaction monitoring (m/z 325.1 > 262.0 and m/z
325.1 > 109.0). The calibration range was 5—500 nmol/L for
R- and S-citalopram. The between-assay relative standard
deviations were in the range of 3.4%—4.5%.
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Pharmacokinetic Analyses

Before calculations were performed, all concentrations
were adjusted to an intake of 10 mg/d; that is, when the dose
was 15 mg/d, all measured concentrations were divided by
1.5, whereas when the dose was 20 mg/d, all measured
concentrations were divided by 2. After this procedure,
trough concentrations (Cy, measured immediately before
intake of the daily dose of escitalopram), maximum serum
concentrations (C.x), and the time to achieve C,ax (tmax)
were obtained directly. Other pharmacokinetic variables were
calculated using the pharmacokinetic program package (ver-
sion 5.0; ThermoFisher Scientific, Waltham, MA).

The AUC from 0 to 24 hours (AUCy.,4) was calculated
using a mixed log linear model. The apparent clearance (CI/F)
was calculated as dose/AUC. By applying a noncompartmen-
tal model, the parameter estimate describing the decrease in
log concentration (\,) was calculated using the best-fit log-
linear regression line of the samples representing the elimina-
tion phase. The elimination half-life (t;,) was calculated as
In2/\,. Apparent volume of distribution (V4/F) was calculated
as (CUF)/\,.

The patients were genotyped for CYP2C19, which is
mainly involved in escitalopram metabolism,>® by allele-
specific polymerase chain reaction. The inactivating variants
*2, *3, and *4, as well as the *17 variant, which causes
increased metabolism, were included in the test procedure.

Outcomes

Our primary outcomes were short- and long-term
changes in systemic escitalopram exposure, as reflected by
the AUC_,4. Other pharmacokinetic variables were consid-
ered secondary outcomes. Furthermore, we estimated the rel-
ative changes in percent from baseline for AUC(.54, Craxs
body weight, BMI, body fat, muscle mass, and visceral fat
area. Body composition was measured using a multifrequency
impedance analyzer (InBody 720, Seoul, Korea). Correlations
between relative changes in AUCy,4 or V4/F and relative
changes in body weight, body fat, and BMI at the 12-
month follow-up were investigated using Spearman rank cor-
relation test. We performed repeated-measures analysis of
variance for AUCg.,4, CL/F, Cy, Chax> tmax> t12 and Vy¢/F
using the Statistical Package for the Social Sciences software
(IBM SPSS Statistics for Windows version 28.0, 2016; IBM
Corp., Armonk, NY).

RESULTS

Nine escitalopram-treated obese patients were included;
5 underwent SG and 4 RYGB. The detailed demographic and
clinical characteristics of the patients are summarized in
Table 1. All the patients were Caucasian. Three patients, all
from the SG group, had the genotype CYP2C19*1/*1; 3
patients, all from the RYGB group, had CYP2C19*1/*2; 2
patients (one each from the SG and RYGB groups) had
CYP2C19*1/*17; and one patient from the SG group had
CYP2C19*2/*17. AUCy.,4 at baseline was 1442 versus 989
nmol/L X h in patients with and without the inactivating
CYP2C19%2 allele, respectively, although we did not perform
statistical comparisons because of the small number of patients.

The key pharmacokinetic data are presented in Table 2.
Data for 2 of the 4 RYGB patients were not available at 6
months, whereas for the other 2 concentrations, the data indi-
cated that they were not in a steady state. Therefore, the 6-
month results of the RYGB group were excluded. Compared
with baseline, AUC_,4 values were within £20% at 1 month
postoperatively in the SG and the RYGB groups (+14.5% and
+17.2%, respectively); at 6 months AUC,._,4 values slightly
declined in the SG group (—3.2% compared with baseline; no
data available from the RYGB group) and remained relatively
stable at 12 months AUC.,4 values in both groups (+10.9%
in the SG and +3.9% in the RYGB groups, respectively,
compared to baseline) (Fig. 1A). One month postoperatively,
Chmax increased by 14.3% in the SG and by 23.8% in the
RYGB group compared with baseline. The increase in Cpax
was approximately the same 12 months postoperatively, with
a20.2% and a 14.5% increase from baseline values in the SG
and the RYGB groups, respectively (Fig. 1B).

The calculated % changes in body fat and weight, BMI,
muscle mass, and visceral fat are shown in Table 2.

The repeated-measures analysis of variance model did
not report any significant changes in AUC_,4, CL/F, Cy, tmax,
ty» and Vo/F (P =039, P=047, P=042, P=023, P =
0.40, and P = 0.12, respectively), but showed a trend for C,,,«
(P =0.069). Changes in body weight and fat, BMI, CL/F, t;,,
and V4/F over time are shown in Figures 1C-H.

One SG-treated patient used esomeprazole concomi-
tantly throughout the study period, another RYGB-treated
patient used esomeprazole at baseline and 1 month, and a
third RYGB-treated patient used esomeprazole at 1 month.
We present pharmacokinetic data for individual patients,
including those comedicated with esomeprazole and those
with the inactivating CYP2C19*2 variant in Supplemental
Digital Content (see Supplementary Fig. la—f, http://links.
Iww.com/TDM/A677); however, we were unable to perform
statistical analyses for comedication effects separately
because of low power, because of the small size of the group.

We did not detect any correlation between relative
changes for AUC.,4 or V4/F and relative changes for body
weight, fat, or BMI at 12-month follow-up (P-values ranging
0.16-0.64 for Spearman rank correlation).

DISCUSSION

The main finding in our prospective cohort of
escitalopram-treated patients undergoing SG or RYGB was
that these bariatric operations did not exert any substantial or
predictable effect on escitalopram concentrations in the short-
or long-term, at the group or individual level. This lack of
pronounced changes may be explained by the activation
of factors compensating for, for example, the expected
decrease in absorption after RYGB treatment,3® and for
weight loss. Although we did not detect any statistically sig-
nificant changes, we observed a trend in C,,, changes.
Interestingly, these changes may have followed somewhat
different patterns between patients undergoing SG and
RYGB; in those undergoing SG, C,,.x was relatively stable
at 1 and 6 months (+14.3 and +2.4%, respectively), followed
by an increase 12 months postoperatively (+20.2%), whereas

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the International Association of
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TABLE 1. Baseline Patient Characteristics

Sleeve Gastrectomy (n = 5) RYGB (n = 4)
Age (yr), mean = SD 394 = 8.2 38.5 125
Sex (female—male), n 3-2 4-0
Body weight (kg), mean = SD 122.0 £ 104 106.1 £ 11.5
Body mass index (kg/m?), mean = SD 39.0 = 2.8 393 + 47
CYP2C19 genotype (n)
*1/*1-*1/*%17 3-1 0-1
*1/%2-*2/*17 0-1 3-0
Escitalopam dose (n)*
10 mg/d—15 mg/d—20 mg/d 2-0-3 2-1-1
Co-medication with esomeprazole (n) 1 1
Serum creatinine (wmol/L), mean = SD 61.4 = 8.0 64.0 = 9.7
Serum albumine (g/L), mean = SD 432 £ 1.7 425 + 27
Serum orosomucoid (g/L), mean * SD 0.82 = 0.24 0.86 = 0.13
Serum ALAT (U/L), mean = SD 26.2 = 13.7 22.8 + 8.8
Serum ASAT (U/L), mean * SD 24.6 £ 52 18.3 £ 4.6
Serum gamma-GT (U/L), mean * SD 322 = 159 33.5 = 18.8
Serum ALP (U/L), mean * SD 61.8 = 139 65.8 = 20.1
Serum bilirubin, total (mol/L), 94 + 4.1 7.8 =33
mean * SD
Serum INR, mean + SD 1.0 = 0.1 1.0 = 0.1
Serum CRP (<5 —=5 mg/L), n 4-1 1-3

*In the pharmacokinetic calculations, doses of 15 and 20 mg/d were adjusted to 10 mg/d.
ALAT, alanine aminotransferase; ALP, alkaline phosphatase; ASAT, aspartate aminotransferase; gamma-GT, gamma-glutamyltransferase; INR, international normalized ratio.

in the RYGB group, C,,.x increased by 23.8% compared with
baseline at 1 month and subsequently decreased to 14.5%
higher than the baseline 12 months after RYGB. This may
imply different adaptation processes in gastrointestinal phys-
iology or anatomical changes after SG and RYGB,3° although
it should be emphasized that none of the differences were
statistically significant, and that the changes were small com-
pared with the relatively wide therapeutic index of
escitalopram.

SG may reduce gastric volume without inducing
malabsorption, because no part of the small intestine is
bypassed, and pyloric function remains preserved.3!
Therefore, we did not expect any significant impact of SG
on escitalopram pharmacokinetics, with the exception of
increased C,,,, and decreased T,,,.. Previous evidence is lim-
ited, and we are aware of the findings of a study by
Wallerstedt et al.?® The authors investigated a mixed cohort
of patients who underwent RYGB or SG. However, it was not
specified which patients were treated with which type of bari-
atric surgery; therefore, it was not possible to draw any con-
clusions on the effects of SG on escitalopram
pharmacokinetics. Interpretation of their findings was further
hindered by the pooling of citalopram- and escitalopram-
treated patients. The authors reported no significant changes
in citalopram/escitalopram dose-adjusted trough concentra-
tions at postoperative follow-up.?® However, data on the
effects of RYGB on the pharmacokinetics of escitalopram
are limited. However, it is challenging to compare our find-
ings with those of previous studies. Specifically, the use of
different pharmacokinetic assessments and follow-up time

windows did not provide a comprehensive overview of the
effects of RYGB on escitalopram pharmacokinetics. Among
previous publications, the study with the design closest to
ours reported AUC changes in 2 escitalopram-treated patients
out of an antidepressant-treated cohort undergoing RYGB at
one, 6, and 12 months postoperatively.?® In one patient, AUC
changes were negligible at follow-up assessments; in the sec-
ond patient, AUC values were approximately halved in the
first month, slowly increasing to almost reach preoperative
levels at 6 months, and finally 30% increased at 12 months.?¢
A more recent study of 4 severely obese patients treated with
RYGB suggested decreased trough concentrations of escita-
lopram, ranging 4%—71% of baseline concentrations at 2 and
6 weeks postoperatively.?” However, the AUC may be a more
reliable measure of systemic exposure than single-
concentration measurements. The interpretation of these find-
ings is further complicated by the contrasting evidence on the
effects of weight loss after RYGB on CYP2CI19 activity;
some studies have suggested increased activity,'® whereas
others have indicated no major changes.3?

In light of our findings and previous evidence, we
hypothesized that pharmacokinetic changes after bariatric
surgery may also present strong interindividual variations.?®
Understanding the individual adaptation of gastrointestinal
physiology postoperatively and its effects on drug bioavail-
ability may require a better understanding of the potential
confounders. For example, the role of comedication with
inhibitory effects has been previously suggested,?’ but
remains unclear. In our cohort, we were unable to address
potentially distinct patterns of pharmacokinetic alterations

808 Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the International Association of
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TABLE 2. Pharmacokinetic and Body Composition Variables Preoperatively (Baseline) and at 1, 6, and 12 Months Postoperatively

Preoperatively 1 Month 6 Months 12 Months
(Baseline) Postoperatively Postoperatively< Postoperatively
Sleeve Sleeve Sleeve Sleeve
Gastrectomy RYGB Gastrectomy RYGB Gastrectomy RYGB  Gastrectomy RYGB
Cop, nmol/L 35.0 (30.0, 41.7 (26.2, 40.5(30.0,42.0) 54.0 (36.0, 68.1) 32.0 (31.0,40.0)0 NA* 37.5(35.0,45.0) 38.0(31.8,46.0)
37.5) 56.5)
Cinax, Nmol/L 57.0 (54.5, 68.5 (53.0, 68.0(59.0,70.0) 88.0 (64.5, 110.1) 62.0 (61.0, 64.5) NA* 68.0 (62.0, 68.5) 74.2 (68.2, 88.0)
63.0) 86.7)
Cinax, % change — — 143 (—6.3, 19.3) 23.8 (16.3,27.7) 24 (—1.6,13.1) NA* 202 (—1.6,27.0) 14.5(—1.3,329)
Cnax/Co ratio 1.6 (1.5, 1.6) 1.9 (1.7, 1.7 (1.5, 1.7) 1.7 (1.7, 1.8) 1.7 (1.6, 1.9) NA* 1.8 (1.7, 1.8) 2.0 (1.9, 2.2)
2.0)
tmax> N 3.0 (3.0,6.0) 3225, 3.0 (2.5, 3.0) 2.7(2.4,3.0) 3.0 (3.0, 5.6) NA* 4.0 (3.0, 6.0) 1.5 (1.5, 1.7)
4.0)
AUC. 24, 1024 (1001, 1301 (918, 1210 (1146, 1291) 1653 (1136,2078) 1096 (1069, 1104) NA* 1230 (1200, 1278) 1178 (1092, 1412)
nmol/L x h 1153) 1731)
AUCq.24, % — — 14.5 (—4.8,17.0) 17.2(6.5,26.1) —3.2(—7.3,9.5) NA* 109 (-2.5,409) 3.9(—6.0,13.0)
changet
ti, h 31.2 (28.8, 28.7 (27.1, 36.7 (29.5,40.2) 28.7(26.2,36.2) 30.1(28.7,31.7) NA* 33.1 (31.6,34.1) 264 (259,27.4)
36.4) 35.7)
CL/F, mL/min 502 (446, 513) 431 (298, 424 (398, 448) 332 (247, 465) 469 (466, 481) NA* 418 (402, 428) 437 (381, 474)
560)
V4/F, L 1280 (1190, 1330 (1140, 1298 (1281, 1413) 1055 (896, 1177) 1285(1187,1294) NA* 1179 (1169, 1289) 1043 (874, 1149)
1367) 1382)
Body weight 119.0 (115.9, 109.4 105.6 (100.9, 97.1 (88.8, 102.8) 86.0 (82.4, 103.6) NA* 84.4(79.1, 100.9) 78.7 (67.5, 86.3)
(kg) 127.6) (103.8, 112.3)
111.8)
Body weight, % — — —12.6 —11.0 —25.8 NA* —29.1 -30.0
changef (—15.2, —12.0) (—14.0, —8.0) (—30.8, —21.5) (=317, —21.1) (—35.1, —24.6)
BMI, kg/m? 37.3 (36.6, 39.5(35.3, 33.0(32.8,35.3) 35.2(304,39.8) 27.1(26.5,28.8) NA* 269 (25.7,29.5) 28.3(26.5,29.5)
41.7) 43.6)
BMI, % change — — —-12.0 —11.1 —26.0 NA* —29.3 —30.4
(—15.3, —11.8) (—13.3, —9.0) (—30.0, —21.6) (—31.1, —20.8) (—35.0, —25.1)
Body fat, kg 54.2 (43.9, 53.2 (46.4, 439 (36.2,459) 45.5(37.6,53.0) 22.6(20.2,26.0) NA* 21.2(21.1,27.0) 29.8(23.9,32.8)
58.4) 59.4)
Body fat, % — — —-19.0 —14.8 —54.0 NA* —53.8 —49.0
changet (—21.4, —18.9) (—19.0, —10.7) (—55.5, —40.7) (—60.9, —36.8) (—56.9, —41.7)
Muscle mass, kg 36.8 (33.8, 29.8 (27.1, 34.4(30.4-39.4) 27.6(25.1,29.3) 34.7(31.1,36.8) NA* 33.7(32.0,354) 26.2(23.3,29.0)
41.2) 32.2)
Muscle mass, % — — =72 —8.1 —8.0 NA* —8.4 —13.0
changet (—10.1, —6.5) (—9.7, —7.4) (—10.7, =7.2) (—14.1, —6.2) (—15.2, —9.6)
Visceral fat area, 224.3 (201.0, 247.7 169.9 (169.8, 208.2 (196.4, 93.1 (86.3, 158.9) NA* 99.4 (80.9, 150.5) 119.6 (93.9,
cm? 226.6) (232.7, 186.4) 223.6) 146.5)
265.3)
Visceral fat area, — — —-16.9 —15.9 —51.8 NA* —55.7 —55.1
% changet (—25.1, —16.6) (=177, —13.8) (—61.5, —32.4) (—59.7, —35.1) (—59.7, —47.7)

*All data are presented as medians, with interquartile ranges in parentheses. Data for 2 of the 4 patients with RYGB were not available at 6 months, whereas for the other 2
concentrations, the data indicated that they were not at a steady state.
fChanges relative to baseline.
V4/L, apparent volume of distribution; NA, not applicable.

postoperatively in patients comedicated with esomeprazole, a
CYP2C19 inhibitor shown to increase escitalopram concen-
trations by approximately 80%,33 because of an underpow-
ered sample. CYP2C19 genotype may also be a factor that
needs to be considered. Of the 4 patients with the highest
AUC values at baseline in the outcohort, 3 had the inactivat-
ing CYP2C19*2 variant, of whom one was also treated with

esomeprazole, whereas the fourth, with a normal genotype,

used esomeprazole (Supplementary Table 1, Supplemental

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the International Association of

Therapeutic Drug Monitoring and Clinical Toxicology.

Digital

Content,

http://links.lww.com/TDM/A678).
medication with esomeprazole may deserve additional atten-
tion, as esomeprazole may have been prescribed for reflux
symptoms.34 Postoperative improvement of reflux symptoms
may affect the loss of stomach acids and rapid absorption of
escitalopram,?* possibly contributing to changes in the bio-
availability of escitalopram.

Furthermore, in our cohort, 75% and 20% of the RYGB
and the SG groups had elevated preoperative C-reactive

Co-

809


http://links.lww.com/TDM/A678

Schoretsanitis et al

Ther Drug Monit  Volume 45, Number 6, December 2023

130 -
E : bypass
= ' - e
=110 . sleeve
.u_o B
(]
2
> oo ~
I e —
o] i
©
S 701
L
A
Baseline 1 month 6 months 12 months
60
t N bypass
50 NS
@ % sleeve
= I
40
i
> | N
3 Y
o 30 . L
N \i
20 d. !
C i
Baseline 1 month 6 months 12 months
bypass
100
= —* sleeve
)
=
<)
£ 80
£
3 B <8 e
£ H - - —
< L 1 T
40 E
Baseline 1 month 6 months 12 months
9 bypass
. ‘ —* sleeve
3 !
< ! %
S ¥ v
+ 30 i ¥
25
G
Baseline 1 month 6 months 12 months

:E‘ e bypass
=, 401 i
1 ! —* sleeve
= 'S
6 i
o 35
5= T
v
g 301
€
> I
©
o 25
B
Baseline 1 month 6 months 12 months
2000
bypass
X ~* sleeve
=
<. 1600
o
€
= 5
S 1200 + <3
I : -
‘:)) ‘.—" ;
< =
800 1 D
Baseline 1 month 6 months 12 months
bypass
500 . —* sleeve
_’g -
£ i .
=T T M
£ 400 |
w
y
(@]
300
Baseline 1 month 6 months 12 months
1400 s o
h—
1200 | ‘ ===y
=
w
X 1000
>
bypass
800 yp
“* sleeve
600
Baseline 1 month 6 months 12 months

FIGURE 1. Total body weight (A), body mass index (B), body fat (C), AUC0-24 (D), Cmax (E), CL/F (F), t1/2 (G), and Vd/F (H)
preoperatively (baseline) and 1, 6, and 12 months after bariatric surgery in 5 patients undergoing sleeve gastrectomy (“sleeve”)
and 4 patients undergoing Roux-en-Y gastric bypass (“bypass”). Data are presented as medians with interquartile ranges.

protein (CRP) concentrations. Immunomodulatory pathways
may regulate the metabolic activity of hepatic CYP enzymes,3>
and the downregulation of hepatic metabolism in the inflam-
matory state may, at least partially, account for considerable
interindividual and intra-individual pharmacokinetic variation.

810

Therefore, future research may be needed to control for the
effects of inflammatory states that are common in obesity.3°
Our study has several strengths. First, we performed a
full pharmacokinetic analysis under steady-state conditions,
and genotyping for the main CYP isoenzyme involved in

Therapeutic Drug Monitoring and Clinical Toxicology.
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escitalopram metabolism. Using 3 time points from 1 to 12
months postoperatively provided a comprehensive overview
of the short- and long-term effects of 2 different types of
bariatric surgery on escitalopram pharmacokinetics,
although we were unable to investigate the possible effects
occurring directly after surgery. We also included patients
who underwent the 2 dominant surgical techniques: SG and
RYGB. Finally, our cohort was well-characterized in post-
operative changes in body composition.

However, our study has some limitations. Larger
sample sizes would have enabled more precise conclusions
regarding a specific type of surgery and better insight into
the effects of comedications that can interfere with
escitalopram metabolism. In particular, owing to the intra-
individual and interindividual variability of escitalopram
pharmacokinetics, the number of investigated patients was
rather small. Furthermore, the clinical relevance of the
investigated pharmacokinetic alterations remains unclear
because we did not include information on clinical
outcomes. Moreover, 3 patients received esomeprazole, a
potential inhibitor of CYP2C19, and because of the small
number of patients, we were not able to account for the
interplay between esomeprazole and bariatric surgery on
escitalopram pharmacokinetics. The small cohort size did
not allow us to evaluate the impact of inflammation
reflected by elevated CRP levels, which was observed in
one patient in the SG group and in 3 patients in the RYGB
group at baseline. Inflammation may affect CYP2C19
activity in these patients3”-3%; however, in patients with
low CRP levels, the associated impact on escitalopram
pharmacokinetics should be negligible. Although escitalo-
pram generally exerts linear pharmacokinetics, it is
unknown whether the situation is the same for low-grade
inflammation or during comedication with CYP2C19
inhibitors. Thus, there is a risk that applying dose-
normalized escitalopram levels to subjects who use doses
higher than 10 mg/d may not provide accurate concentra-
tion data.

Considering the large interindividual and intra-
individual pharmacokinetic variations in escitalopram after
bariatric surgery, which in some cases also cause therapeutic
failure,?° integrating regular assessments of serum or plasma
concentrations into postoperative care may provide guidance
regarding the need for dose adjustments aimed at optimizing
drug therapy.
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