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Abstract

Sparse information is available on pharmacokinetic changes of drugs over time after bariatric surgery. By reviewing the
literature on the short- and long-term pharmacokinetic changes of drugs, several patterns were identified for 39 drugs. No
relevant pharmacokinetic changes were identified for roughly a third of the drugs. Of the remaining drugs, levels were vari-
able and partly unpredictable shortly after the surgery. In the long term, most of the drug levels remain altered, but in some
cases they returned to preoperative values. Based on the changes and the efficacy-safety balance of each drug, clinicians may
need to perform additional clinical monitoring for specific drugs, including measuring drug levels. This review provides

suggestions for clinicians and pharmacists for specific time-dependent drug dosing advice.
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Introduction

With the increasing number of patients undergoing bariat-
ric surgery, there is a growing awareness of potential prob-
lems that can occur after bariatric surgery. Nutrient insuf-
ficiencies due to malabsorption are a common and known

Key points e Of 39 drugs, differences in pharmacokinetics after
bariatric surgery were absent for 9 drugs and considered not
clinically relevant for 3 drugs.

e For 27 drugs, time after surgery altered the pharmacokinetics,
which can be a result of both surgical alterations in the
gastrointestinal tract and weight loss.

e There was a huge variability in the magnitude and directions
of the changes in plasma concentrations over time.

e Medical doctors, bariatric surgeons and pharmacists should
be aware of the time-dependent pharmacokinetic changes that can
occur after bariatric surgery.
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complication [1]. Less knowledge is available on the possi-
bly altered pharmacokinetics of drugs due to malabsorption
and other physiological changes. This may have challenging
consequences for drug dosing after bariatric surgery [2].
To date, some reports suggest that pharmacokinetic alter-
ations after bariatric surgery are time-dependent. In 2012,
Hamad et al. [3] demonstrated that the plasma concentra-
tions of sertraline and citalopram were initially decreased
1 month after a Roux-en-Y gastric bypass (RYGB). These
levels returned to preoperative values in most patients at
6 months, and they sometimes even exceeded preoperative
values at 1 year after the surgery. Steele et al. [4] described
apixaban levels to increase at 1 month after surgery, to
return to preoperative levels at 6 months and subsequently to
decrease after 1 year. Thus far, changes in pharmacokinetics
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after bariatric surgery have mainly been described in stud-
ies with relatively limited numbers of patients. Moreover,
pharmacokinetics was often assessed at a specific single time
point or at a random time point regardless of the time after
surgery (e.g., 1 to 9 years). Thus, the available data do not
allow to distinguish the differences between the short- and
long-term pharmacokinetics after bariatric surgery.

Dosing advice after bariatric surgery is greatly needed.
Therefore, the European Association for the Study of Obe-
sity has provided general dosing advice [5]. In the Nether-
lands, more specific dosing advice for patients after bari-
atric surgery has been incorporated in the Dutch national
drug database. However, these current recommendations for
dosing after surgery do not consider the influence of time
after surgery. Such information could help clinicians and
pharmacists in the treatment and follow-up of patients with
bariatric surgery.

The aim of this review was to summarize the current
knowledge regarding time-dependent changes in pharma-
cokinetics of drugs after bariatric surgery and to provide
recommendations for dosing. Before presenting the methods
and results, some background information on the 2 main
types of bariatric surgery with associated physiological
changes is provided.

Bariatric Surgical Procedures and Associated
Physiological Changes

After bariatric surgery, several physiological changes take
place in the short term, i.e., up to 1 month after surgery, and
in the long term, i.e., more than 1 month after surgery. This
review focuses on the 2 most performed bariatric surgical
techniques, the Roux-en-Y gastric bypass (RYGB) and the
sleeve gastrectomy (SG) or gastric sleeve. The latter is solely
a restrictive procedure, in which around 75% of the stomach
is excised [6]. By contrast, RYGB is a malabsorptive-restric-
tive procedure, in which a small gastric pouch of around
30 ml is anastomosed to the distal limb of a jejunotomy
performed at the mid-jejunum conform a Roux-en-Y con-
struction [6]. This review did not include studies on gastric
banding or biliopancreatic diversion (BPD)/duodenal switch.
These techniques have lost popularity due to ineffectiveness
and band-related complications in the case of gastric band-
ing and nutritional complications in the case of BPD/duo-
denal switch. In recent years, other bariatric surgery proce-
dures have been developed, such as one-anastomosis gastric
bypass (OAGB), single anastomosis stomach-ileal bypass
(SASI) or single anastomosis duodeno ileal-bypass (SADI).
While these newer techniques are beyond the scope of the
present review, they are expected to show similar pharma-
cokinetic alterations as RYGB.

Gastrointestinal Tract

After both RYGB and SG, the scintigraphy data showed a
reduction of gastric emptying time, both with and without
food [7]. This reduction was observed for solids, semi-
solids and liquids, both in the short term and in the long
term up to 2 years [7].

In SG patients, the pH in the gastric pouch depends
on the time after surgery [8]. Within a day after SG, the
gastric pH rapidly increased from 1.7 to 5.0 [9]. One year
after SG, the acid exposure returned to preoperative values
[8]. In contrast to SG patients, the pH in RYGB patients
remains high both in the short and long term after surgery
[10]. In these RYGB patients, the median pH of the entire
oro-cecal segment is increased from 5.5 to 7.0 [11].

Compared to the preoperative period, total bile acid
concentrations in patients have been reported to increase
after RYGB in a time-dependent manner over 5 years
follow-up [12]. This is reflected in the increased risk of
gallstone formation (cholelithiasis) in this group [13].
The inlet of bile and pancreatic fluid is delayed in RYGB
patients [14].

Liver

Drug-metabolizing cytochrome P450 (CYP) enzymes have
been quantified in liver and intestinal biopsies of patients
with RYGB on the day of surgery [15, 16]. However, no
systematic information is available on CYP enzymes from
biopsies after bariatric surgery.

Based on MRI data, the liver volume was decreased by
20% 3 months after bariatric surgery [17]. Subsequently,
the liver volume remained relatively constant at 6, 12 and
24 months postoperatively at a decrease of 17 to 27% com-
pared to the preoperative status. At 3 months after bariatric
surgery, cardiac output was reduced by 20% and remained
stable at this value up to the end of follow-up, which was
1 year after surgery [18]. The liver blood flow remains a
constant percentage relative to cardiac output across BMI
values in patients with obesity before surgery [19]. There-
fore, the liver flow can be assumed to be approximately
20% lower after bariatric surgery.

Kidney

After bariatric surgery, renal function may change over
time. The extent of change seems to be dependent on the
initial renal function. In patients with preoperative hyper-
filtration, the glomerular filtration rate (GFR), as deter-
mined by iohexol clearance, normalizes at 1 year after
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surgery [20]. However, in patients with pre-existent renal
impairment, GFR seems to remain unchanged [21]. The
GFR in patients with a normal kidney function remain
similar on the short term and is reported to decrease at
1 year after RYGB [22].

The assessment of the renal function before and after
bariatric surgery can be challenging when using a serum
creatinine-based estimate of the renal function [20]. The
reliability of renal function estimates is affected directly by
weight loss because of the decrease in muscle mass. When
using an indexed estimated GFR, i.e., normalized estimated
GFR to a body surface area of 1.73 m?, this can lead to
underestimation in individuals with obesity [20]. It has been
suggested that it might be better to monitor the renal func-
tion after bariatric surgery with a method based on an exog-
enous marker such as iohexol [20, 23]. Alternatively, the
estimation of renal function can be improved by de-indexing
the estimated GFR in patients with class III obesity [24].
However, de-indexed estimated GFR may slightly overes-
timate the renal function in patients after bariatric surgery
regardless of whether they are still obese [25].

In clinical practice, changes over time in renal func-
tion in bariatric patients could be blurred if renal function

n=276

Articles for full-text review

Titles/Abstracts found Duplicates
—_—
n=2533 Excluded based on title and/or
abstract review
Study proposals
Titles/abstracts screened Gastric banding
- 7

is estimated based on serum creatinine. The values after
surgery may not be directly comparable with preoperative
values. However, the debate on how to assess and interpret
renal function after bariatric surgery is still ongoing.

Methods

Systematic searches in PubMed and Embase were performed
using the following MeSH terms: “bariatrics”, “gastric
bypass”, “sleeve gastrectomy”, “pharmacokinetics” and
“time”. Furthermore, studies were also included if they con-
tained the non-MeSH terms “drug concentration” or “drug
level” and one of the following terms: “time after surgery”,
“change*”, “long-term” or “short-term”. The search strategy
can be found in the appendix. Studies were excluded if they
were written in other languages than English, Dutch, Ger-
man or French or if they included pediatric patients.

We included results from studies on drugs of which
the pharmacokinetics were assessed on at least 2 differ-
ent occasions after bariatric surgery. Pertinent citations
from retrieved articles were also included. If available,
the reported postoperative drug levels were compared to

BPD
Total gastrectomy

Only discussing vitamin, mineral
supplementation and ethanol

n=224

Articles included

n=56

No pharmacokinetics* described
at 2 or more time points after
bariatric surgery

Fig. 1 Flowchart of included articles. * For drugs whose pharmacokinetics are usually not measured, the used dosages and/or laboratory val-
ues were used (i.e., vitamin K antagonists and thyroid hormones). BPD =biliopancreatic diversion
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preoperative levels. Generally, if the area under the con-
centration-time curve (AUC) or trough level was between
80 and 120% of the preoperative values, the difference was
considered to be non-relevant. If no preoperative values were
available, the reported postoperative drug levels were com-
pared to those in patients with obesity. Results on drugs for
which data of less than 5 patients in total were available were
described separately.

Results

Of the 2533 retrieved results, 276 articles were selected for
screening after removing duplicates and reading title and
abstract. After exclusion of study proposals, cases of gas-
tric banding, BPD and total gastrectomy only, and studies
discussing vitamin and mineral suppletion and ethanol, 224
results were reviewed (Fig. 1). In total, 56 articles described
the pharmacokinetics of drugs at 2 or more time points after
surgery. Of these 56 included articles, 22 investigated the
effects of bariatric surgery on pharmacokinetics of drugs up
to 6 months after bariatric surgery (Fig. 2a). The numbers

Number of studied drugs
N w
®

=]
'

0 3 6

of drugs studied beyond 1 year after bariatric surgery are
shown in Fig. 2b.

Time-dependent effects on pharmacokinetic changes in
patients with bariatric surgery were reported for 39 different
drugs. The findings of 32 drugs for which data of > 5 patients
in total were available, are summarized in Table 1. The drugs
are sorted by therapeutic area. A practical advice for clini-
cians is provided. Table 1 shows results of drugs for which
altered pharmacokinetic was reported, while Table 2 shows
drugs for which no pharmacokinetic changes were found.
Since no relevant differences in pharmacokinetics between
RYGB and SG were identified, no separate practical advice
was provided for either type of surgery.

Based on the available data, various patterns were iden-
tified in altered pharmacokinetics in the short and long
term. First, no pharmacokinetic changes after bariatric sur-
gery were reported for 6 drugs: venlafaxine, ciprofloxacin,
rivaroxaban (only prophylactic dose reported), desogestrel,
ethinylestradiol and dextromethorphan. In addition, the
pharmacokinetic changes over time were considered not
to be clinically relevant for digoxin, omeprazole and
levonorgestrel.

Time after sur'gery (months)

©

40-

N w
o =]
'

Number of studied drugs

o

1 2 3

®

Number of patients
e 10
* 20
® 30
® 50
® 100
@ 150

o

.

: 2
Number of patients
® 10
* 20
® 20
® 50
® 100
@ 0

o ®

4

Time after sflrgery (years)

Fig.2 Numbers of studied drugs of which the pharmacokinetics were assessed at multiple time points up to 1 year after bariatric surgery (A)
and from 1 to 5 years after surgery (B). The Y-axis depicts the number of studied drugs. The size of the dots indicates the total number of patients that

were studied
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As a second group, we identified drugs of which the phar-
macokinetics are significantly altered in both the short and
the long term: lithium, tacrolimus, carbamazepine, dulox-
etine, midazolam, morphine, paracetamol, hydrocortisone,
levothyroxine, rosuvastatin and metformin. Lithium levels
can increase shortly after surgery [26-29, 79], which is
attributed either to improved absorption of lithium or to a
lower fluid intake resulting in a lower drug clearance. Con-
sequently, severe lithium intoxications have been reported
[26-28]. Most patients could be stabilized and discharged
with a lower dose [26, 28, 79]. An a priori reduction of
30-70% in lithium dose is recommended in the first week
after bariatric surgery, combined with monitoring of lithium
levels (Therapeutic Drug Monitoring, TDM).

For other drugs in this group, such as tacrolimus and
carbamazepine, intensive monitoring of drug levels shortly
after surgery seems necessary. For duloxetine, reduced effi-
cacy may be anticipated due to lower levels in both the short
and the long term after bariatric surgery. In case of reduced
efficacy, measuring duloxetine levels and increasing the dos-
age may be required. Studies on midazolam, morphine and
paracetamol showed higher and earlier peak concentrations
after surgery [16, 32, 64, 65]. This could potentially cause
more adverse events at the time of maximal concentration
(Tmax), while the clinical effects could fade off earlier.
Hydrocortisone, levothyroxine, rosuvastatin, metformin
showed various effects, as studies reported both increased
and decreased levels over time. For these drugs, it is impor-
tant to periodically monitor the effects through laboratory
values and adjust the dose accordingly.

As a third class, we identified drugs that showed increased
levels shortly after surgery and decreased values in the long
term post-surgery. Among these drugs are pregabalin, lam-
otrigine, atorvastatin, simvastatin, warfarin, apixaban and
amoxicillin. Additional clinical monitoring of effects and
adverse events is recommended for pregabalin and lamo-
trigine. In case of epilepsy patients, measuring drug concen-
trations and adjusting doses accordingly can be helpful to
prevent the occurrence of seizures. Atorvastatin, simvastatin
and warfarin can be dosed according to their effects. Fre-
quent LDL and INR measuring in the first few months after
surgery can help to titrate the correct dose. Apixaban is a
high-risk drug. Overexposure increases the risk of bleeding,
while underexposure increases the risk of thromboembolic
events. Hence, prescribers are advised to switch to drugs that
can be monitored more easily, such as vitamin K antagonists.

Amoxicillin was shown to have initially increased expo-
sure, followed by decreased exposure later on [39-41].
However, the results of these studies may have been influ-
enced by differences in the formulation and dosages used,
together with the known non-linear absorption of amoxicil-
lin in higher doses [80]. Since the amoxicillin levels in these
pharmacokinetics studies were all above the target minimum

inhibitory value of 4 mg/L, no dose adjustments are advised
for amoxicillin after bariatric surgery.

As a last category, the following drugs first showed
lower drug levels, followed by higher drug concentrations
that approached preoperative levels: sertraline, mirtazapine,
phenytoin and probably citalopram/escitalopram. For these
drugs, it seems important to monitor clinical effects in the
short term. If altered effects are suspected, it is advisable to
measure drug levels, i.e., to perform TDM, in addition to
clinical monitoring. For epilepsy patients, it may be advis-
able to consider measuring phenytoin concentrations and
adjusting doses accordingly.

For 7 drugs, data from less than 5 patients per drug was
available (Table 3). Early after surgery, buprenorphine was
absorbed faster, which normalized over time with the expo-
sure decreasing by 40%. The plasma concentrations of tri-
cyclic antidepressants seem to decrease over time. In con-
trast, the pharmacokinetics of gabapentin, topiramate and
efavirenz did not alter over time.

Discussion

In this review, we describe results regarding pharmacoki-
netic changes over time for 39 drugs. Based on the findings
of 56 included studies, we recommend that clinicians and
pharmacists be aware of the pharmacokinetic changes that
may occur over time. To support optimal therapy after bari-
atric surgery, more frequent clinical monitoring (i.e., drug
counselling and outpatient follow-up) may be considered.
Measuring specific drug levels in the first year after surgery
could be helpful. Since some pharmacokinetic changes can
still occur within the first year, further clinical monitoring
may be required to ensure efficacy and safety in the longer
term. For some drugs, no alterations in pharmacokinetics
were identified. As such, in contrast to earlier reports in liter-
ature, there is no evidence to discourage the use of extended-
release preparations (e.g., venlafaxine and morphine) after
bariatric surgery [67, 74].

After bariatric surgery, patients may be more prone to
adverse effects due to shorter gastric emptying time. Higher
absorption rates and, consequently, higher and earlier peak
concentrations (Cmax) could cause a quicker drug onset,
which may be of relevance for sedatives or opioids such
as midazolam and morphine. Thus, a change in the drug
formulation, for example converting tablets into liquid, can
have dramatic consequences, as was shown by a reported
lithium intoxication [28]. Over time, the Tmax of most drugs
becomes shorter, while the Cmax may vary over time: the
concentrations either remain higher or return to preoperative
values after several months.

Besides absorption-related differences due to intestinal
adaptation, time-dependent pharmacokinetic changes can

@ Springer



Obesity Surgery (2023) 33:3266-3302

3298

Surioyruow 3nip onnaderay = py [ ‘syuessardopnue o1[oAdLI) = ) [ ‘9A9[S o1Nse3 =N ‘ssedAq o1nsed x-U9-Xnoy = gHLY ‘UONBINUIIUOD [BWIXBW = XD ‘QAIND ) JPUN BAIR = )Y

syjuow 9 urym
paIal[e 99 Jou Aew HS
[z8] 193 soneunjoorwreyd oy,

sonounjodeurreyd ur
[0g] seouaraljIp ou 9q Aew AI9Y],

pawiojrad

9q Aewl N, "SurIojiuOw
[eorur[o [euonIppe axmbax
Kew pue oW J9A0 ISLAIOP

(og] Kewr syD L, JO S[oART

yjuow
1 191Je 9sBAI09p AvW AINS
-odxa oy, ‘'yjuow | 1a1je
sonfea A1o3ins-a1d 0y uInjax

PAINSLOl IOM S[IAJ]
y3non A[uQ "paqrIosap jou
SeM 90UQISYPE UOTJBOIPIA

POINSEOUT 9JoM S[OAQ]
y3non A[uQ "paqrIosap jou
SeM 20UQISYPE UONBOIPIN

AK1331ns-21d 03 paredwos
juanjed T Ur paId)[E JOU SeM
soneunjooewreyd ‘DS 101y

SUONENUAOU0D ySnon
pajsnfpe-9sop ur punoy
QIOM SOOUAIRYIP JueOYIUSIS
ou ‘syuaned ojewrendo) ¢
pue sjuened unuadeqes g uj
S[OAQ]
K1331ns-a1d 03 uonezIewr
-Iou Aue JNOY}IM ‘QUIT) JOAO
9SBAIOAP 0) WIS S[OAJ[
Snip oy} ‘ourwrerdrword pue
aurff&ydinrure ‘surjAydiniou
se yons (SyDL) siues
-saxdapnue o110A011) 9Y) 10
S[OAQ]
K1331ns-21d 03 pauInjax
XBW)) oY} S[YM ‘% EH—T
YIMm paseardap T 0yny
Syjuow ¢ pue yjuow | je -
K1331ms
-a1d 03 paredwoos xew)) jo
Surqnop jsouue pug Y0

SyIuow 9 pue ¢

SYJuOW 7] pue g ‘syoom §

syluow
1 ‘Syiuowr g ‘Syoam g

0S ZUdIIAR)]

DS ‘gOAY 9rewendo) ‘unuadeqen

Qurwerdrworo our£)
DS ‘DAY -dumsou ‘durKidiruy

Kew pue DG 19)Je A[IOYS PaqLIOSap DNV Te[IwuIs :joom | Je -
[18] PpaseaIoul 9q Aewr Xewr)) JOU 9OUAIYPE UOTIBITPIIN :rengurqns surydiouardng Teak T ‘qpuonr | Yoom | 0S surydiouardng
9sop paxmnbar 10 $3109Jj0 ‘so1  sjuaned awes UM A103Ins
Q0UIYOY NiONiiplite) syreway — -jounjooewreyd ur seuey) Iojje sjurod own uonealdsqQ (syuoned) N A193ans jo odAjg, 3niq

T30} ur sjuened [eNPIAIPUT G UBY) SSO] UT PAQLIDSAP d1om Jey) A15Ins ornerreq 1ojje sSnip Jo asop paxmbar 1o s3109ye ‘sonounjooewrreyd ur saSueys pajodoy ¢ ajqel

pringer

Qs



Obesity Surgery (2023) 33:3266-3302

3299

also be associated with reversal of obesity. Therefore, sig-
nificant changes attributed to weight loss occur more gradu-
ally after bariatric surgery. One of these changes involves
CYP3A activity, which is reduced in patients with obesity
[83]. Assuming all other factors to remain similar after bari-
atric surgery, CYP3A activity normalizes over time, until
it resembles the activity in patients without obesity [32].
However, due to changes in other physiological parameters,
such as liver flow, this normalization may not necessarily
translate into higher clearance of drugs that are hepatically
metabolized by CYP3A [32].

Recent studies have shown that the pharmacokinetics of
various contraceptives (i.e., desogestrel, ethinylestradiol
and levonorgestrel) seem unaltered after RYGB [69, 78].
This finding is not in line with current advice that strongly
discourages the use of certain drugs after bariatric surgery,
such as oral contraceptives. This advice was based on a
case series of 2 women who became pregnant after BPD
despite the use of oral contraceptives [84]. A relevant culprit
might have been the occurrence of chronic diarrhea in these
women. Based on the recent studies, the absolute contraindi-
cation of any bariatric surgery for several oral contraceptives
cannot be supported by pharmacokinetic data.

It should be noted that we did not a priori exclude case
series, which can be considered a strength of our narra-
tive review. In a systematic review, the extensive and very
informative case reports of lithium intoxications would have
been missed due to a low evidence level. Based on the scarce
available evidence for most of the included drugs, we nev-
ertheless tried to propose practical advice for clinicians. As
for any review, the strength of this review is related to the
strength of the reviewed papers. We realize that in the pre-
sent review, the evidence was not graded and bias was not
assessed in a systematic way, as was done by McLachlan
[85]. Nor did we analyze the pooled data based on drug
properties (e.g., lipophilicity, renal excretion, or involvement
of CYP metabolism).

Clinicians may question how to dose patients who regain
weight after bariatric surgery. A regain of weight of 10% or
more occurs in 17.6% of the patients after bariatric surgery
[86]. However, patients with weight regain were not specifi-
cally described in the included studies. That is why we could
not assess whether patients with weight regain after bariatric
surgery need different dosing advice over time.

Another question that remains to be answered is whether
pharmacokinetics can be affected by differences in the prac-
tice of bariatric surgery. RYGB procedures differ between
surgeons and clinics throughout the world in terms of the
lengths of both the alimentary limb and the biliary limb, and
therefore also in terms of the common channel. As far as we
know, the effect of these differences on the pharmacokinet-
ics of drugs have not been studied. However, as the current
medication advice does not differ between RYGB and SG,

we hypothesize that the differences in surgical practice may
be of little clinical relevance.

Lastly, there is growing interest in microbiota changes
after bariatric surgery [87, 88]. Obesity and weight loss
seem to be associated with compositional changes in gut
microbiota. More interestingly, the effect of weight loss
on microbiota diversity seems to be time-dependent [87].
As microbiota can modulate both the absorption and the
metabolism of drugs, they may constitute a missing link in
the assessment of pharmacokinetic changes after bariatric
surgery. To date, however, this is a highly understudied area.

This review highlights the importance of time-depend-
ent dosing of drugs after bariatric surgery. In this complex
matter, clinicians and pharmacists can collaborate in multi-
disciplinary teams to deliver the best care. This collabora-
tion may involve additional or more intensive monitoring
of clinical effects, performing TDM and adjusting doses. It
should be acknowledged that information on the effects of
bariatric surgery on the pharmacokinetics from 1 year and
further on are very scarce. Thus, more research is needed to
determine the optimal dosing at the time post-bariatric sur-
gery, especially for drugs with a narrow therapeutic window.

Conclusions

Pharmacokinetic changes after bariatric surgery can be time-
dependent, leading to different changes in the short and long
term after surgery. Due to the variability in the magnitude
and directions of the changes in plasma concentrations over
time, no general dosing advice can be provided. Besides,
considering that the pharmacokinetic profiles of drugs may
differ over time, it is recommended to monitor the clinical
effects of certain drugs and, if needed, to measure drug lev-
els and adjust drug doses accordingly. Consequently, close
cooperation between clinicians and pharmacists is required
to optimize drug doses for the intended clinical effect in
post-bariatric patients.
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tary material available at https://doi.org/10.1007/s11695-023-06770-5.
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