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Summary

Demand for bariatric surgery has risen exponentially and bariatric patients often
have multiple indications for post-operative pharmacotherapy. The purpose of
this study was to systematically review the published literature examining the
effect of bariatric surgery on drug absorption.

Studies were sought through searches of MEDLINE, EMBASE, the Cochrane
Controlled Trials Registry and hand searches of reference lists. Two reviewers
independently assessed studies for inclusion.

Twenty-six studies (15 case reports/case series evaluating 12 different agents
and 11 non-randomized controlled studies examining 15 different agents) were
found. Evidence for diminished drug absorption was found in 15/22 studies
involving jejunoileal bypass, 1/3 studies of gastric bypass/gastroplasty and 0/1
studies examining biliopancreatic diversion. The effect of bariatric surgery on
drug absorption appears drug-specific. Drugs that are intrinsically poorly
absorbed, highly lipophilic and/or undergo enterohepatic recirculation exhibited
the greatest potential for malabsorption. The most consistent evidence for dimin-
ished absorption was found for cyclosporine, thyroxine, phenytoin and rifampin.

Reduced drug absorption may occur post-bariatric surgery and this effect
appears drug-specific. Individual dose-adjustment and therapeutic monitoring
may be required. Rigorously conducted controlled studies are needed to evaluate
the effect of modern bariatric procedures on drug absorption.

Keywords: Bariatric surgery, drug absorption, systematic review, therapeutic drug
monitoring.
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Introduction

Although the potential for malabsorptive procedures to
cause nutritional deficiencies has been recently well docu-

In the past decade, demand for bariatric surgery has
increased exponentially in Canada (1), the United States
(US) (2) and globally (3). An estimated 180 000 surgeries are
performed annually in the US alone (4), and procedure types
include purely restrictive (gastric banding, gastroplasty),
restrictive with limitation of digestive capacity (sleeve gas-
trectomy), restrictive/malabsorptive (gastric bypass) and
purely malabsorptive (biliopancreatic diversion, jejunoileal
bypass). The latter two categories of procedures involve
intestinal diversion. The most commonly performed proce-
dure overall is Roux-en-Y gastric bypass (3,5).
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mented (6), surprisingly little contemporary research has
focused on the effect of bariatric surgery on drug absorp-
tion (7). Notably, the patient population receiving bariatric
surgery is severely obese, with multiple medical comorbidi-
ties that often require multidrug treatment (8). Although
many comorbidities

post-operatively, most

patients still remain clinically obese and regain weight over

improve

time, which may lead to the re-emergence of conditions
previously in remission (9,10). Drug therapy is also com-
monly required to treat pain or other adverse effects
of surgery, such as gastrointestinal reflux (11). Drug
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malabsorption is a potential concern post-bariatric surgery,
particularly after diversionary procedures, for several
reasons. Nearly all oral agents are maximally absorbed in
the small intestine, which is bypassed in several bariatric
procedures. Delayed gastric emptying, diminished oppor-
tunity for mucosal exposure, and changes in drug dissolu-
tion and solubility resulting from alterations in intestinal
pH are additional factors that may potentially impair drug
absorption (7). A clear understanding of the effect of both
historical and more contemporary bariatric procedures on
drug absorption is paramount to ensure that drugs are
optimally dosed and that the desired therapeutic effect is
achieved. Therefore, we systematically reviewed the litera-
ture to identify and summarize the published literature
examining this topic.

Methods

We searched the following electronic resources for studies
examining the effects of bariatric surgery on drug absorp-
tion: The Cochrane Central Register of Controlled Trials
and Database of Systematic Reviews (Third Quarter,
2008), MEDLINE (1966 to October, week 4, 2008) and
EMBASE (1980 to week 43, 2008). Search terms included
(but were not limited to) bariatric surgery, gastric bypass,
jejunoileal bypass, gastric banding, vertical banded gastro-
plasty, biliopancreatic diversion, drug absorption and bio-
availability. Reference lists of original studies and narrative
reviews were also hand searched. Included studies were
entered into PubMed and the ‘related articles’ link was also
reviewed for additional articles. The search was limited to
English language articles and is considered up-to-date as of
October 20, 2008.

Human case reports, case series, cohort studies and ran-
domized controlled trials that evaluated or described drug
absorption in patients undergoing bariatric surgery were
included. We excluded studies examining nutritional
supplements such as vitamins and iron preparations. One
reviewer (R. P.) reviewed all search results and excluded
articles that were clearly not relevant. Two reviewers (R. P.
and A. S.) then independently examined the remaining
abstracts for potential inclusion. A Cohen’s Kappa coeffi-
cient was calculated to assess inter-observer agreement for
study inclusion. Disagreements were resolved by consensus.

One reviewer performed data extraction, which was
independently checked by the second reviewer for accuracy.
If studies reported results from multiple study designs, we
preferentially extracted the most complete data from the
highest type of study design. For case reports and case
series, study results are presented in a descriptive fashion.
For controlled studies, wherever possible, the mean area-
under-the-concentration-time (AUC) curve drug levels were
extracted and compared between groups. If both blood
(serum or plasma) and urine levels were provided, we pref-

erentially extracted blood levels to minimize any potential
confounding due to drug metabolism. If AUC levels were
not reported, we abstracted per cent bioavailability instead.
If studies using pre-post designs presented individual
patient data, we calculated 95% confidence intervals for
mean differences in drug levels between study groups using
paired #-tests. Otherwise, unpaired #-tests were used to
generate confidence limits and P values. If study sample
sizes were prohibitively small (<5) and the Central Limit
Theorem could not be invoked to utilize parametric tests of
significance (12), data were presented in narrative fashion.

Results

Search results

Of the 68 initial citations identified by the electronic search,
five were potentially relevant upon initial screening and
were examined in further detail (Fig. 1). Of these, one met
inclusion criteria. An additional 26 articles were identified
via hand searches and through separate PubMed searches
using the ‘related articles’ link of studies meeting inclu-
sion criteria. Inter-observer agreement was 1.0 for study
inclusion.

Study characteristics

Overall, 26 studies (15 case reports/case series evaluating
12 different agents and 11 non-randomized controlled
studies evaluating 15 different agents) were found. Case

Initial independent references from all
databases
(n=168)

First screening of titles and
abstracts using general criteria

Citations with potential relevance
(n=5)

Second screening of full-text
articles

Full text articles met inclusion criteria
(n=1)

Articles identified through hand
searches and PubMed searches of
‘related articles link
(n=25)

Included in review
(n=26)

Figure 1 Flow diagram of study selection.
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reports or case series examining phenytoin (2), ethosuxim-
ide, isoniazid (5), ethambutol (5), rifampin (3), amoxicillin,
nitrofurantoin (as Macrodantin), cyclosporine (2), tacroli-
mus, thyroxine (2), ranitidine and haloperidol were identi-
fied (Table 1). Jejunoileal bypass was examined in 11
studies, gastric bypass in two and biliopancreatic diversion
in one. Solid dosage forms were used in all studies except
one, in which phenazone was administered as an oral
solution (13).
Non-randomized  controlled  studies  evaluating
phenazone, acetaminophen, erythromycin, sulfisoxazole,
ampicillin, penicillin, phenytoin, hydrochlorothiazide,
digoxin (2), D-norgestrel, oestradiol, oestrone, norethister-
one, L-norgestrel and propylthiouracil were identified
(Table 2). Jejunoileal bypass was performed in 10 studies
and the remaining study evaluated patients that had under-
gone gastric bypass or gastroplasty. Sample sizes ranged
from 3 to 28 patients. Mean baseline weights were between
118 and 158 kg and patients were studied between 1.5 and
43 months post-operatively. Body mass index was not typi-
cally reported. Pre-post designs were used in six studies and
comparisons of surgical cases with normal weight controls

were performed in the remaining five.

Results of studies

Overall, evidence for a diminished magnitude of drug
absorption was found in 15/22 studies involving jejunoileal
bypass, 1/3 studies of gastric bypass/gastroplasty and 0/1
studies examining biliopancreatic diversion (Tables 1 and
2). Evidence for diminished absorption was present for
anti-rejection drugs (cyclosporine and tacrolimus), thy-
roxine, phenytoin and rifampin in multiple reports. Single
instances of diminished absorption of ethosuximide,
amoxicillin, Macrodantin, tacrolimus, sulfisoxazole, pivam-
picillin and hydrochlorothiazide were reported. Conflicting
evidence was present for ethambutol, digoxin and oral
contraceptives. The data did not favour reduced absorption
for isoniazid, ranitidine, haloperidol, phenazone, acetami-
nophen, erythromycin, penicillin or propylthiouracil.

Discussion

To summarize, the effect of bariatric surgery on drug
absorption appears drug-specific. In some cases, substantial
reductions in drug absorption may occur, which may be
temporally associated with the need for dosage adjustment.
There is a paucity of data examining modern procedures
and further study is required to determine whether there
are major differences among procedure types with respect
to drug absorption. To our knowledge, this is the first
published systemic review to examine this issue.

The major steps that must occur between the oral inges-
tion of a solid drug preparation and the entry of a drug into

© 2009 The Authors

the portal circulation are: drug disintegration/dissolution,
transport through intestinal tract, mucosal exposure and
transport across the intestinal epithelium. Additional
factors that can reduce systemic drug exposure include first
pass metabolism and reduced gastrointestinal blood flow —
these latter factors are not considered in further detail here.
The drug absorption process may be differentially altered
according to the type of surgery performed and influenced
by the underlying chemical properties of the drug ingested.

Procedures involving gastric restriction

Procedures involving gastric restriction alone (gastric
banding, vertical banded gastroplasty) would be theoreti-
cally less likely to alter overall drug absorption compared
with procedures involving intestinal diversion. Neverthe-
less, in the absence of definitive evidence demonstrating
that absorption is unchanged in bariatric patients undergo-
ing purely restrictive procedures, the following theoretical
issues deserve consideration. These issues apply to all pro-
cedures involving some type of gastric restriction.

1. Drug disintegration is the first step required for drug
absorption and is necessary in order for a drug to become
soluble within the gastrointestinal milieu. This step, which
may even vary considerably across different preparations of
the same drug, is often the rate-limiting step in the absorp-
tion of most solid dosage forms (14). One factor that
promotes drug disintegration is gastric mixing and this may
be substantially reduced by such restrictive bariatric proce-
dures as gastric banding, gastroplasty, gastric bypass, sleeve
gastrectomy and some forms of biliopancreatic diversion.
Administration of a drug as a liquid formulation or
crushing/chewing solid formulations whenever possible
would be expected to mitigate any diminished absorption
that results from impaired drug disintegration. However,
this is not always feasible and may alter desirable pharma-
cological properties of the drug.

2. Drug dissolution and solubility may be potentially
altered in restrictive procedures that increase gastric pH
in the newly created stomach. This may occur in gastric
bypass or gastroplasty, in which the new gastric pouch is
partitioned from acid-producing cells in the remaining
stomach. Alternatively, sleeve gastrectomy and some forms
of biliopancreatic diversion involve excision of the parts of
the gastric fundus and body, the areas of the stomach that
contain most of the acid-producing cells. Theoretically,
according to the pH partition hypothesis, increasing gastric
pH should increase the solubility of more basic drugs
(become less ionized) and decrease the solubility of more
acidic drugs (more ionized) (15). Increasing the pH may
also reduce the disintegration of the solid dosage forms of
some medications (16). It should be noted that changes in
pH should primarily affect solubility within the stomach,
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Table 1 Case reports and case series

Study Surgery  Drug Evidence favours  Details
decreased drug
absorption?

Anticonvulsants

Peterson (26) JIB Phenytoin Yes A 43-year-old man with a seizure disorder. Post-JIB reversal,
maintenance plasma phenytoin levels doubled.

Peterson and Zweig (27) JIB Phenytoin Yes A 42-year-old woman with a seizure disorder who experienced

Ethosuximide  Yes recurrent seizures 2-8 weeks post-JIB and required above average
maintenance doses.

Antimicrobials

Bruce and Wise (28) JIB Isoniazid No Four patients (24-40 years) who developed tuberculosis 6-10 months

Ethambutol No post-bariatric surgery successfully treated with multidrug regimens.
Rifampin Yes Normal levels of isoniazid and ethambutol, but not rifampin, were
documented.
Polk et al. (29) JIB Isoniazid No A 36-year-old woman developed tuberculosis 4 years post-JIB.
Ethambutol No Successfully treated and achieved normal drug levels.

Harris and Wasson (30) JIB Isoniazid No 30-year-old and 42-year-old men who developed tuberculosis 2 and 10
Ethambutol Yes months post-operatively. Both were successfully treated but evidence
Rifampin Yes for low ethambutol and rifampin levels was found.

Griffiths et al. (31) JIB Isoniazid No A 48-year-old woman developed tuberculosis 6 years post-JIB.
Ethambutol No Rifampin levels remained low, despite doubling of the usual dose to
Rifampin Yes 1200 mg daily.

Pickleman et al. (32) JIB Isoniazid No A 42-year-old woman developed tuberculosis within 1 year of JIB. Drug
Ethambutol No levels were reported as ‘within normal range’.

Magee et al. (33) GB Amoxicillin Yes A 29-year-old woman in 9-week gestation and 3 years post-GB
Nitrofurantoin Yes developed a urinary tract infection. Required intravenous antibiotics
(Macrodantin) after oral medication failed.

Immuno-suppressants

Chenhsu et al. (34) JIB Cyclosporine Yes A 58-year-old woman 26 years post-JIB underwent liver transplant.

microemulsion Cyclosporine levels were over 50% lower than in liver transplant
formulation patients who did not have prior bariatric surgery.

Knight et al. (35) JIB Cyclosporine Yes A 41-year-old man with remote jejunoileal bypass developed idopathic
cardiomyopathy requiring cardiac transplantation. Post-transplant,
absorption of cyclosporine was poor, with no enterohepatic
recirculation. Absorption normalized post-JIB reversal.

Kelley et al. (36) JIB Tacrolimus Yes A 57-year-old woman who developed end-stage liver failure 20 years
post-JIB requiring liver transplantation. Post-reversal of her JIB,
maintenance tacrolimus dosage was halved.

Thyroid replacement

Azizi et al. (37) JIB Thyroxine Yes A 38-year-old woman with hypothyroidism required thyroxine 0.2 mg
daily preoperatively and 0.6 mg daily 2 years post-JIB to normalize
TSH. After the JIB was reversed, 0.2 mg daily was required to
normalize TSH.

Bevan and Munro (38) JIB Thyroxine Yes A 54-year-old man diagnosed with hypothyroidism 4 years post-JIB.
Required thyroxine 0.5 mg daily (over threefold greater than normal
average dose) to maintain normal thyroid function.

Other

Adami et al. (39) BPD Ranitidine No Seven patients (mean age 32 years) 8-36 months post-BPD achieved
therapeutic drug levels after administration of a single oral dose of 150
or 300 mg.

Fuller et al. (40) GB Haloperidol No A 51-year-old woman with schizophrenia controlled on haloperidol

20 mg daily. Although she required transient dosage doubling, normal
serum levels were documented after her preoperative dose was
resumed.

BPD, biliopancreatic diversion; GB, gastric bypass; JIB, jejunoileal bypass; TSH, thyroid stimulating hormone.

© 2009 The Authors
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Table 2 Controlled comparisons

Study Type of Mean  Mean time Design (n) Drug and dose Evidence Outcome and findings (SD)
surgery preop  since favours
wt (kg) operation decreased
(mo) drug
absorption?
Analgesics
Andreasen et al. JIB 133 35 Surgical cases Phenazone No Urinary excretion of phenazone
(13) 17) 15 mg kg single (mg 24 h™"):
Normal weight dose as oral Cases 24.6 (8.4); controls 20.7
controls (11) solution (14.1); difference 3.9; 95% Cl —4.8 to
12.6; P=0.37
Urinary excretion of
4-hydroxyphenazone (mg 24 h™):
Cases 299 (243); controls 228 (186);
difference 371; 95% CI —106 to 248;
P=0.42
Terry et al. (41) JIB 132 3 Pre-post surgery  Acetaminophen No Serum AUC (ug mL="-h):
(3) 1.5 g single oral Pre 43.0 (7.0); post 43.0 (14.9);
dose difference 0; 95% Cl —26 to 26;
P=1.0*
Antibiotics
Prince et al. (42) 1GB 158 1.5 Pre-post surgery Erythromycin base  No Serum AUC 0-12 h (units mL~"-h)
and 6 (7) 250 mg single Pre 4.1 (0.8); post 2.7 (1.9);
gastro- dose difference —1.3; 95% CI (0.4 to 3.1);
plasties P=0.11
Garrett et al. (43) JIB 158 13 Pre-post surgery  Sulfisoxazole 1g Yes No AUC levels provided. Mean
3) single oral dose bioavailability was reduced from 97%
to 81%.
Kampmann et al. JIB 128 12 Pre-post surgery  Ampicillin 500 mg Yes Bioavailability reduced from 109% to
(44) (6) single oral dose 41%. No significance testing
(given as performed because of small sample
pivampicillin size.
750 mg prodrug)
Terry et al. (41) JIB 132 3 Pre-post surgery  Penicillin 1 g No Serum AUC (units mL~"h):
(3) single oral dose Pre 17.1 (5.9); post 176.8 (98.1);
difference 159.7; 95% Cl 2.1 to
317.2; P=0.048*
Anti-epileptics
Kennedy and Wade JIB 121 7 Surgical cases (7) Phenytoin 200 mg Yes Plasma AUC 0-48 h (ug mL™"-h)
(45) Normal weight single oral dose Cases 34.4 (10.9); controls 108.3
controls (9) (34.5); difference —73.9; 95% CI
—44.7 to =103.1; p < 0.0001
Cardiovascular
Backman et al. (46) JIB 137 43 Surgical cases (4) Hydrochlorothiazide Yes Plasma AUC 0-9 h (ng mL~"-h):
Normal weight 75 mg single oral Cases 889 (285); controls 1923
historical controls  dose (295); difference —1034; 95% CI
(8) —635.5 to —1432.5; P=0.0002*
Gerson et al. (47) JIB NR 14 Surgical cases (9) Digoxin 0.5 mg Yes Serum AUC (duration unspecified;
Normal weight single oral dose ng mL=""min):
controls (16) Cases 233 (93); controls 307 (66);
difference —74.0; 95% CIl -8.1 to
—140.0; p < 0.03*
Marcus et al. (48) JIB 145 2 Pre-post surgery ~ Digoxin 1 mg No Steady state serum AUC 0-24 h
(7) loading dose then (ng mL~"h):
0.5 mg daily x 8 Pre 28.8 (6.5); post 25.7 (6.2);
days difference -3.1; 95% Cl -2.7 to 8.8;
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Table 2 Continued

Study Type of Mean  Mean time Design (n) Drug and dose Evidence Outcome and findings (SD)
surgery preop  since favours
wt (kg) operation decreased
(mo) drug
absorption?
Oral contraceptives

Andersen et al. (49) JIB 118 12 Pre-post surgery:  Single oral doses: No Results displayed in graphical form
6 patients studied D-norgestrel only and not extractable. Figures
preop and 12 125 ug demonstrate drug concentrations in
studied post-op Oestradiol 4 mg bypassed patients were similar or

Oestrone 2 mg higher than controls. No significant
reduction in the absorption of any
drug reported.

Victor et al. (50) JIB 129 NR Surgical cases (6) Norethisterone Yes Plasma AUC 0-24 h (ng mL~"-h):
Normal weight 3 mg single oral Cases 57.9 (8.7); controls 73.0 (5.5);
controls (5) dose difference —15.0; 95% Cl —4.9 to

L-norgestrel -25.3; P=0.009*
0.25 mg single Cases 21.6 (2.5); controls 38.7 (1.8);
oral dose difference —17.0; 95% Cl -14.1 to
-20.1; P=0.0001*
Thyroid blocker
Kampmann et al. JIB 128 12 Pre-post surgery  Propylthiouracil No Bioavailability increased from 78% to

(44) ®)

400 mg single oral 85%

dose

*P value calculated using unpaired t-test. For pre-post designs, lack of individual patient data precluded calculation of paired t-test.
AUC, area-under-the-curve; GB, gastric bypass; JIB, jejunoileal bypass; NR, not reported; SD, standard deviation.

which is not responsible for a large degree of drug absorp-
tion because of its relatively low surface area-to-volume
ratio relative to the small intestine. If alterations in pH
exert a clinically important effect on drug absorption post-
bariatric surgery, this effect is likely drug-specific. Examples
of drugs that depend upon an acidic environment for
optimal dissolution include rifampin, digoxin and keto-
conazole (16). Although drug dissolution has not been
directly examined iz vivo in a bariatric population, an in
vitro analysis simulating dissolution post-gastric bypass
found that 10 of 22 psychiatric medications exhibited sig-
nificantly less dissolution and two exhibited significantly
more dissolution in the post-gastric bypass environment
compared with the control environment (17). Iron supple-
ments, which were not studied in our review, are also
optimally soluble within an acidic environment and the
co-administration of ascorbic acid can iron
absorption post-gastric bypass (18).

3. The effect of reduced gastric emptying, such as that

increase

which may occur following the ingestion of solids post-
gastric bypass (19) and in the short-term but not long-term
post-biliopancreatic diversion (20), is unclear. Pharmacoki-
netically, reduced gastric emptying would be expected to
reduce the rate but not the overall magnitude of drug

absorption - therefore, AUC levels should remain

unchanged. Studies examining the effect of non-bariatric
procedures that limit gastric emptying on drug absorption
have demonstrated a reduced rate of drug absorption with
a variable effect on overall drug absorption (14).

Diversionary and malabsorptive procedures

Procedures that involve intestinal diversion clearly have the
potential to reduce drug absorption, primarily because of
alterations in solubility and reductions in intestinal length,
intestinal transit and mucosal exposure. The following
theoretical considerations apply:

1. Drugs with slow dissolution properties, particularly
sustained release or enteric coated preparations, should be
more likely to exhibit reduced absorption.

2. In addition, highly lipophilic drugs are more likely to
be affected because they are often dependant upon the
availability of bile acids to enhance solubility. Often, these
agents also undergo enterohepatic recirculation. Bypass of
the upper small intestine limits the mixing of such drugs
with bile acids to the common (post-anasatamotic) limbs of
the distal small intestine. Jejunoileal bypass may also result
in bile acid wasting. We found evidence for the reduced
absorption of cyclosporine, phenytoin, rifampin, thyroxine

© 2009 The Authors
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Table 3 Gastrointestinal absorptive characteristics of included drugs

Drug Comment
Well absorbed
Acetaminophen, antipyrine, digoxin, ethambutol, None

ethosuximide, erythromycin, hydrochlorothiazide,
isoniazid, phenazone, propylthiouracil, sulfisoxazole

Amoxicillin and pivampicillin

Cyclosporine

Pivampicillin is a prodrug that is converted to ampicillin within intestinal epithelial cells.

Absorption limited by p-glycoprotein efflux pump as well as cytochrome P450 3A metabolism.

Absorption is bile salt dependent as the drug is highly lipophilic with low aqueous solubility.
Enterohepatic recirculation prolongs elimination time.

Nitrofurantoin (Macrodantin)

Macrodantin contains nitrofurantoin in a macrocrystalline form, which has a slower rate of

dissolution and absorption.

Oral contraceptives
Penicillin
Rifampin

Erratically absorbed
Thyroxine

May undergo extensive first pass metabolism and enterohepatic recirculation.
Hydrolysis occurring within an acidic environment diminishes absorption.

Most soluble within an acidic environment. Undergoes enterohepatic recirculation.

Acidic gastric environment appears important for maximal absorption. Undergoes

enterohepatic recirculation.

Phenytoin
recirculation.

Tacrolimus

Absorption is dissolution rate-limited and may be slow and erratic. Undergoes enterohepatic

Low bioavailability (20-30%) with incomplete and variable absorption due to high lipophilicity.

Jejunum is the primary site of absorption.

and tacrolimus post-jejunoileal bypass. These agents are all
lipophilic and all except tacrolimus undergo enterohepatic
recirculation.

3. Bypass procedures that markedly reduce functional
gastrointestinal length, such as jejunoileal bypass, gastric
bypass and biliopancreatic diversion, reduce mucosal expo-
sure to the greatest extent. It is unclear whether there is a
difference in drug absorption between bypass of the proxi-
mal small intestine (gastric bypass) and the distal small
intestine (jejunoileal bypass). Although the proximal small
intestine has the largest overall surface area per unit length
of the gastrointestinal tract, the intestinal transit time is
slower in the longer distal small bowel (14). Consequently,
most absorption takes place distally. In addition, previous
studies have documented the phenomenon of ‘intestinal
adaptation’ in short bowel states, whereby mucuosal hyper-
trophy within the remaining intestine provides a compen-
satory increase in absorptive capacity over time (21).
However, the extent to which this phenomenon affects drug
absorption post-bariatric surgery is unknown.

4. Also unknown is the effect that bypassing specific
portions of the small intestine has on the relative impor-
tance of drug metabolism and drug efflux within the intes-
tinal wall. Because the influence of drug metabolism and
efflux on drug absorption may substantially vary between
drugs and across different parts of the intestine, different
types of bypass may produce different alterations in drug
absorption. For example, cyclosporine is a substrate for
P-glycoprotein, a protein transporter and efflux pump

© 2009 The Authors

present within the intestinal wall that acts to diminish the
absorption of many pharmaceuticals (22). The expression
of P-glycoprotein increases as one moves from the proximal
to the distal small intestine (23). Consequently, bypass of
the proximal small intestine may increase the relative influ-
ence that P-glycoprotein plays in reducing the levels of
drugs such as cyclosporine.

Table 3 provides an overall summary of the absorptive
characteristics of the drugs included in this review and
Fig. 2 summarizes how each step of drug absorption may
theoretically be affected by each type of bariatric proce-
dure. Overall, drugs that have the greatest potential for
malabsorption, particularly with intestinal bypass proce-
dures, include those that are intrinsically poorly absorbed
and those that undergo enterohepatic recirculation. Drugs
that have excellent intrinsic absorptive properties seem less
likely to be affected. It is also important to note that mal-
absorption would be most clinically problematic for those
agents that have a narrow therapeutic window, which
includes most drugs that currently require therapeutic drug
monitoring.

Limitations of this review include the potential for pub-
lication bias and the possibility that the search may have
missed relevant studies. In addition, sample sizes were
small and much of the available evidence is comprised of
older case reports and case series, considered to be subop-
timal study designs. Jejuonileal bypass, the most frequently
studied procedure, is rarely performed today because of
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Factor influencing absorption

A. Drug disintegration and dissolution

Gastric mixing
Gastric pH

Gastric emptying

Bile salt solubilization and
enterohepatic recirculation

B. Mucosal exposure

Length of bypassed segment
and transit time

Intestinal adaptation

C. Absorption across intestine

Metabolism

Efflux

the potential for severe malabsorption and an overall
unfavourable benefit/risk profile. This procedure leads to
substantially different alterations in gastrointestinal
anatomy than contemporary procedures such as gastric
bypass and gastric banding. Consequently, while we were
able to draw some general conclusions about the impact of
bariatric surgery on drug absorption using jejunoileal
bypass studies, there is clearly a need for a more rigorous
evaluation of modern procedures to better inform policy
and practice. Nevertheless, even though jejunoileal byass is
largely outdated, examining its effects still helps to provide
a more complete understanding of the effect of bariatric
procedures on drug absorption as a whole.

An additional limitation is that studies using normal
weight controls, pre-post designs or reference drug levels
derived largely from non-obese populations may not have
properly accounted for the effect of obesity itself on drug
levels. Although drug absorption per se does not appear to
be substantially altered in obese patients (24), other phar-
macokinetic parameters may change. The volume of dis-
tribution of lipophilic drugs may increase in obese
patients; however, this would not be expected to substan-
tially alter AUC levels. In contrast, increases or decreases
in renal and/or hepatic clearance may decrease or increase,
respectively, drug AUC levels (24). However, alterations in
drug pharmacokinetics in the obese state are often drug-
specific, are not easily predictable based upon the chemical
properties of a given drug, and are poorly understood
(24,25). In addition, there is also no dosing parameter
(e.g. total body weight, lean body weight, body surface
area) that can optimally control for body weight — even
within drugs of the same class. Although an extensive

Surgery

GB VBG SG RYGB BPD JIB

.y

Figure 2 Summary of the theoretical effect of
various bariatric procedures on factors
influencing drug absorption. The major factors
influencing drug absorption are depicted in
the centre. For each factor, the major site
involved is indicated (gastric vs. small
intestine) on the left. The major types of
bariatric surgery are listed on the right. The
arrows summarize the potential spectrum of
influence for each type of bariatric procedure.
BPD, biliopancreatic diversion; GB, gastric
bypass; JIB, jejunoileal bypass; RYGB,
Roux-en-Y gastric bypass; SG, sleeve
gastrectomy; VBG, vertical banded
gastroplasty.

discussion of these issues is beyond the scope of this
review, it is clear that future studies evaluating the effect
of drug absorption post-bariatric surgery should attempt
to correct for the effect of body weight on drug pharma-
cokinetics by using appropriate weight-matched controls
as a comparison group. Failing this, adjusted dosing regi-
mens based upon the known chemical nature of the drug
and prior pharmacokinetic data (if available) or statisti-
cally controlling for weight differences between groups
should be considered.

A number of important issues must be considered when
designing future studies in this field:

1. There are few data examining modern procedures.
Priority should be given to evaluating diversionary/
malabsorptive types of procedures because the theoretical
potential for altered drug absorption is clearly greater for
these types of operations.

2. Standardized study protocols are essential. This not
only refers to standardization of pharmacokinetic tech-
niques, blood draws and study meals, but also to standard-
ization of the selection of study subjects. Post-surgical
patients should be at a baseline and stable volume status
and should have experienced a routine post-operative
course. The latter criterion provides reassurance that the
surgery was successful and no major post-operative com-
plications are present (e.g. persistent vomiting due to outlet
stenosis). Because intestinal adaptation is a function of
time, surgical patients should be studied at approximately
the same time point in their post-operative course and this
time point should be documented. Control patients should
be age, sex and BMI-matched to ensure proper adjustment
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for the potential effect of these parameters on drug absorp-
tion and pharmacokinetics.

3. Care must be taken to ensure that studies are
adequately powered and, in addition to pharmacokinetic
parameters, pertinent surrogate end points should be exam-
ined to confirm the clinical relevance of any observed
changes in drug absorption.

From this systematic review of the published literature, we
conclude that there is potential for reduced drug absorp-
tion post-bariatric surgery, particularly for drugs that
have intrinsically poor absorptive characteristics, undergo
enterohepatic recirculation and with narrow therapeutic
windows. As, in theory, treatment failure may result, thera-
peutic drug monitoring is recommended on a case-by-case
basis. Because surgery is commonly (and increasingly) per-
formed and because bariatric patients often have multiple
chronic comorbidities requiring long-term therapy, further
procedure-specific and drug-specific studies are required to
ensure that bariatric patients are receiving the intended
benefits of drug therapy.

Conflict of interest statement

None.

References

1. Padwal RS, Lewanczuk RZ. Trends in bariatric surgery in
Canada, 1993-2003. CMA] 2005; 172: 735.

2. Steinbrook R. Surgery for severe obesity. N Engl | Med 2004;
350: 1075-1079.

3. Samuel I, Mason EE, Renquist KE, Huang YH, Zimmerman
MB, Jamal M. Bariatric surgery trends: an 18-year report from the
International Bariatric Surgery Registry. Am | Surg 2006; 192:
657-662.

4. Flum DR, Khan TV, Dellinger EP. Toward the rational and
equitable use of bariatric surgery. JAMA 2007; 298: 1442-1444.
5. Brolin RE. Bariatric surgery and long-term control of morbid
obesity. JAMA 2002; 288: 2793-2796.

6. Fujioka K. Follow-up of nutritional and metabolic problems
after bariatric surgery. Diabetes Care 2005; 28: 481-484.

7. Miller AD, Smith KM. Medication and nutrient administration
considerations after bariatric surgery. Am | Health Syst Pharm
20065 63: 1852-1857.

8. Lau DCW, Douketis JD, Morrison KM, Hramiak IM. 2006
Canadian clinical practice guidelines on the management and pre-
vention of obesity in adults and children. CMAJ 2007; 176(Suppl.
8): 1-117.

9. Maggard MA, Shugarman LR, Suttorp M, Maglione M,
Sugerman HJ, Sugarman HJ, Livingston EH, Nguyen NT, Li Z,
Mojica WA, Hilton L, Rhodes S, Morton SC, Shekelle PG. Meta-
analysis: surgical treatment of obesity. Ann Intern Med 2005; 142:
547-559.

10. Sjostrom L, Narbro K, Sjostrom CD, Karason K, Larsson B,
Wedel H, Lystig T, Sullivan M, Bouchard C, Carlsson B, Bengtsson
C, Dahlgren S, Gummesson A, Jacobson P, Karlsson J, Lindroos
AK, Lonroth H, Nislund I, Olbers T, Stenlof K, Torgerson J,
Agren G, Carlsson LM. Effects of bariatric surgery on mortality in
Swedish obese subjects. N Engl ] Med 2007; 357: 741-752.

© 2009 The Authors

11. Narbro K, Agren G, Jonsson E, Nislund I, Sjostrom L,
Peltonen M, Swedish Obese Subjects Intervention Study. Phar-
maceutical costs in obese individuals: comparison with a randomly
selected population sample and long-term changes after conven-
tional and surgical treatment: the SOS intervention study. Arch
Intern Med 2002; 162: 2061-2069.

12. Norman GR, Streiner DL. PDQ Statistics. Mosby-Year Book,
Inc: St. Louis, MO, 1997.

13. Andreasen PB, Dano P, Kirk H, Greisen G. Drug absorption
and hepatic drug metabolism in patients with different types of
intestinal shunt operation for obesity. A study with phenazone.
Scand | Gastroenterol 1977; 12: 531-535.

14. Gubbins PO, Bertch KE. Drug absorption in gastrointestinal
disease and surgery. Clin Pharmacokinet 1991; 21: 431-447.

15. Hogben CM, Schenker LS, Tocco D], Brodie BB. Absorption
of drugs from the stomach II: the human. | Pharmacol Exp Ther
19575 120: 540-545.

16. Malone M. Altered drug disposition in obesity and after bari-
atric surgery. Nutr Clin Pract 2003; 18: 131-135.

17. Seaman JS, Bowers SP, Dixon P, Schindler L. Dissolution of
common psychiatric medications in a Roux-en-Y gastric bypass
model. Psychosomatics 2005; 46: 250-253.

18. Rhode BM, Shustik C, Christou NV, MacLean LD. Iron
absorption and therapy after gastric bypass. Obes Surg 1999; 9:
17-21.

19. Horowitz M, Cook DJ, Collins PJ, Harding PE, Hooper M]J,
Walsh JF, Shearman DJC. Measurement of gastric emptying after
gastric bypass surgery using radionuclides. Br | Surg 2005; 69:
655-657.

20. Naslund E, Gryback P, Hellstrom PM, Jacobsson H, Holst JJ,
Theodorsson E, Backman L. Gastrointestinal hormones and
gastric emptying 20 years after jejunoileal bypass for massive
obesity. Int | Obes Relat Metab Disord 1997; 21: 387-392.

21. Dowling RH. Intestinal adaptation. N Engl | Med 1973; 288:
520-521.

22. Zhou SF. Structure, function and regulation of P-glycoprotein
and its clinical relevance in drug disposition. Xenobiotica 2008;
38: 802-832.

23. Mouly S, Paine MF. P-glycoprotein increases from proximal
to distal regions of human small intestine. Pharm Res 2003; 20:
1595-1599.

24. Cheymol G. Effects of obesity on pharmacokinetics implica-
tions for drug therapy. Clin Pharmacokinet 20005 39: 215-231.
25. Green B, Duffull SB. What is the best size descriptor to use for
pharmacokinetic studies in the obese? Br | Clin Pharmacol 2004;
58: 119-133.

26. Peterson DI. Phenytoin absorption following jejunoileal
bypass. Bull Clin Neurosci 1983; 48: 148-149.

27. Peterson DI, Zweig RW. Absorption of anticonvulsants after
jejunoileal bypass. Bull Los Angeles Neurol Soc 1974; 39: 51-55.
28. Bruce RM, Wise L. Tuberculosis after jejunoileal bypass for
obesity. Ann Intern Med 1977; 87: 574-576.

29. Polk RE, Tenenbaum M, Kline B. Isoniazid and ethambutol
absorption with jejunoileal bypass. Ann Intern Med 1978; 89:
430-431.

30. Harris JO, Wasson KR. Tuberculosis after intestinal bypass
operation for obesity. Ann Intern Med 1977; 86: 115-116.

31. Griffiths TM, Thomas P, Campbell IA. Antituberculosis drug
levels after jejunoileal bypass. Br | Dis Chest 1982; 76: 286-289.
32. Pickleman JR, Evans LS, Kane JM, Freeark RJ. Tuberculosis
after jejunoileal bypass for obesity. JAMA 1975; 234: 744.

33. Magee SR, Shih G, Hume A. Malabsorption of oral antibiotics
in pregnancy after gastric bypass surgery. | Am Board Fam Med
2007; 20: 310-313.

Journal compilation © 2009 International Association for the Study of Obesity. obesity reviews 11, 41-50



50 Drug absorption following bariatric surgery R. Padwal et al.

obesity reviews

34. Chenhsu RY, Wu Y, Katz D, Rayhill S. Dose-adjusted
cyclosporine C2 in a patient with jejunoileal bypass as compared
to seven other liver ransplant recipients. Ther Drug Monit 2003;
25: 665-670.

35. Knight GC, Macris MP, Duncan JM, Frazier OH, Cooley
DA. Cyclosporine A pharmacokinetics in a cardiac allograft recipi-
ent with a jejuno-ileal bypass. Transplant Proc 1988;20: 351-355.
36. Kelley M, Jain A, Orloff M, Wrobble K, Venkataramanan R,
Bozorgzadeh A. Change in oral absorption of tacrolimus in a liver
transplant recipient after reversal of jejunoileal bypass: a case
report. Transplant Proc 2005; 37: 3165-3167.

37. Azizi F, Belur R, Albano J. Malabsorption of thyroid hor-
mones after jejunoileal bypass for obesity. Ann Intern Med 1979;
90: 941-942.

38. Bevan JS, Munro JF. Thyroxine malabsorption following
intestinal bypass surgery. Int | Obes 1986; 10: 245-246.

39. Adami GF, Gandolfo P, Esposito M, Scopinaro N. Orally-
administered serum ranitidine concentration after biliopancreatic
diversion for obesity. Obes Surg 1991; 1: 293-294.

40. Fuller AK, Tingle D, DeVane CL, Scott JA, Stewart RB. Halo-
peridol pharmacokinetics following gastric bypass surgery. | Clin
Psychopharmacol 1986; 6: 376-377.

41. Terry SI, Gould JC, McManus JPA, Prescott LF. Absorption of
penicillin and paracetamol after small intestinal bypass surgery.
Eur ] Clin Pharmacol 1982; 23: 245-248.

42. Prince RA, Pincheira JC, Mason EE, Printen K]J. Influence of
bariatric surgery on erythromycin absorption. | Clin Pharmacol
1984; 24: 523-527.

43. Garrett ER, Suverkrup RS, Eberst K, Yost RL, O’Leary JP.
Surgically affected sulfisoxazole pharmacokinetics in the morbidly
obese. Biopharm Drug Dispos 1981; 2: 329-365.

44. Kampmann JP, Klein H, Lumholtz B, Molholm Hansen JE.
Ampicillin and propylthiouracil pharmacokinetics in intestinal
bypass patients followed up to a year after operation. Clin Phar-
macokinet 1984; 9: 168-176.

45. Kennedy MC, Wade DN. Phenytoin absorption in patients
with ileojejunal bypass. Br | Clin Pharmacol 1979; 7: 515-518.
46. Backman L, Beerman B, Groschinsky-Grind M, Halberg D.
Malabsorption of hydrochlorothiazide following intestinal shunt
surgery. Clin Pharmacokinet 1979; 4: 63-68.

47. Gerson CD, Lowe EH, Lindenbaum ]. Bioavailability of
digoxin tablets in patients with gastrointestinal dysfunction. Am |
Med 1980; 69: 43-49.

48. Marcus FI, Quinn EJ, Horton H, Jacobs S, Pippin S, Stafford
M, Zukoski C. The effect of jejunoileal bypass on the pharmaco-
kinetics of digoxin in man. Circulation 1977; 55: 537-541.

49. Andersen AN, Lebech PE, Sorensen TIA, Borggaard B. Sex
hormone levels and intestinal absorption of estradiol and
D-norgestrel in women following bypass surgery for morbid
obesity. Int | Obes 1982; 6: 91-96.

50. Victor A, Odlind V, Kral JG. Oral contraceptive absorption
and sex hormone binding globulins in obese women: effects of
jejunoileal bypass. Gastroenterol Clin North Am 1987; 16: 483—
491.

© 2009 The Authors

Journal compilation © 2009 International Association for the Study of Obesity. obesity reviews 11, 41-50



