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Abstract
Patients who have undergone bariatric procedures for weight loss are increasingly seen in the primary care setting. Due to the
unique characteristics of surgical weight loss procedures, the prescribing practices of health care providers must be evaluated.
This article addresses the anatomical changes associated with laparoscopic adjustable gastric banding, Roux-en-Y gastric bypass,
biliopancreatic diversion with a duodenal switch, and vertical sleeve gastrectomy, because absorption, distribution, metabolism
and excretion of medications may be more complex for bariatric surgery recipients than for other patients. Associated prescribing
modifications for primary care providers caring for bariatric surgery recipients in the primary care setting are also discussed.
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1 Introduction

Weight gain and obesity are increasingly common health
conditions that nurse practitioners encounter in their prac-
tice settings. The Centers for Disease Control notes that
obesity has increased triple fold over the last 20 years in
American adults.[1] Demographic data demonstrates that
67% of Caucasians, 77% of African Americans and 79% of
Hispanics are considered to be overweight or obese in the
United States.[2] In America, the prevalence of obesity in
adults, from 2009 to 2010, was 35.5% in males and 35.8% in
women.[3] Worldwide, body mass index (BMI) has also in-
creased since 1980.[4] In America, the prevalence of obesity
in adults, from 2009 to 2010, was 35.5% in males and 35.8%
in women.[3] Elevated BMI and obesity has also become an

issue of concern with children and adolescents. Obesity af-
fects approximately 17% of children and teens in the United
States.[1]

2 Impact
Common chronic conditions affecting overweight and obese
individuals include cardiovascular disease, cerebral vascular
accidents, hypertension, diabetes and some cancers. Joint
related problems such as lower back and knee pains, as well
as foot issues, are also associated with patients who have an
elevated BMI. Most, if not all, of these aforementioned con-
siderations are preventable. The economic effects of obe-
sity and being overweight have primary and secondary ef-
fects both for the individual and the health care system that
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should not be overlooked. According to the CDC, the med-
ical costs associated with obesity in the U.S. alone were
a staggering $147 billion in 2008.[5] Additionally, Mas-
ters et al determined that 18.2% of deaths in the U.S. be-
tween 1986 and 2006 were related to being overweight or
obese.[6] In this study that analyzed the mortality risk of
obesity based on sex, race, age, and birth cohort, the risk of
death in Black women was 27% compared to White women
(21%); in Black men there was a 5% mortality risk vs White
men (15%).[6]

3 Surgical treatment
Weight loss surgery is one potential treatment option for pa-
tients with clinically severe obesity (BMI no less than 40)
or the serious comorbid illnesses associated with a BMI
no less than 35.[7] Bariatric surgery for weight loss has
grown significantly over the past 10-15 years. Multiple stud-
ies have identified that these surgical procedures have been
very effective in terms of weight loss and the associated re-
duction of comorbidities.[8, 9] As a result, nurse practition-
ers will continue to encounter bariatric surgery recipients
in their practice settings. This article will summarize the
most common bariatric weight loss procedures, review the
current pharmacokinetic concerns in bariatric surgery recip-
ients, and address implications for prescribing practices for
primary care providers caring for patients who have under-
gone bariatric surgery.

Bariatric surgical procedures

The first surgery to promote weight loss was performed al-
most 50 years ago. This surgical procedure known as a

jejunoileal bypass was, like subsequent bypass procedures,
designed to decrease carbohydrate absorption and promote
weight loss. Unfortunately the jejunoileal bypass was as-
sociated with malabsorption and liver failure in some pa-
tients.[10] Since that time, surgeons have devised newer
techniques to enable patients with obesity to lose weight -
gastric banding, gastric sleeve, gastric bypass, and the bil-
iopancreatic diversion with a duodenal switch. These sur-
gical interventions are indicated in patients for whom other
weight loss measures have proven ineffective.

Laparoscopic Adjustable Gastric Banding (LAGB), Roux-
en-Y gastric bypass (RYGB), biliopancreatic diversion with
a duodenal switch (BPD-DS), and vertical sleeve gastrec-
tomy are the four surgical weight loss options commonly
used in the U.S. at this time. Laparoscopic adjustable gastric
banding and the vertical sleeve gastrectomy are restrictive
bariatric procedures. The RYGB and the BPD-DS are con-
sidered restrictive as well as malabsorbtive bariatric weight
loss procedures. Surgical procedures that involve a com-
bination of these approaches or more in depth anatomical
adaptations will result in a greater overall weight loss for
the patient.

With LAGB the newly formed gastric pouch volume can
range from one to four ounces based upon how much saline
has been injected into the adjustable loop.[11] The restrictive
effects of the pouch volume and the associated narrowed
passage diameter, limit the quantity of food and drink toler-
ated by the patient at one time. Wee found that the 10-year
average weight loss for patients, who have undergone the
LAGB, is 13%.[8]

Table 1: Bariatric surgery comparison
 

 

 
Laparoscopic Adjustable 
Gastric Banding (LAGB) 

Vertical sleeve 
gastrectomy (VSD)

Biliopancreatic diversion with 
a duodenal switch (BPD-DS) 

Roux-en-Y gastric bypass 
(RYGB) 

Dietary Effects Restrictive & Reversible [11] 
Restrictive & 
Irreversiblez[14] 

Restrictive, Malabsorbtive & 
Irreversible [14] 

Restrictive, Malabsorbtive & 
Irreversible [12] 

Procedure 

Adjustable band placed 
around proximal portion of 
stomach creating small pouch; 
constricted passage to the 
lower portion of the stomach 
formed [11] 

Greater curvature of 
the stomach stapled 
and removed [14] 

20-30 ml pouch in proximal 
stomach surgically created and 
connected to a portion of the 
jejunum thereby bypassing the 
majority of the stomach, 
duodenum and the first portion 
of jejunum [14] 

Surgical removal of 
approximately 70% of the 
stomach; pylorus valve remains 
intact while the remaining 
section of the stomach is 
anastomosed to ileum [12] 

Potential 
Nutritional 
Deficiency 

none 
Potential vitamin 
deficiencies 

Calcium, iron, vitamin B12, 
vitamin B1, folic acid 
deficiencies, and vitamin A, D, 
E & K [16] 

Calcium, iron, vitamin B12, 
vitamin B1, folic acid 
deficiencies, and vitamin A, D, 
E & K [16] 

Gastric Surface 
Area & Size 

Unaffected Decreased Decreased Decrease 

Gastric Acidity Unaffected Decreased [14,15] Decreased [14, 15] Decreased [14, 15] 

Intestinal Surface 
Area & absorption 

Unaffected Unaffected Decreased [13] Decreased [13] 
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In patients with a Vertical sleeve gastrectomy (VSG), intake
digestion and nutrient absorption is slowed significantly as
a result of the space restriction created by the newly created
gastric sleeve.[12] Due to the removal of the greater curva-
ture of the stomach with VSG, the portion of the stomach
that produces the hormone ghrelin is removed.[11] The lack
of the ghrelin hormone results in increased feeling of sati-
ety. Individuals who have undergone this surgical procedure
must eat small frequent meals due to the limited capacity of
the newly adapted stomach.

The Roux-en-Y bariatric surgery has become the gold stan-
dard among the various weight loss surgery options.[13]

Wee noted that the 10-year weight loss for these patients
is 25%.[8]

The BPD-DS, involves surgical removal of approximately
70% of the stomach.[12] The recipient’s pylorus valve re-
mains intact while the remaining section of the stomach is
anastomosed to ileum.[12] In BPD-DS surgery, both the duo-
denum and jejunum are bypassed which is far greater than
bypassed in the Roux-en-Y procedure.

As a result of the alimentary canal surgical modifications
with the Roux-en-Y gastric bypass and the biliopancreatic
diversion with a duodenal switch, there are anatomical and
physiological alterations that must be considered with these
patients (see Table 1).

4 Review of literature

Understanding pharmacodynamics and pharmacokinetics of
medications prescribed for individuals who have had any
form of gastric weight loss surgery is essential for all health-
care professionals. However, for providers caring for pa-
tients who have had bariatric surgery comprehending the ab-
sorption, distribution, metabolism and excretion of medica-
tions may be more complex than for other patients. Studies
concerning drug absorption after bariatric surgery are lim-
ited, but the anatomical and physiologic variations that re-
sult from bariatric procedures can have an effect on these
physiological dimensions.[17, 18]

To address these concerns, a systematic review of lit-
erature surrounding pharmacological considerations rela-
tive to bariatric surgery patients is presented. The key
search terms were bariatric surgery, medication, pharma-
cokinetic, pharmacodynamics and pharmacotherapeutics.
These terms were used to perform a literature search in mul-
tiple databases including Medline, PubMed, CINAHL, and
Ovid. Eligibility criteria included the articles being pub-
lished in the last seven years. All English language literature
that addressed bariatric surgery, medication, and pharmacol-
ogy was included. Based upon these key words and search
criteria results yielded twenty-five studies which were re-
viewed.

Table 2: Pharmacokinetic changes after bariatric surgery
 

 

Bioavailability 

 Decreased gastrointestinal (GI) surface area can limit drug bioavailability particularly for sustained release 
medications. 

 Bioavailability in bariatric surgery recipients likely is decreased if surgical modifications decrease medication time 
spent in the intestines. 

 Bioavailability of oral medications, in post bariatric surgery patients is potentially affected by drug solubility, gastric 
ph, gastric emptying, medication solubility and permeability. [15,19] 

Absorption 

 Decreased GI surface area results in diminished time available for medication absorption, decreased intrinsic factor 
availability, decreased gastric acid, decreased B12 absorption, and increased gastric ph. 

 Vertical sleeve gastrectomy, BPD-DS and RYGB decrease intestinal surface area limiting medication absorption 
exposure time and causing changes in intestinal transit. 

 Fat mal-absorption, a potential bariatric surgery side effect may affect fat soluble drug absorption. [15,20,21,22] 

Distribution 

 Decreased intestinal surface area can affect drug transport after bariatric surgery, change efflux transporters and 
gastrointestinal hormone regulatory mechanisms.  

 Further factors affecting drug distribution include patient age, weight, total body water, gender, co-morbidities and 
significant weight loss after gastric bypass procedures. 

 Hormonal regulation affected because digestive hormones, gastrin, cholecystokinin (CCK) and secretin, are secreted 
by endocrine hormones in the stomach and intestine. 

 Protein malabsorption and hypoalbuminemia can occur in some patients resulting in decreased binding of highly 
protein bound acidic medications, increased free drug, and potential toxicity. (e.g. Warfarin) [13,23,24,25,26,27] 

Biotransformation 
After RYGB, enterohepatic recycling and the steady state of some medications can be affected because of the changes in the 
proximal intestine and mesenteric circulation. [13] 

Excretion Diuretic therapy after bariatric surgery requires careful monitoring for dehydration. [13] 

 

Pharmacodynamics and pharmacokinetic changes af-
ter bariatric surgery

Despite the number of patients who have had bariatric
surgery in recent years, there are few studies addressing

the pharmacodynamics and pharmacokinetic effects of these
procedures on the medications prescribed for these patients.
Many reports discuss observable data and the importance
of monitoring patient responses to medications. These and
the few research studies are primarily concerned with the
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pharmacokinetic effects of bariatric surgery on drug absorp-
tion, distribution, biotransformation and elimination. There
is minimal research data available discussing drug effects,
the pharmacodynamics, on these patients.

How quickly and to what extent an unchanged drug reaches
the systemic circulation is its bioavailability. Intravenous
medications have 100% bioavailability, but drugs taken
orally are not absorbed completely, thus, their bioavailabil-
ity is always less than 100%. Because oral drugs are ab-

sorbed in the gastrointestinal (GI) tract, the structural GI al-
terations associated with bariatric surgery can affect drug
bioavailability as well as nutrient and vitamin absorption.
The primary causes are poor gut absorption and decreased
vascular blood supply, but first pass elimination is an addi-
tional impediment because the liver metabolizes drugs and
in some instances discharges drugs into the bile. Absorp-
tion and distribution are the most affected pharmacokinetic
changes after bariatric surgery, but biotransformation and
excretion are also affected (see Table 2).

Table 3: Recommendations based upon current literature
 

 

Medications Recommendations 

ACE Inhibitors (i.e., enalapril, ramipril) Monitor for Diminished Efficacy [14] * 

Antibiotics Monitor for Diminished Efficacy; consider liquid preparations [13] 

Antiarrhythmic (i.e., amiodorone, digoxin) Monitor for Diminished Efficacy [13] 

Anticoagulants  Monitor for Diminished Efficacy [13] 

Anticonvulsants Monitor for Diminished Efficacy [14] 

Antifungals (i.e. ketoconazole) Poor oral absorption; consider a different agent [15] 

Antipsychotics 2nd generation- Monitor for Decreased Efficacy [14] 

Aspirin  Avoid – consult with specialist in use for pts with ACS [14, 15] 

Calcium Avoid – decreased absorption and possible irritation [14] 

Controlled Released Formulations Avoid due to anatomical modifications and efficacy [14, 15] 

Diuretics  Monitor for dehydration and renal failure [28] 

Enteric coated and Extended Released Formulations Avoid due to decreased surface area [14, 15] 

Iron Avoid – decreased absorption and possible irritation [13, 21] 

Bisphosphonates  Avoid due to potential toxicity [14] 

Large tablets Avoid due to anatomical modifications [15] 

Metformin Monitor for Efficacy [21, 27] 

Methotrexate Monitor for Decreased Efficacy [21] 

Coumadin Monitor, larger doses may be necessary [15, 21] 

Hydrocortisone Avoid due to potential fat malabsorbtion [14] 

Sex Hormones Avoid due to potential fat malabsorbtion [14] 

NSAIDs Avoid due to potential toxicity[14] 

Oral contraceptives Avoid due to potential fat malabsorbtion [14] 

Serotonin Reuptake Inhibitors Monitor for Diminished Efficacy [20] 

Simvastatin Avoid; consider a different agent [14] 

Warfarin 
Monitor for Diminished Efficacy related to hypoalbuminemia; increased dosage 
may be necessary [23] 

*Not all medications in this category are affected 

5 Summary of evidence
As noted above, studies surrounding prescribing for post-
surgical weight loss patients is growing but remains some-
what limited. An in depth past surgical history and nutri-
tional evaluation should be obtained for all post bariatric
surgery patient requiring any medication. Factors such as
the precise surgical procedure performed, as well as re-
lated dietary modifications and intolerances should be ob-
tained. Regardless, there are potential prescribing recom-

mendations based upon current literature (see Table 3).

All post bariatric surgery patients should be closely mon-
itored for therapeutic effects and side effects, as bioavail-
ability, absorption and distribution of medications will vary.
This is especially important for medications with a narrow
therapeutic index between therapeutic and toxic dosing.[30]

Yet again, patients must be educated surrounding the desired
and unwarranted effects of the medication so that they might
also self-monitor effectiveness.
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Researchers at the University of Pittsburgh noted that fol-
lowing Roux-en-Y gastric bypass, patients who had been
treated with serotonin reuptake inhibitors (SRIs) for depres-
sion seemed to regress.[29] Hamad, et al. obtained blood
samples from 12 patients before surgery, then again one
month, 6 months, and 12 months after surgery to measure
the SRI levels pre and post Roux-en-Y gastric bypass and
determine bioavailability.[29] Using the blood concentration
curve (AUC) to measure medication bioavailability, the re-
sults of this study revealed that in 2/3 of the 12 patients,
AUC levels one month after surgery averaged a 54% de-
crease from the preoperative baseline.[29] At three months,
the AUC levels had normalized in 6 of the 8 patients who
experienced decreased levels at one month.[29] Four pa-
tients experienced an increase in depression symptoms, but
in three of the four the symptoms abated.[29]

Padwal, et al. compared metformin absorption in 16 post
RYGB bariatric surgery patients with 16 control patients

matched by BMI and gender.[27] These researchers hypoth-
esized that metformin bioavailability would be decreased
in the patients who had bariatric surgery, but in fact met-
formin absorption and bioavailability was increased.[27] For
bariatric patients requiring diuretic therapy, vigilance is nec-
essary to prevent dehydration and renal insufficiency.[28]

6 Conclusions
Weight loss surgery has grown as a potential treatment op-
tion for select obese and overweight patients in primary
care. In this article, four of the most common surgical ap-
proaches are discussed. Each of these has very unique ap-
proaches and anatomical modifications which it employs.
For most bariatric surgery patients, these modifications re-
sult not only in weight loss but lifestyle modifications that
will last a lifetime. Healthcare providers need to be cog-
nizant of the effect these procedures will have on our thera-
peutic prescribing practices.
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