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20.1	 �Introduction

The gastrointestinal tract, the largest endocrine and exocrine system, controls the 
functions of food digestion, secretion, absorption, and production of barriers in our 
human body. It can also modulate environmental factors, food composition, and 
metabolic state which would be altered by bariatric surgery. Alterations in incretin 
secretions after bariatric surgeries are well characterized and lead to sustainable 
weight loss and remission of type II diabetes mellitus [1].

The anatomical and physiological alterations in the GI tract following bariatric 
surgery may change a wide variety of factors involved in the oral bioavailability of 
drugs [2, 3]. These may have some adverse effects while taking drugs after the bar-
iatric surgery. This chapter is focused on this change and what should we do to 
prevent some drug-related complications after bariatric surgery.

All things are poison, for there is nothing without poisonous 
qualities. It is only the dose which makes a thing poison.

—Paracelsus
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20.2	 �Bariatric Surgery

Bariatric surgery gives excellent results for long-lasting weight loss and associ-
ated improvement in comorbidities. In 2016, laparoscopic sleeve gastrectomy 
(LSG) accounted for approximately 54% and laparoscopic Roux-en-Y gastric 
bypass (LRYGB) for another 30% of global bariatric surgeries. Other surgical 
procedures: biliopancreatic diversion (BPD), biliopancreatic diversion with duo-
denal switch (BPD-DS) were also performed to a lesser extent [4]. LRYGB is still 
considered the golden standard procedure. It bypasses 95% of the stomach and the 
proximal small intestine [5]. LSG, however, results in the removal of most of the 
fundus and part of the stomach body without alteration of intestinal absorption 
and is considered a restrictive procedure, which is relatively safe with low long-
term morbidity [6–10].

Bariatric surgeries manipulate gastric luminal contents by accelerating gastric 
emptying time and decreasing gastric acid secretion. In LRYGB, the chyme directly 
passes from the small pouch of the stomach into distal intestinal part of the jejunum 
thus bypassing the duodenum and proximal jejunum. These changes of the gastro-
intestinal tract affect the absorption of orally administered drugs [3, 11–13]. 
Practitioners involved in taking care of weight loss procedure patients should pay 
more attention on oral medication use. Knowing acid dissociation constant (pKa) 
and the partition coefficient (log P), as well as the localization of intestinal drug 
transporters, is very critical to prevent drug-related complications after bariatric 
surgery.

Laparoscopic sleeve
gastrectomy

Duodenal switchLaparoscopic
Roux-en-Y gastric

bypass
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20.3	 �Drugs in GI Tract: The Pharmacokinetics

Drugs in GI Tract: The Pharmacokinetics
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Table 20.1  Acid-base drugs physiochemical properties in normal state [17–21]

Stomach (pH1~2) Small intestine (pH6~8)
Weak 
base 
drugs

Fully charged and high solubility in 
water

Fully uncharged and absorbed rapidly 
from the small intestine → easily pass 
through GI mucosa

Weak 
acid 
drugs

Fully uncharged and absorbed rapidly 
from stomach → easily pass through 
GI mucosa

Fully charged and high solubility in water

20.3.1	 �Solubility, Gastric pH, Gastric Emptying Time, 
and Drug Absorption

Drug solubility, lipophilicity, molecular size and polarity are major components of 
drug physiochemical properties. The pKa, drug-specific acid dissociation constant, 
is a key physiochemical parameter influencing many biopharmaceutical character-
istics. pKa determines a drug’s ability to cross a range of pH in the GI tract. If the 
pKa of a drug is close to the pH of the medium, the molecule is charged and its 
gastrointestinal diffusion is delayed. In summary, increasing gastric pH should 
decrease the solubility of basic drugs and increase the solubility of acidic drugs [14].

The pH of gastrointestinal fluid has been shown to significantly affect the frac-
tion of the dose absorbed of a drug [15, 16] (Table 20.1).
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Changes in the GI tract following bariatric surgery will have different effects on 
different drugs [22]. After bariatric surgery, a changed gastric pH may affect drug 
dissolution and solubility, as well as pre-absorptive drug stability [11]. After bariat-
ric surgery, the new stomach pouch has a reduction of gastric acid secretion. After 
bariatric surgeries, altered gastric emptying time may be another rate-limiting step 
of systemic drug absorption for some drugs [22, 23].

20.3.2	 �Drug Gut Wall Metabolism and GI Transporters

Duodenum and proximal part of the small intestine are rich in metabolizing enzymes 
which is bypassed in LRYGB, BPD, BPD-DS patients. Hence, in these patients, 
higher oral bioavailability is easily noted because they bypassed the “first pass 
metabolism.” Cytochrome P450 (CYP) enzymes, especially the CYP3A4 subfam-
ily, are predominant enzymes in the duodenum and proximal jejunum. More than 
50% of drugs are metabolized by CYP3A4 and CYP3A4 accounts for 80% total 
P450 contents in the proximal small intestine [24–27]. After rearranging the GI tract 
by performing LRYGB or BPD or BPD-DS, there may be an elevated oral bioavail-
ability (Table 20.2).

20.3.3	 �Oral Drug Escaping Hepatic Metabolism

Obesity is a low-grade inflammatory state which results in increased circulation of 
inflammatory cytokines, chemokines, and adipokines. Besides, nonalcoholic fatty 
liver diseases (NAFLD), nonalcoholic steatohepatitis (NASH) are both prevalent in 
obese populations. This will contribute to reduced activity of CYP450 activity in the 
liver. So, in obese individuals, second pass metabolism is weaker than in those in the 
normal weight range. However, weight loss by bariatric surgery and amelioration of 
NAFLD or NASH, will increase the CYP450 function in the liver and second pass 
effect in the human body [37–41].

In conclusion, weight loss and the physical adaption of the GI tract following 
bariatric surgeries are the main contributing factors that cause complicated and 
time-dependent interplay in restricting oral drug bioavailability.

Table 20.2  Intestinal transporter proteins can accelerate drug absorption [26, 28–36]

GI transporters Corresponding medications
OATP1A2 Expressed on duodenum

Thyroid, steroid hormones, fluoroquinolones, statins
PEPT1 Beta-lactamines, angiotensin converting enzymes inhibitors (ACEI), 

thrombin inhibitors, antineoplastics medications
P-glycoprotein Expressed most on distal ileum and colon

Digoxin, verapamil, diltiazem, sotalol
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20.4	 �Drugs Related Complications After Bariatric Surgery

20.4.1	 �Analgesics

Analgesics are very important medications after bariatric surgery. It includes non-
steroidal anti-inflammatory drugs (NSAIDs). According to the Clinical Practice 
Guidelines for the Perioperative Nutritional, Metabolic, and Nonsurgical Support of 
the Bariatric Surgery Patient, NSAIDs should be completely avoided after bariatric 
surgery. In gastric bypass patients, even a zero-tolerance policy towards the use of 
an NSAID is advocated [42–44]. Because pKa of NSAID is about 3–5, the elevation 
of gastric pH after bariatric surgery increased the absorption rate in the stomach and 
that is the cause of higher risks of gastric and anastomotic perforations and ulcer-
ations. We can use paracetamol or tramadol as alternatives if possible as they are 
absorbed in the jejunum and the area under curve (AUC) for these drugs is not 
changed after bariatric surgery [45–47].

20.4.2	 �Anticoagulants

Anticoagulants may be affected significantly after bariatric surgery. Too low level of 
anticoagulants may cause massive thrombotic effects; too high level of anticoagu-
lants may have profound bleeding risks.

20.4.2.1	 �Aspirin
Aspirin activity is blunted in the obese population. According to Nicholas B. Norgard 
et al., aspirin activity is increased after bariatric surgery. The aspirin-induced plate-
let inhibition may be more potent following bariatric surgery [48]. Adjustment of 
aspirin dose is needed after bariatric surgery in case of uncontrollable bleeding or 
newly formed ulcerations.
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20.4.2.2	 �Warfarin (Vitamin K Antagonists)
Warfarin dosage requirements change transiently after bariatric surgery. During the 
first 1–3 months, a significant reduction in the median weekly dose was noted [rang-
ing from 7.7 mg/week decrease at days 8–14 after surgery to a 30 mg/week decrease 
at days 50–56 (p < 0.01)]. Interestingly, the weekly dose requirement returned to 
and remained at pre-surgery doses 90–180 days postoperatively [49]. The possible 
mechanism of reduced dose requirements after surgery was due to anatomic changes 
or lower vitamin K intake [50]. Also a more alkaline stomach pH value resulting in 
more unionized warfarin available for passive absorption is another possible reason 
[51]. Overall, the literature suggests that warfarin dosing is reduced in the immedi-
ate postoperative period (within 3–4 weeks), with a trend towards increased dose 
requirements as patients are further out from surgery. Regularly monitoring of INR 
is necessary.

20.4.2.3	 �Direct Oral Anticoagulants
There is not much data regarding the use of direct oral anticoagulants in the post-
bariatric surgery patients. There is only one case report showing successful use 
rivaroxaban on patients after bariatric surgery. Table 20.3 below is the summary of 
characteristics of oral antithrombotic [49]:

Table 20.3  Characteristics of oral antithrombotic

Antithrombotic 
agent

location of 
absorption

Volume of 
distributiona

Biopharmaceutics 
classification systemb

Concurrent food 
intake impact on 
drug absorption

Apixaban Primarily 
proximal small 
intestine: some 
gastric 
absorption [17, 
18, 45]

21 L [46]
(03 L/kg)

BCS Class III (high 
solubility, low 
permeability)

No effect
Take without 
regard to food

Dabigatran Lower stomach 
and duodenum 
[20]

50–70 L [47]
(0.7–1 L/kg)

BCS Class II (low 
solubility, high 
permeability)

No effect
Take without 
regard to food

Edoxaban Proximal small 
intestine [14]

107 L [48]
(1.5 L/kg)

BCS Class IV (low 
solubility, low 
permeability) [49]

+6–22% [50]
Take without 
regard to food

Rivaroxaban Primarily 
proximal small 
intestine: some 
gastric 
absorption [9, 
11]

50 L
(0.7 L/kg)

BCS Class II (low 
solubility, high 
permeability) [29]

+39% [10, 11]
Take 15 and 20 mg 
dose with food to 
improve 
bioasailability

Warfarin Proximal [25] 0.14 L/g [51]
(10 L)

BCS Class II (low 
solubility, high 
permeability) [52]

No effect

aReported values obtained from the prescribing information (calculated values based on 70  kg 
patient)
bBCS class is a FDA classification system that classifies drugs based on their solubility and intes-
tinal permeability [53]
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20.4.3	 �Psychotropic Medications

There is scanty literature about post-bariatric psychiatric medications. However, 
there are many patients who still need psychiatric medications for controlling dis-
eases after surgery. Cunningham et al. found that 23% of the patients had an increase 
in their antidepressant use, 40% continued to require the same antidepressant, 18% 
had a change in antidepressant medication, and only 16% had a decrease or discon-
tinued their antidepressant [52]. Higher level of these drugs may cause terrible tox-
icity. Severe episodes of the psychiatric diseases may be occurred if lower level of 
the medications is used. Adequate dosage and dosage form are very important in 
psychiatric patients.

There are some psychotropic medications that need to be changed after bariatric 
surgery. Many medications may cause severe side effects even lead to mortality. 
Tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs) 
are highly lipophilic and may change to lower volume of distribution after bariatric 
surgery due to less adipose tissue [53] (Table 20.4).

20.4.4	 �Antimetabolic Syndrome Medications

20.4.4.1	 �Antidiabetic Medications
Metformin may increase bioavailability by 50% and glucose levels are thus 
decreased by 15% in RYGB patients, and these differences were statistically signifi-
cant. AUC showed a statistically non-significant trend of 21% increase in RYGB 
patients compared with controls. Patients treated with metformin should be moni-
tored after RYGB in order to prevent toxicity [54].

20.4.4.2	 �Statin
Statins may have side effects on liver function. There are some changes in statin 
levels after bariatric surgery. Atorvastatin is a typical statin medication. Careful use 
of statin dosage is critical (Table 20.5):

Table 20.4  Psychotropic medications and bariatric surgery

Medications Change after LRYGB
Midazolam CYP3A4 substrate

Increased bioavailability 
after LRYGB

Citalopram, buspirone, diazepam,lorazepam, trazodone, 
zolpidem, haloperidol, oxcarbazepine

No change in vitro

Venlafaxine No change in vitro
Amitriptyline, fluoxetine, paroxetine, sertraline, clozapine, 
olanzapine, quetiapine, risperidone, ziprasidone

Less dissolution in vitro 
after LRYGB
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20.4.4.3	 �Antihypertensive
Wójcicki et  al. investigated the pharmacokinetics of propranolol and atenolol in 
patients after partial gastric resection. Propranolol showed decrease in AUC by 32% 
and a decrease in Cmax by 20%. There is no need to change the dose of atenolol. 
Propranolol is a lipophilic drug and atenolol is a hydrophilic compound. The lipo-
philicity of propranolol may be responsible for the observed impairment of drug 
absorption in patients after partial gastrectomy [58, 59]. Beta-blockers may have 
severe effects on the heart and asthma conditions. Close clinical monitoring of these 
medications is very important.

20.4.5	 �Antibiotics

It has been proved that using standardized dose of moxifloxacin cannot attain ade-
quate levels in post-bariatric surgery population [60]. The same situation is for both 
amoxicillin and nitrofurantoin [61].

A recent study characterized the pharmacokinetics of intravenous and oral line-
zolid before and 3 months after RYGB surgery [62]. The bioavailability of the drug 
was not impaired (1.14 before and after LRYGB), however, the mean AUC with oral 
linezolid before RYGB was 41.6 mg·h/l compared with 98.9 mg·h/l after RYGB 
(p < 0.001). The serum exposure of the drug was more than 50% lower after bariat-
ric surgery suggesting that dose modification may be needed.

Inadequate doses of antibiotics may cause serious complications even sepsis and 
mortality.

20.4.6	 �Antiarrhythmics

Chan et al. compared the pattern and magnitude of oral absorption of digoxin in 
obese patients before and after RYGB. The median time to peak concentration for 
digoxin decreased from 40 min at baseline to 30 and 20 min at 3 and 12 months after 
RYGB, respectively. The mean AUC for digoxin, heart rate, and electrocardiogram 
patterns were similar across the study phases [63].

Table 20.5  Statin medications after bariatric surgery [55–57]

Medications Change after bariatric surgery
Atorvastatin Gastric bypass surgery showed a variable effect on systemic exposure to 

atorvastatin, ranging from a 2.9-fold decrease to a 2.3-fold increase [55].
Biliopancreatic diversion with duodenal switch, found increased twofold 
bioavailability of atorvastatin [56]

Simvastatin Unknown
Pravastatin Bariatric surgery hardly affects the pharmacokinetics of this drug. Research is 

needed to establish whether pravastatin from a pharmacokinetic point of view 
may be the most appropriate statin after bariatric surgery [57]
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20.4.7	 �Oral Contraceptives

Rapid weight loss in the months after bariatric surgery increases fertility, while 
maternal and fetal risks from rapid weight loss remain elevated [64]. Consequently, 
effective contraception is critical in the postoperative period. In the postoperative 
period of surgical weight loss there may be a reduction in the bioavailability of oral 
contraceptives and thus compromise contraceptive protection [65].

20.4.8	 �Thyroid Drugs

Significant delay of absorption of levothyroxine was noted after LRYGB patients. 
Hence, increased total T4 and free T4 was noted in post-bariatric patients. Obese 
patients scheduled for bariatric surgery should be screened for thyroid dysfunction 
and, if replacement therapy is necessary, strict monitoring of thyroid function and 
drug level is very important [66].

20.5	 �Conclusion

Literature assessing the change in the use of medication before and after bariatric 
surgery is needed. Changed in GI anatomy and post-bariatric surgical adaptation of 
the GI tract afterwards will cause change in the absorption of medicine, which 
might cause adverse drug events or result in an inadequate therapeutic effect. 
Theoretically, reduced drug absorption may occur after bariatric surgery. Until now, 
only sparse studies focus on the pharmacokinetics of frequently used drugs. Before 
more data emerges, close monitoring of medication formulations may still be criti-
cal to ensure adequate absorption and to prevent drug-related complications after 
bariatric surgery [44, 67].

Key Points  	
1.	 Bariatric surgery results in anatomical changes in the GI tract which affect the 

oral bioavailability of many drugs due to changes in GI lumen pH, distribution 
of GI transporters and enzymes in the bypassed gut, and altered first and second 
pass metabolism.

	2.	 Due to altered body composition, there may be changes in drug distribution in 
the body.

	3.	 These changes may lead to normal pre-surgery doses being inadequate for thera-
peutic effect post-surgery or excessive resulting in complications.

	4.	 Some drugs like NSAIDs should be avoided as far as possible while others would 
need dose modification.
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