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 Abstract: Background: Pharmacobezoars are specific types of bezoars formed when medicines, 
such as tablets, suspensions, and/or drug delivery systems, aggregate and may cause death by oc-
cluding airways with tenacious material or by eluting drugs resulting in toxic or lethal blood concen-
trations. 

Objective: This work aims to fully review the state-of-the-art regarding pathophysiology, diagnosis, 
treatment, and other relevant clinical and forensic features of pharmacobezoars. 

Results: Patients of a wide range of ages and of both sexes present with signs and symptoms of in-
toxications or more commonly gastrointestinal obstructions. The exact mechanisms of pharmacobe-
zoar formation are unknown but are likely multifactorial. The diagnosis and treatment depend on the 
gastrointestinal segment affected and should be personalized to the medication and the underlying 
factor. A good and complete history, physical examination, image tests, upper endoscopy, and sur-
gery through laparotomy of the lower tract are useful for diagnosis and treatment. 

Conclusion: Pharmacobezoars are rarely seen in clinical and forensic practice. They are related to 
controlled or immediate-release formulations, liquid, or non-digestible substances, in normal or al-
tered digestive motility/anatomy tract, and in overdoses or therapeutic doses, and should be suspect-
ed in the presence of risk factors or patients taking drugs which may form pharmacobezoars.  
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1. INTRODUCTION 

The word “bezoar” is derived from the Arabic words 
“bazahr” or “badzehr,” or from the Persian word “panzehr”, 
which mean antidote or counter-poison [1]. They represent 
solidifications made of badly digested substances retained in 
the gastrointestinal tract [2, 3]. These substances may be 
ingested intentionally or accidentally and may form along all 
the gastrointestinal tract, the stomach being the most com-
mon segment [2-5]. Nevertheless, gastric bezoars are found 
in less than 0.5% of all upper gastrointestinal endoscopies, 
and 0.4-4.8% of all cases of intestinal obstructions may be 
caused by bezoars in the small bowel [2-6]. According to the 
primary material, bezoars are typically divided into 5 groups: 
phytobezoars, pharmacobezoars, trichobezoars, lactobezoars, 
and others [2, 5, 6]. 

Phytobezoars are the most frequent group accounting for 
approximately 40% of all the reported bezoars [2, 3, 5]. They 
are formed of vegetable or/and fruit poorly digested, in  
 

*Address correspondence to these authors at the Department of Public 
Health and Forensic Sciences, and Medical Education, Faculty of Medicine, 
University of Porto, Porto, Portugal; E-mails: francisco.basilio95@gmail. 
com; ricardinis@sapo.pt 

which the main components are cellulose or hemicellulose, 
tannin, and/or lignin [2, 3, 5]. Prevalence can differ in differ-
ent countries and ethnic groups, due to their eating and spe-
cific planting habits [2, 3]. The most common phytobezoars 
are formed of persimmon, which contains a high concentra-
tion of tannin, whose adhesive ability in contact with gastric 
acids may predispose to bezoar formation through the aggre-
gation of plant fibers [2, 3, 5]. Concretions formed of con-
centrated infant milk formula and mucus belong to the group 
of lactobezoars [2, 3, 5]. These bezoars are usually seen in 
infants’ stomach but were also found in other intestinal seg-
ments [2, 3, 5]. The main risk factors to their formation seem 
to be prematurity and low birth weight; however, it could 
also be present in full-term infants and toddlers [2, 3]. Other 
factors, such as the milk-formula composition, medication 
impairing gastric motility and secretion, dehydration, antacid 
medical treatment, and feeding technique have been impli-
cated in the formation of lactobezoars [2, 3]. In addition, due 
to the decreased enzyme activity in the gastrointestinal tract 
of premature infants, the high calorie and protein concentra-
tion of synthetic milk may surpass their gastrointestinal ca-
pacity and form concretions [2, 3]. Furthermore, lactobe-
zoars are not described in infants ingesting only breast milk 
[2]. 
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If the bezoar is mainly formed of hairs it is categorized as 
trichobezoar, a very rare type of bezoar [2, 3, 5]. Young 
women are the most common population of this type of be-
zoar, and the stomach is the most common segment for their 
formation [2, 3]. It also can be associated with trichotilloma-
nia or trichophagia (one-third of the patients diagnosed) [2, 
3, 5]. In addition, due to their resistance to gastrointestinal 
enzymes, hairs can gather in the stomach and form a concre-
tion when in contact with mucus or food remains [2, 3]. 

The so-called “others” group includes some distinct sub-
stances found in the literature like metals, ceramics, fungi, 
plastic, parasites, and paper [2, 3, 5]. However, it is im-
portant to mention that all indigestible substances or foreign 
bodies may lead to the formation of concretions in the gas-
trointestinal tract when in contact with food remnants and 
mucus, which have a sticky ability [2, 3]. 

Specifically, pharmacobezoars are solidifications formed 
of medicines [2, 3, 5]. Although being a scarce bezoar type, 
during the last few years, several case reports have been pub-
lished to expand the list of implicated drugs and formulations 
[2, 3]. Furthermore, different risk factors for the formation of 
the pharmacobezoars can be found in the description of the 
reports relative to the medication or to the patient per se [2, 
3, 5, 7, 8]. The state of the art concerning the pathophysiolo-
gy, signs and symptoms, diagnosis, therapeutic and forensic 
features of pharmacobezoars, and the main gaps of this need-
ing future research are reviewed. 

2. METHODOLOGY 

An exhaustive search was carried out in PubMed (U.S. 
National Library of Medicine) without a limiting period, 
concerning pathophysiology, signs and symptoms, history 
and physical examination, diagnostic, treatment, and forensic 
aspects of pharmacobezoars. Keywords such as “pharmaco-
bezoars” and “medication bezoar” were searched in articles 
written in all languages. Furthermore, retrieved journal arti-
cles, as well as books, were also reviewed for possible addi-
tional publications related to this topic and authors were con-
tacted to obtain further data and images with better artwork 
quality. If the scientific article was in a non-English lan-
guage, the abstract should be in English. A total of 110 sci-
entific documents, including books and articles, were con-
sidered for this review. 

3. PATHOPHYSIOLOGY OF PHARMACOBEZOARS 
FORMATION 

A standard pattern regarding the predisposed factors for 
pharmacobezoars formation could not be found [8]. Indeed, 
different drugs and medicines have been linked to phar-
macobezoars formation (Table 1). Moreover, several risk 
factors have been implicated in the formation of pharmaco-
bezoars, namely the administered drug, tablet size, persis-
tence, adhesion (e.g., cellulose derivatives), viscosity, drug 
interactions, anticholinergic or opiate effects of the drug, co-
ingested medications, capacity to lead to pylorospasm, or 
gastrointestinal tract atony [8-12]. In addition, ganglion-
blocking agents and histamine-2-antagonists, the latter prob-
ably due to the elevation of gastric pH and impaired gastric 
emptying, have also been implicated factors for the phar-
macobezoar formation [9, 13, 14]. 

Particularly, overdoses have more propensity to phar-
macobezoar formation, since many indigestible substances in 
the gastrointestinal tract could lead to diminished motility [7, 
8, 12, 15, 16]. Moreover, controlled-release medicines may 
also have a crucial role in the pathophysiology of the for-
mation of pharmacobezoars. The ability for solubility re-
sistance in the gastrointestinal tract and propensity for ag-
gregation, especially in overdoses and impaired gastrointes-
tinal motility caused by controlled-release medicines con-
taining calcium antagonists, has also been suggested as im-
plicated mechanisms [10, 12, 17, 18, 19].  

A recent in vitro study demonstrated that some extended-
release formulations (i.e., quetiapine, paracetamol or vera-
pamil) may also predispose to pharmacobezoar formation 
[18]. Size and shape, and the coating material in the mono-
depot formulations (i.e., hydroxypropyl methylcellulose, in 
quetiapine and paracetamol, or sodium alginate in verapamil) 
have been the implicated factors. In addition, pharmaceutical 
industries producing gastrointestinal therapeutic formula-
tions containing anti-hypertensive drugs such as nifedipine 
recommend a balanced prescription in patients with gastroin-
testinal strictures [8, 9, 20, 21, 22]. Furthermore, narrowing 
of the gastrointestinal tract, impaired motility due to the cal-
cium antagonist (e.g., nifedipine, isradipine or verapamil), 
ageing, alterations of the anatomy caused by past surgical 
interventions (e.g., pyloric stenosis or gastroplasty), may 
predispose to pharmacobezoar formation and obstruction in 
gastrointestinal therapeutic systems [7, 20]. Additionally, the 
hygroscopic ability and bulk-forming nature of some formu-
lations (e.g., psyllium) have been linked to pharmacobezoar 
formation and obstruction, especially in the esophagus, 
where it could expand even more if liquid to dislodge is 
used, and in the presence of altered motility or anatomy of 
the gastrointestinal tract [7, 9, 23, 24, 25]. 

Pharmacobezoars typically occur in the esophagus, stom-
ach (the most common site), and in the small or large bowel 
[8, 9, 26, 27, 28]. They may be present in patients of a wide 
range of ages, from newborn babies to senior adults in the 80 
to 90’s group, and in both genders [8, 29, 30, 31]. 

Regarding the previous patient pathologies, Guillain-
Barre syndrome, Crohn’s disease sctriture of the gastrointes-
tinal tract, diabetic gastroparesis, myotonic dystrophy, acha-
lasia, hypothyroidism, diminished gastric secretion, gastric 
outlet obstructions, ageing, lesions causing obstruction (e.g., 
tumors or adhesions), rotated bowel/stomach, gastrointestinal 
tract strictures, past gastrointestinal surgery (e.g., partial gas-
trectomy and vagotomy), inflammation, ileus, and dehydra-
tion were highlighted in several studies [4, 9, 26-28, 32, 33]. 
Moreover, hepatitis, intrahepatic cholestasis, cystic fibrosis, 
mechanical ventilation, dialysis, or psychiatric illness could 
also lead to pharmacobezoar formation. In these pathological 
conditions, the dehydration, the low motility, and the poly-
therapy or type of drugs that these patients need may repre-
sent additional risk factors [9, 28]. 

Gastrointestinal hemorrhages may also contribute to 
pharmacobezoar formation since blood may form a mass 
with nonabsorbable antacids [34]. Gastric banding and 
Roux-en-Y gastric bypasses seem to predispose to medica-
tion bezoar formation due to the creation of a small stomach 
with a restricted outlet [35]. Obesity may also be a factor 



Pharmacobezoars Current Drug Research Reviews, 2020, Vol. 12, No. 1    3 

Table 1. Medicines involved in pharmacobezoars formation and major relevant aspects. 

Medicines Major Aspects References 

Activated charcoal 
• Associated with multiple doses 
• Predisposing factors: hypotension, hypothermia, severe diseased states, opioids and anticholinergic 

drugs, and preexisting adhesions 
[8, 10] 

Aluminum hydroxide 

• Associated with overdoses and chronic exposures 
• Formation is probably due to the dryness of the gel in impaired bowel motility 
• Predisposing factors: severe diseased states, intestinal obstruction, reduced bowel motility or gas-

tric secretion, patient inactivity, dehydration as a consequence of dialysis and fluid restriction 

[8, 9, 13, 45, 55, 
79, 86] 

Gaviscon® (sodium algi-
nate, sodium bicarbonate, 
magnesium trisilicate, 
aluminum hydroxide, and 
calcium carbonate) 

• Associated with overdoses and may occur 48h after the ingestion of the medication in a premature 
newborn 

• Predisposing factors: association with enteral nutrition may lead to precipitation and mass for-
mation 

[44, 76, 89, 91] 

Gelopectose® (oral pow-
der composed of pectin, 
cellulose and colloidal 
silica) 

• It is used for symptomatic treatment of gastro-esophageal reflux in infants by adding to the milk [92, 93, 94] 

Sodium alginate 
• Predisposing factors: systemic lupus erythematosus with central nervous dysfunction, acute pan-

creatitis, and massive gastric bleeding, administration of H2-antagonists, and the combination with 
magnesium salts of the probiotic and sulfamethoxazole-trimethoprim 

[47] 

Bromides • Associated to overdoses [8, 63, 95] 

Procainamide  [9, 27, 37, 51, 70] 

Nifedipine gastrointesti-
nal therapeutic system 

• It is a 1,4-dihydropyridine calcium channel blocker that blocks the influx of calcium through volt-
age-dependent L-type calcium channels in the cell membranes of cardiac and smooth muscle 

• Consists of an osmotic active bilayer core surrounded by a water-permeable cellulose acetate shell 
• Several case reports of upper gastro-intestinal concretions are described and associated with over-

doses 
• Profound hypotension may be due to a shift or break in the bezoar, causing the release of more 

nifedipine. 
• Predisposing factors: benign inflammatory enteric stricture, cecal diverticulitis, reduced gastroin-

testinal motility (caused for example by large ingestions of the drug or by shock), pharmaceutical 
release system and its components, pyloric gastric anastomosis, histamine-antagonists co-
ingestion, use of omeprazole, presence of gastric inflammation and peptic ulcer disease, imipra-
mine consumption, obstructing tumor, patient’s age, use of ipratropium bromide, adhesions from a 
past abdominal surgery, and gastroplasty 

[7,8,9,14,15,21,22,
25,27,29,42,51,52,

55,63,96,97] 

Enteric-coated Aspirin® 

• The majority of salicylate pharmacobezoars cases are related to the enteric-coated formulations in 
conjugation with gastric outlet obstruction in chronic use 

• Formation is probably due to reduced stomach emptying, most probably facilitating the aggrega-
tion of the cellulose acetate phthalate coatings 

• Predisposing factors: resistance to the solubility of this drug, pylorospasm caused by overdoses 
and peptic ulcer 

[6,7,8,9,16,19,45,5
1,52,55,56, 
63,64,87] 

Cholestyramine 
• Predisposing factors: constipating effect of the drug linked with the underlying disease such as 

infants with intrahepatic cholestasis 
[6,8,9,41,42,46,52,

53,63] 

Carbamazepine • Predisposing factors: anticholinergic effect of the drug and slow-release formulations 
[19,37,43,51, 

64,70] 

Amitriptyline • Associated to overdoses [27,37,41,64,70] 

Iron formulations (e.g., 
ferrous sulfate) 

• Constipation effect of the drug 
• Formation may occur when multiple iron tablets are consumed since the sugar or gelatin of the 

coat may suffer partial dissolution and may aggregate 
• Predisposing factors: overdoses, ileitis from inflammatory bowel disease and untreated achalasia 

[8,9,28,37,42,51,5
5,63,64,65,70,71] 

(Table 1) contd…. 
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Medicines Major Aspects References 

Magnesium oxide 

• Used as an antacid, magnesium supplement or laxative 
• Usually formed in the stomach but may migrate into the intestine, including the rectum 
• The cut surface is mainly composed of magnesium and oxide 
• The external surface is mainly composed of calcium, whereas the concentrations of magnesium 

and oxide were low 
• Formation is probably due to dehydration caused by chronic administration 
• Predisposing factors: impaired gastrointestinal motility (due to nontubercular mycobacteriosis and 

chronic gastritis), mixture of gastrointestinal blood, administration of H2-receptor antagonists, rec-
tal stasis prior to a surgery, resistance to water solubility and patient's dehydration 

[8,13,31,34] 

Aluminum and magnesi-
um hydroxide (Maalox®, 
Amphojel®, Mylanta®) 

• Associated with overdoses 
• Used as antacids in the control and prophylaxis of gastric hemorrhage in critically ill infants with 

suspected stress ulcers 
• Predisposing factors: dehydration of the formulation, fluid restriction, escaping of fluid for ascites 

and edema, impaired gastrointestinal motility, the dampening effect of magnesium, and ranitidine 
co-ingestion 

[27,30,59] 

Meprobamate 
• Associated to overdoses 
• Predisposing factors: resistance to solubility and ileus side effects of the drug 

[8,21,37,42,51,52,
55,63,70] 

Propranolol sustained 
release 

• Is a highly lipid-soluble beta-receptor antagonist 
• Associated to overdoses 

[98] 

Quinidine 
• Associated to overdoses 
• Predisposing factors: hemodynamic instability, resistance to solubility and the anticholinergic 

effect of quinidine 
[8,42,57] 

Sodium and calcium poly-
styrene sulfonate 

• Almost entirely described in severely ill adults or newborns 
• Associated to overdoses 
• Sorbitol is usually included in the formulation to diminish the colonic impaction due to osmotic 

diarrhea and to reduce risk of pharmacobezoar formation 
• Predisposing factors: gastrointestinal bleeding (because of the mixture between kayexalate crys-

tals, mucous and clotted blood), impaired motility (e.g., due to viral infection), paralytic ileus es-
pecially in the premature newborns 

[8,9,30,42,63,66,9
9,100] 

Calcium carbonate-
induced a calcium phos-
phate pharmacobezoars 
formation 

• Calcium carbonate is used for the intestinal binding of dietary phosphorus, particularly in children 
suffering from chronic renal insufficiency 

• Overdoses were not reported 
[63] 

Sucralfate 

• Formation usually occur when combined with other drugs, namely antacids or enteral feeding 
formulas, due to the increase of pH that may cause reduced solubility of dietary ingested proteins 
or due to the proteins thickening of the enteral feeding formulas 

• Predisposing factors: impaired gastrointestinal motility, polypharmacy, dehydration, Guillain-
Barré syndrome and candidiasis or herpes esophagitis in neutropenic patients 

[6,8,9,27,46,52,55,
63,77] 

Enteral feeding formulas 

• More commonly with oral tubes than with nasogastric tubes 
• Predisposing factors: impaired gastrointestinal motility, large volume of feedings tubes, dehydra-

tion, exposure to anticholinergic or opioids drugs, nasogastric tubes incorrectly inserted or dis-
placed, insoluble fibers rich formulas, casein-containing rich formulas (especially if pH < 5 and 
pepsin and pancreatic secretions reduction), supine position of the patient while feeding, mechani-
cal ventilation, anoxic brain injury, diabetic gastroparesis  

[6,9,32,45,52,53,5
5] 

Verapamil 
• Associated with overdoses 
• Predisposing factors: cellulose acetate nature of the sustained-release formulations coat 

[3,8,9,19,27,37,42,
51,70,101] 

Theophylline 
• Associated to overdoses 
• Predisposing factors: sustained-release preparations 

[8,19,27,37,41,42,
51,63,70,73,78,10

2] 

Venlafaxine 
• Associated to overdoses 
• Predisposing factors: resistance to the solubility of the cellulose acetate coat, sustained-release 

formulations 
[8,16,21,42,85] 

 

(Table 1) contd…. 
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Medicines Major Aspects References 

Serutan • Associated with the inadequate volume of water added to the medication [53] 

Glucomannan 

• Is a dietary fiber that is the main polysaccharide obtained from the tubers of the Amorphophallus 
konjac plant 

• The hygroscopic properties may lead to rapid expansion to many times the size of the original 
material, which increases the chances of proximal esophageal obstruction 

• Predisposing factors: mid esophageal non obstructing rings and absorbent ability of the formula-
tion  

[7,24] 

Paraffin oil • Predisposing factor: metastatic pelvic mass causing a distal small bowel obstruction [88] 

Plantago ovata formula-
tions (e.g., seeds and psyl-
lium husk, Perdiem, 
Metamucil®) 

• Valuable sources of fibers and mucilage used in the pharmaceutical industry as a laxative, to lower 
the glycemic index and for the development of controlled-release formulations  

• Due to quick water absorption, the weight of psyllium husk increases up to 10 times 
• Associated to overdoses 
• Predisposing factors: absorbent capacity, chronic constipation, insufficient water intake with the 

drug, chronic inflammation resulting in an antral mass, esophagus anatomic obstructive and motili-
ty alterations (e.g., Schatzki's ring, and achalasia) and longtime of permanence in the mouth before 
swallowing 

[7,31,40,46,52,55,
60,80,103] 

Sterculia  [27] 

Chandraprabha vati® • Predisposing factors: ileal stricture and inter-bowel adhesion due to past abdominal tuberculosis 
or/and a past hysterectomy 

[33] 

Harpagophytum procu-
bens  [39] 

Agiolax® 

• It is used as a laxative 
• Predisposing factors: reduced water intake with the drug to prevent the gastric band caused consti-

pation, and the use of tranquilizers in the presence of normal doses of the drug and adequate water 
intake 

[23,104] 

Guar Gum® 
• It is a galactomannan polysaccharide extracted from guar beans 
• Probably occur due to the absorbent ability of this medication  
• Predisposing factors: gastric or esophageal alterations 

[7,9,31,52,55] 

Quetiapine 
• Associated to overdoses 
• Predisposing factors: tablet size and the presence of hydroxypropyl cellulose in the drug delivery 

system, which in contact with water swells and forms a viscid mass 
[12,51] 

Clomipramine • Associated to overdoses [8,21,37,42,51,67,
70,105] 

Diphenhydramine 
• Associated to overdoses 
• Formation probably not related to excipients 
• Predisposing factors: anticholinergic effect 

[11,42] 

Hyoscyamine sustained-
release formulation 

• Predisposing factors: proctocolectomy and ileal pouch-anal anastomosis, and the drug has anticho-
linergic/antispasmodic effects that inhibit gastrointestinal propulsive motility and decreases gastric 
acid secretion  

[50] 

Vegetamine A® and B® 
• Associate to overdoses 
• Predisposing factors: impaired gastrointestinal motility caused by the anticholinergic effect of the 

chlorpromazine hydrochloride and promethazine hydrochloride 
[72,106] 

Vitamins and natural 
substances (e.g., vitamin 
E, C and B12, lecithin) 

• Associated to overdoses 
• The vitamin E hydrophobic capsules in contact with water form a viscid mass 
• Diminished gastric emptying caused by the lipids of the lecithin formulation. 
• Vitamin B12 “pseudobezoar” (i.e., no concretion was found) in a distal colonic obstruction caused 

by a stricture due to metastatic adenocarcinoma 

[9,48,55,63,74] 

Potassium chloride 

• Associated to overdoses with extended-release formulations with a coating composed of ethyl-
cellulose and hydroxypropylcellulose and excipients such as crospovidone and magnesium stearate 

• Magnesium stearate is a hydrophobic compound that can change the rate of dissolution and may 
potentiate bezoar formation due to changes in the dispersion of the tablet 

• Hyperkalemia is a potentially life-threatening electrolyte abnormality 

[8,37,51,64,70] 

(Table 1) contd…. 
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Medicines Major Aspects References 

Nelfinavir • Predisposing factors: the large table size and its dissolution ability when in contact with saliva, 
makes it difficult to swallow [49] 

Lanthanum carbonate • Associated with the swallowing of the whole medication instead of chewing it before swallowing [46] 

Mesalamine 
• Associated with the wrong prescription of the pharmaceutical linked with a mistaken biopsy of 

Crohn’s disease 
• Predisposing factor: benign gastric outlet obstruction  

[45] 

Diltiazem • Associated to overdoses [62] 

Bupropion sustained-
release formulations • Associated to overdoses [61,75,107] 

Combinations 

• Methadone, trihexyphenidyl, olanzapine, and alprazolam 
-Predisposing factors: possible synergistic gastroparetic effect due to the anticholinergic effect, dehy-
dration and psychiatric disease 

[58] 

• Slow-release clomipramine, lorazepam and domperidone: 
-Associated to overdoses 
-Predisposing factors: the clomipramine anticholinergic effect and the presence of a cellulose derivate 
(adhesive properties) in sustained-release formulations 

[10] 

• Immediate-release (acetylsalicylic acid, ivabradine, mirtazapine, oxazepam, paracetamol, 
and simvastatin) and sustained-release tablets (metoprolol and nifedipine), and trandolapril 
capsules 

[51] 

• Alprazolam and potassium chloride: 
-Overdoses by potassium chloride tablets lower pH and diminish tablet dissolution and micropellet 
release 
-Predisposing factors: impaired gastric emptying (caused by alprazolam) and the excipients of ex-
tended-release potassium chloride tablets such as ethylcellulose, hydroxypropyl cellulose, cro-
spovidone, and magnesium stearate, the latter possibly promoting the concretion formation by alter-
ing the dissolution 

[17] 

• Sulpiride, buspirone, duloxetine, and lorazepam 
-Associated to overdoses 

[69] 

• Digoxin, metoprolol, and amitriptyline 
-Predisposing factor: ability to impairs gastric motility 

[8,41] 

• Extended-release formulations of nifedipine and procainamide 
-Predisposing factors: smooth muscle relaxation and anticholinergic effect of nifedipine and procain-
amide, respectively 

[108] 

 
implicated in this pathogenesis since these patients have an 
intrinsic alteration of the gastric anatomy, and most of them 
are depressed or suffer from other bipolar disorder and are 
probably in need of antidepressant drugs [35]. All these fac-
tors together may lead to impaired gastric motility and for-
mation of drug concretion [35]. 

More recently, Li et al. [36] attempting to explain the de-
layed peak or “double hump” pharmacokinetics, which were 
noted in previous case reports with delayed toxicity of para-
cetamol, validated a bezoar formation by paracetamol in a 
controlled modified in vitro environment. The authors ob-
served that formation was confirmed in an acute overdose of 
37.5 g or more. 

Drug associations have also been documented as predis-
posing factors for pharmacobezoars formation and different 
examples are described in Table 1. 

4. DIAGNOSIS OF PHARMACOBEZOARS 

The diagnosis of this type of bezoars is difficult and 
should include a complete history and physical examination 
of the patient. Overdoses, signs and symptoms of obstruc-

tions, and an aggravated and a prolonged clinical condition 
requires further research [8,12,37,38,39].  

4.1. Signs and Symptoms Related to Pharmacobezoars 

Signs or symptoms related to pharmacobezoars formation 
are usually absent [27,40]. Indeed, the formation of a phar-
macobezoar may prevent drug release, a fact that may con-
tribute to avoiding overdoses [9,14,41]. Nevertheless, they 
may provoke a continued (worsening the manifestations), 
deferred (delaying the onset of symptoms), or recurrent tox-
icity (another intoxication after stabilization of the symp-
toms) due to the liberation of specific drugs from the concre-
tion and consequent absorption [8,11,18,42,43].  

The most common presentation and complication of the-
se bezoars are partial or complete gastrointestinal obstruction 
due to their mass effect in the gastrointestinal lumen, without 
overdose toxicity [8, 9, 24, 44, 45]. Typically the patient 
presents with abdominal pain, nausea, vomiting, weight loss, 
palpable abdominal mass, tympanic and distended abdomen, 
decreased bowel sounds, abdominal tenderness, anorexia, 
early satiety, dysphagia, and diarrhea or constipation [9, 28, 
40, 46, 47]. Moreover, the presence of the pharmacobezoar 
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Fig. (1). Macroscopic aspects of different pharmacobezoars. A – Numerous herbal tablets proximal to an ileal stricture. B - Excised right 
colon and cecum with a venlafaxin pharmacobezoar and necrotic cecal mucosa. C - Crohn’s disease complicated by enteric fistulae and ste-
notic areas in the ileum presenting mesalazine pharmacobezoars. D – More than 350 tablets of mesalazine during the surgical treatment of a 
patient with the fibrostenotic pattern. E - Pharmacobezoar proximal to a tumoral mass led to colon mechanical obstruction. F - Magnesium 
oxide pharmacobezoar with a brown surface while the cut surface is yellowish and composed of granules resembling grains of sand. G - Fill-
ing of the lower trachea and main bronchi with a gelatinous pharmacobezoar causing airway obstruction. H - Impaction of a pharmacobezoar 
in the glottis and larynx. I - Filling of the esophagus with a large gelatinous pharmacobezoar. Reproduced with permission from A-[33], B-
[16], C-[109], D-[110], E-[90], F-[31], G, H and I-[7]. 
 
mass in the gastrointestinal tract may also predispose to ul-
ceration, hemorrhage, bowel ischemia, and necrosis, mucosal 
inflammation (e.g., gastritis or esophagitis), perforation, peri-
tonitis, malabsorption, or anemia [4, 14, 27, 48, 49].  

4.2. Other Medical Exams 

Macroscopic aspects of different pharmacobezoars are 
presented in Fig. (1). Upper or lower endoscopy are the most 
important exams to confirm the presence of pharmacobe-
zoars, although it does not assure the direct visualization of 
all gastrointestinal tract, being more used to esophageal, gas-
tric, upper duodenal, or colonic pharmacobezoars [4, 9, 10, 
50, 51]. Moreover, endoscopy might not be truly reliable 
since retained controlled release formulations shells could 
mimic polyps on endoscopy [20, 21]. 

On the other hand, although radiography, computer to-
mography, or contrast image tests such as gastrografin or 
barium allow visualization of a much larger area of the gas-
trointestinal tract (including jejunum or ileum), they offer 
less reliable information. Indeed, a barium enema showing 
retained nifedipine mimics pneumatosis intestinalis, and a 
thickened enteral feeding formula mimics an abdominal ab-
scess in a radiographic exam, especially if an anatomic alter-
ation is also present [8, 22, 33, 52, 53]. Computed tomogra-
phy represents the more precise imaging test to locate the 
probable affected segment and in the differentiation of be-
zoars with identical pathologies. Moreover, computed to-
mography should be performed early in cases of suspected 
acute obstructions or perforations since it may help in the 
identification of the causing lesion and preparation of the 
surgery plan if needed [6, 33, 54]. Oral contrasts should be 
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carefully applied in cases of enteric-coated aspirin bezoars, 
since barium with granules may cause a very quick rupture 
of these pharmacobezoars leading to an increase of serum 
salicylate concentrations [8,9,55,56]. 

The role of ultrasound in the diagnosis of pharmacobe-
zoars is still not well elucidated, but in premature newborns 
who cannot tolerate endoscopy, it may be useful 
[8,25,33,57,58]. 

Patients who present clinical signs and symptoms of se-
vere complete bowel obstruction (especially the small bowel) 
may be submitted to surgical exploration (e.g., laparotomy), 
which will provide direct visualization of the pharmacobe-
zoar [8,16,25,59,60]. Finally, the diagnosis of some phar-
macobezoars is only made on the autopsy [7,19,51,61,62]. 

Interestingly, some pharmaceuticals may have radiolu-
cent or radiopaque characteristics in image tests such as ra-
diography. Therefore, a history of the ingestion of those 
medicines could probably lead to raising the possibility of 
the presence of a pharmacobezoar [10,19,37,63]. Formula-
tions containing aluminum hydroxide, clomipramine, aspirin, 
chlorpromazine, lithium, potassium chloride, iron, sucralfate, 
magnesium oxide, meprobamate, sodium and calcium poly-
styrene sulfonate, calcium combinations, vitamin B12, vita-
mins (some multiple/mineral containing), diphenhydramine, 
Maalox®, combination of clomipramine, lorazepam, and 
domperidone, methadone, and Chandraprabha bati®, have 
been reported to evidence radiolucent or radiopaque charac-
teristics [8,10,30,31,33,42,58,63,64,65,66,67,68].  

5. TREATMENT 

Pharmacobezoars treatment relies on the segment affect-
ed by the concretion and the precipitating factor (patient and 
medication) involved [8,9,10,54,64]. Critically ill patients 
will probably be managed with conservative approaches, and 
large, obstructing, or drug-eluting bezoars will very likely 
need earlier and more aggressive techniques such as surgery 
or endoscopic removal [8]. Furthermore, the treatment of 
pharmacobezoars should be centered in preventing pro-
longed drug absorption (e.g., through gastrointestinal decon-
tamination with whole bowel irrigation or multiple doses of 
activated charcoal) and early removal of these bezoars to 
diminish complications and to achieve a better prognosis. 
[11,16,32,58,69]. 

Upper endoscopy, gastric lavage, whole bowel irrigation 
(e.g., in case of small gastric drug bezoar which can go 
through pylorus), cathartics (e.g., polyethylene glycol), or 
surgery (in cases less invasive approaches are contraindicat-
ed or unsuccessful) are methods that we can use to remove 
medication bezoars retained in the upper gastrointestinal 
tract [17,27,58,64,70]. In addition, surgical removal seems to 
be the best approach to iron bezoars due to their effects in 
the mucosa [19,37,65,71]. Some authors suggested that up-
per endoscopy could be done in urgent situations such as 
overdoses [15,37,64,68]. However, upper endoscopy is 
commonly preferable and used to successfully and safely 
remove pharmacobezoars in clinically stable patients, but in 
cases in which this is not possible, gastrointestinal decontam-
ination for an indefinite period (to manage intoxications) or 
surgery is preferable [10,19,64,68,72]. Indeed, the fragmen-
tation of the concretion using the endoscope may increase 

the absorption and toxicity of the medication [10,64]. After a 
complete gastric pharmacobezoar removal, it could be a 
careful approach to use activated charcoal and/or whole 
bowel irrigation due to the possible presence of tablets in the 
intestine and to help lower drug concentrations 
[8,12,19,54,73].  

Surgical removal through laparotomy is typically used 
for pharmacobezoars confined in the lower gastrointestinal 
tract and should be deliberated in cases of bowel obstructions 
or other complications, or with contraindications for com-
mon noninvasive decontamination techniques 
[4,18,33,40,46]. In a recent case of a Metamucil® small 
bowel bezoar described by Abou Azar et al. [40], laparosco-
py also showed to be a possible safe way to remove a medi-
cation bezoar. However, as laparotomy, it should be sought 
for possible lesions along the rest of the bowel [33]. Moreo-
ver, despite being rarely reported in patients without contra-
indications or risk factors, pharmacobezoars can also be re-
moved with lower endoscopy, especially in situations in 
which conservative treatments failed [4,16,18,46,74]. In ad-
dition, for the lower gastrointestinal tract, we can use some 
conservative approaches like administration of clear fluids, 
whole bowel irrigation (e.g., small intestinal medication be-
zoar), colonic lavage, or enemas [4,8,9,19,30]. 

In other cases (e.g., Gaviscon®), the simple discontinua-
tion of the pharmaceutical with or without supportive care 
may resolve the problem [44,47,75,76,77]. Furthermore, a 
helpful method when suspicion of a pharmacobezoar occurs 
is the repeated monitoring of plasma drug concentrations, 
which can give us information about prolonged absorption 
despite a probably efficient gastrointestinal decontamination 
[51,57]. One interesting factor that should be taken into ac-
count is that in cases where the medications forming the 
concretion are known, we could use more direct treatments, 
for example in enteric-coated aspirin bezoars, a lavage with 
sodium bicarbonate (NaHCO3) followed by aspiration could 
favorably treat the bezoar [9,11,56].  

Several articles suggested that some common decontami-
nation interventions like gastric lavage, whole bowel irriga-
tion, multiple doses of activated charcoal, ipecac-induced 
emesis, or cathartic administration are not truly reliable in 
the complete removal or preventing absorption of these be-
zoars being difficult to measure their efficiency, and in case 
of complete gastrointestinal obstructions, big pharmacobe-
zoars, perforations, active bleeding, hemodynamic instability 
or vomiting, some of these techniques (e.g., whole bowel 
irrigation) are contraindicated [8,12,16,43,64,65]. In addi-
tion, the use of gastric lavage aspirations and whole bowel 
irrigation may lead to wrong suppositions of adequate gas-
trointestinal decontamination by providing clear fluids de-
spite a preserved pharmacobezoar in the gastrointestinal tract 
[8,65]. Furthermore, repeated administration of active char-
coal despite being one of the first gastrointestinal decontam-
ination techniques in cases of large and acute ingestions to 
prevent further drug absorption, in some particular cases, it is 
suggested it may promote the elevation of serum drug con-
centrations or contribute to medication bezoar formation by 
diminishing even more the gastrointestinal motility 
[8,16,64,72,78]. Due to the inorganic composition of drug 
bezoars, lytic enzyme formulations normally are ineffective 
in their digestion [9,74].  
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Moreover, despite being a rare complication, clinicians 
should be alert to this possible pathology, being careful in 
the prescription of these drugs to patients with risk factors or 
in the prescription of pharmaceuticals that may form phar-
macobezoars and they should try to use adequate alternatives 
with less probable complications [20,30,49,79,80]. 

Particularly odd, a 67-year-old man with pharmacobezoar 
was successfully treated by infusion and intrabezoar injec-
tion of carbonated beverages [81]. Repeated injections of 
Coca-cola on the exposed surface facilitated breaking the 
bezoar into small fragments. Coca-cola, which has an acidic 
pH of 2.6, may help in dismantling the fiber scaffolding of 
bezoars [82]. Moreover, it is believed that the NaHCO3 con-
tained in Coca-cola has a mucolytic effect [83]. Further-
more, the penetration of carbon dioxide (CO2) bubbles into 
the substance of bezoars may help in disruption (mechanical 
effect following endoscopic injection) [84]. 

6. FORENSIC ASPECTS 

To the best of our knowledge, only forensic cases with 
fatal ending are described in the literature. England et al. [7] 
suggested that the deaths caused by these concretions besides 
being rare may be linked to an association of fatal events 
instead of just to a fatal severe intoxication. Medication be-
zoars can cause death by being stuck in the airways (e.g., 
larynx or bronchus) and blocking them, or by severe intoxi-
cations due to active drugs which can form them 
[7,51,54,61,62]. England et al. [7] described three fatal cases 
in which the deaths were caused by airway occlusion proba-
bly due to aspiration of gastric contents associated with se-
vere medication toxicity or by intoxication through the com-
bination of carbon monoxide and different pharmaceuticals. 
Additionally, some deaths described in the literature in 
which the formation of pharmacobezoars was present result-
ed from bowel obstruction; sepsis; disseminated intravascu-
lar coagulation and respiratory failure; cardiorespiratory ar-
rest, ventricular fibrillation, and inhalation; multi-organ fail-
ure; and seizures [7,15,29,66,79,85,86]. Furthermore, it is 
suggested that most frequently the deaths occurred in a sui-
cidal context and included sustained-release medications 
[7,54,61,62,85]. 

CONCLUSION AND FUTURE PERSPECTIVES 

Bezoars are hard foreign solidifications retained in the 
gastrointestinal tract made of badly digested substances. Dif-
ferent types have been described depending on the primary 
substance contributing to their formation [2,3]. Bezoars that 
formed by the accumulation or precipitation of medications 
are called pharmacobezoars. In most cases of pharmacobe-
zoars formation, one or more risk factors are present. They 
may be observed in patients with a history of dehydration, 
impaired motility, altered anatomy of the gastrointestinal 
tract and by the co-administration of anticholinergic or opi-
oids drugs. These factors probably lead to aggregation of 
nondigestible or limited digestible substances 
[9,27,81,87,88]. They also can be found in a wide range of 
ages and in both sexes, and although the majority of bezoars 
are located in the stomach, they may be encountered in the 
whole gastrointestinal tract, including the esophagus and 
rectum [8,9,26,31,89]. The formation of these concretions 

may be associated with risk factors related to the pharmaceu-
tical ingested or/and related to the patient [8,9,14,27,33]. 
Pharmacobezoars are related to immediate and controlled-
release formulations, liquid, or non-digestible substances, in 
normal or altered digestive motility/anatomy tract, and in 
overdoses or therapeutic doses. Excipients are particularly 
implicated. Since controlled-release formulations are coated 
with less soluble substances such as polymers and cellulose 
acetate, they are more commonly involved in pharmacobe-
zoar formation [8,10,17,18,31]. Usually, they do not cause 
any signs and symptoms, but when present may be associat-
ed with the toxicity of the active drug inside of the solidifica-
tion, or more commonly, associated with a digestive obstruc-
tion [10,18,40,58,68]. To diagnose pharmacobezoars, a good 
and complete history and physical examination, endoscopy, 
or surgical exploration are the gold standards [33, 40, 48, 58, 
90]. Iwamuro et al. [31] claimed that pharmacobezoars 
should be considered among the differential diagnoses in 
patients who demonstrate a radiopaque mass. The treatment 
is aimed to prevent prolonged drug absorption and to per-
form an early removal of the bezoar to diminish further 
complications. Upper endoscopy and surgery through lapa-
rotomy in the upper and lower tract respectively are the most 
often described techniques for pharmacobezoars removal 
[8,40,48,64,72]. Death due to stuck and blocking in the air-
ways or severe intoxications may also occur [7,51,54,61,62]. 

Finally, the mechanisms of formation of pharmacobe-
zoars are not yet fully clarified and future studies looking for 
the main risk factors such as the excipients and comorbidities 
that may predispose to their formation, will probably help 
clinicians to optimize their prescriptions and could help 
pharmaceutical industries to produce more safe excipients. 
Moreover, awareness of this pathology will allow the physi-
cians to look for it, leading to an early diagnosis and the pre-
vention of further complications. Additionally, a better un-
derstanding of the role of image tests and the different thera-
peutic approaches will be helpful to propose useful guide-
lines. 
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