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 Postoperative Ileus (POI) is a recurrent incident following intestinal as well as other 
types of surgery that causes aggregation of gases and inner secretions in patients, resulting 
in significant costs to health care providers and morbidity. The pathophysiology of the POI 
is multifactorial, and treatment duration of the POI associated with the degree of surgical 
trauma. Exogenous opioids, neurohormonal dysfunction, fluid overload, inflammation, and 
gastrointestinal strain are the main pathophysiological factors underlying POI. Different 
treatment options currently available to reduce duration of POI. Recent studies have shown that 
the effective approaches in reducing patient morbidity with early return of gut functions are 
Enhanced Recovery After Surgery (ERAS) pathway and laparoscopic surgery. Alvimopan (ALV) 
is a peripherally acting antagonist of the µ opioid receptor in postoperative ileus. Alvimopan 
(Entereg®), the FDA-approved product for the fastest recovery of bowel (large and small) 
resection with primary anastomosis, shows potential advances for the treatment of POI. It has 
limited bioavailability through the oral route due to solubility limitations. ALV prevents binding 
of opioid agonists to the µ-opioid receptor and assists in stopping constipation in the GI tract; it 
is also not able to cross the blood-brain barrier, so it does not obstruct with centrally mediated 
opioid analgesia. The safety & efficacy studies of Alvimopan showed that the patients who go 
through segmental bowel surgeries along with primary anastomosis and given ALV reduces the 
duration of stay and overall direct costs compared with control group. The objectives of this 
systematic review were to give an update of categorization systems, pathogenesis mechanisms, 
current treatment for established POI, and updates on Alvimopan for POI.
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 A prolonged functionally propulsive 
obstruction of the intestinal bowel function after 
surgery is known as a postoperative ileus (POI). The 
post-operative ileus can occur with other surgeries 
(not only intestinal) as well. This condition is 
characterised by the accumulation of secretions 
and gas, which results in abdominal distension, 
pain, nausea, and vomiting 1, 2. After surgical 
manipulation, the recovery rate of gastrointestinal 

tract motility is different. Ileus, which ranges from 
mild to severe, can last anywhere from a few hours 
to more than three days. The postoperative ileus 
lasting more than 3 days is known as paralytic 
postoperative ileus 3. In this case, stomach function 
returns within 48 hours, while colonic function 
returns within 72 hours. The pathophysiology and 
aetiology of the cause behind the cause of ileus are 
not fully understood, but over the last many years, 
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numerous factors have been identified as its cause, 
and accordingly, new active moieties have been 
identified.
 The mechanical bowel obstruction 
caused by structural abnormalities is not the same 
as postoperative ileus. This impairs the patients’ 
digestive abilities, resulting in the accumulation of 
gases and fluid secretion, which causes vomiting 
and abdominal pain. The economic impact of this 
on hospital charges for patients suffering from 
POI is estimated to be doubled in comparison to 
those who have a standard return of bowel function 
(median total hospital costs of $ 21,046 vs $ 
10,945) 4. The end point of the POI is explained 
by various methods, such as bowel sounds, Flauts, 
and bowel movements, but this is debatable 
due to the limitations of each method. The most 
reliable method used to identify end point is bowl 
movements 5.
 Fig. 1 summarises the risk factors for POI 
and potential causes. The following risk factors 
are evaluated: the health of the patient, lengthy 
operating periods, unintentional surgery, systemic 
infections, blood loss and the requirement to 
convey the blood through veins, prior abdominal 
surgery, and heavy painkiller usage. Also, each risk 
factor’s potential processes are described, including 
the following: a decrease in the body’s general 
capability following surgery; an inflammatory 
response; and pain escalation in men, which 
causes an increase in catecholamine release. 
These are the most likely causes of the patient’s 
present health issues. An increase in surgery’s 
operating duration leads to higher bowel handling 
and opiate effects. Accidental surgeries led to an 
increase in the inflammatory and catecholamine 
response. Systemic or pre-existing infections 
that result in a decreased physiological reserve. 
Oedema is brought on by blood loss and transfusion 
requirements brought on by increased crystalloid 
administration. Adhesiolysis and bowel handling 
have become more necessary in cases of prior 
abdominal surgery. Both acute and chronic opioid 
use stimulate the µ opioid receptor, which improves 
peristalsis. All of them, together with the potential 
mechanisms are risk factors for POI6,8,9,10. 
 Approaches to enhance rates of POI have 
transformed over time. Chewing gum, adequate 
fluid resuscitation, laxative and prokinetic drugs 
are all traditional approaches to POI prevention. 

Nonetheless, some of these approaches are 
combined with unproven efficacy or additional 
risks 6. The duration of postoperative ileus has been 
reduced by various modern treatment options. The 
treatment options briefly explained in this review 
article are ambulation, early postoperative feeding, 
nasogastric tube placement, laparoscopic surgery, 
and pharmacologic agents. Several experimental 
models have been developed to assess POI in 
relation to bowel motility 7.
 The major pathophysiological factors 
that cause POI are exogenous (anesthetics, 
pharmacological  agents)  or  endogenous 
(neurohumoral response), which cause POI. The 
degree of abdominal manipulation can influence 
the severity and duration of postoperative ileus 
recovery 13. The levels of inflammatory mediators 
and cytokines have increased in the gut and impacted 
the reduction of gastrointestinal (GI) motility 
after surgery. POI development is influenced 
by a complex interaction of inflammatory, 
neurogenic, intravenous fluid and electrolytes, and 
pharmacological elements (Fig. 2). The POI can be 
developed in all kinds of GI surgery, and the basic 
pathogenesis is explained as follows:
 Parasympathetic stimulation is inhibited 
by sympathetic stimulation, and it is nearly 
dependent on peristalsis. Neural reflexes are 
activated immediately and during surgical 
procedures, and this is the first phase of the reaction 
to surgery. Acute abdominal paralysis is caused by 
an incision into the skin, which induces a rise in 
adrenergic motor neuronal activity mediated by 
corticotropin-releasing factor. Moreover, other 
factors like the noradrenergic pathway play a 
critical role in the arrest of peristalsis.
 Inflammation is mediated when the 
second phase begins after surgical procedures. 
Pro-inflammatory cytokines and chemokines are 
released by the endothelium, resulting in an increase 
in intracellular adhesion molecules 13. Migration of 
leukocytes to the muscularis externa occurred due 
to the phagocytes situated throughout the activated 
gut. These phagocytes block peristalsis by reducing 
smooth muscle contraction by releasing nitric 
oxide and prostaglandins directly. Since the release 
of acetylcholine decreases cytokines through 
intestinal mucosa, methods such as modulation 
of vagal afferents have been suggested for this 
inflammatory response.



655Patil et al., Biosci., Biotech. Res. Asia,  Vol. 20(2), 653-666 (2023)

 The most likely cause of increased 
gastrointestinal inflammation is bowel manipulation 
during surgery, which increases the duration of POI. 
Although bowel manipulation cannot completely 
eliminate POI, minimal access procedures such as 
laparoscopy appear to reduce the magnitude of the 
systemic inflammatory response and the duration 
of POI.
 The effect of anastomoses on enteric 
neural continuity is caused by surgical procedures 
such as visceral resection. The interruption of 
neural continuity caused by visceral resection, 
which directly impairs intestinal motility by posing 
a physical barrier to electro-mechanical coupling. 
This explanation has been examined in a murine 
model of small bowel resection, which gives 
slow waves and phasic contractions due to acute 
disruption of the interstitial cell of Cajal (ICC) 
networks 14.
 The lack of early intake after surgery 
and surgical procedures modulates the levels of 
neuropeptides and gastrointestinal hormones. 
The critical factors of interest are substance P 
(SP), motilin, and vasoactive intestinal peptide 
(VIP), all of which are involved in normal gut 
motility. The restriction of the release of enteric 
neurotransmitters SP and VIP in preclinical 
models has shown to accelerate the recovery of 
postoperative gut functions. These conclusions 
are somewhat contradictory when considering 
that SP is a potent tachykinin known to accelerate 
gastrointestinal motility via direct action on 
smooth muscle and neuronal excitation within the 
ENS. Moreover, SP plays a role in mediating the 
neuro-immuno-humoral inflammatory response 
to tissue injury and is involved in the excitatory 
neurotransmission of visceral afferents. VIP 
is a smooth muscle relaxant and also acts as a 
major anti-inflammatory agent with its role as an 
excitatory secretomotor neurotransmitter within 
the ENS 15.
 Electrolyte disturbances play a central 
role in the aetiology of an ileus. This hypothesis 
is supported by the effect of electrolyte variation 
on gut motility, which was observed to occur 
frequently during prolonged episodes of POI 16. 
Endogenous (Neurohumoral Response)
Neural Reflexes
 The nervous system of the body controls 
gastrointestinal motility, and basically three 

nervous systems are included in it: sympathetic, 
parasympathetic, and intrinsic. Reduction in 
intestinal motility for the sympathetic nervous 
system and enhancement in intestinal motility in 
the case of the parasympathetic nervous system 
9,13,15,16. The intrinsic nervous system in the colon 
differs from that of the intestine due to the absence 
of gap junctions in the smooth muscles and the 
absence of peristaltic movements. 17,18,19. The 
surgery causes intestinal stimulation, which causes 
an obstructive non-adrenergic vagally mediated 
process that results in POI neural reflexes. 
Inflammatory Factors
 During surgery, the levels of gut-related 
humoral factors, including vasoactive intestinal 
peptide, endogenous opioids, calcitonin gene–
related peptide, substance P, and nitric oxide, 
change due to the stressful stimulus, which 
leads to reduced gut motility. The presence of 
inflammatory mediators and cytokines raises the 
level of COX-2, which reduces jejunal muscle 
contractility in in-vitro experiments 20,21. The first 
phase of impairment of muscle due to surgery 
impacts contractility in the first 90 min, the influx 
of chemokines (e.g., TNF-á and interleukin) and 
pro-inflammatory cytokines. The second phase is 
initiated when neutrophils and monocytes enter the 
muscle within 24 hours, triggering IL-1 and CCL2. 
The trigger of the inflammatory reactions increases 
chemokines, cytokines, and prostaglandins (PGs). 
On the third day, cytokine and muscle functions 
returned to normal, implying that the second phase 
was suppressed by incoming leukocytes 22. 
Exogenous (Anaesthetics, Pharmacological 
Agents)
 Anaesthetics and opioids are most known 
pharmacological agents to cause and prolong 
postoperative ileus26,27. Anaesthetics is stabilizing 
neural membrane and reduces motility of muscles; 
they impact on areas that depends heavily on 
neural integration. Due to lack of gap junctions in 
the colon; the colon is more susceptible to these 
agents unlike other part of the guts3. Opioids 
are causing POI by reducing gut motility and 
increase release of acetylcholine. Different types 
of peptides such as calcitonin gene-related peptide, 
vasoactive intestinal peptide, substance P and 
Nitric oxide (NO) are enabled to escape locally 
in the gastrointestinal tract and may contribute to 
postoperative ileus.
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 Based on the available studies, three 
phases like smooth muscle inhibition in early 
and late phase and neuron dysfunction phase are 
responsible for POI.
Inflammatory Mechanism in POI
 Macrophages plays important role in 
developing POI, the surgical manipulation activates 
it and followed proinflammatory cytokines and 
chemokines, activator of activator of transcription 
3 and signal transducer, early growth response 
protein 1 nuclear factor kB. Activation of systemic 
inflammatory response triggers inward flow 
of neutrophiles followed by monocytes in the 
muscularis 28. The reduction in pharmacological 
agents and genetic depletion reduces level 
of inflammatory mediators and leukocytes 
concentration in muscularis.
 The activation pathway of macrophages 
is still unclear, however, one of the expected 
pathways is connected by activation of damage 
associated molecular pattern (DAMP) receptors 
due to damage to cells. The activation of pro-
inflammatory reaction only occurs when the 
normal cells being affected by any kind of damage 
or stressful condition 29. The exposure to external 
environment during surgery may cause dehydration 

and leading to reduction in temperature, it 
may cause cellular damage and activation of 
inflammatory mediators (ATP, HMGB1, or IL-
1á). These inflammatory mediators are known 
for activation of macrophages. The intensity and 
duration of POI or colonal damage depends on the 
surgical manipulation and exposure to external 
environment29.
 The extreme damage to muscular tissue 
affects nerve fibres that impacts neurogenic 
inflammation through local release of calcitonin 
gene-related peptide (CGRP) and substance P 
known as pro-inflammatory neuropeptides30. 
The activation of interleukins was determined 
to bring out the release of CGRP from visceral 
afferents, creating connection between neurogenic 
inflammation and tissue damage 31. The escape of 
CGRP from visceral afferents in recent studies 
shows that it is due to bowel manipulation and 
capsaicin depleted CGRP from muscular nerve 
fibres. Capsaicin and the CGRP antagonist 
BIBN4096BS decreased interleukin-1â and 
interleukin-6 mRNA expression between the 
muscularis after surgical manipulation 32. The 
afferent nerve involves in the activation of 
macrophages that triggers inflammatory cascade. 

Fig. 1. Risk factor associated with POI 6, 8,9,10
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Fig. 2. Pathogenesis Of Poi (Based On Data From References 6,17, Pamps - Pathogen Associated Molecular 
Patterns, Vip- Vasoactive Intestinal Polypeptide, Damps - Damage-associated Molecular Patterns

Table 1. Preventive & Therapeutic Management Options For POI6

Non-Pharmacological Options  Pharmacological Options

Enhanced recovery after surgery (ERAS) Rapid  Epidural (anaesthesia and analgesics): It reduces 
recovery: ERAS pathways implemented before  inflammatory responses, sympathetic stimulation, 
(preoperative day: carbohydrate-rich diet before  and opioid requirement. It is effective at promoting 
anaesthesia induction), during (intra-operative:  insulin sensitivity and may decrease perioperative 
sufficient perfusion of organs with flowing fluids),  cytokine expression. Furthermore, epidural 
and after (post-operative interventions - oral diet  anaesthesia with local anaesthetic has been shown 
soon after surgery and fluid reduction to recover  to reduce the duration of POI due to its effect 
faster). surgical manipulation. on inhibiting sympathetic nerve afferents to the 
 gastrointestinal tract. 
Nasogastric Tubes: Prophylactic drainage  NSAIDs reduce COX-mediated prostaglandin 
of the stomach when vomiting and abdominal  synthesis, and their use is part of a multimodal 
distension predominate. postoperative multimodal analgesic strategy for 
 reducing opioid consumption. 
Early feeding, including sham feeding,  Metoclopramide and erythromycin should be reserved 
stimulates GI motility and the release of  for patients with gastroesophageal reflux associated 
hormonal factors, which have a beneficial  with diabetic gastroparesis. These agents have not 
effect on reducing the length of stay. been used due to their effectiveness in the treatment 
 of postoperative ileus.
Early ambulation – It stimulates mechanical 
& intestinal function. 
Laparoscopic surgery – It reduces opioids  Laxatives: They help stimulate bowel movement 
need, less pain, less intestinal manipulation  but, in randomized clinical trials, did not improve 
by decreasing tissue trauma & inflammatory reactions gastrointestinal recovery.
 Peripherally selective opioid receptors: antagonise
 receptors and minimise the opioid effect on GI 
 function without impacting CNS-mediated analgesia. 
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Table 2. Pharmacological Agents Used In Treatment of POI.

Pharmacological  Mechanism of Action (MOA)
Therapy

ì-opioid receptor  Opioids lower gastrointestinal motility by acting on µ, delta, and kappa and give 
antagonists  additional time for water and electrolyte absorption. It is also active as an anti-
(e.g., ALV) diarrheal. ì-opioid receptors are the primary mediators of opioid analgesic effects 
 in the CNS, and the source of gastrointestinal side effects 6. Peripherally acting µ 
 opioid receptor antagonists cause blockage of µ opioid receptor.
Intravenous  Lidocaine has demonstrated to conquer the inflammatory action and is stated to 
Lidocaine have analgesic effects, increase the rate of GI recovery, and weaken plasma 
 concentrations of cytokines, interleukin IL-1, IL-6 & IL-8. These effects have not 
 been shown in extra abdominal surgical procedure 50. 
Serotonin receptor- 5-HT4 receptors act on enteric neurons, hence accelerating cholinergic, non-adrenergic, 
5HT4 agonists  and non-cholinergic neurotransmission. These agonists (e.g., Prucalopride) are 
(e.g., Prucalopride) very selective, high affinity for the 5-HT4 receptor 47.
Calcitonin gene  CGRP receptor antagonists obstruct the CGRP receptor and enhance gut motility. 
related peptide  CGRP is discharged from myenteric nerves and triggers resident leukocytes, 
(CGRP) receptor  making it supportive for POI.
antagonist
5-HT3 receptor  The 5-HT3 receptor is identified on macrophages in the gastrointestinal tract. 
antagonists The 5-HT3 receptor antagonists decrease intestinal motility-induced infiltration 
 of inflammatory CD68-positive macrophages and myeloperoxidase-stained 
 neutrophils. To enhance delayed gastrointestinal transit, anti-inflammatory activity 
 is attributed.
Cholinergic  It is a reversible inhibitor of acetylcholinesterase and has been very successful in the 
agonist  management of POI. The neurotransmitter acetylcholine is discharged at synapses 
 and is key for initiation of the gut wall’s muscle contraction. Enzyme 
 acetylcholinesterase causes the prohibition of hormone.
Prokinetic agents  Metoclopramide is proven cholinergic agonist and dopaminergic antagonist. 
(cisapride,  Erythromycin shows its activity of motilin receptor agonist and causes increases 
metoclopramide,  in release of migrating motor complexes.
erythromycin, 
cholecystokinin, 
and dopamine)
Coffee 1  It boosts colonic motility within 4 minutes of intake. There are different mechanisms 
 of action of coffee on ileus, but, one of them is the rise in gastrin secretion, colonic 
 spike, and motor activity. Exorphins in coffee play an important role in increasing 
 colonic motility through opiate receptors that are present in the brain and intestinal 
 wall. Antagonism of adenosine receptors stimulates the motor activity of the colon, 
 which is also one of the mechanisms of action for coffee. Patients who drink coffee 
 also have shorter hospital stays 51.

In few studies, it showed that mast cells involve 
in the neurogenic inflammatory reactions and 
development of POI in pre-clinical studies and 
humans33.
 The interaction of bacterial cell wall and 
bacterial translocation activates toll like receptors 
and triggers macrophage activation. Macrophage 
activation triggers further cycles as mentioned 
above for development of POI 34.

Management of POI
 Over the last few years, different strategies 
have been introduced to minimize postoperative 
consequences and improve patient care in 
hospitals. With short-term treatment, the use of 
pharmaceutical therapies and modern formulation 
approaches has improved management of POI. 
Also, the recent advance in surgical techniques 
reduces the stress and exposure to external factors 
throughout the perioperative period.
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Fig. 3. Structure of Alvimopan 61 

Fig. 4. Suppression of Opioid Activity By Alvimopan64 

 POI would be expected, and efforts to 
shorten its duration should begin preoperatively, 
incorporating many of the principles of enhanced 
recovery programmes aimed at limiting the strain 
response to surgery. Principles for management 
of POI are precise measurement of fluid input and 
output, improved physiology, incorporation of 
the nasogastric tube, elimination and treatment of 
secondary causes, and nutritional team counselling 
6. Preventive and therapeutic management options 
for POI are summarized in Table 1.

Non-pharmacological Treatments
Enhanced Recovery After Surgery (ERAS) – 
Speedy Recovery
 Different hospitals developed the protocol 
to expedite recovery and shorten the duration of 
POI and hospital stay. This programme is also 
known as the “enhanced recovery programme 
(ERP). These programmes (ERAS or ERP) 
are multimodal rehabilitation that improves 
surgical outcomes and speeds the patient’s 35. 
The ERAS pathway comprises various stages 
and is implemented before (preoperative day), 
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during (intra-operative) and after (post-operative 
interventions) surgical manipulation. The post-
operative recovery is much more effective and 
reduces the complications in POI 36. Initially, the 
ERAS protocol was adopted in colorectal surgeries, 
but later all other surgical specialties adopted it 37. 
The primary ERAS factors (epidural analgesics, 
avoidance of opiates, use of prokinetic vehicles, 
and avoidance of nasogastric tubes) promote rapid 
recovery after surgical manipulations 38.
 Various comparative studies have been 
performed between conventional and ERAS, 
showing shorter duration with ERAS for the 
first flatus, time to the first stool, and duration 
for oral intake. Based on this study outcome, 
it was concluded that ERAS takes a shorter 
time duration for the postoperative recovery of 
gastrointestinal function 39. Later, other studies 
were conducted and found the same outcome: 
ERAS recovers faster than conventional techniques 
40,38. Patients receiving medicines in conjunction 
with ERAS therapy recover faster than those 
receiving only ERAS protocol-based therapy 41. 
Fluid management is an important part of ERAS 
that emphasises the preoperative, intraoperative, 
and postoperative regularisation of liquids. 
During surgical manipulations, fluid shifts and 
complications create major problems for patients, 
which are taken care of by fluid management in 
ERAS 36. According to pre-operative guidelines, 
patients should drink carbohydrate-rich fluids 
before being sedated. Intraoperative therapy targets 
sufficient perfusion of organs with flowing fluids. 
The post-operative therapy recommended an oral 
diet soon after the surgery, reducing the fluids 
to recover faster, and minimising the length of 
stay in hospitals 42. Hypovolemia (reduced organ 
perfusion, sepsis, and multiple organ failure) and 
hypervolemia are associated with complications 
and show an increase in POI 42.
 The chewing of gum is another element 
of ERAS that initiates vagal stimulation that leads 
to gastric fluid stimulation, inhibits sympathetic 
triggers, and increases gut motility. In gastric 
fluid secretion, it is mainly increased gastric and 
salivary secretions that reduce postoperative ileus43. 
According to a recent study, chewing gum could 
save the healthcare system $118 million. This 
component could be the saviour for the patients 

in the ERAS protocol because it reduces time and 
money for the patient.
Laparoscopic Surgery
 Over  the  convent iona l  surgery, 
Laparoscopic surgery has minimum invasion and 
potential advantages. Due to minimum invasion, 
less pain and inflammation that leads to minimum 
complications in POI that leads to less stay at 
hospital. Recent study of 4,614 patient shows that 
laparoscopic surgery takes minimum time on an 
average 1 day for recovery of bowel function due to 
less invasive surgery 45. In few preclinical studies, 
laparoscopic surgery even not causing intestinal 
inflammation and POI as compared to standard 
open end surgical manipulation 46. 
Pharmacological Strategies
 Pharmacological strategies are emerging 
and being widely explored over many years as they 
could play a very crucial role in the prevention 
and treatment of POI. Between many drugs, ALV, 
which is mu-opioid receptor antagonist and an oral 
peripherally acting active, has demonstrated the 
most encouraging results 47. However, the active 
was limited for use because of significant incidence 
of cardiovascular complications in patients on 
chronic ALV (0.5 mg/1 mg twice daily) for varying 
period of 6 to 12 weeks 48. Later, in 2008 USFDA 
approved the drug for 15 doses which is a short 
duration use in a following manner i.e., Before 
operative procedure 12 mg and then followed by 
12 twice daily for utmost period of 7 days. It is 
only approved indicated for prohibition of post-
operative opioid following bowel surgeries 49. ALV 
is only available in hospitals which are registered 
in EASE (Entereg Access Support and Education) 
& purchased by REMS (Risk Evaluation and 
Mitigation strategy) of USFDA. 
 The pharmacological agents used for 
quick recovery in POI are specified in Table 
1, and observations of latest studies about the 
use of several pharmacological agents and their 
correlation with POI are mentioned in Table 2.
 Postoperative ileus has gained importance 
in recent years due to morbidity and financial 
burdens, and its pharmacological therapies are 
still evolving and extensively researched as they 
play a critical role in POI prevention. Current 
clinical practice guidelines for ERAS after rectal 
and colon surgeries from the American Society 



661 Patil et al., Biosci., Biotech. Res. Asia,  Vol. 20(2), 653-666 (2023)

of Colon and Rectal Surgeons (ASCRS) and 
the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES) recommend a 
minimally invasive surgical approach over open 
colectomy and laparoscopic colectomy 52.Also, 
from this study, it was concluded that the normal 
bowel function in the left colectomy was faster 
than that in the right colectomy, as well as that the 
incidence of prolonged POI is relatively lower. 
As a result, caution should be exercised during 
early feeding of ERAS protocol patients who have 
had laparoscopic right colectomy53.The ERAS 
pathway and laparoscopic strategies are generally 
efficacious in reducing the patient’s morbidity and 
promoting early recovery of normal gut function, 
as proved in the recent studies 54.
 P r o k i n e t i c  m e d i c i n e s  s u c h  a s 
metoclopramide and erythromycin are not proven 
efficacious therapies and should not be used to treat 
postoperative ileus. Out of many clinical studies, 
newer opioid receptor antagonist medications, such 
as alvimopan and methylnaltrexone, have been 
effective in reducing the time to the first bowel 
movement and the duration of patients stays in 
hospitals 53.
 Also, over the past few years, the 
effectiveness of acupuncture in POI has been 
evaluated in a meta-analysis report. In these 
reports, intestinal surgery patients were included, 
and it was found that electropuncture is effective 
for POI. In addition, a few previous studies 
evaluated the effectiveness of acupuncture in 
cancer patients and concluded that acupuncture 
and other related therapies improve GI function 
recovery 5556.All of this reference information 
is used in studying the safety and effectiveness 
of acupuncture for postoperative ileus following 
gastrointestinal surgery. Eighteen randomized 
clinical trials involving 1413 participants were 
included in this study, and the meta-analysis studies 
found that acupuncture could reduce the time for 
first flatus (TFF), time to first defecation (TFD), 
time to bowel sounds recovery (TBSR), and length 
of hospital stay (LOS) when compared to standard 
care. This study reports that acupuncture has a 
significant impact on decreasing POI following 
gastrointestinal surgery 57.
Alvimopan - Peripherally Acting µ-opioid 
Receptor Antagonists in the Management of POI
 ALV (Entereg®), an oral & the only 

peripherally acting µ-opioid receptor (PAM-
OR) antagonist, which has been observed to be 
beneficial to speed up the time to lower & upper 
gastrointestinal recovery following partial bowel 
resection surgery In, May 2008 ALV received 
approval by FDA. ALV chemically known as trans-
3,4-dimethyl-4-(3-hydroxyphenyl) piperidine. 
ALV is highly sensitive to hydrolytic degradation 
while stable under photolytic, thermal & oxidative 
forced degradation 58. Intestinal flora causes 
conversion of ALV to an active primary amide 
metabolite. However, it is not required for efficacy 
in patients with POI 59. The bioavailability of ALV 
through oral route is 6% with range of 1% to 19% 
and it is rapidly absorbed 60. The formulation with 
improved bioavailability is much more useful in 
the treatment of POI. Various research has been 
started for improving the bioavailability thorough 
oral route.
 ALV is zwitterionic molecule (containing 
both +ve & -ve charge) with molecular weight of 
460.1 Da. It is having very low solubility in water 
& first pass metabolism after oral absorption and 
affects drug concentration in plasma.  
 The peripheral preference of ALV is 
because, of its zwitterionic nature, decreasing 
its capability to cross over blood brain barrier 
(BBB). In, beagle dog the bioavailability is only 
~0.03% because of its low systemic absorption. 
Therefore, low oral bioavailability with low blood 
brain barrier permeability come out to synergize 
to make oral ALV less acceptable to reach to 
sufficient systemic level to have central nervous 
system effects 62,2. ALV is peripherally acting 
µ-opioid receptor antagonists because of its limited 
capacity to cross the BBB and reach the MORs of 
the central nervous system. It is approved for the 
treatment of POI because of its intentional blockage 
of MORs in the digestive tract. Speculated BA 
values for the MOR, KOR, NOR, and DOR -12.40, 
-9.50, -10.18, and -11.02 kcal/mol, respectively & 
potency on MOR is also confirmed on prediction. 
ALV is also potent on JAK1, BDKRB1, S1PR1, 
ACE, and SMO proteins with predicted BA values 
of -10.54, -10.36, -10.28, -10.07, and -10.07 kcal/
mol respectively 63. 
 In gastrointestinal tract, ALV stops the 
binding of opioid agonists to the ì-opioid receptor 
and assists to inhibit constipation (bottom panel) 
Fig. 4. ALV does not block ì-opioid receptors in 
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the central nervous system or only intervene with 
centrally mediated opioid analgesia because, ALV 
do not have the capability to cross the BBB 64.
 The safety & efficacy of ALV assessed in 
patients undergoing colonic surgeries, including 
hysterectomy, radical cystectomy & bowel 
resection 65,66. In, previous studies duration to 
recovery of GI functions is revealed the primary 
endpoint as GI3. But GI3 not showed statistically 
significant differences as compared placebo 66,67. 
Secondary endpoint, GI2 was considered as more 
objective after Post hoc analysis study. Both, GI2 
& GI3 endpoint is identical but removes flatus as 
a marker for less GI recovery. Comprehensively, 
ALV reduces the time for GI recovery & readiness 
for discharge.
 39 randomised controlled trials involving 
15 prokinetic drugs from different groups, as 
well as 10 studies involving prokinetic medicine 
comparisons, were examined. Regularly used 
medicines like vasopressin, propranolol, cisapride, 
cholecystokinin-like drugs, erythromycin, etc. 
had inadequate evidence to show any advantage. 
However, 6 RCTs sustained the use of ALV 68. Also, 
a retrospective cohort equivalent study included 
480 patients who received ALV compared to 960 
equivalent control patients. The authors observed 
after analysing the data that the recovery time 
from ileus and overall cost of hospitalisation were 
superior in patients who received ALV.
 Recently, A Retrospective Study of 
Patients go through GI Surgery with or without 
giving ALV was conducted to Compare Total Direct 
Cost and duration of Stay. In, this study 64 patients 
reviewed from which 33 (51.5 %) patients met 
inclusion criteria & received ALV. ALV treatment 
was incorporated with a decreased duration for 
hospitalization (4.48 vs 7.39 days, P < 0.01) 
comparing without ALV treatment. Additionally, 
total of treatment cost is significantly reduced of 
the average total direct financial cost for therapeutic 
group ($7,965 vs $9,100), a difference of 12.4% 70.
 Because of the high cost of the drug, 
frequent use of the molecule is limited. The cost 
of metoclopramide injection is around 250 times 
lower when used four times for a 10 mg dose than 
the cost of 15 doses of ALV. Also, ALV might not 
be effective once ileus is set in. Because of this, the 
FDA demands that its use be started preoperatively. 

Other supportive measures such as ambulation, 
mobilisation, electrolyte optimisation, early 
enteral feeds, and laxatives should be maintained. 
Naloxone, which is Nonselective opioid antagonists 
allow systemic opioids to cross the blood brain 
barrier by reversing constipation, but at the expense 
of antagonising systemic analgesia, which is not 
recommended post-operatively 49.

CONCLUSION

 The most common problem following 
surgical manipulation is postoperative ileus. After 
abdominal surgeries, paralytic postoperative ileus 
remains a significant problem. The pathophysiology 
of postoperative ileus is multifactorial and best 
treated with a combination of different approaches. 
At the moment, the major factors that may affect 
postoperative ileus recovery and duration include 
limiting narcotic use, using substitute nonsteroidal 
medications, and positioning a thoracic epidural 
with local anaesthetics. The selective use of 
Enhanced Recovery After Surgery (ERAS) 
with correction of electrolyte imbalances and 
nasogastric decompression is important. These 
interpretations are all based on the fact that 
ileus was reviewed as morbidity and anticipated 
morbidity rather than as a protective postoperative 
purpose, as some theories suggest. Combination 
therapy is always preferable to a single treatment. 
Considerable progress has been made in combating 
POIs, but much work remains to be done. On the 
formulation development front, novel formulation 
technology will help to improve bioavailability and 
safety, which are preferred for a better and faster 
treatment response in the POI. Currently, ALV 
is the only opioid receptor antagonist approved 
for POI that improves gastrointestinal tract 
recovery after surgery and shortens hospital stays. 
However, unresolved long-term safety issues, a 
limited indication, and admittance schemes are 
likely to prevent its widespread use in the surgical 
population.
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