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Abstract: The symptoms of feeding intolerance, such as bloating, vomiting, diarrhea, and constipation, often occur
in critically ill patients during enteral nutrition (EN). Feeding intolerance can affect the effectiveness of EN, thereby
prolonging hospital stay, influencing mechanical ventilation, and increasing mortality in critically ill patients. Therefore, gaining a full understanding of the causes of feeding intolerance and adopting appropriate preventive and
therapeutic measures to reduce the incidence of feeding intolerance may improve the clinical prognosis in critically
ill patients. This study aimed to explore the clinical manifestations of feeding intolerance and the impact of the factors related to disease, endocrine hormones, drugs, and gastrointestinal flora on feeding intolerance. The prevention and treatment measures for feeding intolerance were also investigated.
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Introduction

Results

When nutrient intake does not meet the body’s
metabolic demands, it can lead to malnutrition.
In critically ill patients, changes in body protein
and energy metabolism following surgery,
burns, and sepsis may also lead to malnutrition
[1]. Enteral nutrition (EN) is the preferred method of providing nutritional support to critically ill
patients. It is preferred over parenteral nutrition because of its advantages of simplicity,
lower cost, fewer infection complications, and
ability to protect intestinal mucosal barrier [2,
3]. However, the feeding intolerance usually
occurs during EN, leading to adjustment or discontinuation of the implementation of EN.
Feeding intolerance is also associated with the
occurrence of pneumonia and prolonged intensive care unit stay [4, 5]. Therefore, fully understanding the causes of feeding intolerance and
adopting appropriate prevention and treatment
measures to reduce the incidence of feeding
intolerance are important to improve the clinical prognosis in critically ill patients. In this
study, the clinical manifestations, influencing
factors associated with feeding intolerance,
and measures for improvement were reviewed.

Clinical manifestations of feeding intolerance
in critically ill patients
Bloating and vomiting: Up to 50% of critically
ill patients receiving mechanical ventilation
have delayed gastric emptying, which is mainly
caused by changes in antrum-pylorus-duodenum and intestinal motility [6, 7]. Bloating can
often cause increased intra-abdominal pressure, which can affect the movement of the
diaphragm, function of pulmonary ventilation,
and even renal hemodynamics and perfusion.
Vomiting can cause aspiration and increase
the risk of aspiration pneumonia. Local pyloric
movement increases, antral motility decreases,
and the feedback inhibition of gastric emptying
by nutrients in the small intestine is enhanced
in critically ill patients [8]. Meanwhile, the suppression of gastric activity induced by EN perfusion also occurs in critically ill patients [9,
10]. Further, the integration between the proximal and distal gastric motor functions, which
plays an important role in the emptying of food,
is also impaired. These factors can cause increased retention time for food in the proximal
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stomach, delayed gastric emptying, and eventually bloating or vomiting [11].
Diarrhea and constipation: Diarrhea is a gastrointestinal symptom that often occurs during
EN feeding in critically ill patients [12-14]. It is
defined as three or more watery stools within
24 h [15]. It can not only affect nutrient absorption but also cause damage to the intestinal
mucosa and then the intestinal barrier function, resulting in the passage of intestinal bacteria and toxins into the bloodstream. Constipation is characterized by less than one
bowel movement for three consecutive days
[16]. Toxins in the intestines cannot be eliminated and are absorbed into the bloodstream
in patients with constipation. Excessive intestinal contents can cause increased intraabdominal pressure, causing aggravation of
the disease.
Influencing factors associated with feeding
intolerance in critically ill patients
Diseases associated with feeding intolerance:
Critically ill patients often experience stressinduced hyperglycemia due to the severity of
the patient’s illness. Hyperglycemia can delay
gastric emptying by affecting antral contraction. Therefore, feeding intolerance often
occurs in critically ill patients when blood glucose levels are too high [17]. In patients with
traumatic brain injury (TBI), axonal injury in the
autonomic nervous system induced by
increased intracranial pressure can cause gastrointestinal motility disorders [18]. A study
found that during the early period of EN,
increased gastric residuals were present in
65.2% of patients with TBI often accompanied
by abnormal gastrointestinal motility [19].
Endocrine hormones associated with feeding
intolerance: Gastric motility disorders are closely associated with the plasma concentrations of cholecystokinin (CCK) and peptide tyrosine-tyrosine (PYY) in critically ill patients [20].
CCK is secreted by I cells in the small intestine.
It stimulates gallbladder contraction and pancreatic enzyme secretion, promotes fat and
protein digestion, but inhibits gastric motility.
Plasma CCK concentrations were found to be
higher in critically ill patients. Also, the sensitivity of the gastrointestinal tract to CCK increased,
thereby leading to delayed gastric emptying
[21, 22]. PYY is mainly secreted by L cells of the
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colon and rectum. It can also be secreted by
endocrine cells within the stomach and pancreas. It has an inhibitory effect on gastrointestinal motility and appetite. Plasma PYY concentration is significantly increased in critically ill
patients, leading to gastrointestinal motility
dysfunction [20].
Both ghrelin and motilin are hormones released
by epithelial cells of the upper digestive tract.
They increase appetite and regulate migrating
motor complex in the interdigestive state.
Reduced plasma ghrelin concentration can
lead to gastroesophageal reflux disease, gastritis, and functional dyspepsia [23-25]. A study
found that critically ill patients had abnormally
low motilin levels, leading to the development
of feeding intolerance [26].
Drugs associated with feeding intolerance:
Some drugs such as sedatives and analgesics
and vasoactive drugs administered to critically
ill patients can potentially affect gastrointestinal motility. Analgesics, such as opioids, can
affect the movement of the upper gastrointestinal tract through the central and peripheral opioid receptors in the gastrointestinal tract. They
can cause retroperistalsis in the duodenum,
antral contraction, and delayed gastric emptying by reducing gastric tension [27]. Sedatives,
such as propofol, can delay gastric emptying,
increase gastrointestinal transit time, and
affect the gastrointestinal motility in a dosedependent manner. Benzodiazepine drugs,
such as midazolam, are also commonly used
sedatives in the clinic. They increase gastrointestinal transit time [28]. The motor function
of the gastrointestinal tract is also regulated
by adrenergic and dopaminergic nerves. Catecholamines, such as norepinephrine, adrenaline, and dopamine, can affect gastrointestinal motility, leading to feeding intolerance [29].
In addition, erythromycin is a macrolide antibiotic that can promote gastric movement and
gastric emptying. High doses of erythromycin
can restart gastric movement in critically ill
patients during acute episodes of gastric stasis
retention, but it may also cause vomiting and
diarrhea [30].
Gastrointestinal flora associated with feeding
intolerance: More than 10,000 different species of bacteria live in the gastrointestinal tract
of the human body; of these, more than 90%
are Firmicutes and Bacteroides [31]. The gas-
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trointestinal tract provides an ideal environment for microbial flora. This complex ecosystem protects the body from pathogens. The
balance in the gastrointestinal microbiota plays
an important role in maintaining gastrointestinal function. Broad-spectrum antibiotics are
often used to prevent infection in critically ill
patients. However, these antibiotics can induce
an imbalance in gastrointestinal flora and
cause gastrointestinal dysfunction, which manifests as feeding intolerance.
Prevention and treatment measures for feeding intolerance
Drug treatment: Delayed gastric emptying is
one of the main causes of feeding intolerance.
Hence, drugs can be used to promote gastric
emptying and improve tolerance in critically ill
patients. Metoclopramide and domperidone
are both dopamine receptor antagonists commonly used to treat feeding intolerance. Metoclopramide can promote gastrointestinal
motility by blocking dopamine receptors on the
medullary chemoreceptor trigger zone and gastrointestinal tract and improve feeding intolerance in critically ill patients. However, long-term
use of metoclopramide can cause rapid tolerance. Therefore, an intravenous injection of
erythromycin can be used to increase the effect
of metoclopramide in promoting motility and
reduce the rapid tolerance caused by metoclopramide. However, metoclopramide is contraindicated in patients with TBI because of the
increased intracranial pressure after application [32]. Domperidone selectively blocks peripheral dopamine receptors, suppresses the
inhibitory effect of dopamine on post-synaptic
cholinergic neurons in the myenteric plexuses
of the gastrointestinal tract, promotes acetylcholine release, coordinates and enhances
gastrointestinal motility, and promotes gastric
emptying. It does not cross the blood-brain barrier, and has no extrapyramidal reaction compared with metoclopramide [33]. 5-Hydroxytryptamine (5-HT) is a monoamine neurotransmitter that acts on the 5-HT receptor in the gastrointestinal tract and stimulates gastrointestinal motility. 5-HT4 receptor agonists, such as
mosapride, promote the release of 5-HT and
acetylcholine in the enteric nervous system,
improve gastric emptying, and reduce the
occurrence of EN in critically ill patients by activating the 5-HT4 receptor and parasympathetic
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nervous system on the myenteric plexuses of
the intestinal wall. Mosapride does not cause
extrapyramidal reactions [34].
Optimizing methods of EN: Critically ill patients
have a high risk of aspiration and aspiration
pneumonia during EN. Long-term supine position and the head of the bed less than 30° during EN are more likely to cause the aspiration of
gastric contents [35]. Hence, the head of the
bed should be maintained at 30° and 45° during EN feeding to minimize aspiration.
If vomiting and aspiration occur in critically ill
patients who receive EN via the gastric route,
post-pyloric tube feeding can be selected. A
previous study found that compared with gastric feeding, post-pyloric feeding could meet the
nutritional requirements and reduce gastric
residue [36]. Post-pyloric feeding can also
reduce the incidence of aspiration and aspiration pneumonia and improve gastrointestinal
dysfunction [37].
To improve the feeding tolerance in critically ill
patients, the perfusion rate of the nutrient solutions can be appropriately adjusted and the
temperature can be appropriately increased
during EN. EN formulations can also improve
feeding tolerance. Soluble dietary fibers in the
nutrient solutions can inhibit gastric emptying,
while insoluble dietary fibers can stimulate gastrointestinal motility and promote digestion
[38, 39]. Therefore, the use of soluble dietary
fibers can reduce the incidence of diarrhea,
while the use of insoluble dietary fibers can
improve constipation in critically ill patients.
Other treatment measures: Traditional Chinese
medicine such as nasogastric feeding of raw
Rhubarb powder, mirabilite umbilicus compress, enema feeding of dachengqi decoction,
and acupuncture points can also achieve certain effects in critically ill patients who are likely
to develop feeding intolerance [40-42].
Discussion
In summary, the causes of feeding intolerance
in critically ill patients include factors associated with the disease itself and the treatment
factors. Understanding these influencing factors and adopting appropriate measures can
prevent and treat EN feeding intolerance,
improve gastrointestinal function, and enhance
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the tolerance of critically ill patients to enteral
feeding, thus achieving the aim of increasing
enteral nutrition supply and promoting the
recovery from disease.

[8]

Acknowledgements

[9]

This study was supported by the Medical and
Health Science and Technology Project of
Zhejiang Province (No: 2018KY919).
Address correspondence to: Dan-Qin Yuan, Department of Intensive Care Unit, Taizhou Hospital of
Integrated Traditional Chinese and Western Medicine, No.350 Shangcheng Avenue, Zeguo Town,
Wenling 317523, Zhejiang Province, China. Tel: +8613306576699; E-mail: waiting110@126.com

[10]

[11]

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

Stewart ML. Interruptions in enteral nutrition
delivery in critically ill patients and recommendations for clinical practice. Crit Care Nurse
2014; 34: 14-21.
Doig GS, Heighes PT, Simpson F, Sweetman EA
and Davies AR. Early enteral nutrition, provided within 24 h of injury or intensive care unit
admission, significantly reduces mortality in
critically ill patients: a meta-analysis of randomised controlled trials. Intensive Care Med
2009; 35: 2018-27.
De Beaux, Chapman M, Fraser R, Finnis M, De
Keulenaer B, Liberalli D, Satanek M. Enteral
nutrition in the critically ill: a prospective survey in an Australian intensive care unit. Anaesth Intensive Care 2001; 29: 619-22.
Mentec H, Dupont H, Bocchetti M, Cani P,
Ponche F and Bleichner G. Upper digestive intolerance during enteral nutrition in critically ill
patients: frequency, risk factors, and complications. Crit Care Med 2001; 29: 1955-61.
Berger MM, Oddo M, Lavanchy J, Longchamp
C, Delodder F, Schaller MD. Gastrointestinal
failure score in critically ill patients. Crit Care
2008; 12: 436.
Montejo JC, Miñambres E, Bordejé L, Mesejo
A, Acosta J, Heras A, Ferré M, Fernandez-Ortega F, Vaquerizo CI and Manzanedo R. Gastric
residual volume during enteral nutrition in ICU
patients: the REGANE study. Intensive Care
Med 2010; 36: 1386-93.
Chapman MJ, Besanko LK, Burgstad CM, Fraser RJ, Bellon M, O’Connor S, Russo A, Jones
KL, Lange K, Nguyen NQ, Bartholomeusz F,
Chatterton B, Horowitz M. Gastric emptying of
a liquid nutrient meal in the critically ill: relationship between scintigraphic and carbon
breath test measurement. Gut 2011; 60:
1336-1343.

8002

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chapman M, Fraser R, Vozzo R, Bryant L, Tam
W, Nguyen N, Zacharakis B, Butler R, Davidson
G, Horowitz M. Antro-pyloro-duodenal motor responses to gastric and duodenal nutrient in
critically ill patients. Gut 2005; 54: 1384-90.
Nguyen NQ, Fraser RJ, Chapman M, Bryant LK,
Holloway RH, Vozzo R and Feinle-Bisset C.
Proximal gastric response to small intestinal
nutrients is abnormal in mechanically ventilated critically ill patients. World J Gastroenterol
2006; 12: 4383-8.
Nguyen NQ, Fraser RJ, Bryant LK, Chapman
MJ, Wishart J, Holloway RH, Butler R and
Horowitz M. The relationship between gastric
emptying, plasma cholecystokinin, and peptide YY in critically ill patients. Crit Care 2007;
11: R132.
Nguyen NQ, Fraser RJ, Bryant LK, Chapman M,
Holloway RH. Proximal gastric motility in critically ill patients with type 2 diabetes mellitus.
World J Gastroenterol 2007; 13: 270-5.
Halmos EP. Role of FODMAP content in enteral
nutrition-associated diarrhea. J Gastroenterol
Hepatol 2013; 28: 25-8.
Halmos EP, Muir JG, Barrett JS, Deng M, Shepherd SJ and Gibson PR. Diarrhoea during enteral nutrition is predicted by the poorly absorbed short-chain carbohydrate (FODMAP)
content of the formula. Aliment Pharmacol
Ther 2010; 32: 925-33.
Arevalo-Manso JJ, Martinez-Sanchez P, JuarezMartin B, Fuentes B, Ruiz-Ares G, Sanz-Cuesta
BE, Parrilla-Novo P and Diez-Tejedor E. Enteral
tube feeding of patients with acute stroke:
when does the risk of diarrhoea increase? Intern Med J 2014; 44: 1199-204.
Bittencourt AF, Martins JR, Logullo L, Shiroma
G, Horie L, Ortolani MC, Silva ML and Waitzberg DL. Constipation is more frequent than
diarrhea in patients fed exclusively by enteral
nutrition: results of an observational study.
Nutr Clin Pract 2012; 27: 533-9.
Mostafa SM, Bhandari S, Ritchie G, Gratton N,
Wenstone R. Constipation and its implications
in the critically ill patient. Br J Anaesth 2003;
91: 815-9.
Nguyen N, Ching K, Fraser R, Chapman M and
Holloway R. The relationship between blood
glucose control and intolerance to enteral
feeding during critical illness. Intensive Care
Medicine 2007; 33: 2085-2092.
Thor PJ, Gościński I, Kolasińska-Kloch W, Madroszkiewicz D, Madroszkiewicz E, Furgała A.
Gastric myoelectric activity in patients with
closed head brain injury. Med Sci Monit 2003;
9: CR392-5.
Pinto TF, Rocha R, Paula CA, de Jesus RP. Tolerance to enteral nutrition therapy in traumatic
brain injury patients. Brain Inj 2012; 26: 11137.

Int J Clin Exp Med 2019;12(7):7999-8003

Feeding intolerance in critically ill patients during enteral nutrition
[20] Khoo J, Rayner CK, Feinle-Bisset C, Jones KL,
Horowitz M. Gastrointestinal hormonal dysfunction in gastroparesis and functional dyspepsia. Neurogastroenterol Motil 2010; 22:
1270-1278.
[21] Chua AS, Keeling PW. Cholecystokinin hyperresponsiveness in functional dyspepsia. World
J Gastroenterol 2006; 12: 2688-93.
[22] Pilichiewicz AN, Feltrin KL, Horowitz M, Holtmann G, Wishart JM, Jones KL, Talley NJ, Feinle-Bisset C. Functional dyspepsia is associated
with a greater symptomatic response to fat but
not carbohydrate, increased fasting and postprandial CCK, and diminished PYY. Am J Gastroenterol 2008; 103: 2613-23.
[23] Cheung CK, Wu JC. Role of ghrelin in the
pathophysiology of gastrointestinal disease.
Gut Liver 2013; 7: 505-12.
[24] Riezzo G, Clemente C, Linsalata M, D’Attoma
B, Orlando A, Campanella G, Giotta F, Russo F.
Gut peptide profile and chemotherapy-associated dyspepsia syndrome in patients with
breast cancer undergoing FEC60 chemotherapy. Anticancer Res 2013; 33: 4951-7.
[25] Yagi T, Asakawa A, Ueda H, Miyawaki S, Inui A.
The role of ghrelin in patients with functional
dyspepsia and its potential clinical relevance
(Review). Int J Mol Med 2013; 32: 523-31.
[26] Crona D, MacLaren R. Gastrointestinal hormone concentrations associated with gastric
feeding in critically ill patients. JPEN J Parenter
Enteral Nutr 2012; 36: 189-96.
[27] Murphy DB, Sutton JA, Prescott LF and Murphy
MB. Opioid-induced delay in gastric emptying:
a peripheral mechanism in humans. Anesthesiology 1997; 87: 765-70.
[28] Inada T, Asai T, Yamada M, Shingu K. Propofol
and midazolam inhibit gastric emptying and
gastrointestinal transit in mice. Anesth Analg
2004; 99: 1102-6.
[29] Asano Y, Hiramoto T, Nishino R, Aiba Y, Kimura
T, Yoshihara K, Koga Y, Sudo N. Critical role of
gut microbiota in the production of biologically
active, free catecholamines in the gut lumen
of mice. Am J Physiol Gastrointest Liver Physiol
2012; 303: G1288-95.
[30] Lamian V, Rich A, Ma Z, Li J, Seethala R, Gordon D, Dubaquie Y. Characterization of agonist-induced motilin receptor trafficking and its
implications for tachyphylaxis. Mol Pharmacol
2006; 69: 109-18.

8003

[31] Chan YK, Estaki M and Gibson DL. Clinical consequences of diet-induced dysbiosis. Ann Nutr
Metab 2013; 63: 28-40.
[32] Nguyen NQ, Marianne C, Fraser RJ, Bryant LK,
Carly B and Holloway RH. Prokinetic therapy for
feed intolerance in critical illness: one drug or
two? Crit Care Med 2007; 35: 2561-7.
[33] Nguyen NQ. Pharmacological therapy of feed
intolerance in the critically ills. World J Gastrointest Pharmacol Ther 2014; 5: 148-55.
[34] Tonini M and Pace F. Drugs acting on serotonin
receptors for the treatment of functional GI
disorders. Dig Dis 2006; 24: 59-69.
[35] Li Bassi G, Torres A. Ventilator-associated
pneumonia: role of positioning. Curr Opin Crit
Care 2011; 17: 57-63.
[36] Zhang Z, Xu X, Ding J, Ni H. Comparison of
postpyloric tube feeding and gastric tube feeding in intensive care unit patients: a meta-analysis. Nutr Clin Pract 2013; 28: 371-80.
[37] Drover JW. Gastric versus Postpyloric Feeding.
Gastrointest Endosc Clin N Am 2007;17: 76575.
[38] Yoon SR, Lee JH, Lee JH, Na GY, Lee KH, Lee
YB, Jung GH, Kim OY. Low-FODMAP formula improves diarrhea and nutritional status in hospitalized patients receiving enteral nutrition: a
randomized, multicenter, double-blind clinical
trial. Nutr J 2015; 14: 116.
[39] Yagmurdur H and Leblebici F. Enteral nutrition
preference in critical care: fibre-enriched or fibre-free? Asia Pac J Clin Nutr 2016; 25: 740746.
[40] Shimizu K, Kageyama M, Ogura H, Yamada T
and Shimazu T. Effects of rhubarb on intestinal
dysmotility in critically Ill patients. Intern Med
2018; 57: 507-510.
[41] Chen W and Zhong Z. Clinical observation of
early application of dachengqi decoction enema plus enteral nutrition for treatment of severe acute pancreatitis. Journal of New Chinese Medicine 2014.
[42] Pfab F, Winhard M, Nowak-Machen M, Napadow V, Irnich D, Pawlik M, Bein T, Hansen E. Acupuncture in critically ill patients improves delayed gastric emptying: a randomized controlled trial. Anesth Analg 2011; 112: 150-5.

Int J Clin Exp Med 2019;12(7):7999-8003

