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Abstract

Nutritional support early during the postoperative period or after onset of illness decreases the
mortality rate and shortens the duration of hospitalization of dogs and cats. The preferred feeding
route is dependent on the condition of the patient. If there are no contraindications, every patient
must receive nutritional support, at least consistent with the resting energy requirement (RER).
Several nutrients may be beneficial during healing and recovery from illness or surgery, but further
research is needed to empirically certify the effects of these nutrients in critically ill patients.
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1. Introduction

Nutritional support is important for animals during recovery from illness or surgery. Many animals will recover
from mild illness or standard surgical procedures at home, but patients with more severe disease or conditions
will be hospitalized during recovery. It is recommended to have a protocol for nutritional support of hospitalized
patients since early nutritional support has been reported to improve outcome and to shorten hospitalization time
in humans [1] [2] and dogs [3]. Proper absorption of fluids, energy, and essential nutrients is of primary impor-
tance during the first 14 days after trauma or onset of illness [4]. It is important to provide nutrients to an animal
recovering from illness or surgery to ensure optimal functioning of the gastrointestinal and immune systems.
Enteral feeding is preferable to parenteral feeding because intraluminal agents stimulate the gastrointestinal tract
and prevent bacterial translocation [4].
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In the present paper we review the current knowledge regarding mechanisms involved in impaired food ab-
sorption after surgery or during serious illness, and propose a solution to restore these unfavorable mechanisms.

2. Hypometabolism versus Hypermetabolism

A healthy animal that has insufficient food available will gradually adapt its metabolism to that situation. Once
glycogen stores are exhausted (typically 24 to 48 hours after cessation of food intake) the body will primarily
draw on fat reserves. Proteins will also be broken down to meet energy requirements; this may begin within 2
hours but is most dramatic after 2 weeks of a total lack of food intake [5]. The metabolic rate slows down in
these conditions as a result of a decrease in the conversion of thyroxine into triiodothyronine (insulin-dependent
event), which allows the animal to conserve available energy [6] [7]. This state can be termed hypometabolism.

Stress response is the term for the hormonal and metabolic changes in an animal after illness, trauma, or sur-
gery. Stress results in activation of the sympathetic nervous system, which results in alterations to the endocrine
system, primarily insulin resistance and changes in secretion of pituitary gland hormones [8] [9] (Table 1). In
addition, there are immunologic (production of cytokines and acute-phase reaction) and hematologic (neutrophi-
lia and lymphocyte proliferation) changes [8] (Table 2).

In human medicine, it requires an average of 14 days for optimal recovery after illness or a surgical procedure.
This 14-day recovery period can be categorized into 2 phases of metabolic alterations. Phase 1 of recovery is the
first 24 to 48 hours of the recovery period. During this time, fluid therapy and the provision of nutrients to the
intestinal tract are important [10] [11]. The second phase of recovery begins after day 3. This period includes the
need for increased calorie administration; thus, the need for nutritional support is often stressed for patients after
3 days of malnutrition [12]. It has been suggested, [13] but not proven, that timely nutritional support with nu-
trients such as arginine, glutamine, taurine, long-chain polyunsaturated omega-3 fatty acids, and prebiotics can
shorten the recovery period of cats and dogs after illness or surgery.

Table 1. Endocrine and hormonal reactions after a surgical procedure.

Endocrine gland Hormones Changes in secretion
ACTH’ Elevated
Anterior pituitar Growth hormone Elevated
P y TSH Can be elevated or lowered
FSH and LH Can be elevated or lowered
Posterior pituitary AVP Elevated
Cortisol Elevated
Adrenal cortex Aldosterone Elevated
Pancreas Insulin Elevated
Thyroid Thyroxine, triiodothyronine Lowered

“ACTH, adrenocorticotropic hormone (corticotropin); AVP, arginine vasopressin; FSH, follicle stimulating hormone; LH, luteinising hormone; TSH,
thyroid stimulating hormone; Based on Desborough and Hall. Stress response after surgery is characterized by an increased secretion of pituitary
hormones and by an activation of the sympathetic nervous system. These changes in pituitary secretion have a secondary effect on the hormonal
secretion of the affected organs. These so-called target-organs and their hormonal changes are mentioned in this table. (Adapted from Desborough JP,
Hall GM. Endocrine response to surgery. Anesth Rev 1993; 10:131-148. Reprinted with permission).

Table 2. Systemic reactions after a surgical procedure.

Sympathetic nervous system activation

Pituitary hormone secretion

Endocrine stress response - -
Insulin resistance

Cytokin production

Acute phase reaction
Neutrophil leucocytosis
Lymphocytes proliferation

Immunological and hematological changes

Stress response is the name given to the hormonal and metabolic changes occurring after injury or trauma. It’s part of a systemic wound reaction and
comprises a wide range of endocrine, immunological and hematological changes. This table focuses on the systemic reactions that occur after surgery.
(Adapted from Desborough J.P. The stress response to trauma and surgery; British Journal of Anaesthesia 2000; 85: 109-117. Reprinted with permission).
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In general, phase 1 begins during surgery and lasts for 24 to 48 hours after surgery. Even before an animal
awakes from anesthesia, vital needs must be met. Therefore, because the body must function with less energy
and less oxygen, the relative metabolic rate, cardiac flow, and oxygen consumption are reduced (Figure 1).
During phase 1, it is the maintenance of the circulation of bodily fluids through transfusion or other means that
is of foremost importance, rather than the supply of energy. It is important during this phase that the intestines
be provided with nutrients and fluids because of reduced blood flow through the gastrointestinal tract owing to
the release of cortisol and catecholamines [8] [10] [11]. Phase 1 should focus on having an animal eat and drink
as soon as possible after surgery [8].

Next comes phase 2 and its energy requirement, in which metabolic rate, nitrogen excretion, and oxygen con-
sumption are increased. Supplying alimentation in line with the severity of the invasiveness of the surgery be-
comes important when transitioning from phase 1 to phase 2 [8] [10] [11]. During phase 2, the goal is to provide
an animal with sufficient energy (calories) (Table 3).

However, enteral feeding is not recommended when there is excessive hemorrhage into the gastrointestinal
tract; a volvulus, severe constipation, or any other gastrointestinal tract blockage; or excessive vomiting [14]

Phase 1 Phase 2
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70 _Animal deceased

Phase 1 Phase 2

Blood sugar concentration T T
Body temperature
Cardiac flow

Free fatty acids
Gluconeogenesis
Insulin

Insulin resistance
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Nitrogen balance

Oxygen consumption ¢
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Protein degradation —

Stress hormones
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Phase 1 is the first 24 to 48 hours of the recovery period during which the
body must function with less energy and less oxygen; thus, the relative
metabolic rate, cardiac flow, and oxygen consumption are reduced. Phase
2 of recovery begins on approximately day 3 and lasts until approximately
day 14 after surgery. During phase 2, the metabolic rate, nitrogen excretion,
and oxygen consumption are increased. 1 = Increased. | = Decreased. — =
No change (Adapted from: Otani J. Feeding tube practices before and after
gastrointestinal surgery. Infusion Therapy News 2003; 3 - 5. Yoshikawa K.
Feeding tube techniques and carbohydrate metabolism Journal of clinical
and experimental medicine-special issue: 9-14, (1996). Reprinted with per-
mission).

Figure 1. Changes in metabolism after a surgical procedure
(top) and alterations in various factors (bottom).
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Table 3. 2-phase system.

Recuperation phase Support Recuperation time

Pet needs to be stimulated to eat: feed the gut

Phase 1 - - - -
(critical start-up) (|mmune function stlmulatlo_n)
0h-48h + intake of water + all essential

recuperation nutrients.
Average 14 days

Arginine, Taurine, L-Glutamine,
Omega 6 & 3 fatty acids + Normal diet
(Energy)

Phase 2 (Follow-up)
From day 3

The animal needs an average of 14 days for an optimal recovery after illness or a surgical procedure. These 14 days are divided in 2 phases. During
phase 2 the goal is to provide the animal with sufficient energy (calories), phase 1 focusses on having the animal eat and drink again as soon as possi-
ble and deliver the so-called recuperation nutrients: glutamine, taurine, arginine and omega 6 & 3 fatty acids. For an optimal recovery these recupera-
tion nutrients will also have to be provided during phase 2 and so for 14 days.

[15]. In these situations, the patient should be stabilized and then should receive parenteral nutritional support.

A state of hyper-metabolism exists during phase 2 [10] [11] [16]. Because of the effects of inflammatory cy-
tokines in the catabolic state; protein will be catabolized (for energy and gluconeogenesis), used for the synthe-
sis of acute-phase proteins and immunoglobulins, and needed for wound healing. Given this hyper-metabolic
state, it is important for early nutritional support to provide energy and protein to promote recovery. It is also
essential to consider the supplementation of recovery nutrients because many foods are deficient in energy and
protein, compared with the amounts of those nutrients required for optimal recovery [10] [11]. Nutritional sup-
port (arginine, taurine, I-glutamine, omega-6 fatty acids, and omega-3 fatty acids) for at least 3 days is generally
needed to change from a catabolic to an anabolic state. Subsequent adaptation to full recovery may require sev-
eral weeks. During phase 2, there continues to be an increased need for protein (> 12 g/MJ of ME [> 5 g/100
kcal of ME] in dogs and >18 g/MJ of ME [> 7.5 g/100 kcal of ME] in cats) and fat (>12 g/MJ of ME [> 5g/100
kcal of ME], unless fat restriction is desired (4.8 to 8.4 g/MJ of ME [2.0 to 3.5 g/100 kcal of ME) [7].

3. Anorexia versus Hyporexia

Sick animals often ingest an insufficient amount of nutrients because of the primary disease or because of ad-
mission to a clinic (e.g. change in diet or feeding routine). Before nutritional support is initiated, a patient must
be hemodynamically stable and have adequate pain relief. In addition, clinicians should distinguish between
anorexia and hyporexia. Hyporexia refers to a decreased appetite, rather than a total loss of appetite [14]. In the
case of anorexia, forced feeding will not stimulate spontaneous food intake. However, enteral feeding or pa-
renteral feeding should be provided to anorectic patients [5] [17]. It should be mentioned that treating the un-
derlying disease also contributes to improving spontaneous food intake.

For hyporectic patients, stimulation of spontaneous food intake may be sufficient and diminishes the need for
other assisted feeding techniques, which are more invasive and stressful. This should not lead to a one-more-day
syndrome during which nutritional support is not initiated because of the expectancy that an animal will star-
teating at some point (e.g. the next day). If stimulation of spontaneous food intake results in an insufficient ef-
fect (i.e. does not result in an adequate amount of food intake) during phase 1, other assisted feeding techniques
should be implemented to ensure the administration of sufficient amounts of nutrients during phase 2.

4. Cachexia and Sarcopenia

Cachexia has been defined as loss of lean body mass. Cachexia affects a large proportion of dogs and cats with
congestive heart failure, chronic kidney disease, cancer, and a variety of other chronic diseases. By contrast,
sarcopenia is loss of lean body mass that occurs with aging in the absence of disease. Both conditions are asso-
ciated with increases in morbidity and mortality rates [18]. Fat is the predominant fuel source in healthy, anorec-
tic dogs and cats, whereas cachectic dogs and cats use both fat and amino acids as fuel sources. This latter situa-
tion contributes to loss of lean body mass and possible decreases in immune function, wound healing, and sur-
vival rate. Nutritional assessment guidelines [19] have been formulated that include methods for early detection
of muscle mass to enable clinicians to take preventive measures for animals in a pre-cachectic state. During the
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catabolic or hyper-metabolic recovery phase, feeding patients foods with increased energy density and increased
protein concentration will help prevent additional loss of lean body mass.

5. Importance of Nutritional Support for Wound Healing and Fighting Infection

It is vital that animals begin to eat and drink as soon as possible during the first 48 hours after trauma, surgery,
or illness. Malnutrition leads to an increased mortality rate in humans because of decreasing potassium, phos-
phorus, and magnesium concentrations and reductions in immune function [1] [2]. Food intake provides nutri-
ents (amino acids, fatty acids, vitamins, and minerals) that help optimize the immune response, tissue repair, and
tissue synthesis as well as the metabolism of administered medications [1]-[3]. One problem that often arises is
that patients refuse to eat during phase 1, usually as a consequence of catabolic stress. Almost all hospitalized
animals have a negative energy balance, and almost half of the animals have that negative energy balance as a
result of food refusal [20]. Animals in negative energy balance have a deficit of essential nutrients. As a conse-
quence, palatability of nutritional products that promote recovery must be extremely high because the appetite of
nearly all animals is dramatically reduced during the recovery [21]-[25].

In addition, an optimally functioning immune system is crucial for recovery from illness and after surgery. It
has been estimated that approximately 60% to 70% of the immune system function of cats and dogs is in the in-
testines; therefore, the intestinal structure (mucosa) must remain intact for proper immune development [15]. As
mentioned previously, the first 14 days are typically extremely important, especially for the ingestion of fluids
and essential nutrients via enteral alimentation. As such, nutrients ingested during this period promote optimal
gastrointestinal tract function.

6. Bacterial Translocation

Bacterial translocation is a phenomenon in which intestinal bacteria migrate from the intestines through the in-
testinal wall into the mesenteric lymph nodes and internal organs where they are not typically found. Surgical
procedures can be associated with unexpected inflammation, serious infections, and resultant compromised or-
gan function [1]-[4]. One possible cause is bacterial translocation (causing gastrointestinal tract-associated sep-
sis), and this phenomenon may be attributable to 1 or several causes. Malnutrition of the gastrointestinal tract
(i.e. the gastrointestinal tract is deprived of intraluminal nutrients) decreases cell turnover and mucosal mucus
production, which thereby decreases the barrier function and surface of the gastrointestinal tract and results in
malabsorption of nutrients. The synthesis of immunoglobulins is often also decreased because of protein malnu-
trition, thus decreasing gastrointestinal tract-barrier function (gastrointestinal tract-associated lymphoid tissue)
[26]. Therefore, support of the gastrointestinal tract with intraluminal nutrients will be beneficial in all anorectic
animals.

The absence of intraluminal nutrients also reduces blood flow to the gastrointestinal tract. Parenteral nutrition
does not deliver intraluminal nutrients and thus might predispose an animal to bacterial translocation. The post-
surgical mortality rate decreased in laboratory rats with artificially induced peritonitis when the rats received
enteral nutrition, compared with the mortality rate when rats received parenteral nutrition (Table 4) [27]. Sever-
al studies [4] [27]-[29] in humans have found that there are fewer (20% less) infections after surgery when ent-
eral (peroral) feeding is used, as opposed to the number of infections after surgery when parenteral (V) feeding
is used. Furthermore, enteral feeding soon after surgery supports recovery of gastrointestinal tract motility and
improvement of the general condition in humans [28]. It is likely that there may be a similar situation in veteri
nary practice. Reduced blood flow to the gastrointestinal tract provokes damage to the epithelial cells and there

Table 4. Chances of postoperative survival for different forms of food administration in laboratory rats after laparotomy.

N* Survival rate (%)
Oral feeding 15 80.0
Enteral (tube) feeding 13 61.5
Intravenous feeding 10 20.0

*N = number of animals in treatment (Adapted from Fukushima R. Counteraction against bacterial translocation (1) the nutrient canal. J Jpn Surg Soc

2007; 108: 206-210. Reprinted with permission).
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fore increases permeability of the gastrointestinal tract [17]. Bacterial overgrowth, inflammatory bowel disease,
and other gastrointestinal diseases cause a loss of barrier function and therefore are possible causes of bacterial
translocation. Bacterial translocation has been detected in cats [30] and humans [31] [32]; however, bacterial
translocation has not been proven in dogs with pancreatitis [33] [34]. Damage to the gastrointestinal tract is
usually associated with bacterial translocation [30] [35]. A study [36] in dogs with gastric dilatation-volvulus
revealed no bacterial translocation; however, bacterial translocation can occur in dogs and cats when the mucos-
al barrier is damaged by an underlying disease or by treatment with medications (e.g. chemotherapeutics, im-
munosuppressive drugs, and certain antimicrobials) that influence the gastrointestinal barrier and gastrointestinal
tract motility [30] [37]. It should be mentioned that bacterial translocation does not occur when food is withheld
from healthy dogs or healthy dogs are fed parenterally [38]. Most dogs and cats with an underlying illness are
anorectic. A nonfunctional gastrointestinal tract is an indication for parenteral feeding, and animals with a non-
functional gastrointestinal tract are especially at risk for bacterial translocation.

Investigators in 1 study [14] compared early-stage enteral nutrition and total parenteral nutrition with regard
to the improvement of the nitrogen balance in humans after surgery for esophageal cancer. Those investigators
found that it required 8 days after surgery for the nitrogen balance to normalize when enteral nutrition was pro-
vided, whereas it required 14 days after surgery for the nitrogen balance to normalize when parenteral nutrition
was provided (Figure 2) [16]. It appears that there is a similar time frame for domestic animals [39] [40].

7. Stimulation of Spontaneous Food Intake

Spontaneous food intake is a sign of recovery, so it is important to offer food and to stimulate spontaneous food
intake daily to monitor return of appetite. Hospitalization often is a stressful event for an animal; thus, it is im-
portant to recreate an animal’s home environment as much as possible during hospitalization to encourage
spontaneous food intake. A calm and relaxed atmosphere, appropriate and tender care, and a light cycle (No. of
hours of light vs No. of hours of darkness) consistent with the time of year will provide ideal conditions for en-
couraging feed intake. Some medications, including opiates, antimicrobials, diuretics, immunosuppressives, and
chemotherapeutics, can have inhibitory effects on food intake [41]. It is often preferable to initially provide a
hospitalized animal with the food that it typically receives at home, rather than immediately feeding it the diet
that will eventually be prescribed. This is certainly the case for animals with neophobia (suspicion of unknown
foods). In our experience, aversion to diets administered during hospitalization is common, and this makes it
more difficult to change to therapeutic diets. Furthermore, the authors do not recommend offering several foods
at the same time.

A palatable food increases the chances of spontaneous food intake. Most critical care diets [A,B,C] are ex-
tremely flavorful. In addition, food can be made more attractive by increasing the moisture content. Higher

Nitrogen balance
(mg/kg of BW)

~300 Time after surgery (d)

Mean + SD nitrogen balance in humans receiving nutrients via total paren-
teral nutrition (dark gray bars; n = 30) or enteral feeding (light gray bars;
20) after surgery. Notice that the postoperative nitrogen balance was better
for enteral feeding than for parenteral feeding. BW = Body weight. A study
compared the use of enteral feeding in an early stage with total parenteral
feeding in order to improve the nitrogen balance in humans after a surgical
procedure in case of an esophageal cancer. It was proven that the nitrogen
balance is normalized after 8 days post-surgery in case of enteral feeding.
14 days were needed in case of total parenteral feeding (Adapted from
Omata J, Fukatsu K, Maeshima Y, et al. Enteral nutrition rapidly reverses
total parenteral nutrition-induced impairment. Clin Nutr 2009; 28: 668-673.
Reprinted with permission).

Figure 2. Postoperative nitrogen balance for different forms
of food administration in humans.
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moisture content also contributes to rehydration of patients and causes the nutrients to leave the stomach more
quickly, making it less likely that the food will be vomited or regurgitated [42]. Canned foods have high mois-
ture content and often higher fat and protein contents, which also enhance palatability. However, foods with a
high fat content will slow down gastric emptying [42]. Still, such foods are often preferred, unless there are con-
traindications for a high fat or protein content.

Cats are often strongly attached to the texture of food. If cats were fed dry food since they were Kittens, the
chances are they will spontaneously eat dry food rather than canned alternatives. Adding sugar can improve the
flavor of dog food, but cats have no taste receptors for sweetness [43]. Artificial sugars (e.g. xylitol) can lead to
hypoglycemia in cats and dogs and should be avoided [17].

Heating food to body temperature also has a positive impact on food intake, as does offering fresh food. Food
that is not eaten within a short period after it is provided will likely not be eaten later by that an animal. Sponta-
neous food intake can be encouraged by the addition of water or meat stock to dry food, thereby releasing appe-
tizing aromas.

Appetite-enhancing drugs such as cyproheptadine, mirtazapine, corticosteroids, and diazepam can be used;
however, the authors do not recommend the use of these products in hospitalized patients because of their ad-
verse effects. A product [D] has recently been marketed that stimulates the appetite of patients with hyporexia.
That product contains flavoring agents as well as nutraceuticals and may be provided to hyporectic and anorectic
animals via enteral feeding.

8. Feeding Methods

It is important to provide nutrients through the most natural route. Enteral provision of nutrients is preferred to
parenteral provision of nutrients. The structure of intestinal villi was compared in rats after enteral and parenter-
al feeding for 14 days [15] [26] [27]. These studies revealed that there was atrophy of the intestinal villi within 3
days after onset of total parenteral nutrition. The villi of the small intestine became smaller and thinner, and the
enzymatic activity decrease. In contrast, the intestinal mucosa structure was maintained in rats provided paren-
teral nutrition (Figure 3). However, when spontaneous food intake is not successful stimulated, tube feeding or
parenteral nutrition should be initiated immediately.

Nutritional support should be administered in accordance with the RER of an animal on the basis of the cur-
rent body weight. The RER can be calculated by use of the following equations: RER = (body weight in kg)®" x
293 kJ of ME/d and RER = (body weight in kg)*" x 70 kcal of ME/d. The volume of food should be attained
gradually over a period of 2 to 4 days. Should an animal not voluntary consume the necessary volume of food
(e.g. poor appetite or condition that prevents eating), then tube feeding should be initiated. Parenteral feeding is
indicated for a nonfunctional gastrointestinal tract, the inability to place an enteral feeding tube, or excessive
vomiting. Parenteral feeding requires an intensive care setting, and the preparation and handling of products
used for parenteral feed should be performed under strict aseptic conditions. Additional information about enter

A) _ B)

Vill

Muscle
layer

Photomicrographs of tissue sections of the small intestines obtained from
rats fed grain for 14 days (A) or provided nutrients via total parenteral nu-
trition for 14 days (B). Notice that the intestinal villi atrophy and are
smaller and thinner in rats after 14 days of total parenteral nutrition. He-
matoxylin and Eosin stain; bar = 50 um. A study in rats showed that villus
atrophy occurred after parenteral feeding. The same study proved that
within 3 days after parenteral feeding intestinal villi in the small intestine
became thinner and smaller and that there was a decreased enzymatic ac-
tivity. Conclusion is that parenteral feeding caused a negative effect on the
structure of the intestinal mucosa (Adapted from Okuma T. Clinical nutri-
tion in keywords: enteral tube feeding, in Proceedings. Nutr Soc 2007; 66:
299-306. Reprinted with permission).

Figure 3. The structure of intestinal villi in the rat after 14
days grain feeding versus parenteral feeding in laboratory rats.
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al and parenteral feeding techniques have been reported elsewhere [5] [13] [41].

9. Nutritional Support during Recovery

As mentioned previously, timely nutritional support with nutrients such as arginine, glutamine, taurine, long-
chain polyunsaturated omega-3 fatty acids, and prebiotics may possibly shorten the recovery period of cats and
dogs after illness or surgery. Thus, it is important to provide these nutrients to hospitalized animals.

Amino acids

In humans, arginine at a dose of 1.12 g/MJ of ME (0.47 g/100 kcal of ME) enhances the T-cell response and
increases the number of T-helper cells in trauma (including surgery) and infection [44] [45]. The mean dose in
critical care diets for dogs and cats is 1.20 to 1.77 g/MJ of ME (0.50 to 0.74 g/100 kcal of ME). Arginine pro-
motes nitrogen retention, protein turnover, conversion of ammonia to urea, and wound healing [46]. Rats re-
ceiving supplemental arginine have an increased ability to synthesize acute-phase proteins [47] and improved
rates of wound healing, nitrogen retention, and growth [48] [49]. Investigators in another study [50] on rats
found effects of arginine supplementation on recovery of damage to the intestinal tract as well as prevention of
bacterial translocation. Arginine improves cardiac output and blood flow through the gastrointestinal tract via in-
creased production of nitric oxide; such improvements result in better wound healing [51]. Arginine is an essen-
tial amino acid for dogs and cats. The dietary arginine concentration should be sufficiently high (> 0.46 g/MJ of
ME) for parenteral feeding, and many human products do not contain that amount of arginine [15].

Glutamine is one of the most important amino acids. It supports health of intestinal cells and improves im-
munity [52]. However, glutamine is not fully synthesized in stressed animals, including stress induced by sur-
gery [53]. Glutamine supports intestinal activity and the immune system by stimulating the synthesis of specific
acute-phase proteins and shortens the recovery period after surgery. Rapidly dividing cells (eg, fibroblasts,
lymphocytes, and intestinal epithelial cells) have high glutaminase activity and therefore metabolize much of the
available glutamine. Glutamine also serves as the fuel for enterocytes, and it enhances insulin sensitivity by in-
creasing plasma concentrations of glucagon-like peptide-1 [54]. Glutamine also contributes to the synthesis of
glutathione (a crucial antioxidant in the gastrointestinal mucosa), aids in the prevention of bacterial translocation,
and improves function of the gastrointestinal tract and systemic immune system [50]. Glutamine also enhances
de novo synthesis of arginine in the kidneys via the citrulline pathway [55]. Numerous studies [56]-[62], [E] have
indicated the effect of glutamine on wound healing and repair. To the authors’ knowledge, the specific effective
dose for dogs and cats has not been determined; however, > 1.2 g/MJ of ME (> 0.5 g/100 kcal of ME) is sup-
ported [58]. Typical critical care diets contain glutamine at a dose of 2.65 g/MJ of ME (1.11 g/100 kcal of ME).

Taurine promotes the healthy development and function of the immune system [63]. Taurine helps fight cel-
lular attack from oxidative stress and plays a major role in bile conjugation, retinal function, and energy meta-
bolism of the myocardium. Taurine is also involved in calcium exchange mechanisms [63] [64] and reduces
blood pressure in humans [65]. Taurine deficiency causes dilatative cardiomyopathy in cats and dogs [66]. To
the authors’ knowledge, the specific effective dose of taurine for prevention of disease in dogs and cats has not
been determined. Typical critical care diets contain taurine at doses of 0.30 g/MJ of ME (0.13 g/100 kcal of
ME).

Fatty acids

The use of EPA and DHA offers potential health benefits. Not all omega-3 long-chain polyunsaturated fatty
acids are as effective as EPA and DHA, so it is important to know the concentration of EPA and DHA in prod-
uct that contain omega-3 fatty acids. In addition, those products should contain adequate amounts of antioxi-
dants. Typically, the use of cod liver oil is not recommended because some of those preparations also contain
high amounts of vitamins A and D. Furthermore, the products should not be contaminated with heavy metals (eg,
mercury). [67] Eicosapentaenoic acid and DHA exert anti-inflammatory effects by altering eicosanoid synthesis
and cytokine expression and reducing the expression of tumor necrosis factor- and interleukin 1, which play ma-
jor roles in anorexia and cachexia. They also contribute to a decrease in the production of leukotriene B, and
prostaglandin E,, which play important roles in inflammation and pain. Mitigating pain and inflammation will
improve recovery time and accelerate the healing process [68] [69]. Omega-3 fatty acids decrease muscle loss in
dogs with chronic heart failure and improve appetite [70]. Omega-3 fatty acids also are beneficial in animals
with atopic dermatitis, [71] osteoarthritis, [72] [73] cancer, [74] errors in lipid metabolism, [75] cardiac disease,
[76] [77] kidney disease, [78] and ulcerative colitis [79]. The therapeutic use of long-chain omega-3 fatty acids

O,
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and fish oils has recently been reviewed [80]. Dosage recommendations for some clinical conditions range from
0.25 to 0.66 g of EPA and DHA/MJ of ME (0.10 to 0.28 g/100 kcal of ME) for dogs and 0.25 to 1.81 g of EPA
and DHA/MJ of ME (0.10 to 0.76 g/100 kcal of ME) for cats [80]. Typical critical care diets contain 0.42 to
1.41 g of EPA and DHA/MJ of ME (0.18 to 0.59 g/100 kcal of ME). Because of possible adverse effects of EPA
and DHA on blood clotting, EPA and DHA should not be used in patients with coagulation problems [80]. Cur-
rently, there is no evidence to support the use of EPA and DHA in all hospitalized patients. Further research is
needed on the use of omega-3 fatty acids in hospitalized patients.

Prebiotics

Prebiotics such as inulin and fructo-oligosaccharides are believed to contribute to health of the gastrointestinal
tract. Prebiotics are non-digestible food ingredients that selectively stimulate the growth and activity of 1 or
more types of bacteria (including Bifidobacterium spp and Lactobacillus spp) in the colon, thereby improving
health of the animal [81]. Fermentation of prebiotics causes a decrease in the pH in the colonic contents, which
promotes growth of probiotic bacteria; the decrease in pH also has antimicrobial effects on pathogens. Major ef-
fects are improvements in bowel function, increases in mineral absorption, alterations in lipid metabolism, re-
ductions in ammonia absorption, and decreases in insulin concentrations [82].

Prebiotics may be beneficial for the management or prevention of diarrhea in hospitalized patients that are
receiving medications. Diarrhea is a frequent adverse effect of many medications, including NSAIDs, digitalis,
thyroid gland hormones, magnesium-containing compounds, lactulose, anthelmintics, chemotherapeutics, topi-
cal insecticides, and antimicrobials. The most common adverse effect of orally administered antimicrobials is a
change in the population of intestinal microflora (bacteria and yeast) that typically coexist in a beneficial bal-
ance in the gastrointestinal tract. This problem is also evident with parenterally administered antimicrobials.
Depending on the antimicrobial used, there may be overgrowth of certain types of organisms, whereas other
types of organisms may be suppressed or eliminated. One result of this imbalance can be diarrhea. A well-ba-
lanced intestinal flora creates a barrier that prevents the intrusion of harmful bacteria, promotes the transit of
food through the intestines, stimulates the immune system, neutralizes the production of harmful elements, and
ferments non-digestible fiber to form valuable short-chain fatty acids (e.g. butyric acid). These short-chain fatty
acids are used as a substrate by colonocytes to maintain the integrity of the gastrointestinal tract, facilitate the
absorption of water and electrolytes, and thus minimize the risk of diarrhea. Short-chain fatty acids are a sub-
group of fatty acids that have fewer than 6 carbon atoms. They include acetic acid, propionic acid, isobutyric
acid, butyric acid, isovaleric acid, valeric acid, caproic acid, lactic acid, and succinic acid. Similar to medium-
chain fatty acids, short-chain fatty acids are transported directly into the portal vein during lipid digestion. This
is in contrast to long-chain fatty acids, which are packaged into chylomicrons and enter lymphatic capillaries be-
fore being admixed with blood in the subclavian vein [83]. Therefore, short-chain fatty acids are readily ab-
sorbed by colonocytes. To the authors’ knowledge, the specific effective dose of prebiotics for dogs and cats has
not been determined. It has been suggested [84]-[86] that 4 to 8 g of fructo-oligosaccharides and inulin/d are ef-
fective.

Nutrition assessment determines whether there is a need for nutritional support. If it is determined that there is
insufficient intake relative to need (293x (bodyweight) 0.75 in kJ/ME per day) then the (medical) cause needs to
be eliminated where possible. A distinction is then made between hyporexia (decreased appetite, appetite is
present but not optimal) and anorexia (complete loss of appetite). In hyporexia, a start can be made in improving
the environment, palatability etc. In anorexia, a distinction must be made between patients with a functioning
gastrointestinal tract (Gl-tract) and patients with a non-functioning Gl-tract or patients with excessive vomiting.
Patients with a functioning Gl-tract can be supported with the various types of enteral tubes. The choice depends
on the expected duration of the anorexia. Patients with a non-functioning Gl-tract or patients with excessive vo-
miting can be parentally supported. The choice of centrally (through a jugular catheter) or peripherally (through
a peripheral catheter) depends on the expected duration of the dysfunction and/or vomiting and on what is poss-
ible for the clinic. If insufficient enteral support can be provided then partial parenteral support can be used. If
the Gl-tract is functioning again and/or excessive vomiting has ceased then the parenteral feeding can be phased
out and replaced by enteral feeding (Figure 4).

10. Conclusion

After surgery or during serious illness several mechanisms disturb the nutritional situation resulting in delayed
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Nutrition assessment

Insufficient intake relative to need

Eliminate (medical) cause where possible

Hyporexia Anorexia
Improvement of the environment, Functional Gl-tract No functional Excessive vomiting
palatability, etc. * Gl-tract
* Enteral feeding
Improvement? Parenteral
_ feeding
h‘j Long term/Short term
Yes No Choice of tube
Parenteral support Long term/Shn_rt term
Central or Peripheral

required

Functional Gl-tract

Enteral feeding

Nutrition assessment determines whether there is a need for nutritional support. If it is de-
termined that there is insufficient intake relative to need (293x (bodyweight) 0.75 in kJ/ME
per day) then the (medical) cause needs to be eliminated where possible. A distinction is
then made between hyporexia (decreased appetite, appetite is present but not optimal) and
anorexia (complete loss of appetite). In hyporexia, a start can be made in improving the en-
vironment, palatability etc. In anorexia, a distinction must be made between patients with a
functioning gastrointestinal tract (Gl-tract) and patients with a non-functioning Gl-tract or
patients with excessive vomiting. Patients with a functioning Gl-tract can be supported with
the various types of enteral tubes. The choice depends on the expected duration of the ano-
rexia. Patients with a non-functioning Gl-tract or patients with excessive vomiting can be
parentally supported. The choice of centrally (through a jugular catheter) or peripherally
(through a peripheral catheter) depends on the expected duration of the dysfunction and/or
vomiting and on what is possible for the clinic. If insufficient enteral support can be pro-
vided then partial parenteral support can be used. If the Gl-tract is functioning again and/or
excessive vomiting has ceased then the parenteral feeding can be phased out and replaced
by enteral feeding.

Figure 4. Decision tree for nutritional support.

recovery. There is evidence that nutritional support early during the postoperative period or after onset of illness
decreases the mortality rate and shortens the duration of hospitalization for dogs and cats. The preferred feeding
route will depend on the condition of the patient. In case there are no clinical contraindications, patients should
receive nutritional support, at least consistent with the resting energy requirement. Whereas the addition of food
supplements containing nutrients belonging to several groups may be beneficial during healing and recovery
from illness or surgery, further studies are needed to certify the favorable effects of these.
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