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Introduction
With the approach of winter, we can expect to admit 
increasing numbers of animals that have not been able 
to find sufficient food. With starvation comes emacia-
tion—the loss of body fat and, as starvation continues, 
lean body mass. Progressive emaciation is sometimes 
categorized by amount of weight loss. However, the 
degree of emaciation in a given animal cannot be 
determined on the basis of body weight alone, because 
what is ‘normal’ for a given species depends on factors 
such as geographical location, time of year, and the 
sex of the animal. Gross signs of emaciation include 
prominent ribs (mammals) or keel (birds), and wasting 
leg muscles (reptiles). 

Physiology of Emaciation
A more accurate way of describing the process of ema-
ciation is as a series of physiological stages (Robbins 
1993). Consider first a well–nourished animal: energy 
is obtained from ingested protein, fat and carbo-
hydrate. Fat and carbohydrate not needed at the 
moment is stored; insulin levels are high. This state 
can be described as metabolically constructive (or ana-
bolic). 

When no more food remains in the gastrointesti-
nal tract, insulin levels begin to drop. In Phase I, the 
animal utilizes stored carbohydrate (glycogen) as its 
primary fuel. This first phase of fasting is relatively 
short, though body weight drops rapidly within it. 
Phase II, which is characterized by the mobilization of 
fat for energy, lasts longer (depending on how much 
fat has been stored) and has a slower but constant 
weight loss. When both glycogen and fat reserves are 
depleted, the protein of muscle and other tissues is 
utilized; weight loss in Phase III is rapid. In these 
metabolically destructive (or catabolic) states, the body 
‘burns itself’ for energy. Animals that store very little 

fat may progress through these phases very rapidly, 
being able to survive no more than a few days without 
food (Robbins 1993). Small birds and mammals are 
especially vulnerable because their relatively large sur-
face area means high energy requirements. For these 
animals, survival in the cold temperatures of winter 
can be a particular challenge when ice storms, crusted 
snow, or other factors make food even more difficult 
to obtain. 

Refeeding: Issues and 
Complications
For many people, the first impulse on rescuing a starv-
ing animal is to give it food. But doing so may have 
fatal consequences. One reason is that the organs of 
the gastrointestinal tract may be weakened by catabo-
lism, reducing their ability to digest and absorb food. 
Another reason to avoid immediately refeeding an 
emaciated animal involves electrolyte imbalances that 
result from starvation. Although whole–body stores of 
phosphate, potassium and magnesium are depleted, 
serum concentrations remain normal at the expense 
of intracellular levels (those in the body’s cells). When 
food is reintroduced, insulin levels surge and there is 
a sudden demand for electrolytes within the body’s 
cells. The shift of extracellular (or serum) phosphate,   
potassium and magnesium to the interior of the cells 
causes a profound drop in serum electrolytes. 

These electrolyte depletions are a hallmark of 
Refeeding Syndrome (RFS), a potentially fatal con-
dition that occurs when inappropriate nutrition is 
provided to emaciated animals. The earliest reports 
of RFS involved survivors of WWII concentration 
camps and the siege of Leningrad, some of whom 
died of cardiac failure after the reintroduction of 
food. Since that time, RFS has been recognized as a 
component of other conditions involving prolonged 
fasting, including anorexia nervosa. RFS in humans 
has been described in detail relatively recently (Brooks 
and Melnik 1995; Crook et al 2001; Marinella 2003; 
Solomon and Kirby 1990). Although little informa-
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tion has appeared in the veterinary or rehabilitation 
literature, Remillard et al 2000 contains a great deal 
of related material, and Tseng (2005) has given recent 
conference presentations on RFS. The important 
thing to know about RFS is that low levels of phos-
phate, potassium, and magnesium produce a great 
many adverse effects in a variety of organs (including 
heart, liver, and kidneys) and organ systems (includ-
ing respiratory, neuromuscular, and gastrointestinal). 
In turn, these effects may produce cardiac (increased 
heart rate, congestive heart failure, cardiac arrest), 
respiratory (difficulty breathing), gastrointestinal 
(regurgitation, anorexia, constipation, diarrhea), neu-
rological (ataxia, seizures, coma), and other clinical 
signs. Vitamin deficiencies (especially thiamine) and 
fluid imbalances compound the difficulties seen in 
RFS. 

Treatment of RFS is extremely difficult; in 
humans, it would involve daily monitoring of various 
electrolytes, supplementing with each as appropriate. 
Even in human medicine, prevention is easier than 
treatment. Prevention of RFS begins with replenishing 
electrolytes and fluids before introducing food. When 
calories are given, the rule is ‘start low and go slow’ 
(Brooks and Melnik 1995) to avoid catapulting a cata-
bolic patient into a potentially fatal anabolic state. Of 
course, even before fluids are given, an emaciated ani-
mal should be warmed, and kept in a thermoneutral 
environment (approaching body temperature) at least 
through the first few days of treatment. 

Hydration. Oral rehydration fluids contain water 
and electrolytes; isotonic solutions such as Lactated 
Ringer’s and Normosol–R® (Abbott Laboratories, 
Abbott Park, IL) may be safer in this context than 
those containing dextrose (which may precipitate  
rapid cellular fluid shifts). B–vitamins should be 
added to the fluids (Remillard et al 2000); one guide-
line is 1 ml of injectable B–complex per liter of fluids 
or 1 to 2 mg/kg SID dosed according to the amount 
of thiamine (Tseng 2005). In human medicine, elec-
trolyte levels can usually be corrected over 12 to 24 
hours, after which refeeding can begin (Crook et al 
2001). 

In determining the amount of fluids to admin-
ister, a good starting point is the daily fluid main-
tenance requirement: roughly 5% (or 50 ml/kg) of 
body weight for mammals and birds (Miller and Wolf 
2003) and 1 to 3% for reptiles (Mitchell 2006). A 
greater amount would be needed to replenish fluids 
in a dehydrated animal (a standard three day protocol, 
giving fluid amounts based on ‘normal’ weight, can 
be found in sources such as Miller and Wolf 2003). 

However, because of compromised kidney func-
tion, fluid overload is another complication of RFS. 
Therefore, although emaciated animals are usually also 
dehydrated, they may need a more gradual replenish-
ment of fluids, and a more conservative approach 
would be based on current weight rather than pre-
sumed ‘normal’ weight.

Foods and Feeding. Refeeding should begin with 
simple foods that are easy to digest. In general, to 
avoid RFS, these foods should be relatively low in 
carbohydrate. Remillard et al (2000) also recommend 
beginning refeeding with a formula that has a macro-
nutrient profile similar to what the liver is estimated 
to be using from body stores—e.g., primarily fat in 
the intermediate phase of emaciation. An additional 
consideration for a target caloric distribution of mac-
ronutrients is the animal’s normal food consumption 
pattern (Donoghue 2006; Remillard et al 2000): the 
diets of carnivores and insectivores contain relatively 
high proportions of protein and fat, but foods eaten 
by herbivores and granivores are high in carbohydrate. 

Liquid nutritional products for humans such as 
Ensure® (Abbott Laboratories, Abbott Park, IL) have 
a history of use in rehabilitation, but may not be 
ideal for all species. They typically contain significant 
amounts of sucrose, which is not part of most ani-
mals’ diets and may be problematic for species lacking 
sucrase, the digestive enzyme needed to break it down.  
Vital® HN (Abbott Laboratories, Abbott Park, IL), a 
human elemental diet containing mostly non–sucrose 
carbohydrate, may be appropriate for some species 
in an early stage of emaciation. Veterinary liquid 
enteral products such as CliniCare® Canine/Feline 
Liquid Diet (Abbott Laboratories, Abbott Park, 
IL) and Formula V® Enteral Care™ (Pet Ag, Inc., 
Hampshire, IL) are lower in carbohydrate, with more 
moderate fat and protein (Formula V® comes in 
high–level and mid–level protein varieties). Semi–solid 
veterinary products include Eukanuba Maximum 
Calorie™ Canine & Feline Canned Formula (The 
Iams Company, Dayton, OH) and Hill’s® Prescription 
Diet Canine Feline a/d® (Hill’s Pet Nutrition, Inc., 
Topeka, KS). This list is not meant to be complete; 
other products are also available, and some are mar-
keted for reptiles or birds. However, the caloric distri-
bution of some bird–targeted products seems better 
suited for granivorous (perhaps, the typical companion 
bird) than for insectivorous or carnivorous species. 

Tables showing daily caloric requirements for 
mammals, passerine and nonpasserine birds are given 
in many sources, including NWRA Quick Reference 
(Miller and Wolf 2003). Requirements for reptiles 
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may be found in Donoghue (2006). The principles of 
calculating these requirements are also explained in 
both sources. In deciding how much to feed per day, 
remember the axiom of ‘start low and go slow’. How 
low and slow to start and go depends on how emaci-
ated the animal is; in severe cases, one might begin 
with as little as one–third of the basal requirement (or 
Metabolic Energy Coefficient—the number of calories 
needed at rest in a thermoneutral environment), ramp-
ing up gradually, over several days, to the full basal 
requirement and beyond. The calories per ml of the 
products mentioned above, along with their caloric 
distributions, are shown in Table 1. 

Divide the desired number of kcal by the number 

of kcal/ml of product to obtain the number of ml 
of product to feed (note that a/d® and Max–Cal™ 
may need dilution with water for tube feeding). The 
water contained in or added to these products counts 
toward the animal’s fluid requirement; multiply the 
product’s percent water (given on the label) by the 
number of ml to be fed to obtain the amount of water 
included in the elemental diet. Administer additional 
fluids as needed to achieve the maintenance amount 
and help replenish losses. 

In determining the amount per feeding, 
keep in mind that the maximum stomach 
capacity for most animals is roughly five per-
cent of body weight; however, a better guide-
line for any debilitated animal would be 2 
to 3%. Frequent feeding of small amounts is 
preferable, unless contraindicated by the stress 
of handling. 

There is likely to be little weight gain over 
the first few days, other than what would be 
accounted for by fluid replacement. The goal 
is to have no weight loss during this time peri-
od. When the animal is able to digest elemen-
tary foods and begins to gain weight, whole 
foods can gradually be introduced, pureed at 
first. The transition from the enteral diet to 
the natural diet might take place over several 

days to a week, and should be guided by changes in 
signs such as weight, feces production, strength, alert-
ness, etc.

Conclusion
If this sounds complicated—it is! Dealing with emacia-
tion requires reference information, mathematical 
calculations, specialized equipment and supplies, and 
an ability to tube feed (if necessary, practice on cadav-
ers to improve proficiency). Emaciated animals can be 
extremely difficult to save, especially in the later stages, 
when significant body mass has been catabolized. 
Additionally, these animals often have other problems 
that may have resulted in starvation—an injury or an 

illness that compounds the difficulty 
of rehabilitation. Rehabilitators who 
are not prepared to implement an 
emaciation protocol should consider 
transferring any such animals they 
admit to someone who has more 
experience and who can teach them 
to handle these cases in the future. 

[Author’s Note: If considering 
a/d®, one concern is that its first 
ingredient, liver, contains high levels 
of purines. In primates, birds, and 

some reptiles, purines are metabolized into uric acid 
and excreted. However, starvation and dehydration 
can compromise the kidneys’ ability to excrete uric 
acid (cf. Donoghue 2006; Mader 2006). Liver is also 
extremely high in vitamin A, an excess of which can 
be problematic for birds (cf. Koutsos et al 2003). Thus, 
a/d® may not be a good refeeding diet for some spe-
cies.] 

 Product kcal/ml % protein % fat % carb.
 Vital® HN 1 17 9 74
 CliniCare® 1 30 45 25
 Formula V® HLP 1.2 32 45 23
 Formula V® MLP 1.2 27 51 23
 Hill’s® a/d® 1.3 34 53 13
 Eukanuba Max-CalTM 2.1 29 66 5

Table 1. Calories and caloric distribution (percent of total calories provided by each nutri-
ent) of selected diets. 

Supplies. 
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Product Sources
NWRA Quick Reference can be ordered from NWRA 

(< http://www.nwrawildlife.org > through links to 
Marketplace, Publications).

Formula V® Enteral Care, Vital® HN, gram scales, 
and gavage implements such as large–capacity 
syringes, stainless–steel and French catheter (‘red 
rubber’) feeding tubes are available at Squirrels 
and More (http://www.squirrelsandmore.com or 
1–877–717–7748)

Electrolyte–containing fluids, CliniCare®, Hill’s® 
a/d®, Eukanuba Max–Cal™, and other specialty 
diets can be ordered through your veterinarian.
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