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Background: Parenteral nutrition is an important method of nutritional support in hospitalized animals, but minimal

information has been published on its use in camelids.

Hypothesis/Objectives: The purpose of this study was to characterize the use of total parenteral nutrition (TPN) in alpacas,

evaluate the formulations used, and determine potential complications.

Animals: Twenty-two alpacas hospitalized at the Tufts Cummings School for Veterinary Medicine (site 1: n 5 8) and the

Ohio State University Veterinary Teaching Hospital (site 2: n 5 14).

Methods: A retrospective analysis of all alpacas that received TPN between 2002 and 2008 was performed to assess clinical

indications, clinical and clinicopathologic data, and outcome.

Results: The most common underlying diseases in animals receiving TPN were gastrointestinal dysfunction (n 5 16),

hepatic disease (n 5 2), and neoplasia (n 5 2). Several metabolic abnormalities were identified in animals (n 5 20/22) before

TPN was initiated, including lipemia (n 5 12/22), hyperglycemia (11/22), and hypokalemia (n 5 11/22). Median age was sig-

nificantly lower for site 1 cases (0.1 years; range, 0.01–11.0) compared with those from site 2 (4.9 years; range, 0.1–13.7;P 5 .03).

Animals at site 2 also had a longer duration of hospitalization (P 5 .01) and TPN administration (P 5 .004), as well as higher

survival rate (P o .02). Twenty-one of 22 alpacas developed at least 1 complication during TPN administration. Metabolic

complications were most prevalent (n 5 21/22) and included hyperglycemia (n 5 8/21), lipemia (n 5 7/21), hypokalemia

(n 5 3/21), and refeeding syndrome (n 5 3/21).

Conclusions and Clinical Importance: TPN is a feasible method of nutritional support for alpacas when enteral feeding is not

possible. Prospective studies are warranted to determine optimal TPN formulations for alpacas.
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N
utrition is a key component of optimal treatment
for hospitalized patients. However, when animals

are ill or injured, they often cannot or will not eat. Ent-
eral feeding is the first choice for nutritional support of
these patients, although IV or parenteral nutrition (PN)
is indicated in cases of impaired gastrointestinal func-
tion. PN can be provided as total parenteral nutrition
(TPN) or partial parenteral nutrition (PPN). The authors
define TPN as PN that is intended to provide total esti-
mated energy and protein requirements, whereas PPN is
intended to supply only partial energy and protein
needs.1

Although several published studies have evaluated the
utility of TPN in dogs, cats, and horses,1–5 there is little
known about its use in camelids. Three case reports or
case series have been published on PN (either TPN or
PPN) in alpacas.6–8 In one, an adult alpaca with renal
failure received TPN for 3 days and PPN for 10 days.8

Furthermore, a case series described 20 crias with crypto-
sporidiosis, of which most received PN.6 In the third, 31
llamas and alpacas with hypertriglyceridemia were
treated with PN.7 In addition, 2 other individual case re-
ports of TPN in llamas have been published.9,10

However, different formulations were used in these pub-
lications, and none of the reports specifically evaluated
the formulation, clinical complications, and biochemical
alterations associated with TPN.

Alpacas have specific nutrient requirements that differ
from those of other ruminants because of the unique na-
ture of their gastrointestinal tract and metabolic physi-
ology. Llamas and alpacas consume less dry matter per
unit of body weight, digest feed more completely, and have
a slower gastrointestinal transit time than do other small
ruminants.11 This forestomach fermentation efficiency al-
lows llamas and alpacas to obtain 3–5%more energy from
lower quality forages than do other ruminants.11

Alpacas have been shown to produce less insulin and be
less sensitive to the anabolic effects of insulin than are
other ruminants.12–14 Decreased insulin production and
sensitivity allow hepatic gluconeogenesis to continue un-
abated.a,12–14 As a result, alpacas are more prone to
hyperglycemia. Alpacas also require more time to clear glu-
cose from the circulation despite a similar number of
insulin-producing pancreatic islet cells and the necessary
GLUT transporters as compared with other mammals.15,16
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In the presence of decreased insulin concentrations
and increased peripheral insulin resistance, lipolysis in-
creases circulating concentrations of nonesterified fatty
acids and alters normal lipid metabolism. This in
turn predisposes camelids to lipemia and increased
fat deposition, particularly in the liver and kidney.15,17

Hypoproteinemia, by decreasing production of insulin
and some enzymes necessary for glycolysis, also
may contribute to developing hepatic lipidosis.15,17,18

The feedback between decreased insulin response
and lipid metabolism derangements supports the clinical
impression that alpacas are predisposed to metabolic
complications (eg, hepatic lipidosis) associated with
TPN, which may limit the benefit of TPN formulations
used for other species.15,17,19 Therefore, the purpose of
this retrospective study was to evaluate and characterize
the use of TPN in alpacas. This information may be
useful in developing improved TPN formulas for this
species.

Materials and Methods

Case Selection

Cases were identified from a pharmacy computer database search

of all alpacas that received TPN while hospitalized at the Tufts

Cummings School for Veterinary Medicine Hospital for Large An-

imals (site 1) and the Ohio State University Veterinary Teaching

Hospital (site 2) between January 2002 and December 2008. For the

purposes of this study, TPN was defined as a combination of amino

acids and dextrose, with or without lipids, formulated to meet rest-

ing energy requirements (RER). Additionally, the nutritional

support log at site 1 was searched to ensure that no eligible cases

were overlooked. Animals of all ages were included in the study.

Study Design

The medical record for each patient was reviewed retrospectively

and data collected for the duration of hospitalization during

which TPN was administered. The following information was

assembled using a standardized data collection form: signalment;

body weight and body condition score; underlying medical

condition(s); duration of hospitalization before, during, and after

TPN administration; estimated RER calculated by the formula 70

� (body weight in kg)0.75; specific TPN formulation; catheter type;

biochemical data; frequency and type of complications; and out-

come (ie, survival to discharge, death, or euthanasia). Body

condition scores were assessed on a 5-point scale, where 1 5 ema-

ciated, 3 5 moderate, and 5 5 obese.20 Alpacas were divided into 2

age groups (juvenileo0.3 years, older40.3 years) based on the ex-

pected timepoint of earliest weaning. Crias under 4 weeks of age

were classified as neonatal animals. Survival was defined as dis-

charge from the hospital.

Complications were divided into 3 categories: mechanical, meta-

bolic, and septic.Mechanical complications included thrombophlebitis,

catheter occlusions, or disconnected lines that interfered with the ad-

ministration of TPN. Metabolic complications were defined as an

abnormal serum concentration of glucose, triglyceride, bilirubin, blood

urea nitrogen, sodium, chloride, calcium, or phosphorus after TPN ad-

ministration in a patient with a measurement that initially was within

the reference range of the institution’s clinical pathology laboratory.

Additionally, patients suspected of having refeeding syndrome and

hepatic lipidosis were recorded. Refeeding syndrome was defined by

at least two of the following characteristics: hypophosphatemia, hypo-

kalemia, or hypomagnesemia after initiating TPN in an anorexic

animal (ie, concentrations below the lower limit for the reference range

after TPN administration in a patient with a measurement that initially

was within the reference range of the institution’s clinical pathology

laboratory). Hepatic lipidosis was defined by a histopathologic confir-

mation of lipidosis on liver biopsy or necropsy. A diagnosis of lipemia

was based on visual inspection of the serum, a triglyceride concentra-

tion4500mg/dL, or both.

Septic complications were characterized by a systemic inflamma-

tory response syndrome (SIRS) associated with suspected or proven

infection,21 a known focus of systemic infection (eg, septic arthritis,

uveitis), or postmortem confirmation of sepsis. Confirmed sepsis

was differentiated from a diagnosis of SIRS on the basis of hemato-

logic and clinical data. More specifically, SIRS was defined by the

presence of at least two of the following 5 criteria, one of which had

to be an abnormal body temperature or leukocyte count22:

tachycardia (juveniles �120 beats per minute [bpm], older animals

�90 bpm); bradycardia (juveniles o70 bpm, older animals

o40 bpm); tachypnea (respiratory rate �40 breaths per minute);

body temperature4102.5 or o991F; abnormal leukogram (410%

immature neutrophils, leukocytosis, or leukopenia (418, 840, or

o4,160WBC/mL) based on the normal reference range reported at

the Diagnostic Laboratory of site 1. The definition of SIRS has not

been rigorously validated in camelids to date. It is based on estab-

lished reference ranges of normal vital parameters and hematology

in juvenile and adult alpacas, which vary according to source. The

current definition therefore remains institution-specific.

TPN was formulated according to standard protocols at the in-

dividual hospitals. At site 1, TPN was formulated from 3 separate

components: an amino acid solution (to provide between 4 and 6 g/

100 kcal protein,b,c) plus 50% dextrose (to provide 40–60% of non-

protein calories) and 20% lipidd (to provide the other 40–60% of

nonprotein calories). The solution was compounded aseptically by a

commercially available compounder.e B vitamin complexf was

added to all, and trace metalsg to some TPN formulations, depend-

ing on clinician preference. At site 2, TPN was formulated without

lipid. A commercial dextrose/amino acid solutionh was used and

administered to provide 4.25 g/100 kcal protein, plus 100% of non-

protein calories from dextrose. Calcium gluconate,i trace metals,j

magnesium sulfate (as warranted by clinical signs),k and B complex

vitaminsl were added aseptically.

Data Analysis

Data were examined graphically and by the Kolmogorov-

Smirnov test. Most data were not normally distributed and data

are presented as median (range). Chi square analysis or Fisher exact

test (if the expected count was o5/cell) was used to compare cate-

gorical data between study sites. Independent t-tests were employed

to compare continuous data between study locations for normally

distributed data and Mann-Whitney U-tests were used to compare

skewed data. Associations between 2 continuous variables were de-

termined using Spearman’s correlation tests. Multivariate logistic

regression analysis was performed for presence or absence of com-

plications and survival (ie, died or euthanized versus survived to

discharge) to determine whether age or study site were confounding

variables. All statistical analyses were performed by commercial

statistical software.m Results were considered statistically significant

if P � .05.

Results

Patient Demographics

Twenty-two alpacas were enrolled in the study (site 1:
n 5 8 and site 2: n 5 14). Site 1 cases were signifi-
cantly younger (median age, 0.1 years; range, 0.01–11.0
years) than those at site 2 (median age, 4.9 years; range,
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0.1–13.7 years; P 5 .03). More specifically, 5/8 (62.5%)
alpacas at site 1 were classified as juvenile, whereas 3/14
(21.4%) animals wereo0.3 years of age at site 2. Six of 8
patients at site 1 (75%) and 13 of 14 at site 2 (93%) were
female (P 5 .53). Initial body weight was significantly
lower in animals treated at site 1 (median, 12.2 kg; range,
5.8–75.0 kg) than at site 2 (median, 50.0 kg; range,
9.5–75.5 kg; P 5 .03). No difference was found in body
condition scores between the 2 sites (site 1: median, 3;
range, 1.5–3; site 2: median, 1.5; range, 1–1.5; P 5 .09)
but scores were available for only 11/22 animals. Sixty-
four percent (14 of 22; site 1: n 5 6; site 2: n 5 8) of all
cases had gastrointestinal disease as either primary
or secondary diagnoses. Of these, 7 were diagnosed
with enterocolitis, 7 with parasitic infestation, 3 with sep-
tic peritonitis, and 1 with gastritis; some animals had
multiple problems. Of the 7 parasitized animals, 4 had 1
identified parasite, and 3 had multiple parasites. Para-
sites identified included small coccidia, nematodirus,
Eimeria macusaniensis, and sarcocystis. One animal was
afflicted with nematodirus, coccidia, and sarcocystis,
whereas 2 had both nematodirus and Eimeria. Other
diagnoses included hepatic disease (n 5 2), neoplasia
(n 5 2), hematologic disease (n 5 1), and pharyngeal
abnormalities (n 5 1).
Most (n 5 20) animals had at least 1 pre-existing

metabolic abnormality before TPN was initiated; the
most common were lipemia (n 5 12/22), hypokalemia (n

5 11/22), hyperglycemia (n 5 11/22), and hypoglycemia
(n 5 4/22). The only difference between sites in pre-
existing metabolic abnormalities was the incidence of lip-
emia (site 1: n 5 1/8; site 2: n 5 11/14; P 5 .02). Before
starting TPN, 4 animals (site 1: n 5 0/8; site 2: n 5 4/14;
P 5 .095) met the criteria for SIRS and 1 (site 2) had he-
patic lipidosis.

TPN Administration

Animals at site 2 had significantly longer hospitaliza-
tion times (P 5 .01) and longer duration of TPN
administration (P 5 .004; Table 1). The number of calo-
ries administered on a kilogram basis (ie, kcal/kg/d) also
differed between the 2 sites (P o .001; Table 1). Juvenile
animals received significantly more kcal/kg/d than older
animals at both institutions. Percent of the RER admin-
istered was not different between study sites.
Furthermore, there was no significant difference between
sites with respect to time from admittance to the hospital
until initiation of TPN (site 1: median, 3.1 days; range,
0.2–8.8 days; site 2: median, 3.1 days; range, 0.4–12.2
days; P 5 .86). Alpacas at both sites had decreased
appetite before starting TPN (site 1: median, 2.0 days;
range, 1.0–27.0 days; site 2: median, 3.5 days; range, 0.0–
12.0 days; P 5 .56). TPN was administered via 1 of 3
brands of dedicated catheter in the jugular vein in 21 of
the 22 alpacas.n,o,p The remaining animal initially had

Table 1. Characteristics of total parenteral nutrition (TPN) administration at Tufts Cummings School of Veterinary
Medicine (site 1; n 5 8) and the Ohio State University College of Veterinary Medicine (site 2; n 5 14).

Site 1 Site 2 P Value

Duration of hospitalization (days) 5.4 (0.5–25.3) 21.4 (5.6–42.3) .01

Juvenile 7.5 (2.4–11.6) 21.8 (15.9–30.6)

Older 2.5 (0.5–25.3) 20.9 (5.6–42.3)

Duration of lagtime from admit to TPN start (days) 3.1 (0.2–8.8) 3.1 (0.4–12.2) .86

Juvenile 3.3 (2.1–6.6) 4.0 (2.2–8.8)

Older 1.3 (0.2–8.8) 3.8 (0.4–12.2)

Duration of decreased appetite before TPN (days) 2.0 (1.0–27.0) 3.5 (0.0–12.0) .56

Juvenile 2.0 (1.0–2.0) 2.0 (0.0–3.0)

Older 9.0 (6.0–27.0)a 4.0 (0.0–12.0)

Duration of TPN (days) 1.5 (0.7–10.7) 8.7 (1.0–18.0) .004

Juvenile 1.3 (0.9–5.3) 14.6 (7.7–18.0)

Older 1.7 (0.7–10.7) 8.7 (1.0–18.0)

Calories (kcal/kg/d) 33.7 (181–50.7) 26.4 (10.2–56.9) o.001

Juvenile 40.4 (18.1–50.7) 39.2 (29.8–42.5)

Older 24.8 (23.8–28.6)a 25.8 (10.2–56.9)a

Calories (% of RER) 100 (50–100) 99 (40–207) .47

Juvenile 100 (50–100) 100 (94–107)

Older 100 (100–100) 99 (40–207)

Time to reach calories goal (days) 2 (1–3) 2 (1–3) .93

Juvenile 2 (1–2) 3 (1–3)

Older 2 (2–3) 2 (1–3)

Weight change during TPN (kg) �0.5 (�1.0–0.0) �0.5 (�10.9–6.8) .72

Juvenile 0.0 (0.0–0.0) 0.7 (�1.1–1.5)
Older NA �0.9 (�10.9–6.8)

Insulin administered (number) 0 10 .002

Juvenile 0 3

Older 0 7

RER, resting energy requirements; NA, only 1 animal had sufficient data available to calculate change in body weight within this category.

Juvenile animals are thoseo0.3 years whereas older animals are those40.3 years. Data are presented as median (range).
ao0.05 between juvenile and older animals within each site.
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TPN administered via a cephalic vein catheter that was
later replaced with a jugular catheter.n,o,p At both sites,
the median number of days taken to reach an animals’
goal feeding rate was 2 (range, 1–3 days). Not all animals
were administered the full intended goal because of lo-
gistical issues or complications (site 1: median, 100% of
RER; range, 50–100% of RER; site 2: median 99% of
RER; range, 40–207% of RER). There was no significant
difference between sites in body weight change during
TPN administration (site 1: median, �0.5 kg; range, �1.0
to 0.0 kg; site 2: median,�0.5 kg; range,�10.9 to 16.8 kg;
P 5 .72). Most alpacas at both sites (site 1: n 5 7/8; site 2:
n 5 12/14; P 5 .91) also received some form of enteral
nutrition during TPN administration, although amounts
could not be quantified. Insulin was administered to
most (n 5 10/14) alpacas at site 2, but to none of the an-
imals at site 1 (P 5 .002). Seven of the animals that
received insulin developed hyperglycemia only after ini-
tiating TPN whereas 3 had pre-existing hyperglycemia
before TPN was initiated. All insulin-treated animals re-
ceived significantly more dextrose and less lipid in the
TPN formula than those that did not receive insulin
(both P 5 .005).

Complications and Outcomes of TPN

Twenty-one of 22 animals had at least 1 complication
while receiving TPN.Metabolic complications were most
frequent (n 5 21/22; Table 2), and included hyper-
glycemia (n 5 8/21), lipemia (n 5 7/21), hypokalemia (n
5 3/21), and refeeding syndrome (n 5 3/21). Develop-
ment of hyperglycemia was neither related to feeding
more than RER (P 5 .44) nor associated with the type of
TPN formulation used (P 5 .16). Significant differences
in the number of mechanical complications between sites
(site 1: n 5 0/8; site 2: n 5 3/14; P 5 .16) were not ob-
served. However, older animals (40.3 years) were
significantly more likely to develop metabolic (P 5 .03)
complications at site 2 compared with juvenile alpacas.
No factors evaluated in the multivariate analysis were in-
dependently associated with the occurrence of clinical
complications.
After initiating TPN, 5 animals met the criteria for

SIRS (site 1: n 5 3/8 [37.5%]; site 2: n 5 2/14 [14.3%]; P
5 .211). All 3 affected alpacas at site 1 wereo4 weeks of
age and did not meet criteria of SIRS before TPN ad-
ministration. In contrast, affected animals at site 2 were
5.4 and 9.6 years of age, respectively, and were diagnosed
with SIRS both before and after initiation of TPN. No
cases of TPN-related sepsis were diagnosed at either site
according to the a priori definition, although 1 animal
was treated with antibiotics after discontinuing TPN be-
cause of clinical suspicion of infection.
Nine of 14 animals (64%) survived to discharge at site

2, whereas only 1 of 8 (12.5%) was discharged at site 1
(P 5 .02). Nonsurviving alpacas at site 1 exhibited acute
enterocolitis (n 5 3), septic peritonitis with adhesions
caused by gastrointestinal leakage (n 5 2), malignant
melanoma (n 5 1), and persistent dysphagia with sec-
ondary aspiration pneumonia (n 5 1). Diagnoses in
deceased alpacas at site 2 included gastrointestinal dis-

ease (n 5 4), chronic wasting (n 5 3), pneumonia (n 5 2),
lymphoma (n 5 1), mycoplasma haemolama infection
(n 5 1), tooth root abscess (n 5 1), hepatic dysfunction
(n 5 1), and renal dysfunction (n 5 1). Multivariate
survival analysis showed that no factors, other than site,
were independently associated with survival in this small
study population.

Discussion

Anecdotal information suggests that alpacas are more
prone to metabolic complications from TPN than are

Table 2. Complications and outcomes of total parent-
eral nutrition (TPN) administration at Tufts Cummings
School of Veterinary Medicine (site 1; n 5 8) and the
Ohio State University College of Veterinary Medicine
(site 2; n 5 14).

Site 1 Site 2 P Value

Complication class

Metabolic 7 (88%) 14 (100%) .18

Juvenile 5 3

Older 2 11a

Mechanical 0 (0%) 3 (21%) .16

Juvenile 0 0

Older 0 3

TPN-related sepsisb 0 (0%) 0 (0%) NA

Metabolic complications

Hyperglycemia 1 (13%) 7 (50%) .16

Juvenile 1 1

Older 0 6

Lipemia 3 (38%) 4 (29%) 1.00

Juvenile 2 2

Older 1 2

Refeeding syndrome 0 (0%) 3 (21%) .18

Juvenile 0 0

Older 0 3

Hypokalemia 1 (13%) 2 (14%) .95

Juvenile 1 0

Older 0 2

Outcomes

Survival to discharge 1 (13%) 9 (64%) .02

Juvenile 1 2

Older 0 7

Death 4 1

Juvenile 4 0

Older 0a 1

Euthanasia 3 4

Juvenile 0 1

Older 3a 3

Body weight change during

TPN administration (kg)

�0.5 (1.0–0.0) �0.5(�10.9–6.8) .72

Juvenile 0.0 (0.0–0.0) 0.7 (�1.1–1.5)
Older NA �0.9 (�10.9–6.8)

NA, only 1 animal had sufficient data available to calculate

change in body weight within this category.

Juvenile animals are those o0.3 years whereas older animals are

those40.3 years. Data presented as number (%).
ao0.05 between juvenile and older animals within each site.
bOne alpaca was confirmed to be septic as a consequence of in-

testinal rupture leading to septic peritonitis. Another individual

was treated with antibiotics after discontinuing TPN because of a

clinical suspicion of infection.
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other species. This observation may be related to their
underlying physiological differences in metabolism of
glucose, lipid, and protein that might make the composi-
tion of TPN formulations particularly important.15 At
least 1 metabolic complication of TPN occurred in nearly
all animals (21/22, 95%) in the current study compared
with rates of 34–42% from published studies in dogs and
cats receiving PPN1 and cats receiving TPN, both of which
used similar criteria for defining complications.2 However,
because of the comparatively long duration of TPN ad-
ministration in the current study, the number of compli-
cations per TPN day was relatively low.
The current study did not detect a difference in meta-

bolic complications based on calories provided or TPN
formulation used, although the power of this small ret-
rospective study raises the possibility of a Type II
statistical error in any nonsignificant differences found
in the development of complications. For example, the
routine use of insulin in alpacas administered TPN at site
2 may have artificially decreased the number of hyper-
glycemic complications at that institution, despite the
higher percentage of dextrose used in the site 2 TPN for-
mulation. Although site 2 documented a significantly
higher rate of metabolic complications in older com-
pared with juvenile alpacas, the development of
hyperglycemia after TPN administration was unrelated
to age. Consistent criteria for use of insulin were not
identified at either hospital, but most commonly were re-
lated to clinician preference, age of the animal,
underlying illness, formulation of the PN solution, rate
of TPN administration, and the intent to counteract lip-
emia15 in selected patients.
Most observed complications were mild and resolved

by administering insulin or adjusting the rate of the TPN
infusion. In a few cases, the complications resolved even
before a change in treatment was instituted. This obser-
vation suggests that there may be a period of biochemical
adjustment to administration of TPN. More research on
the clinical significance of changes in metabolic parame-
ters during the time period immediately after beginning
TPN administration is warranted. The high incidence of
metabolic complications also underscores the impor-
tance of careful and consistent metabolic monitoring of
patients receiving TPN.
In addition to metabolic complications that developed

after administration of TPN, most animals (n 5 20/22,
91%) had some pre-existing metabolic abnormality be-
fore TPN was initiated. The number of pre-existing
metabolic abnormalities has not been published in stud-
ies of TPN in dogs and cats, and cannot be compared.2–5

Metabolic derangements in alpacas of the current study
could have been caused by the underlying disease pro-
cesses, endogenous catecholamine release following
illness and stress, or related to prolonged anorexia, char-
acteristic of most patients in this series. Furthermore, the
observed derangements may be related to the unique
nature of metabolism in alpacas. For example, both ju-
venile and adult alpacas may develop lipemia under
conditions of negative energy balance. Furthermore,
camelids may be partially insulin resistant.13 The associ-
ated impairment of glucose assimilation thus may

predispose camelids to hyperglycemia.14 These underly-
ing problems may substantially affect the choice of TPN
formulation in this species. Therefore, further research is
warranted to evaluate the effects of pre-existing meta-
bolic abnormalities on TPN formulation as well as how
they influence monitoring of camelids receiving TPN.

Various similarities and differences need to be consid-
ered when comparing findings of the current report to
those of similar retrospective TPN studies in dogs, cats,
and horses.2–5 For example, the duration of TPN admin-
istration in alpacas was longer than in studies of cats,
dogs, and horses, which had a median duration of 3.5–
5.0 days,2–5 compared with the current study’s longer du-
ration of 7.6 days for the 2 sites combined. Mechanical
complications in the current study were relatively low (3/
22; 13.6%) compared with complication rates of 22–46%
for TPN studies in dogs and cats,2–5 although they were
similar to those in horses.23–25 The amount of body
weight change seen during TPN administration was
lower than in studies of cats and dogs, with a median
weight loss of 0.5 kg in the current study compared with
either no change or an increase of up to 3–4% in other
studies.2–5 In 1 study of foals, 40% of foals gained weight
while receiving PN.23 Our usual goal is maintenance of
current weight during TPN, and we recommend increas-
ing energy intake from TPN or from concurrent enteral
feeding when this goal is not being achieved.

Gastrointestinal disease was the primary problem in
alpacas at both sites, which is similar to that seen in stud-
ies of TPN in cats, dogs, and horses2–5,23–25 as well as in
case reports and case series of llamas and alpacas that
received PN.6,7,9,10 However, the study populations at
the 2 sites were markedly different, which may have lim-
ited our ability to detect differences between the 2 TPN
formulas. At site 2, the patients were older and tended to
have more chronic disease than the patients at site 1,
which were most commonly young alpacas with acute
systemic illness. This difference also resulted in the al-
pacas at site 2 receiving TPN for a longer duration, and,
possibly, improved survival compared with site 1. Four
of the 7 nonsurviving alpacas at site 1 experienced a gas-
trointestinal leak (n 5 2), neoplasia (n 5 1), or persistent
dysphagia (leading to euthanasia), which were consid-
ered to progress unrelated to parenteral nutritional
support. The remaining 3/7 nonsurviving alpacas were
neonatal crias that had acute, severe enterocolitis. In
contrast, 4/5 nonsurviving alpacas at site 2 were adults
(�4 years). Three of the 5 animals suffered from chronic
wasting conditions, 1 had lymphoma, and 1 developed
gastritis, aspiration pneumonia, and mycoplasma ha-
emolama infection. The diversity and complexity of
these cases precluded a clinically relevant assessment of
risk factors of patient mortality in this small study.

Three of all 5 nonsurviving neonatal crias at site 1 (o4
weeks of age) developed SIRS after initiation of PN.
These data could not be adequately compared with find-
ings at site 2, because the latter institution only
administered TPN in 1 neonatal cria. The relevance of
this finding and its potential influence on morbidity and
mortality thus remain speculative. A study of human
ICU patients previously documented that SIRS and PN
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were independently associated with patient mortality
after control for admission conditions, severity of illness
scores, and interventions.26 Although PN prevents pro-
gressive malnutrition, a lack of enteral nutrition during
TPN may lead to mucosal immunity impairment of the
intestinal tract and associated increases in intestinal per-
meability.27 In this context, neonatal patients may be at
greater risk of developing secondary SIRS or sepsis.
Nonetheless, PN is a fundamental part of human neona-
tal intensive care and future studies are necessary to
investigate the impact of TPN on systemic inflammation
in neonatal crias.
There are a number of other important limitations to

this study. The retrospective design of the study pre-
vented access to all data on all patients. There was wide
variability in frequency and timing of blood parameter
monitoring after initiating TPN, which hindered com-
parison of data on complications. In addition, some
animals received more and some o100% of their initial
calorie goal, resulting in a wide range of calories received
as a percentage of RER. Although this was not statisti-
cally associated with complication rate or survival, it still
may have influenced results. Prospective studies are war-
ranted to determine optimal TPN formulations for
alpacas. Nonetheless, this study suggests that TPN is a
feasible method of nutritional support in alpacas when
enteral nutrition is not possible.

Footnotes

aHuaman J, Villavicencio M, Guerra R, et al. Effects of insulin and

hydrocortisone on the activity of glycolytic and gluconeogenic en-

zymes of the alpaca liver. Fed Proc 1975; 34: 659 (abstract)
b Travasol with electolytes, Baxter Healthcare Corporation, Deer-

field, IL
cTravasol without electrolyes, Baxter Healthcare Corporation
d Intralipid, Baxter Healthcare Corporation
eAutomix 313 compounder, Baxter Healthcare Corporation
f B vitamin complex, Veterinary Laboratories, Lenexa, KS
g 4 Trace elements, Abbott Laboratories, North Chicago, IL
hClinimix E 4.25/25, Baxter Healthcare Corp, Clintec Nutrition Di-

vision, Deerfield, IL
iCalcium Gluconate 10% injection (10mL), APP Pharmaceuticals

LLC, Schaumburg, IL
jMultitrace-4 (Trace Elements Injection 4, USP), American Regent

Inc, Shirley, NY
kMagnesium Sulfate Injection, USP (50%), American Regent Inc
l Vitamin B complex injection, Vedco Inc, St Joseph, MO
mSystat 11.0, SPSS, Chicago, IL
nMILACATH polyurethane extended use catheter, MILA, Erlan-

ger, KY
oMILACATH polyurethane longterm catheter (guidewire style),

MILA
pAngiocath Teflon intravenous catheter, Becton Dickinson, Frank-

lin Lakes, NJ
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