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Abstract

Objective – To review the clinical use of a lipid-free, ready-made amino acid and glucose parenteral nutrition
(PN) solution in dogs.
Design – Retrospective study of dogs from 2006 to 2012 that received this form of PN.
Setting – University veterinary teaching hospital.
Animals – Seventy dogs presented to the hospital for treatment of various diseases in which PN was used as
part of patient management. Dogs were administered PN at the discretion of the primary clinician.
Intervention – A lipid-free, ready-made solution containing amino acid (59 g/L) and dextrose (100 g/L) was
administered intravenously as a constant rate infusion to provide nutritional support.
Measurements and Main Results – PN was provided for a median of 2.2 days (range 0.5–9.5 days) in the
70 dogs, totaling 168 days of PN. The PN provided a median of 5.5 g/100 kcal of protein (range 1–9.5 g/100 kcal)
and a median of 2.2 mg/kg of bodyweight per minute (range 0.8–5.2 mg/kg/min) of glucose, which reflected
a median of 57% of the resting energy requirement (range 9–100%). Metabolic complications developed in
43 of 67 dogs where these data were recorded, but the development of hyperkalemia was the only complication
associated with a poor outcome (eg, death or euthanasia). Mechanical complications were seen in 28 dogs, and
all but one of these occurred when PN was delivered through peripheral catheters. Septic complications were
confirmed in 5 dogs.
Conclusions – This form of PN is suitable for clinical use and can provide both protein and calories to ill dogs.
It was, however, associated with a high rate of complications and requires careful patient monitoring.

(J Vet Emerg Crit Care 2013; 23(3): 305–313) doi: 10.1111/vec.12029

Keywords: amino acids, complications, critical care, dextrose, nutritional support

Introduction

The use of parenteral nutrition (PN) in veterinary
medicine has increased in recent years.1–6 However, rou-
tine use of PN in general veterinary practice is hindered
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Abbreviations

IQ interquartile
PN parenteral nutrition
TPN total parenteral nutrition
PPN partial parenteral nutrition
RER resting energy requirement

by the relatively high cost of this form of nutrition,
the requirement for time and expertise in compound-
ing the PN solution and a perceived high rate of
complications associated with its use. Total parenteral
nutrition (TPN) was previously defined as the intra-
venous provision of all of a patient’s protein, calorie, and
micronutrient requirements, whereas partial parenteral
nutrition (PPN) was defined as the provision of only a
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part of these requirements (typically 40–70% of the en-
ergy requirement).7 In the latter form, enteral nutrition
may be voluntarily consumed or provided by a feeding
tube to supplement the PN. More recently, there has been
a shift away from describing PN in terms of meeting en-
ergy and nutrient requirements as they remain largely
unknown in animals. Current recommendations catego-
rize PN by the mode of delivery, such that PN delivered
into a central vein is described as central PN and PN de-
livered into a peripheral vein is described as peripheral
PN.6

All 3 components of PN (lipids, amino acids, and
glucose) provide energy, and the lipid solution is the
most energy dense component.8 The iso-osmolar lipid
component also serves an important role in reducing
the tonicity of the final PN solution. Commercially
available ready-made PN solutions include formulations
with and without lipids. Despite the benefits of includ-
ing lipids in PN solutions, they may have detrimen-
tal effects on immune function and hemodynamics, in
addition to pro-inflammatory and pro-oxidant effects.
PN-containing lipids may result in an increased risk for
hyperlipidemia, lipid embolization, and microbial con-
tamination of the solution.9–21 The principal type of lipid
used for PN in most countries is derived from soy-
bean oil (a long-chain triglyceride-containing linoleic
acid), and its effect on the inflammatory system via
increased production of the omega-6 family of inflam-
matory mediators has been investigated.15 In vivo stud-
ies in people have shown an exaggerated inflammatory
response to endotoxin following a long-chain triglyc-
eride infusion.18 Hypertriglyceridemia developed in up
to 46% of dogs and cats receiving PN in an early de-
scription of PN use in animals.1 In a more recent report,
although 62% of dogs were hypertriglyceridemic dur-
ing PN administration, only 1 out of 14 dogs developed
this problem without being hypertriglyceridemic before
PN administration.6 Lipid emulsions may also support
bacterial and fungal growth because of their isotonicity
and neutral pH, although compounding standards have
greatly reduced the risk for contamination.9–12

A study evaluating the effects of lipid-containing par-
enteral infusions in human trauma victims found sig-
nificantly reduced duration of hospitalization, duration
of intensive care, and days of mechanical ventilation in
patients receiving lipid-free PN.22 However, the group
receiving lipid-containing PN also received greater num-
bers of calories than the lipid-free group.22 Experimental
studies in dogs receiving lipid infusions demonstrated
reduced ventricular function and decreased systemic
vascular resistance.21

Toxicity caused by leaching of lipid-soluble phthalates
(used as plasticizers in polyvinyl-chloride-based deliv-
ery systems) is another concern in long-term human

PN.23 Although, other components in PN solutions may
also contribute to leaching of phthalates from polyvinyl-
chloride materials, the lipid component has been re-
cently implicated as the principal component mediating
toxicity.24 For this reason, bags composed of a material
other than polyvinyl-chloride are being advocated for
use with PN.

The provision of amino acid and glucose solutions
have been shown to improve nitrogen balance in healthy
dogs undergoing starvation.25 Although several com-
mercially available amino acid and glucose solutions ex-
ist, there are no published papers of their clinical use in
dogs or cats.26 The purpose of this retrospective study
was to evaluate the utility of a ready-made, lipid-free
PN solutiona for use in a clinical setting. In particular,
we sought to describe certain aspects related to the use
of this form of PN such as the ease of implementation,
ability to provide calories and protein to hospitalized
dogs, and the rate of complications.

Materials and Methods

Patient selection
The medical records of all dogs receiving PN at the
Queen Mother Hospital for Animals of the Royal Veteri-
nary College, University of London, between Novem-
ber 2006 and February 2012 were reviewed. These
patients were identified from the invoicing records
where the terms “TPN,” “PPN,” or “Vamin 9 Glucose”
were recorded. Patients were excluded from the study
if their medical records were incomplete, if they re-
ceived compounded PN rather than the product under
investigation or when the solution was administered for
<12 hours. Signed consent for hospitalization was ob-
tained from the owners of all dogs prior to admittance
to hospital.

Procedures
The PN solutiona investigated in the present report is
a ready-made, medical grade, lipid-free amino acid and
glucose solution. It has a shelf life of 12 months when
stored between 0 and 25◦C. The solution contains 9.4 g ni-
trogen (5.9% or 59 g/L of amino acid solution) including
18 amino acids that are detailed in Table 1. The PN solu-
tion also contains 100 g/L of glucose and electrolytes in-
cluding calcium (2.5 mmol/L [10 mg/dL]), magnesium
(1.5 mmol/L [3.6 mg/dL]), potassium (20 mmol/L [20
mEq/L]), sodium (50 mmol/L [50 mEq/L]), and chlo-
ride (50 mmol/L [50 mEq/L]). The solution has a pH
of 5.2, an osmolality of 1,350 mOsmol/kg, and provides
650 kcal/L. The calorie:nitrogen ratio for this product is
61:1 and the nonprotein calorie:nitrogen ratio is 36.2:1.
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Table 1: Amino acid content and concentration of a commercial
ready-made, lipid-free parenteral nutrition solution

Amino acid Concentration (g/L)

Alanine 3.0
Arginine 3.3
Aspartic acid 4.1
Cysteine/cystine 1.4
Glutamic acid 9.0
Glycine 2.1
Histidine 2.4
Isoleucine 3.9
Leucine 5.3
Lysine 3.9
Methionine 1.9
Phenylalanine 5.5
Proline 8.1
Serine 7.5
Threonine 3.0
Tryptophan 1.0
Tyrosine 0.5
Valine 4.3

The PN solution was administered via a peripheral
(cephalic, saphenous, or femoral) catheter solely used for
PN administration or via a dedicated port of a multiple
lumen central (ie, jugular) catheter. Typically, a fluori-
nated ethylene propylene polymer peripheral catheterb

(eg, 20–Ga and 32 mm long or 22–Ga and 25 mm long)
placed in the cephalic or saphenous (medial or lateral)
vein or a polyurethane long-term catheterc (eg, 16–Ga
and 15 cm long) placed in the medial saphenous vein
was used for peripheral administration. For central PN
administration, a triple-lumen long-term polyurethane
catheterc (eg, 7–Fr and 15 cm long or 4–Fr and 13 cm
long) placed in the external jugular vein was used. All
catheters were placed with strict adherence to aseptic
technique. The PN was never disconnected from the pa-
tient during the infusion (eg, the dogs were walked with
the PN solution attached) and it was administered con-
tinuously via an infusion pump. The peripheral catheters
were replaced every 3 days or sooner if complications
arose. All catheters were checked daily (under aseptic
conditions) or sooner if catheter-related complications
were suspected.

Nutritional support utilizing this PN solution was im-
plemented by various services in the hospital with or
without advice from the Nutritional Support Service. A
standardized worksheet was provided that enabled cal-
culations of energy and protein requirements, propor-
tion of the energy requirement to be provided by the PN
solution, and the maximal allowable rate of glucose in-
fusion. It was recommended that patients on this form of
PN be monitored by at least twice-daily physical exam-
inations (including measurement of rectal temperature
and bodyweight), daily blood tests to monitor packed

cell volume, total plasma protein, serum biochemistry,
and electrolytes, and that a complete blood count and
blood or catheter tip culture be performed if there was a
clinical suspicion of a local or systemic infection.

The energy requirement was calculated to be the pa-
tient’s resting energy requirement (RER) by the formula:
RER in kcal per day = 70 × (bodyweight in kg)0.75, or
for animals weighing between 2 and 30 kg by the for-
mula: RER in kcal per day = 30 × (bodyweight in kg)
+ 70. Illness factor multipliers were not used and RER
was calculated to the current bodyweight. Guidelines
were provided on the worksheet for protein provision
depending on the clinical indication: a standard protein
allocation was 4 g/100 kcal, an increased protein allo-
cation was 6 g/100 kcal, and a reduced allocation was
2–3 g/100 kcal. The rate of glucose infusion was recom-
mended to be maintained below 4 mg of glucose per
kilogram of bodyweight per minute. For example, a 20
kg dog would have a calculated RER of 662 kcal/d. If a
standard protein provision (ie, 4 g/100 kcal) was desired,
a total daily protein provision target of 26.5 g would be
set for such a dog. To achieve this, the PN infusion rate
would be set to 19 mL/h (1 mL/kg/h) which would
provide 45% of the RER for such a dog and would de-
liver glucose at an infusion rate of 1.6 mg/kg/min. If
the same dog required a reduced protein provision (eg,
2.5 g/100 kcal) because of its underlying disease (eg,
chronic kidney disease), 16.6 g/d of protein would be
necessary. This would require a PN infusion rate of
12 mL/h (0.6 mL/kg/h) and would meet only 28% of this
dog’s RER with a glucose infusion rate of 1 mg/kg/min.
Finally, if an increased protein provision (eg, 6 g/
100 kcal) was desired, 39.7 g/d of protein would be
necessary, requiring a PN infusion rate of 28 mL/h
(1.4 mL/kg/h) and providing 66% of this dog’s RER,
with a glucose infusion rate of 2.3 mg/kg/min.

The PN infusion rate was administered at 50% of the
maximum calculated rate for the first 24 hours to moni-
tor for the development of any metabolic complications.
If no complications arose after 24 hours, the rate was
increased to the maximum rate. The subsequent infu-
sion rate was then adjusted accordingly if complications
developed (eg, PN rate was reduced by 50% if hyper-
glycemia developed or potassium supplementation was
discontinued if hyperkalemia developed). Supplemental
enteral nutrition was voluntarily consumed or provided
via a feeding tube in most animals.

Data collected from the medical records included the
patient’s signalment, bodyweight, body condition score,
presenting complaint, final diagnosis, reason for insti-
tuting PN, time to initiation of PN from admission to
hospital, maximum protein provision (g/100 kcal), max-
imum glucose infusion rate (mg/kg/min), initial per-
centage of RER provided, maximum percentage of RER
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provided, route of administration (peripheral versus
central catheter), duration of PN therapy, type of supple-
mentary enteral nutrition, estimated percentage of RER
provided by enteral nutrition, type and rate of concur-
rent intravenous fluid therapy, potassium supplemen-
tation in fluid therapy, duration of hospitalization, and
outcome (discharge from hospital, death, or euthanasia).

The clinical records and laboratory data were eval-
uated to determine the type and frequency of compli-
cations. Complications associated with PN administra-
tion were classified as mechanical, metabolic, or septic.
Mechanical complications included thrombophlebitis,
catheter occlusions, disconnected or damaged fluid ad-
ministration lines, or any other technical problems asso-
ciated with the delivery of PN. Septic complications were
characterized by a clinical suspicion of sepsis and con-
firmed via a positive catheter tip or blood culture result.
A clinical suspicion of sepsis was raised if the patient
developed pyrexia or a left-shifted neutrophilia and a
reason for this was not obvious from the underlying dis-
ease. Metabolic complications were defined as increases
or decreases in the concentrations of blood glucose (ref-
erence interval, 4.2–6.6 mmol/L [76–119 mg/dL]), potas-
sium (reference interval, 3.6–4.6 mmol/L [3.6–4.6 mEq/
L]), urea (reference interval, 3–10 mmol/L [8.4–28 mg/
dL]), creatinine (reference interval, 50–140 �mol/L [0.6–
1.6 mg/dL]), phosphorus (reference interval, 0.8–1.8
mmol/L [2.5–5.6 mg/dL]), or bilirubin (reference inter-
val, 0–2.4 �mol/L [0–0.14 mg/dL]) after PN administra-
tion, in which the value was within the reference interval
prior to PN administration. Patients were excluded from
analysis for calculating rates of metabolic complications
if follow-up blood testing was not performed.

Statistical methods
All statistical tests were performed with a commer-
cial statistical software package.d Data are described as
median (range) for continuous data after assessment of
nonnormality of distribution, and as proportions for cat-
egorical data. Laboratory measurements are described as
median with interquartile (IQ) ranges. Mann-Whitney U-
tests were used to test the statistical significance of differ-
ences in median values of continuous variables among
categories of categorical variables. Where appropriate,
Pearson chi-square or Fisher’s exact tests were used to
assess associations among categorical variables. Statisti-
cal significance was set at P < 0.05.

Results

Patient demographics
During the study period 82 dogs received this form of
PN. Patients were excluded due to missing or incom-

Table 2: Reason for administering a ready-made, lipid-free par-
enteral nutrition solution in 70 dogs

Reason Number of dogs Percentage of dogs

Anorexia/inappetence 33 47
Vomiting 14 20
Vomiting + inappetence 13 19
Regurgitation 5 7
Trismus/dysphagia 2 3
Mechanical ventilation 2 3
Obtundation 1 1

Total 70 100

plete records (n = 10) or when the PN was administered
for less than 12 hours (n = 2). This report includes the
information from 70 dogs that summated to 167.8 days
of PN therapy.

The median age of the dogs in this report was 4.2 years
(0.2–15 years). Thirty-four different dog breeds were rep-
resented, with Labrador retrievers (n = 10) being the
most commonly represented. The population included
31% female neutered, 29% male neutered, 23% male en-
tire, and 17% female entire dogs. Thirty-one percent of
dogs weighed <10 kg, 23% weighed between 10 and
20 kg, and 46% weighed >20 kg. The median weight of
the dogs in this report was 15.7 kg (1.6–58 kg). Body con-
dition score was only available in 16 dogs and ranged
from 2/9 to 7/9.

PN was most commonly administered because of
a combination of anorexia or inappetence (n = 33)
or vomiting (n = 14), as summarized in Table 2. A
variety of underlying diseases were identified, with
pancreatitis (n = 9) and immune-mediated hemolytic
anemia (n = 8) the most common. Based on a body
system categorization, 23 dogs had gastrointestinal
disorders (including gastroenteritis, peritonitis, intus-
susceptions, and esophageal disorders), 10 dogs had
hematologic disorders (including immune-mediated
hemolytic anemia), 9 had pancreatic disease (ie, pan-
creatitis), 6 had neurologic diseases (including tetanus),
6 had neoplastic diseases, 5 had kidney disease (includ-
ing acute kidney injury), 4 had hepatic disease, and the
remaining 7 dogs were afflicted by miscellaneous disor-
ders (including trauma).

PN delivery details
The median duration from admittance to the hospital
to initiation of PN was 3 days (0.25–26 days). Addi-
tional IV fluid therapy was provided in 61 dogs, in-
cluding isotonic crystalloids alone in 47 dogs, artifi-
cial colloids alone in 5 dogs, and a combination in 9
dogs. PN was provided via a peripheral catheter in 66%
of dogs (46/70) whereas in the remaining dogs it was
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Table 3: Details of metabolic complications observed following
administration of a ready-made, lipid-free parenteral nutrition
solution to 67 dogs

Metabolic complication Number of dogs affected

Hyperglycemia 19
Hyperkalemia 12
Azotemia 4
Hyperphosphatemia 1
Hypokalemia 2
Hyperglycemia and hyperkalemia 3
Hyperglycemia and azotemia 1
Hyperglycemia, hyperkalemia, 1

and azotemia

Total 43

delivered via a central (ie, jugular) catheter. Additional
information with regards to the catheter length and spe-
cific site used was not available. The median duration
of PN administration was 2.2 days (0.5–9.5 days). The
median proportion of RER provided by the PN was 57%
(9–100%). In 61 dogs (87%), greater than 40% of the calcu-
lated RER was provided by the PN. The median protein
provision was 5.5 g/100 kcal (1–9.5 g/100 kcal). The me-
dian rate of glucose infusion was 2.2 mg of glucose/kg
of bodyweight/min (0.8–5.2 mg/kg/min). Supplemen-
tal enteral nutrition was consumed by 57 dogs (81%),
including an estimated consumption of less than 25% of
the RER in 43 dogs, between 25% and 50% of the RER
in 7 dogs, between 50% and 75% of RER in 3 dogs, and
greater than 75% of the RER in 4 dogs.

Complications
The PN complications observed were categorized
as metabolic, mechanical, or septic complications.
Metabolic complications were observed in 43 dogs from
a total of 67 dogs where this information was available
(Table 3). This included 5 dogs where more than one
metabolic complication developed at the same time.

Hyperglycemia classified as a metabolic complica-
tion was noted in 24 dogs (either as a sole compli-
cation or in combination with other metabolic com-
plications). The median of the highest post-PN serum
blood glucose concentration in those dogs that devel-
oped hyperglycemia as a metabolic complication was 7.5
mmol/L (135 mg/dL) (IQ range, 6.6–25 mmol/L [119–
450 mg/dL]). The rate of glucose infusion provided by
the PN in those dogs that developed hyperglycemia as
a metabolic complication was not different to those that
did not develop this complication (P = 0.38). No dogs
developed hypoglycemia as a metabolic complication.

Hyperkalemia, was noted in 16 dogs either as a sole
complication or in combination with another metabolic
complication. The median of the highest post-PN serum

Table 4: Details of mechanical complications observed following
administration of a ready-made, lipid-free parenteral nutrition
solution to 70 dogs

Mechanical complication Numbers of dogs affected

Catheter dislodgement 24
Leaking fluid from catheter site 2
Damaged catheter or fluid 1

administration set
Thrombosed vein 1

Total 28

potassium concentration in those dogs that developed
hyperkalemia was 4.9 mmol/L (4.9 mEq/L; IQ range,
4.7–7.2 mmol/L [4.7–7.2 mEq/L]). Potassium supple-
mentation was provided in the intravenous fluids of 53%
of dogs overall and in 63% of dogs that developed hyper-
kalemia; however, there was no significant relationship
between potassium supplementation and the develop-
ment of hyperkalemia (P = 0.38). Two dogs developed
hypokalemia.

Azotemia as a metabolic complication (ie, pre-PN
blood urea and creatinine concentrations within the ref-
erence interval, but either or both post-PN values above
the reference interval) was noted in 6 dogs either as a sole
complication or in combination with another metabolic
complication. The amount of protein provided by the PN
in those dogs that developed azotemia as a metabolic
complication was not different from the rate of pro-
tein provision overall (P = 0.31). Hyperphosphatemia
was noted in 1 dog, and no dog developed hypophos-
phatemia. No dogs developed hyperbilirubinemia. The
amount of calories provided (percentage of RER) was not
significantly associated with the development of hyper-
glycemia (P = 0.65), hyperkalemia (P = 0.39), azotemia
(P = 0.45), or hyperphosphatemia (P = 0.47).

Mechanical complications were noted in 28 dogs
(Table 4). All but one of these complications was asso-
ciated with the use of peripheral catheters; the associa-
tion between the use of peripheral catheters and the de-
velopment of mechanical complications was significant
(P < 0.01). Septic complications were suspected in 24
dogs and confirmed (via positive catheter tip culture)
in 5 dogs (Table 5). There was no association found be-
tween the development of septic complications and the
duration of PN (P = 0.07), type of catheter (central vs.
peripheral; P = 0.52), or amount of calories (% of RER)
provided (P = 0.18). The overall complication rate (ie, to-
tal number of metabolic complications, mechanical com-
plications, and confirmed septic complications) for this
type of PN was 0.49 complications/day of PN.
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Table 5: Details of suspected septic complications observed fol-
lowing administration of a ready-made, lipid-free parenteral nu-
trition solution to 70 dogs

Suspected septic Numbers of
complication dogs affected

Unexplained pyrexia 15
Left-shifted neutrophilia 3
Positive catheter culture 2
Pyrexia and positive catheter culture 2
Neutrophilia and pyrexia 1
Pyrexia, neutrophilia, and 1

positive catheter culture

Total (positive catheter culture) 5

Outcome
Thirty-two dogs (46%) were discharged from the hospi-
tal, whereas 11 died and 27 were euthanized. The me-
dian duration of hospitalization overall was 7.0 days (2–
31 days). The median duration of hospitalization of the
survivors was 8 days (2–31 days) whereas that of the
nonsurvivors was 6 days (2–16 days), although this dif-
ference was not statistically significant (P = 0.07). The
development of any PN-related complications (mechan-
ical, metabolic, or septic) was not associated with the
duration of hospitalization (P = 0.50).

Neither the development of hyperglycemia (P = 0.60)
nor the development of azotemia (P = 0.21) was asso-
ciated with outcome, but the development of hyper-
kalemia was associated with a poor outcome (death
or euthanasia) (P = 0.014). The provision of potas-
sium supplementation in IV fluids was also associated
with a poor outcome (P = 0.018). The development of
metabolic complications overall was not associated with
outcome (P = 0.19). The development of mechanical
(P = 0.12) or septic (P = 0.89) complications was also not
associated with outcome. The provision of supplemental
enteral nutrition was not associated with outcome (P =
0.12).

Discussion

One apparent advantage of the ready-made PN solution
was its relative convenience when compared to com-
pounded PN. Use of a ready-made PN solution allowed
a more rapid initiation of nutritional support in our insti-
tution than previously, as it avoided delays involved in
formulating and compounding PN solutions. The work-
sheets also enabled administration of PN by clinicians of
other services (eg, Emergency and Critical Care, Inter-
nal Medicine) when a member of the Nutrition Support
Service was not available. The median duration from
hospitalization to initiation of PN in this report was
3 days, which was similar to previous reports from other

institutions.2–4 The ready-made solution was also ap-
proximately a third of the cost of compounded PN in our
hospital, which was seen as an additional advantage.

Authors have suggested that a reasonable target for
energy provision with PN should constitute approxi-
mately 40–70% of RER.7, 8 This hypocaloric approach
could be employed in the short term (ie, 3–5 days) es-
pecially if additional calories are provided by the enteral
route. This somewhat arbitrary energy target provision
of 40–70% of RER was met in the majority of dogs by
use of this ready-made solution (87% of dogs received
>40% of RER by PN alone). In addition, 81% of dogs in
this report received additional energy via supplemental
enteral nutrition. The PN in our report was provided for
a median 2.2 days (52 hours), compared with a median
of 3 days in a previous report detailing the use of PPN in
dogs.3 PN can be theoretically administered for longer
periods, especially when a greater proportion of energy
and nutrient requirements are provided. Previous vet-
erinary reports detailing PN use in dogs and cats cite a
similarly short duration of PN administration (ranging
from 3.5 to 4.8 days).1, 2, 4, 5

The PN protocols employed in the current study in-
cluded nutritional targets of energy provision as a per-
centage of RER and grams of protein in relation to energy
provision. Previous guidelines in people included tar-
get nonprotein calorie:nitrogen ratios for PN that would
be appropriate for patients with varying degrees of
metabolic stress.27, 28 For example, a patient with min-
imal metabolic stress would have been managed with a
PN formulation with a nonprotein calorie:nitrogen ratio
of 150:1, whereas a critically ill patient would be man-
aged with calorie:nitrogen ratios of 100:1 to 120:1.27, 28

The current human guidelines for nutritional support
in critically ill patients state that determination of pro-
tein requirements in the critical care setting is difficult
to measure, and so they may be derived from simplistic
equations such as 1.2–2.0 g/kg/d or nonprotein calo-
rie:nitrogen ratio of 70:1–100:1.29 The PN solution in the
current study has a nonprotein calorie:nitrogen ratio of
36:1 but the optimal ratio has not been determined for
dogs, healthy or otherwise. It is interesting to note that
the current nutritional support guidelines for critically
ill children make no specific recommendations for par-
titioning of major substrates (ie, protein, carbohydrates,
and lipids) because of insufficient data to make evidence-
based recommendations for macronutrient intake.30

Because of concerns that lipids may cause immune
suppression and support microbial growth in PN so-
lutions, the risk of septic complications would be ex-
pected to be higher when lipid-containing PN solutions
are used. Previous veterinary reports of lipid-containing
PN solutions have reported a septic complication rate
(confirmed via catheter tip or blood culture) of up to 8%
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of cases.1–6 Five dogs (7%) in this study had confirmed
septic complications. This suggests that the provision of a
lipid-free PN solution may not necessarily be associated
with a reduced rate of septic complications (although a
prospective evaluation of both forms of PN would be
required to answer this question). This is in agreement
with a recent human report that demonstrated no in-
creased risk for infectious morbidity in people receiving
lipid emulsions.31

Pancreatitis was the most common underlying dis-
ease in this report and in other recent studies on PN in
dogs.2–4, 6 Established guidelines in human medicine dic-
tate reduced lipid provisions when hypertriglyceridemia
and pancreatitis are present.32 Considering PN is fre-
quently used to support patients with pancreatitis, it is
conceivable that this lipid-free PN solution could be used
in patients that develop hypertriglyceridemia. However,
for this recommendation to be made, measurement of
serum triglyceride concentrations prior to initiation and
following administration of this form of PN would be
necessary to confirm that this metabolic complication
does not occur.

The overall complication rate with this type of PN was
0.49 complications per day of PN. This compares less fa-
vorably to individually compounded PPN that was re-
ported to have a complication rate of 0.17 per day of
PN,3 but is not dissimilar to reports describing TPN use
in dogs (0.53 per day).2 Differences in the rates of com-
plications may not be simply a consequence of the type
of PN provided, as several factors, including variability
in the reporting of complications, may be involved. More
meaningful comparison of complication rates would ne-
cessitate standardized protocols for the manner in which
complications are defined, monitored and recorded.

Consistent with previous reports, hyperglycemia was
the most common metabolic complication recorded with
this form of PN, with 35% (24/67) of dogs affected. How-
ever, the median of the highest blood glucose concentra-
tion recorded in these dogs was only mildly increased
(7.5 mmol/L [135 mg/dL]). More importantly, the de-
velopment of hyperglycemia was not associated with a
poor outcome. This is in contrast to a previous report
on PN in cats, where the development of hyperglycemia
was associated with a poor prognosis.4 Similarly, a study
of hyperglycemia in critically ill dogs revealed a negative
impact of this factor on hospitalization and outcome.33

Although it is possible that our study was underpow-
ered to detect a link between the hyperglycemia and a
poor outcome, several other larger studies showed sim-
ilar outcome measures.2, 3, 6

Although patients with hyperkalemia only exhibited
mild increases in serum potassium concentration (the
median of highest recorded value was 4.9 mmol/L

[4.9 mEq/L]), the development of hyperkalemia was as-
sociated with a poor outcome. While the provision of
supplemental potassium in the crystalloid fluid therapy
did not increase the likelihood of hyperkalemia, this
supplementation was negatively associated with out-
come. The retrospective nature of this study and the
relatively small population size limit our ability to de-
termine whether hyperkalemia was an independent risk
factor for a poor outcome or simply a surrogate marker
for more severe metabolic derangement. Regardless, this
information indicates that patients receiving this form of
PN should be closely monitored for the development of
hyperkalemia. If hyperkalemia develops, steps should
be taken to rapidly correct potassium levels.

In this retrospective study, poor appetite was cited as
the main reason for instituting PN. However, it should
be noted that poor appetite alone is not an indication for
the administration of PN. In most clinical circumstances,
the provision of enteral nutrition (eg, via a feeding tube)
is preferred to PN.7, 8 In the majority of dogs in this study,
PN was used to supplement enteral caloric intake that
was deemed inadequate to support the patient’s needs,
which is a recognized indication for PN.7, 8

In a previously published report on PPN in dogs
and cats, 21 of 80 dogs (26%) developed mechanical
complications.3 This complication rate is less than that
found in our study (28 of 70 dogs, 40%). It should be
noted that in the previous study the PPN was adminis-
tered via a central venous catheter in 51% of the cases,
whereas in our study the number of jugular venous
catheters used was much lower (34%). Because all but
one of the mechanical complications in our study oc-
curred when PN was administered via peripheral ve-
nous catheters, it is possible that there is an inherently
higher rate of mechanical complications associated with
peripheral catheters. A recent large veterinary study
found peripherally or centrally placed saphenous ve-
nous catheters to be associated with a higher rate of
mechanical complications when compared to jugular ve-
nous catheters.6 Another possibility for the higher me-
chanical complication rate with this form of PN is the
high osmolality and acidity of this solution relative to
lipid-containing PN solutions, as both of these factors
were thought to contribute to thrombophlebitis.8 How-
ever, a study in people showed that a higher osmolarity
solution (1,700 mOsmol/L) did not increase the risk of
thrombophlebitis when compared to standard solutions
(1,200 mOsmol/L).34 A canine study reporting the use
of a peripherally administered, lipid-containing PN so-
lution of lower osmolarity (840 mOsmol/L) reported a
similarly high rate of mechanical complications,35 sug-
gesting that osmolarity alone may not be the underlying
cause of these mechanical complications.
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The aim of the study was to evaluate both the feasibil-
ity and risks of administering a ready-made lipid-free PN
solution to ill hospitalized dogs. It should be noted that
this PN solution was administered under stringent con-
ditions in a hospital with established guidelines for pre-
venting and managing mechanical, metabolic and septic
complications. It is thus conceivable that if this PN so-
lution is used under less rigorous conditions the rate of
complications may be higher. Although there are several
other amino acid- and dextrose-containing ready-made
PN solutions available, these alternatives may vary in
several ways (eg, macronutrient content, electrolyte con-
centrations, osmolarity) to the product investigated here
and as such one cannot assume similar outcomes or lev-
els of complications.

The use of PN in some practices may be hampered by
a lack of expertise in formulating and administering PN,
lack of monitoring capabilities and the relative expense
of this form of nutrition. The ready-made PN solution
described in this report may thus provide a less expen-
sive and more convenient form of PN when compared
to standard compounded admixtures. However, it is im-
portant to stress that this form of PN can be associated
with a high rate of complications and as such, patients
receiving this PN solution still require close monitoring.
Future evaluation of the potential use of ready-made
PN solutions and similar solutions are warranted in or-
der to determine optimal modes of administration, and
ways to minimize complications. Likewise, establishing
a consensus of guidelines for the safe administration and
monitoring of PN in animals is necessary to advance this
form of nutritional intervention.

Footnotes
a Vamin 9 Glucose Solution for Infusion, Fresenius Kabi, Runcorn, Cheshire,

UK.
b Jelco IV catheters, Smiths Medical, Ashford, Kent, UK.
c Long-term catheters, Mila International, Erlanger, KY.
d SPSS Statistics for Windows, Version 17.0, SPSS Inc, Chicago, IL.
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