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Pilot study on the effect of subcutaneous
administration of lactated Ringer’s solution on
biochemistry parameters in healthy euvolemic cats.
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Abstract

Subcutaneous fluid administration is a commonly used therapy in veterinary practice. Its safety and efficacy
have been demonstrated in human clinical studies, but have only rarely been discussed in the veterinary litera-
ture. This prospective observational study was performed to evaluate changes during a 24 h period in serum
biochemistries associated with administration of lactated Ringer’s solution subcutaneously to healthy cats. Lac-
tated Ringer’s solution was administered subcutaneously once to ten healthy, euvolemic cats at a dose of
22 mL kg '. Blood biochemistry analytes were sampled at baseline and at serial time points for a total of 24 h.
Changes in biochemical analytes at each time point were compared to baseline and evaluated for statistical sig-
nificance. Serum blood urea nitrogen (BUN) was significantly less than baseline at 4, 6, 12, 18, and 24 h post-
infusion. Serum creatinine was significantly less than baseline at 2, 4 and 6 h. Packed cell volume (PCV) was
significantly less than baseline at 6, 12, 18, and 24 h. Total plasma proteins were significantly less than baseline
at all time points. Serum electrolytes did not change from baseline at any time point. Urine specific gravity was
significantly increased from baseline only at 6 h post-Lactated Ringer’s solution (LRS) administration. Subcu-
taneous administration of lactated Ringer’s solution appears to result in haemodilution with minimal change to
serum electrolyte concentrations in clinically normal, euvolemic cats.
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Introduction plasma proteins (TP), and haemoglobin content
which have been presumed as subsequent to
haemodilution (Tollofsrud et al. 2001; Fielding et al.

2012; Valverde et al. 2008; Muir et al. 2011; Rose

Administration of fluids subcutaneously (SCF), known
also as hypodermoclysis, is a frequently used therapeu-

tic option in mild to moderately dehydrated patients.
Interest in hypodermoclysis has only recently been
renewed in pediatric and geriatric human patients and
in patients where venous access is difficult. In veteri-
nary medicine, it is commonly used as an outpatient
treatment, particularly in the emergency setting and in
the chronic management of kidney disease.

When given intravenously, isotonic crystalloid
administration has predominantly demonstrated
effective volume expansive effects in veterinary stud-
ies. The described biochemical changes include
reductions in packed cell volume (PCV), total

et al. 1980). Results of multiple studies involving
modest to large infusion volumes have consistently
found no changes in serum sodium or calcium.
(Tollofsrud et al. 2001; Fielding et al. 2012; Valverde
et al. 2008; Rose et al. 1980; Rohrig 2012; Rohrig
et al. 2014). Changes in potassium have varied
between null (Tollofsrud et al. 2001; Fielding et al.
2012; Rose et al. 1980; Rohrig et al. 2014) to
increased (Valverde et al. 2008; Rohrig 2012) with
intravenous infusion.

The efficacy and safety of SCF administration has
been demonstrated in human medicine in a variety
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of clinical circumstances (Slesak et al. 2003; Lipschitz
et al. 1991; O’Keeffe & Lavan 1996; Noriega &
Blasco 2014). Biochemical changes associated with
SCF administration in humans have been described,
including haemodilution and reductions in urea
nitrogen, creatinine, and osmolarity (Slesak et al.
2003; O’Keeffe & Lavan 1996; Noriega & Blasco
2014). Hyponatremia, usually mild, has also been
described infrequently as an adverse effect of SCF
administration (Slesak et al. 2003; Challiner et al.
1994). These findings parallel the changes described
as a result of intravenous infusions of isotonic crys-
talloids in humans (Williams et al. 1999; Paydar et al.
2014; Lahsaee et al. 2013).

In contrast to human medicine, there is little pub-
lished data on the pharmacokinetics and effects of
subcutaneous fluid administration in veterinary
patients. An earlier study of the effects of SCF in
veterinary patients (Zontine & Donovan 1969)
described a transient increase in PCV, TP, and chlo-
ride with the use of 5% dextrose in water (D5W).
More recently, severe hyponatremia as a complica-
tion of SCF infusion has been described in two case
reports (Lee er al. 2013; Evenchen & Aroch 2010) in
cats. Otherwise, specific effects with respect to bio-
chemical changes after SCF infusion have not been
well described in veterinary patients. Thus, practices
described in the current literature are largely a pro-
duct of experience, anecdotal evidence, and extrapo-
lation from human medicine.

The purpose of this study was to prospectively
characterize the serum biochemical changes over a
24 h period associated with subcutaneously adminis-
tered lactated Ringer’s solution (LRS) in euvolemic
cats.

Materials and Methods

Ten clinically normal domestic shorthair cats with no
history of recent or chronic illness were enrolled in
the study. All cats were owned by employees of a
private veterinary specialty hospital and were
enrolled voluntarily with informed consent, as per
institutional guidelines. All cats were housed individ-
ually at the veterinary hospital and provided with
measured quantities of water and commercially pro-

duced dry maintenance food. Non-absorbent litter
was provided at all times and was changed as needed
after voids.

Experimental design

All cats were evaluated via physical examination,
blood chemistry, complete blood count and urinaly-
sis prior to initiation of the study. After initial evalu-
ation, LRS (Lactated Ringer’s solution, Abbott
Laboratories Inc., Chicago, IL). was administered to
all patients over a 10-min period in accordance with
previously described methods (Schaer 1989), using
an 18 gauge needle inserted into the intrascapular
subcutaneous tissues. The SCF dose administered
was determined based on a typical feline body weight
between 4.5 to 6.8 kg (10-15 pounds respectively)
and was extrapolated from the most commonly cited
dose in the current veterinary literature of 100-
150 mL per cat (DiBartola & Bateman 2012; Polzin
et al. 2005; Langston 2009). The dose is roughly
equivalent to 22 mL kg ' of measured body weight
(10 mL Ib~ "), which is commonly utilized in clinical
practice. The cats were briefly physically restrained
for sampling purposes. Body weight was serially
recorded, and packed cell volume (PCV), total
plasma proteins (TP), blood urea nitrogen (BUN),
creatinine, sodium, potassium, phosphorous, and cal-
cium were sampled via peripheral venipuncture at
baseline and at 2, 4, 6, 12, 18 and 24 h after fluid
administration. All blood analyses were performed
using centrifuged serum from tubes with no addi-
tives. Samples for urine specific gravity (USG) were
collected via either cystocentesis or voided sample,
at baseline and at 6, 12, 18 and 24 h after fluid
administration. All samples were submitted to a
regional reference laboratory (IDEXX Laboratories,
Saint Louis, MO) for processing within 24 h of col-
lection.

Statistical analysis

Serial measurements of individual patients were
expected to be correlated. The correlation structure
used for analysis of the data was a generalization of
the autoregressive model, specifically the Mixed pro-
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cedure. For each analyte, the residuals from the
model were examined and were checked for normal-
ity using the Shapiro-Wilk test. Comparisons of the
mean response at each time point to that of baseline
for each measured analyte were done using Least
Squares Means. Dunnett’s method was used to adjust
for multiple comparisons. Adjusted P-values of <0.05
were considered significant. Summary information is
reported as mean + standard deviation unless the
values were skewed, in which case they are reported
as median (range). The data are reported with a 95%
confidence interval. All data were analysed using
commercially available software (SAS, version 9.0,
SAS Institute Inc., Cary, NC).

Results

A total of 10 cats were evaluated for the study,
including 5 males and 5 females. All cats were neu-
tered with a median age of 3 years (range 1-
10 years). The median body weight was 5.0 kg
(range 4.2-8.0 kg). One female cat was excluded
from analysis due to renal insufficiency on baseline
biochemistry as evidenced by concurrent azotemia
and low urine specific gravity. There were no signifi-
cant differences between patient values at baseline.
Body weight was significantly increased from base-
line at 2 and 4 h post-infusion, and then returned to
baseline.

There were no significant differences in serum
sodium, potassium and phosphorus from baseline at
any time point. Blood urea nitrogen (Fig. 1) was sig-
nificantly lower than baseline at 4, 6, 12, 18 and 24 h
post-infusion with a maximal 21.6% decrease from
baseline at the final time point. Creatinine (Fig. 2)
was significantly lower than baseline at 2, 4 and 6 h
with a maximal 15.4% decrease at 4-6 h after infu-
sion, then trending towards baseline by the end of
the study time period. Packed cell volume (Fig. 3)
was significantly lower than baseline at 6, 12, 18 and
24 h with a maximal 18.6% decrease from the base-
line at the final time point. Total proteins (TB)
(Fig. 4) were significantly lower than baseline at all
time points with a maximal 12.7% decrease from
baseline at the final time point. Urine-specific gravity
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Fig. 1 Blood urea nitrogen mean values over time +/— SD. * indi-
cates significantly different from baseline (P < 0.05).
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Fig. 2 Serum creatinine mean values over time +/— SD. * indicates
significantly different from baseline (P < 0.05).
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Fig. 3 Packed cell volume mean values over time +/— SD. * indi-
cates significantly different from baseline (P < 0.05).

(Fig. 5) was significantly different from baseline only
at 6 h post-infusion.

Serum calcium (Fig. 6) displayed an overall down-
ward trend that did not reach statistical significance
from baseline (P = 0.193) at any time point in this
study. A single outlier was present at the 6-h time
point which, if removed, would result in significance
(P = 0.019) for that time point.
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Fig. 4 Total protein mean values over time +/— SD. * indicates sig-
nificantly different from baseline (P < 0.05).
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Fig. 5 Urine specific gravity mean values over time +/— SD. * indi-
cates significantly different from baseline (P < 0.05).
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Fig. 6 Serum calcium scatter plot over time.

Discussion

This study was designed to determine biochemical
changes in serum associated with subcutaneous
administration of LRS in a healthy feline population.
LRS was selected due to its isotonic nature, wide
availability, electrolytic similarity to normal serum,
and its frequent use at this institution. Additionally,
a recent study in humans (Dychter et al. 2009)
showed less discomfort and fewer adverse events

associated with LRS compared with normal saline
administered subcutaneously in humans. These find-
ings were suspected to be due to pH and buffer dif-
ferences between formulations.

In this study, both the PCV and TP decreased
from baseline by 18.6% and 12.7% respectively.
Both showed a progressive downward trend to the
last time point in the study. These findings are in
contrast to an earlier study (Zontine & Donovan
1969) in which D5W was administered subcuta-
neously and yielded an acute increase in these
values, which was suspected to be secondary to tran-
sient plasma volume depletion due to fluid and elec-
trolyte shifts from the vascular space to the
interstitium as necessary to obtain ionic equilibrium
with the electrolyte-devoid DSW. The decreases are
in agreement with what has been seen in some clini-
cal studies (Valverde et al. 2008; Muir et al. 2011;
Wright & Hopkins 2008) of dogs receiving LRS
boluses intravenously, which have been attributed to
haemodilution from direct plasma volume expansion.
Other similar studies (Gaynor et al. 1996) reported
no change in PCV or TP attributed to fluid infusions.
In each of the intravenous fluid studies, it should be
noted that patients were under anaesthesia, which
may itself cause transient decreases in PCV and TP
(Wright & Hopkins 2008). The persistence of the
PCV and TP decline up to the end of the sampling
time of our study could have been caused by delayed
or prolonged absorption of the infusate due to euv-
olemia. Further studies would be needed to deter-
mine if that trend would have continued beyond the
current study parameters and to what extent.

Creatinine and BUN decreased from baseline by a
maximum of 15.4% and 21.6% respectively in this
study. The general decreases in BUN and creatinine
over time are in accordance with the findings seen in
human studies (Slesak et al. 2003; O’Keeffe & Lavan
1996; Noriega & Blasco 2014) evaluating biochemi-
cal changes and efficacy of SCF administration. To
the authors’ knowledge, this is the first study to
directly report on effects of SCF administration on
renal parameters over time in veterinary patients.
The BUN followed a similar progressive trend to the
PCV and TP in our study, thus these changes are sus-
pected to also be due to plasma volume expansion
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and haemodilution. In this study, the serum crea-
tinine did not fit this pattern and trended towards
baseline after a trough at 4-6 h post-infusion. If con-
sideration is given to an initial plasma volume expan-
sion and subsequent recession as the volume is
gradually redistributed, one would expect a similar
trend towards baseline with all of the previously
mentioned analytes. The exact mechanism of the
findings with creatinine compared to the BUN, PCV
and TP is unclear and would require further studies.
The USG in this study was higher than baseline at
6 h then returned to baseline which does not support
this theory, however, since sampling did not result in
complete urine voids, the USG values beyond base-
line may not have represented the true state of urine
concentration at each time point. Additional studies
would be necessary to definitively elucidate the
mechanisms responsible for these findings. The possi-
bility of contributions by increased creatinine pro-
duction from a cause not identified during this study
also cannot be ruled out.

There were no significant differences in serum
sodium, potassium, or phosphorous in the present
study. To the authors’ knowledge, this is the first
study to prospectively report electrolyte changes
after SCF administration. Two recent case reports
(Lee eral 2013; Evenchen & Aroch 2010)
described acute severe hyponatremia associated
with subcutaneous infusions in a total of three
cats. One cat (Lee er al. 2013) was administered a
combination of 42.6 mL/kg LRS subcutaneously
and 20 mL h™' of water via an oesophagostomy
tube prior to development of signs. The remaining
two cats (Lee et al 2013; Evenchen & Aroch
2010)  received DSW  subcutaneously  at
40 mL kg~' and 100 mL kg~'. In each of these
reports, it was postulated that overzealous admin-
istration with electrolyte-free solutions was respon-
sible for the hyponatremia. Our findings are
consistent with studies in anaesthetized dogs and
sheep receiving LRS boluses intravenously (Tollof-
srud et al. 2001; Valverde et al. 2008; Muir et al.
2011; Rose et al. 1980) in which no alterations in
serum electrolytes were seen. The lack of change
in electrolytes is likely due to the similar elec-
trolyte composition of LRS compared to serum.

Serum calcium was not found to be significantly
different from baseline in this study. No prior studies
of the effects of SCF administration on serum cal-
cium concentration have been reported. Volume
expansion and subsequent increase in glomerular fil-
tration rate would be expected to induce some
degree of calciuresis (Schenck et al. 2012). When
added to the effect of haemodilution, a resultant dif-
ference in serum calcium may be expected, however,
this has been an inconsistent finding in a previous
study of hypercalcemic dogs (Rosol et al. 1994). The
degree of change noted in these studies, however,
may not be comparable to effects seen in healthy vet-
erinary patients. Also, the presence of calcium in
LRS (3 mEq L™') may have precluded significant
changes in total serum calcium in the present study.
Further evaluation is necessary to more conclusively
determine the expected changes in serum calcium
with subcutaneous fluid therapy.

The present study has multiple important limita-
tions to be considered. First, the limited sample size
may have been too small to detect significant differ-
ences in some analytes. No control group was
included in this study, thus normal variations in the
measured parameters over time could not be used
for comparison. Also, per os offering of food and
water through the course of the study could have
skewed the measurements, though it is considered
marginal because no cats were observed eating or
drinking for the duration of the study. Lastly, it is
important to consider that the findings presented in
this study are in healthy euvolemic patients. The
changes seen here are not significant enough to be
clinically relevant, but could be indicative of a gener-
alized trend that may be of relevance to ill patients,
particularly those with renal disease. Further studies
are needed in such a population to definitively deter-
mine this effect.

Conclusions

Administration of LRS subcutaneously results in
decreased PCV, TP, and BUN over a period lasting
at least 24 h in healthy, euvolemic cats. A decrease
in creatinine is also seen peaking at 46 h post-infu-
sion. Subcutaneous infusion of LRS does not result
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in a difference in serum electrolyte concentrations in
this patient population. Further studies on a larger
scale will be required to confirm these findings and
to establish a definitive length of time for the effects
observed. Additional evaluation will also be neces-
sary to illustrate differences, if any, in an ill patient
population.
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