
Preliminary Pharmacokinetics and Cardiovascular Effects of
Fenoldopam Continuous Rate Infusion in 6 Healthy Dogs

Carly Anne Bloom,
Tufts University Cummings School of Veterinary Medicine, North Grafton, MA

Mary Anna Labato,
Tufts University Cummings School of Veterinary Medicine, North Grafton, MA

Suwagmani Hazarika, and
Department of Molecular Physiology and Pharmacology, Tufts University School of Medicine,
Boston, MA

Michael H. Court
Department of Molecular Physiology and Pharmacology, Tufts University School of Medicine,
Boston, MA

Abstract
Fenoldopam is a selective dopamine-1 receptor agonist that causes peripheral arterial vasodilation,
increased renal blood flow, and diuresis. Enthusiasm exists for the use of fenoldopam in non-
polyuric kidney injury in dogs, though pharmacokinetic data is lacking. The purpose of this study
was to collect basic pharmacokinetic and hemodynamic effect data for fenoldopam when
administered to healthy awake dogs. Six healthy, awake beagles were given a 180 minute
fenoldopam constant rate infusion at 0.8 μg/kg/min followed by a 120 minute washout period.
Citrated blood was collected during and after infusion for plasma fenoldopam concentration
measurement by HPLC with mass spectrometry. Heart rate and indirect systolic blood pressure
were concurrently measured. Mean +/− SD steady state plasma fenoldopam concentrations of 20
+/− 17 ng/mL were achieved within 10 min of starting the infusion. Area under the plasma
concentration-time curve was 3678 +/− 3030 ng/mL*min and plasma clearance was 66 +/− 43
mL/min/kg. Elimination was rapidly achieved in all dogs. Heart rate and systolic blood pressure
were unaffected by the fenoldopam infusion. Based on the results of this study, further evaluation
of the effects of fenoldopam in dogs at differing doses and in dogs with clinical conditions such as
acute non-polyuric kidney injury is warranted.
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INTRODUCTION
Fenoldopam is a selective DA-1(dopamine-1) receptor agonist which is used in human
medicine in the treatment of acute hypertension and acute kidney injury (Aronson et al.,
1991; Singer & Epstein, 1998; Mathur et al., 1999). DA-1 receptors are G-coupled protein
receptors that activate adenylate cyclase, converting AMP(adenosine monophosphate) to
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cAMP (cyclic adenosine monophosphate) and leading to smooth muscle relaxation and
vasodilation. These receptors are found in the central nervous system, on the proximal
tubule and cortical collecting duct of the kidney, on post-synaptic smooth muscle, and in the
heart in humans and in dogs. In the systemic circulation, activation of the DA-1 receptor on
smooth muscle causes vasodilation. In the kidney, activation of DA-1 receptors in the renal
proximal tubule causes renal vasodilation, promotes natriuresis and diuresis, increases renal
blood flow, and preserves or improves glomerular filtration rate (Grund et al., 1979;
Goldberg, 1988). Because of these effects, fenoldopam is used in human medicine to
decrease blood pressure in acute hypertensive crises, and to improve renal blood flow and
urine output in oliguric or anuric acute kidney injury (Mathur, 2003; Tuncel & Venkata,
2003; Haas & LeBlanc, 2004). It is also used to prevent acute kidney injury in situations
where renal blood flow and glomerular filtration rate are expected to decrease, such as
critically ill patients, patients undergoing cardiac surgery, and patients undergoing renal
diagnostics with radiocontrast medium.

Fenoldopam has been extensively studied as a superior replacement for dopamine, which is
a non-selective, dose-dependent agonist of DA-1, dopamine-2, α-1 adrenergic, and β-1
adrenergic receptors. Dopamine’s α-1 adrenergic effects, prominent at high doses, are
contraindicated in patients with hypertension or acute kidney injury. Since the effects of
fenoldopam are more specific to DA-1 receptors and less dose-dependent with respect to
activation of non-DA-1 receptors than the effects of dopamine, fenoldopam carries a lower
risk for side effects and has essentially replaced dopamine for prevention of acute kidney
injury in human patients (Brienza et al., 2006; Bellomo et al., 2000). However, dopamine
remains widely used in veterinary medicine in part because of a lack of information on
fenoldopam pharmacokinetics in non-human species (Sigrist, 2007).

Consequently, the main objective of our study was to obtain basic pharmacokinetic and
hemodynamic data for intravenously administered fenoldopam in healthy awake beagle
dogs.

MATERIALS AND METHODS
This protocol was approved by the Institutional Animal Care and Use Committee (IACUC)
at Tufts University (IACUC protocol #G930-07).

Experimental animals
Six mature beagle dogs of either sex, aged 4 – 5 years, and weighing 7.9 – 15.8 kg (mean
weight 10.4 kg), were randomly selected from the Tufts University Department of
Laboratory Animal Medicine beagle dog colony. All dogs were in good health based on
normal physical examination, complete blood count, chemistry profile, and urinalysis prior
to inclusion in the study. All dogs were fasted for 20 hours prior to use in the study. All dogs
had free access to water prior to and during the study.

Drug administration
A sterile cephalic intravenous catheter was placed in each dog. All dogs (6 studied in total)
then received a 0.8 μg/kg/min fenoldopam intravenous continuous rate infusion for 180 min
(IMED Gemini PC1TX single pump, Trident Medical, Texas USA). This dosage is within
the reported clinical dose range for humans (0.03 – 1.6 μg/kg/min), although this is
somewhat higher than the recommended starting dosage of 0.1 μg/kg/min for humans with
hypertensive crisis, and in critical patients with early renal dysfunction (Tuncel & Venkata,
2003; Haas & LeBlanc, 2004; fda.gov). We used this relatively high dose (0.8 μg/kg/min)
since plasma fenoldopam concentrations were mostly less than the assay detection limit (1
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ng/mL) in an initial pilot study we had performed in one healthy beagle dog following a
dose of 0.1 μg/kg/min for 180 min. Although a dose of 0.8 μg/kg/min is considered high
enough to cause hypotension and reflex tachycardia in human patients with hypertensive
crisis, it is considered well tolerated in patients with mild to moderate hypertension (Taylor,
Shepherd, et al., 1999).

Blood Sample Collection
For blood collection, a sterile long-line right-sided lateral saphenous intravenous sampling
catheter was placed in each dog. At each time point, 6 mL of blood was collected and
transferred into a heparinized tube. Each dog received 12 mL intravenous sterile saline at
each sample time to replace lost volume. Blood tubes were immediately placed on ice and
centrifuged for 10 minutes at 3,000 g. Resultant plasma was immediately transferred to
polypropylene tubes containing 0.1 mL (100 uL) of 10% (weight/volume percent) ascorbic
acid solution (as recommended by Boppana et al., 1989), mixed, and stored immediately at
− 20 °C. Samples were kept frozen prior to analysis.

Blood samples were collected prior to drug administration, and at minutes 5, 10, 20, 30, 60,
90, 120, and 150 minutes during infusion to ensure achievement of steady state. The
infusion was stopped at 180 minutes, and additional samples were collected at minutes 182,
185, 190, 195, 210, 225, 240, 270, and 300. Approximately 114 mL of blood was removed
for sampling purposes per dog, which was considered a safe volume to remove.

Physiological measurements
At baseline (time point 0 minutes for each dog), three samples of systolic blood pressure,
heart rate, and respiratory rate were taken and averaged. At subsequent time points
corresponding to the blood sample collection times, blood pressure (an average of 3
determinations) as well as heart rate (single) and respiratory rate (single) measurements
were recorded. Blood pressure was measured indirectly via the Doppler technique using the
left hind limb.

Determination of blood fenoldopam concentrations
Plasma samples were analyzed by high-performance liquid chromatography with mass
spectrometric detection based on a prior published method (Boppana et al., 1989) with
modification as follows. Polypropylene tubes (15 mL) were prepared containing one mL of
plasma sample, 50 ng of SKF-38393 hydrochloride (internal standard; Sigma-Aldrich, St
Louis, Mo) in 25 μL of 50 mM acetic acid and 0.5 mL of 0.5 M dibasic sodium phosphate.
Samples were then extracted twice with 2.5 mL of ethyl acetate by vortexing for 10 min and
centrifuging at 2000 g for 10 min with the supernatants transferred to a fresh 15 mL tube.
The organic phase was back extracted by adding 250 μL of 0.5% formic acid in water,
vortexing for 5 min, and centrifuging at 2000 g for 5 min. The organic supernatant was
discarded and residual ethyl acetate was evaporated in a vacuum oven set at room
temperature. Extracted samples were then injected into the high-performance liquid
chromatography – mass spectrometric apparatus consisting of a Surveyor HPLC with Deca
XP Plus ion trap detector and electrospray source operating in the positive ion mode
(Thermo Fisher Scientific, Waltham, MA). Chromatographic separation was achieved using
a 150 × 2 mm Synergi Fusion column (Phenomenex, Torrance, CA) with a mobile phase run
at 0.3 mL/min and a 10 minute run time. Mobile phase was 0.5% formic acid in water with
10 % acetonitrile, which was increased linearly to 95% between 1 and 6 minutes of the run.
For fenoldopam, positive ion mass-to-charge ratio (M/Z+) transitions monitored were 306
→ 136, 171, 195, 212, and 289, while the parent M/Z+ ion of 256 was monitored for assay
of SKF-38393. Calibration and quality control samples were constructed using fenoldopam
(Sigma-Aldrich, St Louis, Mo) added to blank bovine serum, which had identical
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fenoldopam recovery (>90%) and calibration curve slopes as compared with dog plasma in
preliminary studies. Fenoldopam calibration curves were linear (R2 > 0.98) over the range of
1 ng/mL to 50 ng/mL. At the lowest quantifiable concentration (1 ng/mL) the deviation from
nominal concentration was consistently between −20 and +20%, while the coefficient of
variation of duplicates was less than 15%. Quality control samples (5 ng/mL and 25 ng/mL)
were run in duplicate with each assay and showed deviations of −15% to +15% from
nominal concentration and less than 10% coefficient of variation between duplicates.

Data Analysis
Plots of fenoldopam concentration against time after start of drug infusion were made for
each dog. Estimates of plasma clearance for each dog were made by dividing the drug
administration rate and the measured fenoldopam concentration at 150 minutes after
infusion start (C150), assuming that steady state had been achieved.

Heart rate, respiratory rate, and indirect systolic blood pressure data were averaged at each
time point for all 6 dogs, and the standard deviation calculated.

RESULTS
Pharmacokinetic data

Figure 1 shows the disposition of fenoldopam in plasma for each of the 6 study dogs over
the course of the study. Steady state concentrations appeared to have been reached rapidly in
each dog by 30 minutes after infusion start. In 3 of 6 dogs a transient decrease in
concentration was noted at 60 minutes after infusion start. Following discontinuation of the
infusion, drug was rapidly eliminated such that fenoldopam levels were below the minimum
quantifiable level (1 ng/mL) in 3 of 6 dogs (Dogs 4, 5, and 6) at 2 minutes, and in all dogs at
10 minutes after stopping infusion. C150 and plasma clearance estimates for individual dogs
are given in Table 1. Both C150 and clearance estimates varied greatly ranging from 8 to 54
ng/mL and 15 to 98 mL/min/kg, respectively. Because of the rapid drug elimination, we
were unable to accurately estimate elimination half-life or volume of distribution.

Cardiac, Respiratory, and Vascular data
Heart rate measurements over time and averaged for all 6 dogs at each time point are listed
in Table 2. Both individual dog data (not shown) and averages for each time point were
within normal range of 70–120 beats per minute. Respiratory rate measurements over time
and averaged for all 6 dogs at each time point are given in Table 2. Both individual dog data
(not shown) and averages for each time point were within normal range of 16–30 breaths per
minute. Indirect systolic blood pressure measurements are listed in Table 2. Both individual
dog data (not shown) and averages for each time point were within normal range of 80–160
mmHg.

DISCUSSION
Fenoldopam is a DA-1 receptor agonist that causes systemic and renal vasodilation,
increased renal blood flow, natriuresis, and diuresis. This drug has the potential to be of
great use in veterinary medicine, particularly for prevention and treatment of acute kidney
injury. Based on the Tufts University Cummings School of Veterinary Medicine FIRST
database, we have seen 155 cases diagnosed with acute kidney injury in small animal
patients between January 2007 and December 2009 (59% feline, 41% canine). In that same
time period, 66 small animal patients received continuous rate infusions of dopamine, given
in conjunction with the diuretic furosemide (73% canine, 27% feline). Acute kidney injury is
a common presenting problem in our small animal patients, and fenoldopam may be an
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improvement over dopamine/furosemide continuous rate infusion, which is no longer
standard of care in human medicine. Although we treat acute kidney injury more often than
we have an opportunity to prevent it in veterinary medicine, we may also be able to apply
this study to use fenoldopam to prevent kidney injury in critical patients, as it is used in
human medicine. This study aims to take an important early step in understanding the use of
fenoldopam in dogs.

The most common cause of acute kidney injury in dogs is ischemia, secondary to a variety
of causes including pancreatitis, hypovolemia, hypotensive shock, and sepsis (Vaden et al.,
1997). Prior studies have investigated the effects of fenoldopam on renal hemodynamics in
dogs. A 2001 study monitored the effects of intravenous fenoldopam infusion on renal blood
flow in healthy, awake dogs using surgically implanted blood flow probes around the renal
artery, as well as quantitative Doppler ultrasonography. While primarily an imaging study,
the authors did show that intravenous fenoldopam markedly increased blood flow through
the kidney in healthy, awake dogs (Sehgal et al., 2001). A separate study used a canine
model of normovolemia and hypovolemia to analyze the effects of fenoldopam on renal
hemodynamics, by measuring urine output, creatinine clearance, sodium clearance, and
renal blood flow. Measurements were taken in healthy anesthetized dogs given an
intravenous fenoldopam infusion, and repeated when the dogs were partially exsanguinated
to mimic acute hypovolemia. Intravenous fenoldopam infusion at 0.1 – 0.2 μg/kg/min lead
to increased urine output, creatinine clearance, and renal blood flow in 4 healthy,
anesthetized dogs, but these changes did not reach statistical significance. The study did
find, however, that fenoldopam infusion at the above rates significantly maintained urine
output, creatinine clearance, sodium clearance, and renal blood flood in the face of partial
exsanguinations (Halpenny et al., 2001). Similar findings are reported in an aortic cross-
clamping model of renal ischemia. These studies suggest that fenoldopam infusion may be
renoprotective in the face of acute ischemic injury, the most common cause of acute kidney
injury in dogs (Halpenny et al., 2000).

Despite these promising data on the renal hemodynamic effects of fenoldopam in dogs, there
remains a paucity of data on the pharmacokinetics of fenoldopam in veterinary patients, and
to the authors’ knowledge there have been no published studies of fenoldopam
pharmacokinetics in dogs. This study aimed to look at both clearance and elimination of
fenoldopam, without distinguishing enantiomers or major metabolites. It has been shown in
dogs that the renal and systemic vasodilator activities of fenoldopam are properties of the R-
enantiomer, and that the S-enantiomer is essentially inactive (Kinter et al., 1990).
Consequently it is possible that if there is differential elimination of the enantiomers, the
measured fenoldopam (combined R- and S- form) concentrations may not reflect the active
drug level.

In humans, total body clearance of fenoldopam has been reported as 30 mL/min/kg in adults,
and 51 mL/min/kg in pediatric patients (Weber et al., 1988; Hammer et al., 2008).
Therefore, the plasma fenoldopam clearance value estimate we obtained for adult dogs of 60
+/− 35 mL/min/kg is closest to pediatric human values and about twice that of reported adult
human values. In humans, fenoldopam is eliminated by conjugation in the liver and
excretion in the urine (90%) and feces (10%), with only 4% of the drug excreted unchanged
(fda.gov). The fenoldopam clearance for dogs exceeds predicted hepatic blood flow (up to
approximately 51 mL/min/kg). Consequently, we suspect that fenoldopam probably
undergoes complete first-pass hepatic elimination, and may also undergo additional
extrahepatic clearance such as metabolism and/or excretion unchanged via the kidneys.
Additional studies on the presence of fenoldopam and its metabolites in plasma and urine
are warranted to test this hypothesis.
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The mean plasma fenoldopam concentration measured at 150 minutes after infusion start (21
ng/mL) was similar to reported adult human mean fenoldopam concentration at steady state
of approximately 28 ng/mL in patients receiving fenoldopam CRI of 0.8 μg/kg/min (Taylor,
Shepherd, et al., 1999). Css has been shown in humans to be proportional to infusion rate.
Further pharmacokinetic studies in dogs at varying fenoldopam infusion rates are warranted
to verify dose-concentration proportionality in dogs.

Of the six dogs in this study, three dogs (50%) had plasma fenoldopam concentrations below
the limit of quantification (< 1 ng/mL) by 2 minutes after discontinuation of the infusion,
and levels were unmeasurable levels at 10 minutes after infusion discontinuation. The
reported half-life of fenoldopam in humans is approximately 5 minutes in adults and 3–5
minutes in pediatric patients (fda.gov; Weber et al., 1988). Although we were not able to
obtain accurate estimates of half-life in dogs, it appears likely that it is shorter than values in
humans. Consequently, further studies on elimination pharmacokinetics of fenoldopam in
dogs would require rapid (greater than once per minute), perhaps automated blood sampling
methods. The rapid elimination of fenoldopam from plasma suggests that drug effects
(beneficial or adverse) would be quickly responsive to changes in drug infusion rate
assuming rapid equilibration between plasma and effect sites. These are desirable
characteristics for drugs used in the emergency and critical care setting.

We observed relatively high variability in plasma fenoldopam concentrations and clearance
rates between dogs with coefficients of variation (SD/mean expressed as a percentage) of
86% and 59%, respectively. Adult human studies have also showed relatively high variation
in steady state plasma fenoldopam levels at the 0.8 ug/kg/min dosage level with coefficient
of variation estimates up to 50% (Taylor, Shepherd, et al., 1999). However, variation was
much lower at lower dose rates (<10%). Although a study in 77 human pediatric patients did
not report variation in drug concentration values at the different drug dosages evaluated,
derived clearance estimates (using data from all doses evaluated) had variabilities ranging
from 10% to over 100% (coefficient of variation) depending on the method of parameter
estimation (Hammer et al., 2008). Further studies in dogs using lower dosage levels are
needed to determine whether dosing needs to be adjusted for individual dogs.

The cardiovascular effects of fenoldopam have been studied in humans. In normotensive
human pediatric patients, a relatively high average fenoldopam dose of 0.8 – 1.2 μg/kg/min
was required to induce hypotension (Hammer et al., 2008). In normotensive human adults,
systolic blood pressure and heart rate are unchanged at fenoldopam doses up to 0.3 μg/kg/
min, although diastolic blood pressure begins to drop mildly at that dose (Mathur et al.,
1999; Brienza et al., 2006). Conversely, in mildly to moderately hypertensive human adults,
fenoldopam doses as low as 0.1 μg/kg/min induced significant and dose-dependent
reductions in blood pressure (Taylor, Shepherd, et al., 1999; Taylor, Mangoo-Karim, et al.,
1999). The cardiovascular effects of fenoldopam also have been studied in several veterinary
species. In healthy cats, a fenoldopam dose of 0.5 μg/kg/min had no effect on systolic blood
pressure (Simmons et al., 2006). In neonatal foals, lower doses of fenoldopam (0.04 μg/kg/
min) did not affect hemodynamic parameters, while at higher doses (0.4 μg/kg/min), mean,
systolic, and diastolic blood pressure decreased, and heart rate increased significantly (Hollis
et al., 2006). In adult horses, fenoldopam doses as low as 0.01 μg/kg/min significantly
increased heart rate without changing blood pressure, while doses above 0.05 μg/kg/min
significantly increased heart rate and significantly decreased average carotid arterial
pressure (Clark & Moore, 1989). In neonatal pigs, adult rabbits, and adult rats, high doses of
fenoldopam (> 5, 10, or 125 μg/kg/min, respectively) significantly reduced blood pressure
(Pearson et al., 1996; Yakazu et al., 2001; Quevedo et al., 1999). Previous studies in healthy
adult dogs have not agreed upon a fenoldopam dose that leads to hypotension and reflex
tachycardia. Studies agree that lower doses of fenoldopam (0.1 μg/kg/min) do not cause
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hypotension or tachycardia in normotensive dogs (Lass et al., 1988; Halpenny et al., 2000;
Halpenny et al., 2001). Very high doses of fenoldopam (3.4 +/− 2 μg/kg/min and >=10 μg/
kg/min) do cause significant hypotension or tachycardia (Aronson et al., 1990; Damase-
Michel et al., 1995). In one study in normotensive dogs, a fenoldopam dose of 0.2 μg/kg/min
caused hypotension in 3 out of 4 dogs, while in another study using pentobarbital-
anesthetized dogs, the same dose of fenoldopam showed no effect on blood pressure or heart
rate (Halpenny et al., 2001; Lass et al., 1988).

In the current study, systolic blood pressure remained within normal limits at all time
periods in all dogs suggesting that, at least in normotensive adult dogs, a fenoldopam dose of
0.8 μg/kg/min should not result in significant hypotension. However, given the small
number of animals studied (n=6) and the possibility of variable responses between dogs, we
acknowledge that heart rate and blood pressure in some dogs may be more readily affected
by fenoldopam than in other dogs. This possibility is reinforced by the inter-dog variability
in systolic blood pressure, which even at baseline (time 0 minutes) varied from 80.7 to 131.3
mmHg among the 6 dogs. Further studies on the hemodynamic effects of fenoldopam in
healthy, normotensive adult dogs as well as clinically affected dogs, at various doses above
and below 0.8 μg/kg/min, are warranted.

In the current study, a fenoldopam constant rate infusion at 0.8 μg/kg/min was given to
healthy, normotensive adult dogs. It is important to note that clinically affected dogs may
react differently to fenoldopam. The major indication for use of fenoldopam in veterinary
medicine is likely to be acute kidney injury. It has been shown that 80% of dogs with acute
uremia are hypertensive (Cowgill & Francey, 2005). This is thought to be due to reduced
sodium excretion, upregulation of the renin-angiotensin-aldosterone pathway, and activation
of the sympathetic nervous system, as well as a result of fluid overload (Syme, 2011).
Because fenoldopam causes peripheral arterial vasodilation, increased renal blood flow, and
diuresis, it is possible that fenoldopam may have two beneficial effects in dogs with acute
kidney injury: increase in renal blood flow as well as reduction of systemic hypertension.
However, it is not possible to know how clinically affected dogs will respond to fenoldopam
infusion based on the current study in healthy dogs. Further study in dogs with acute, non-
polyuric kidney injury is warranted to evaluate the cardiovascular and renal hemodynamic
effects of fenoldopam on clinically affected dogs.

In humans, fenoldopam CRI above 0.8 μg/kg/min has been linked to an increased risk of
adverse clinical signs, including headache, dizziness, diaphoresis, nausea, vomiting, and
restlessness (Taylor, Mangoo-Karim, et al., 1999). While some of these signs would not be
readily noticeable in dogs, we did not notice any signs of nausea or restlessness, nor did any
dogs vomit during the study.

In conclusion, fenoldopam administration to 6 normotensive adult dogs at a dose of 0.8 μg/
kg/min for up to 3 hours did not cause systolic hypotension nor reflex tachycardia, and did
not cause apparent adverse clinical effects. The pharmacokinetics of fenoldopam in healthy
beagle dogs is similar to that described in adult and pediatric humans, with high inter-dog
variability. Fenoldopam shows promise in human medicine in the treatment and prevention
of acute hypertensive crisis and acute non-polyuric kidney injury. Consequently, further
evaluation of the effects of fenoldopam in dogs at differing doses, and in dogs with clinical
conditions such as non-polyuric kidney failure, is warranted. Further studies should focus on
both the cardiovascular and renal hemodynamic effects of larger numbers of healthy and
clinically affected dogs, as their responses may be different.
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Figure 1.
Plot of fenoldopam plasma concentrations measured in 6 healthy dogs administered
fenoldopam at 0.8 μg/kg/min intravenously for 180 minutes.
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Table 1

Pharmacokinetic parameter estimates derived for 6 healthy beagle dogs administered fenoldopam at 0.8 μg/kg/
min intravenously for 180 minutes. Shown for each dog are the fenoldopam concentrations measured at 150
minutes after drug infusion start (C150) and the weight normalized clearance calculated from the C150
(assuming steady state had been reached) and drug infusion rate.

DOG C150 (ng/mL) CLEARANCE (mL/min/kg)

1 11 75

2 29 28

3 54 15

4 8 97

5 8 98

6 16 50

Mean (SD) 21 (18) 60 (35)
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Table 2

Cardiac, respiratory, and vascular parameters measured from 6 healthy dogs administered fenoldopam at 0.8
μg/kg/min intravenously for 180 minutes. Data at each time point after infusion start were averaged. Normal
heart rate: 70–120 bpm. Normal respiratory rate: 16–30 br/min. Normal systolic blood pressure: 80–160
mmHg.

TIME (minute) Mean (SD) HR (bpm) Mean (SD) RR (br/min) Mean (SD) systolic BP (mmHg)

0 98.3 (13.4) 22.3 (3.7) 110.5 (16.7)

5 98.7 (14.5) 22.8 (5.2) 119.4 (6.6)

10 96.7 (17.2) 25.0 (6.9) 112.6 (11.3)

20 100.0 (16.0) 23.0 (6.7) 115.6 (13.6)

30 99.0 (20.4) 26.0 (7.0) 119.8 (10.7)

60 93.3 (10.3) 22.0 (5.5) 119.6 (9.3)

90 84.7 (8.2) 22.0 (8.4) 120.1 (10.4)

120 93.3 (15.3) 19.7 (5.4) 112.6 (8.4)

150 91.0 (6.4) 16.7 (4.5) 118.6 (10.6)

180 86.3 (8.6) 15.7 (4.8) Not taken

182 82.0 (10.7) 18.7 (4.1) Not taken

185 76.7 (13.7) 19.0 (5.9) Not taken

190 80.7 (12.2) 18.7 (2.1) 115.8 (12.3)

195 76.7 (10.9) 18.0 (4.9) 115.3 (10.9)

210 80.0 (8.4) 22.0 (5.1) 117.1 (12.8)

225 76.7 (12.2) 19.3 (4.3) 115.8 (12.9)

240 79.3 (13.5) 18.0 (4.2) 117.5 (13.4)

270 83.3 (6.9) 19.7 (2.7) 116.9 (11.1)

300 82 (12.8) 17.0 (2.8) 119.6 (11.3)

bpm = beats per minute

br/min = breaths per minute

mmHg = millimeters of mercury

J Vet Pharmacol Ther. Author manuscript; available in PMC 2013 June 01.


