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Abstract

Objective: To compare the effects of two doses of doxapram intravenous injec-

tion and carbon dioxide inhalation on the cardiovascular and laryngeal func-

tions of anesthetized hounds.

Study Design: Experimental study.

Animals: Six healthy adult dogs.

Methods: In a Latin-square design, the mean arterial blood pressure (MABP)

and heart rate (HR) were recorded continuously. The inspiratory normalized

glottic gap areas (iNGGA) were measured before and after each stimulation

with 0.55 mg/kg of doxapram (L-DOX), 2.2 mg/kg of doxapram (H-DOX), or

90 s of inhalation of 10% carbon dioxide in oxygen (I-CO2). The stimulations

were tested in duplicate or triplicate. Video clips of the laryngeal movement

were scored by board-certified surgeons masked to the treatment.

Results: The MABP increased with L-DOX and H-DOX up to 81% (both p < .001

compared to I-CO2), and persisted during the other stimulations (both p < .001).

An intermittent tachycardic effect of up to 79% increase in HR was observed with

doxapram. The HR following H-DOX was higher than L-DOX and I-CO2 (both

p < .016). Neither hypertension nor tachycardia was observed with I-CO2. The

iNGGA increased with all treatments (p < .001). The iNGGA was greater with H-

DOX than L-DOX and I-CO2 (both p < .007). All treatments received higher scores

(all p < .001) with acceptable inter- and intra-observers Krippendorff's alphas.

Conclusion: All treatments were effective respiratory stimulants in anesthe-

tized dogs; however, doxapram caused hypertension and tachycardia.

The results of this article were presented at the National Veterinary Scholars Symposium, Worcester, MA, USA; Steeve Giguère Science of Veterinary
Medicine Symposium, Athens, GA, USA; and at the AVA Spring Meeting 2020, Dublin, Ireland.
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Clinical Significance: Carbon dioxide inhalation might improve arytenoid

motion without cardiovascular effects in dogs during clinical airway

examinations.

1 | INTRODUCTION

Older large-breed dogs are commonly affected by geriatric
onset laryngeal paralysis polyneuropathy.1 Loss of func-
tion of the recurrent laryngeal nerves causes laryngeal
paralysis and inability to abduct the arytenoids during
inhalation, which can cause severe upper airway obstruc-
tion.2 While a high index of suspicion for laryngeal paraly-
sis is common given an appropriate signalment, history,
and physical examination, the gold standard to diagnose
laryngeal paralysis is the observation of the abduction of
the arytenoid cartilages during voluntary respiration.

Due to the increased incidence of aspiration pneumo-
nia following unilateral arytenoid lateralization,2 this sur-
gical approach is recommended to restore the airway
patency3 only in confirmed cases of laryngeal paralysis.

In clinical practice, a light plane of anesthesia or
heavy sedation is commonly used during airway exami-
nations. It is possible that the dose administered is insuf-
ficient to relax the jaw for laryngoscopy or to observe the
glottis for sufficient time and higher doses of anesthetics
would be necessary. However, anesthetic drugs such as
propofol decrease laryngeal motion,4 and this introduces
a confounding factor to the examination, potentially cre-
ating a false positive diagnosis for laryngeal paralysis.
Respiratory stimulants, such as doxapram and carbon
dioxide, improve the quality of the laryngoscopy5,6; how-
ever, they can cause adverse cardiovascular effects.7 The
best method of respiratory stimulation is unknown, as a
direct comparison between the administration of inhaled
carbon dioxide and doxapram has not yet been evaluated.

Our objective was to compare the effects of two doses
of doxapram intravenous injection and carbon dioxide
inhalation on the cardiovascular and laryngeal functions
of anesthetized hounds. We hypothesized that both doses
of doxapram and inhalation of 10% carbon dioxide in oxy-
gen would have similar effects on heart rate (HR), blood
pressure, laryngeal abduction, and quality of the laryngeal
examination in healthy, anesthetized canine hounds.

2 | MATERIALS AND METHODS

2.1 | Animals and instrumentation

The research was approved by the University of Georgia
Animal Care and Use Committee. Animal Care and Use

Committee. Six healthy female adult hounds, weighing
21.9 ± 1.7 kg were anesthetized three times with a
1-week washout in a Latin-Square design.

After overnight fasting of solids and water offered ad
libitum, an intravenous catheter was placed in one of the
cephalic veins for sedation and anesthesia administra-
tion. The dogs received ondansentron (0.2 mg/kg, intra-
venously [IV]), acepromazine (0.03 mg/kg, IV), and
dexmedetomidine (1 μg/kg over 15 min, IV).

Dogs were placed in sternal recumbency over a heated
water blanket and were pre-oxygenated via facemask before
the administration of propofol (3 mg/kg over 3 min, IV). A
laryngeal mask airway (LMA) was placed every 6 h over
the glottis, and the cuff was inflated. The LMA was con-
nected to a non-rebreathing system through a three-way
swivel adaptor, and the fresh gas flow rate adjusted to pre-
vent re-breathing of carbon dioxide. Anesthesia was
maintained with dexmedetomidine (2 μg/kg/h, IV) and
propofol. The initial rate of propofol was set at 15.6 mg/kg/h
after the initial bolus. The rate of infusion was decreased
after 15 min to 13.2 mg/kg/h. The rate of infusion was
adjusted once more 30 min later to 12 mg/kg/h. The anes-
thetic depth was adjusted with boluses of 0.5 mg/kg and
increments of 10% in the infusion rate when necessary. The
acceptable depth of anesthesia was defined as absence of
palpebral reflexes, ventro-medial rotation of the eye-globe,
and no response to insertion and maintenance of the LMA.
This protocol was selected to maintain the predicted plasma
concentration of propofol between 3.1 and 3.3 μg/ml calcu-
lated with software (CCIP version 2.5, The Chinese Univer-
sity of Hong Kong, Hong Kong) using a pharmacokinetic
model of propofol in dogs.8

A catheter was placed in the right or left dorsal meta-
tarsal artery to measure the mean arterial blood pressure
(MABP). Electrocardiogram (ECG) electrode adhesives
were placed in the right and left metacarpal and left
metatarsal pads for a lead II configuration. Additional
monitoring included capnography, pulse oximetry, and
rectal temperature (Advisor Vital Signs Monitor,
Surgivet, Dublin, Ohio). Lactated Ringer's solution was
delivered at 3 ml/kg/h throughout the procedure.

2.2 | Respiratory stimulation

A total of 1 h was allowed for instrumentation and stabi-
lization of the anesthetic plane. During each anesthetic

SAKAI ET AL. 1419
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episode, one of three methods of respiratory stimulation
were evaluated: doxapram at 0.55 mg/kg, IV (L-DOX);
doxapram at 2.2 mg/kg, IV (H-DOX); and inhaled carbon
dioxide for 90 s (I-CO2) by diverting the fresh gas flow of
the non-rebreathing system from a 100% oxygen source to a
fresh gas source blend of carbon dioxide and oxygen. The
source of carbon dioxide in oxygen was from a medical
grade, size E, cylinder that contained 10% carbon dioxide
and 90% oxygen (Airgas Inc., Germantown, Wisconsin).
After 90 s, the fresh gas flow was diverted back to the 100%
oxygen source. The dose selection of doxapram was based
on the dose regularly used in our practice (L-DOX) and the
highest dose described in the literature (H-DOX).9

The methods L-DOX and I-CO2 were evaluated in trip-
licate and the method H-DOX was evaluated in duplicate.
The stimulations were separated by 15-min intervals.

2.3 | Heart rate and blood pressure
recording

The blood pressure transducer was calibrated with a
handheld manometer and zeroed at the level of the right
atrium before each experiment. The MABP and ECG
were recorded continuously via software (LabChart Pro V
8.1.13, ADInstruments, Colorado Springs, Colorado). The
MABP was calculated with the arterial pressure add-in
module of Labchart, and the HR was calculated using
R-R intervals. Data collected from sections of 15 s dura-
tion was averaged to obtain the values of MABP and HR
at the following timepoints: immediately before and
45 and 90 s after the administration of doxapram or start
of carbon dioxide delivery.

2.4 | Video laryngoscopy

A bronchoscope (4.2 mm outer diameter [Ambu aView,
Ambu Inc., Columbia, Maryland]) was inserted through

the three-way swivel port, and the tip was placed rostral
to the glottic plane. Video segments were recorded for
2.5 min for each stimulation: 30 s before and 2 min after
the administration of the treatment. The respiratory rate
(RR) was calculated by counting the number of breaths
on the first 30 s of the video clip (before stimulation) and
between 1.5 and 2 min of the video (after stimulation).
For each video, the inspiratory normalized glottic gap
area (iNGGA) was measured on still frames obtained dur-
ing the maximal abduction of the glottis before and after
the stimulation (Figure 1A,B). The area traced by the
medial surfaces of the vocal cords and corniculate pro-
cesses was normalized by the square of the glottic length.

2.5 | Subjective evaluation of the
laryngoscopy with and without
the respiratory stimulation

Short video clips of 10 s each were obtained before and
during the peak effect of each stimulation, based on
visual assessment of the laryngeal motion of each video.
The videos were uploaded to an online survey. The qual-
ity of laryngeal examination of each video was scored by
three board certified surgeons utilizing an online survey
(Table 1). The order of the videos was randomized
(RAND function, Microsoft Excel for Mac v. 16.40, Red-
mond, Washington), and the graders were masked from
the conditions (before or after stimulation, and treat-
ment) on which the video clip was obtained.

2.6 | Statistical analysis

The sample size calculation was based on previous litera-
ture. In that study, the use of a respiratory stimulant
increased the iNGGA by 54 ± 28%.10 We assumed that an
effective respiratory stimulant would have similar effects.
Using these results, and setting alpha and power to 5%

FIGURE 1 Inspiratory normalized

glottic area measurement. Inspiratory

normalized glottic gap area (iNGGA)

obtained at baseline (A) and after

stimulation of respiratory drive (B). The

area denoted by the dotted lines was

divided by the square of the midline

height, rendering a unitless number
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and 80%, respectively, a priori Wilcoxon signed-rank test
was calculated and determined a sample size of five dogs
(G*Power version 3.1.9.6, Heinrich Heine Universität
Düsseldorf, Germany). An additional dog was added to
account for a possible higher variability in our results.

Baseline values (time 0 for the first stimulation) were
tested for normality with the Shapiro–Wilk test and com-
pared with one-way ANOVA for repeated measures test
(Graphpad Prism, version 8.4.3, GraphPad Software, San
Diego, California). The values of MABP and HR were
normalized to baseline and expressed as percentage for
the mixed-effect models construction (JMP Pro version
14.3.0, SAS Institute Inc., Cary, North Carolina).

The responses MABP, HR, iNGGA, and RR were eval-
uated with mixed-effect models with each individual dog
set as random effect to account for repeated measures.
The treatment and treatment order (first, second, or
third) were used as fixed effects for all models. The time
from stimulation (0, 45, or 90 s after the stimulation) was
used as a fixed effect for HR and MABP. Occasion (before
or at peak effect) was used as a fixed effect for iNGGA
and RR. Multiple comparisons with all pairwise differ-
ences (for treatment and injection order) were performed
with Tukey HSD tests. Multiple comparisons with control
(time from stimulation) were performed with Dunnett's
test. The baseline end-tidal carbon dioxide (EtCO2) was
compared with repeated measures one-way ANOVA
(Graphpad Prism, version 8.4.3). The effect of treatment
order on EtCO2 was evaluated on each treatment was
evaluated with mixed-effect models with each individual
set as random effect. The EtCO2 during the stimulation
was not evaluated because the additional carbon dioxide
on the I-CO2 group would interfere on the comparison
with the L-DOX and H-DOX groups.

The intra-observer (first to third stimulation per dog
per treatment) and inter-observer (each video clip) levels
of agreement from the video scores were measured with
Krippendorff's alpha (95% confidence interval),11

weighted for ordinal data and agreement between accept-
able and unacceptable scores (Real Statistics Resource
Pack Software, Release 7.2, www.real-statistics.com). The
effect of each treatment on the video score was tested
with chi-square tests using contingency tables of the out-
comes before and after the stimulations.

Alpha was set at 5% for all statistical analyses.

3 | RESULTS

All dogs recovered uneventfully from the anesthetic epi-
sodes. Body temperature and pulse oximetry ranged
between 98.0 and 101.3 �F and 95%–100%, respectively
throughout the experiment, respectively. The MABP in
the H-DOX group ranged between 127 and 181 mmHg
after the second dose of doxapram, and therefore, we
decided to test H-DOX only in duplicate.

The MABP at baseline was 96.2 ± 14.8, 103.7 ± 17.3,
and 105.7 ± 20.4 mmHg for L-DOX, H-DOX, and I-CO2,
respectively (p = .360). The change in MABP from base-
line of all values of L-DOX (23.7 ± 16.2%) and H-DOX
(24.8 ± 22.8%) were similar (p = .184). The change in
MABP from baseline of all values of I-CO2 (8.9 ± 10.0%)
was lower than L-DOX and H-DOX (both p < .001). The
change in MABP from baseline with the treatments
combined on the second (24.5 ± 18.3%) and third stimu-
lations (23.5 ± 17.1%) were higher than the first stimula-
tion (8.9 ± 13.4%; both p < .001) but similar between
them (p = .486). The pooled MABP change from base-
line of all treatments was higher 45 (22.9 ± 20.1%;
p < .001) and 90 s (19.7 ± 17.4%; p = .007) after the
stimulations. The results of MABP are summarized in
Figure 2A.

The baseline HR was 76.7 ± 7.8, 86.8 ± 10.5, and
79.2 ± 4.4 bpm for L-DOX, H-DOX, and I-CO2, respec-
tively (p = 0.142). The change in HR from baseline of all
values of H-DOX (17.5 ± 20.6%) was higher than L-DOX
(11.2 ± 19.1%; p = .016) and I-CO2 (3.4 ± 4.8%; p < .001).
The change in HR for all values of L-DOX was higher
than I-CO2 (p = .008). The pooled data of treatments for
first (8.8 ± 13.8%), second (9.9 ± 16.5%), and third (11.6
± 20.9%) stimulations had similar HR (p = .063). The
change in HR of pooled treatments was higher 45 (18.0
± 20.5%; p < .001) and 90 s (8.9 ± 12.4%; p = .044) after
each stimulation. The results of HR are summarized in
Figure 2B. One dog exhibited ventricular premature com-
plexes (VPC) before the first stimulation with carbon
dioxide; however, this arrhythmia resolved spontane-
ously before the first stimulation and did not reoccur

TABLE 1 Grading scale to score the video clips of the larynx before and after each stimulation

Unacceptable quality Acceptable quality

1 2 3 4

Description No arythenoid motion
was observed

Motion was observed,
but it was insufficient to
confirm normal function

Not perfect motion was
observed, but sufficient
to confirm normal function

Motion considered
perfect to confirm
laryngeal function

SAKAI ET AL. 1421
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during the experiment. No VPC were observed after each
stimulation.

The iNGGA values at baseline were 0.221 ± 0.098,
0.220 ± 0.045, and 0.220 ± 0.098 for L-DOX, H-DOX, and

I-CO2, respectively (p = .995). The post stimulation
iNGGA values of all values of I-CO2, L-DOX, and H-DOX
were 0.287 ± 0.065, 0.304 ± 0.074, and 0.354 ± 0.043,
respectively. All pooled iNGGA values after stimulation
were higher (0.310 ± 0.068) than before (0.218 ± 0.075)
(p < .001). The iNGGA values off all L-DOX measure-
ments (0.252 ± 0.091) were similar to I-CO2 (0.250
± 0.080; p = .881). The iNGGA with H-DOX (0.296
± 0.075) was higher than L-DOX (P = 0.007) and I-CO2

(p = .002). The pooled iNGGA values of all treatments
after the first (0.268 ± 0.087), second (0.266 ± 0.084), and
third (0.249 ± 0.084) stimulation iNGGA were similar
(p = .899). The results of iNGGA are summarized in
Figure 2C.

The RR at baseline were 13.0 ± 2.8, 14.7 ± 3.9, and
13.3 ± 4.8 breaths/min for L-DOX, H-DOX, and I-CO2,
respectively (p = .509). The post-stimulation RR in the
H-DOX group (36.2 ± 11.3 breaths/min) was higher than
the RR on L-DOX (17.7 ± 4.4 breaths/min, p < .001) and
I-CO2 (14.1 ± 4.6 breaths/min, p < .001). The respiratory
stimulations on L-DOX and H-DOX group have a signifi-
cant effect within groups (both p < .001). The respiratory
stimulation in I-CO2 group did not influence RR
(p = .211). The results of RR are summarized in
Figure 2D.

The EtCO2 was 41.3 ± 4.2, 40.3 ± 2.9, and 41.5
± 5.2 mmHg before the first stimulations on L-DOX, H-
DOX, and I-CO2, respectively (p = .691). On the L-DOX
group, the EtCO2 was significantly lower before the sec-
ond stimulation (38.3 ± 2.2 mmHg, p = .045), and not
statistically different from baseline before the third stim-
ulation (38.8 ± 2.2, p = .096). On the H-DOX group, the
EtCO2 was significantly lower before the second stimula-
tion (35.7 ± 3.9 mmHg, p = .013). The. The EtCO2 for
the I-CO2 did not change before each stimula-
tion (p = .681).

The Krippedorff's alpha for intra-observer and inter-
observer reliability (95% CI) was 0.830 [0.727, 0.934] and
0.924 [0.877, 0.971], respectively. The intra-observer

FIGURE 2 Blood pressure, heart rate, and inspiratory

normalized glottic area before and after each stimulation. Data

obtained before and after each stimulus for the mean arterial blood

pressure (MABP, A), heart rate (HR, B), inspiratory normalized

glottic gap area (iNGGA, C), and respiratory rate (RR, D). The

MABP and HR were computed as percentage change from baseline.

Treatments L-DOX and I-CO2 were repeated 15 and 30 min after

the first stimulus. The H-DOX was repeated 15 min after the first

stimulus. *Statistical significance (p < .05) from baseline.

† Statistical significance (p < .05) from before each stimulus.

Different letters represent statistical significance (p < .05) between

groups

1422 SAKAI ET AL.
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reliability was considered acceptable for tentative conclu-
sions (alpha ≥.667) and the inter-observer agreement was
considered similarly interpretable between the observers
(alpha ≥.800).10 All treatments were effective to increase
observers scores (Figure 3, all p < .001). Examples of the
laryngeal movement with and without the administration
of a respiratory stimulant is available online (Videos S1
and S2).

4 | DISCUSSION

The evaluation of iNGGA and the scoring from the sur-
geons confirmed that treatments improved the abduction
of the arytenoids. However, doxapram was associated with
increases in blood pressure and HR, while intermittent

carbon dioxide inhalation did not have cardiovascular
effects. In addition, doxapram increased the RR and
decrease in the EtCO2, which was not appreciated with
carbon dioxide stimulation.

Most veterinarians use heavy sedation or light anes-
thesia to evaluate the laryngeal function in dogs. These
techniques can result in inconsistent results: the animal
can be insufficiently relaxed for the examination or the
anesthetic drug caused significant respiratory depression
that precludes the correct diagnosis. Alternately, we
assessed the laryngeal function in dogs sedated with
acepromazine and dexmedetomidine and anesthetized
with propofol and enhancing the laryngeal motion with
respiratory stimulants.

Sedative agents improved the quality of laryngeal
examinations in two studies.12,13 This might be explained

FIGURE 3 Scores of the quality of the video clips of the larynx obtained before and after each stimulation by three board-certified

surgeons. The intra-observer (two or three videos of the same animal and treatment) and inter-observer (same video clip) Krippendorff

kappa (95% CI) coefficients were 0.830 [0.727, 0.934] and 0.924 [0.877, 0.971], respectively. *Statistical significance (p < .05) of values before

and after the respiratory stimulation

SAKAI ET AL. 1423
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by the anesthetic sparing-effects of the premedication.12

Conversely, acepromazine was associated with a higher
incidence of arytenoid immobility during laryngeal exam-
ination.4 This depressant effect of acepromazine was
overcome with 0.25 mg/kg of doxapram in another
study.12 The sole use of dexmedetomidine, or combina-
tion of dexmedetomidine-opioid, did not affect arytenoid
motion in a dose-titration study.13 The doses tested in
that study, up to 15 μg/kg of dexmedetomidine, IV, dur-
ing induction of the sedation, were significantly higher
than the doses used in the present study. The combina-
tion of acepromazine and dexmedetomidine as a sedative
combined with propofol has not been previously evalu-
ated; however, our results align with the previous find-
ings that some dogs had absent or insufficient arytenoid
motion prior to each respiratory stimulation, and both
doses of doxapram and carbon dioxide increased the ary-
tenoid motion measured by objective and subjective
variables.

We designed this anesthetic protocol with infusion of
propofol for two reasons. First, injectable anesthesia does
not need to be interrupted for the administration of the
carbon dioxide inhalation. Previous descriptions of this
technique used inhalant-based anesthesia,6,9 and the
anesthesia was interrupted during the respiratory stimu-
lation. Second, we used a pharmacokinetic model8 that
predicted that the plasma concentration varied less than
10%. This was the first study of anesthesia for
laryngoscopic examinations that described the use of a
slow bolus of propofol followed by stepped infusion rates.
The method of anesthesia delivery can affect the total
amount of drug administered,14 and therefore, alter the
induced respiratory depression. This method allows for
testing of the repeatability of the respiratory stimulation.
Additionally, propofol, unlike thiopental, has a very short
context-sensitive half time.15 This pharmacokinetic pro-
file is advantageous as the recovery from general anesthe-
sia and from the respiratory depressant effects of propofol
is rapid.

We did not observe VPCs associated with doxapram
administration in our research. In a previous study,
doxapram-induced arrhythmias were detected in 5 of 10 dogs
anesthetized with halothane.7 An increase in blood pressure
induced by doxapram was also detected in that study.7 The
cardiovascular effects observed in that study can be associ-
ated with an intermittent doxapram-induced increase in epi-
nephrine levels16 and by the halothane-induced sensitization
of the myocardium to catecholamines.17 Propofol also sensi-
tizes the myocardium to catecholamine-induced VPCs.18 The
lack of arrhythmogenic effect of doxapram might be
explained by the premedication used in this protocol. Both
acepromazine19 and dexmedetomidine20 increase the
arrhythmogenic dose of epinephrine in dogs. The association

of medetomidine, a racemic mixture of dexmedetomidine
and levomedetomidine, with acepromazine did not have an
effect systemic afterload and no atrioventricular blocks were
observed in non-anesthetized dogs.21

Acute hypercapnia increases plasma norepinephrine,
HR, and cardiac output in conscious dogs.22 Notwith-
standing, the inhalation of carbon dioxide did not cause
significant cardiovascular effects in this study. The HR
and MABP on the I-CO2 group remained constant at
45 and 90 s after the stimulation (Figure 2A,B). The
increase in blood pressure over time observed in the I-
CO2 group (Figure 2A) is likely attributed to the
hypertensive-induced effect of the infusion of dexme-
detomidine.23 The exposure to carbon dioxide was brief,
and it could be insufficient to initiate a sympathetic
response. Furthermore, dexmedetomidine has a sym-
patholytic effect24 that might have counteracted the
hypercapnia-induced catecholamine surge.

A major limitation of laryngoscopy is that it can be
difficult to provide effective supplementary oxygen dur-
ing the examination. Dogs affected with laryngeal paraly-
sis can suffer airway obstruction easily due to the flaccid
vocal folds, and paradoxical arytenoid motion can be
enhanced by muscle relaxation induced by sedatives and
anesthetics. The use of a supraglottic airway device, like
the laryngeal mask airway, was useful to obtain video
recordings of the larynx in anesthetized dogs.6,9 This
technique also allows for supplementation of oxygen,
protection of the airway from aspiration, prevention of
pharyngeal collapse, and facilitates assisted positive pres-
sure ventilation.

The inter-observer reliability between the three
graders was considered excellent in our study, similar to
the agreement between two graders evaluating the laryn-
geal motion in dogs anesthetized with propofol or
alfaxalone with a three category grading system.25 Over-
all, our observers disagreed 12.5% of the time if the qual-
ity of the examination was acceptable, which is
considerably lower than the disagreement rate of 58.3%
reported in another study.26 Two observers considered
the quality of the examination unacceptable in one ani-
mal after I-CO2 stimulation after the three stimulations.
The other observer considered all three examinations
adequate. It is possible that the arterial partial pressure of
carbon dioxide in that animal with low minute ventila-
tion did not increase significantly. In clinical cases, the
duration of carbon dioxide administration could be
potentially prolonged until an adequate respiratory
response is observed. In all other treatments, the
observers considered the examination adequate in at least
one of the repeated measures.

The anesthetic technique described in this manuscript
cannot be universally applied to clinical cases. The
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selection of sedation agents should be tailored to the clin-
ical presentation of each individual. Dogs with respira-
tory distress have smaller physiologic reserves and often
cannot tolerate the same dosage of acepromazine,
dexmedetomidine, or propofol presented in this research.
Another limitation is that it is not practical to wait for
steady-state plasma concentration of propofol to examine
affected animals. However, it is possible to perform a simi-
lar, albeit shorter anesthetic protocol in clinical cases. Con-
stant rate infusion of propofol will provide less plasma
concentration variation of propofol when compared to
intermittent bolus techniques, even when a steady state
condition has not been achieved. It is necessary, however,
to test this technique in dogs affected by laryngeal paraly-
sis to verify its feasibility in this population.

Carbon dioxide inhalation and doxapram stimula-
tion were effective respiratory stimulants for the laryn-
geal examination of anesthetized healthy dogs. The
treatment with inhaled carbon dioxide had superior
cardiovascular stability, whereas doxapram was associ-
ated with an increase in arterial blood pressure and
had a dose-dependent, intermittent, and tachycardic
effect. Laryngeal function examinations in dogs with
a stepped rate infusion of propofol associated with
respiratory stimulants should be tested in dogs affects
by GOLPP to confirm its clinical feasibility.
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