a2 5kl 2] 14(2) : 238-243 (1997)
Korean J. Vet Clin Med. 14(2): 238-243 (1997)

The Relationship between Arterial and End-tidal Partial Pressures of CO,
in Halothane-anesthetized Heavy Breed Horses with respect to Operative
Positions and the Modes of Ventilation

Kyoung-ah Ahn', Yamada Haruo**, Taguchi Kiyoshi**,

Yamagishi Norio** and Oh-kyung Kweon*
*College of Veterinary Medicine, Seoul National University, Seoul, Korea
**Obihiro University of Agricultural and Veterinary medicine, Obihiro, Japan

Halothane2 2 DOIF|E HCHUCIM T&XIMIQ} SEUH0 w2
SUWE U 7|9 O|AlEIEIA Eot AlO|Q ZHA|
OFAO}* - (BB ** - EQE** - AR+ - AR Z*
A ge st 4-)3)o) o}
eulalR FAbS L olshojat

2

OF : AlFo] 700~750 kg 2 dvtele] FFule] 7025t v} E AAlsld FYe) o)

st 49t 3712 skl ojabsieks 3t Alo]e) WAE BAEAct nREF =}
LI, ATEF 1G7INT 202), AFTEF 237N 2528 77} 302, 208, 20584
Ao o) 108ujch FUR pAEAR So19 shau o)abslebaRel 248 As}
Ak FAlel W3k, HHE, ALZAL YAlsle] ul2= g0 Ae)E By} 22250
ZHAE gE)ste] ololl ] Fet2) 2o who 2 A Aysidde). o) ojxlslelaRate
FALAMECL FF 10 mmHg A5 3 P Byl o} B AlwAE Bglon] xpbajol
wE Frold Aol ULATHLAREA); r=0.949, Zo}abA); r=0.920, P<0.01). o]t HAE £
W2 2o FAE & F e THUY 7IAEH A4 uldGA o) spau o) aks
a2 A3 Ao] #30) BUEY Aty o2 AMS shsstths e L49lod

Key word : Arterial CO, tension, End-tidal CO, tension, Halothane-anesthetized horses

Introduction

General anesthesia tends to cause respiratory de-
pression. This often cause hypoventilation, characteriz-
ed by decreased tidal volume and slightly increased
respiratory rate, which may progress hypoxia, hyper-
cabia and respiratory failure.

To help prevent these complications, some meas-
urements of the functional aspect of ventilation are
required. Carbone dioxide measurement in arterial
blood is the most sensitive indicator of adequacy of
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pulmonary ventilation. End tidal CO, tension (P¢CO,)
is an estimate of alveolar CO, tension, which is close-
ly related to arterial CO, tension (PaC0,). The use of
end-tidal partial pressure of CO, as a measure of
PaCO, has been demonstrated in clinical use in ha-
lothane-anesthetized dogs’. More recently, use of the
capnometer has been reported in isoflurane-anesthe-
tized ponies breathing spontancously and in horses
with controlled ventilation"*,

The present study was undertaken to evaluate the
ability of P¢CO, to predict PaCO, in the heavy-bre-
ed horses (700~850 kg) during halothane anesthesia
with respect to operative positions (dorsal and lateral)
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and the modes of ventilation (spontaneous and ven-
tilator supported breathing).

Materials and Method

Preparation of animals and anesthesia

Four nonmedicated horses (3 females and 1 male)
weighing 713~825 kg were used. All horses were
free of cardiopulmonary diseases, as determined by
physical examination, electrocardiography and blood
analysis. Feed was withheld about 12 hours before
inducticn of anesthesia but water was always avai-
lable. All horses were anesthetized twice in either la-
teral or dorsal recumbency at 2 weeks intervals,

Medetomidine (4.0 pug/kg) was given 10 minutes
before induction of anesthesia. Anesthesia was in-
duced with the combination of diazepam (0.03 mg/
kg) and ketamin (2.0 mg/kg). Horses were position-
ed in right lateral or dorsal recumbency and then
orotracheal intubation was performed using an cuff-
ed endotracheal tube. The halothane concentration
was adjusted to maintain the anesthesia to be ade-
quate or deep(concentration: 4~10%). The palpebral
reflex was slow or absent and eye ball rotated slow-
ly or centered without any movement. A standard
large animal anesthetic semiclosed circular system
and pressure- and time-cycled ventilator were used
to deliver the halothane in oxygen and control the
animal's breathing(Compos EV, METRAN, Japan).
The oxygen flow rate was 8.8~13.2 ml/kg/min. The
soda lime canister was always filled with fresh soda
lime before anesthesia induction. Ventilation was
maintained spontancously during first 30 minutes
and then controlled by ventilator for a minimum of
60 minutes. During controlled ventilation, airway
pressure and inspiration time were maintained 30
mmHg and 2.0 seconds for the first 20 minutes
(mechanical ventilation I) and 30 mmHg, 2.5 se-
conds for the second 20 minutes (mechanical ventila-
tion H). During the ventilator-controlled anesthesia,
all horses were given lactated Ringer's solution in-
cluding dobutamine (1.5~2.0 pg/kg/min), IV, at a
rate of 3 ml/kg/hr. Dobutamine was excluded in
case of maintaining adequate blood pressure (mean
blood pressure; 70 mmHg). A branch of facial or

Korean J. Vet Clin Med, Vol. 14, No. 2, 1997

metatarsal artery was catheterized with a 22-gauge
teflon catheterization set.

After completion of measurements, catheter was
removed and horses were transported across the hall
to a padded equine recovery stall. During lateral re-
cumbency in the recovery stall, horses spontaneously
breathed an oxygen-enriched air mixture delivered
via a tube positioned at the tracheal end of the en-
dotracheal tube for about 10 minutes. Horses were re-
turned to their paddock 30 to 60 minutes after stand-

ing.

Circulatory and respiratory measurement
Circulatory and respiratory parameters were
measured 30 minutes after induction of anesthesia in
spontaneous ventilation and 50, 70 minutes in mech-
anical ventilation I and II, respectively.

Arterial blood pressure was measured continuously
by the direct method. Arterial pH, PaCQ,, and PaO,
were measured every 10 minutes within 10 minutes
after blood sampling using a blood gas analyzer (238
pH/blood gas analyzer, CIBA Coming, Japan). Blood
gas were corrected for rectal temperature and hem-
oglobin concentration. Rectal temperature was me-
asured continuously by electrical thermometer.

Concentration of CO, in tracheal gas (P«CO,)
was measured continuously, using an infrared CO,
analyzer (Capnogard, NOVAMETRIX, USA). Gas
was sampled from the catheter secured into an en-
dotracheal tube adapter. The peak, end-expired, frac-
tional concentrations of CO, were read from the mo-
nitor at the same time with blood sampling. During
anesthesia electrocardiography was used continuous-
ly for monitoring the animal's condition. Heart rate
was obtained from the ECG tracing.

The alveolar dead space to tidal volume ratio (Vd/
Vt) was calculated, using Nunn and Hill's arrange-
ments of the Bohr equation where the fraction of
end-tidal gas from unperfused spaces in the lung is
indicated by;

Vd/Vt=(PaCO,-PCO,)/PaCO,

This arrangement assumes that the unperfused alveo-
lar spaces contain gas which is free from CO, and
that the PCO, of the gas in the properly perfused al-
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veoli is constant and equal to PaCO., neither of
which assumption is strictly correct'’.

Statistical analysis

The values of blood pressure, heart rate, arterial
pH, PaCO,, P CO;, PaCO,-PxCO, and Vd/Vt ratio
were compared with respect to the operative posi-
tions and the modes of ventilation by ANOVA and
student's t-test using SAS GLM. The relationship
between PaCO, and P CO, was analyzed using sim-
ple linear regression.

Result

Systolic, diastolic, and mean arterial blood pressure
of mechanical ventilation were greater than those of
spontaneous ventilation regardless of position (Table
1). In systolic blood pressure, there was no diff-
erence between dorsal and lateral recumbency in

mechanical ventilation but in spontaneous ventilation.
In diastolic and mean blood pressures there was no
difference between dorsal and lateral recumbency but
between spontaneous and mechanical ventilation.
There was one case of cardiac arrythmia in dorsal re-
cumbency in our study, but the horse did not show
that in lateral recumbency. Heart rate had no signifi-
cant change during anesthesia. Arterial pH in mech-
anical ventilation was higher than that in spontan-
eous ventilation (P<0.05).

PaCO, and P CO, in each ventilatory regimen
were not different significantly between dorsal and
lateral recumbency (Table 2). However PaCO, and
P& CO; in spontaneous ventilation decreased signifi-
cantly with the start of mechanical ventilation.

The regression equations for both the dorsal (n=
36) and the lateral (n=35) groups are statistically sig-
nificant (p<0.0001) and both of them show similar
high correlation coefficiency (Fig 1, 2).

Table 1. Circulatory measurements during anesthesia in dorsal and lateral recumbency

- Blood presssure Blood pressure Blood pressure Heart rate .
mode of ventilation (systolig,mmHg) (diastolicr:),mmHg) (mean,ﬁlmHg) (m™) Arterial pH
Dorsal recumbency
Spontaneous Ven. 91.50+12.58" 54.00+14.07* 63.75+14.66 38.00+8.29* 7.22+0.04°
Mechanical Ven. I* 106.75+8.26" 70.50+4.93" 82.25+6.02" 35.75+1.50°  7.38+0.03"
Mechanical Ven. I1** 109.75+12.34° 73.75+15.39" 85.00+13.74°  36.50+2.65  7.41+0.02°
Lateral recumbency
Spontaneous Ven. 78.75+14.86° 47.75+9.91° 57.25+11.15° 34.75+5.91° 7.20+0.08
Mechanical Ven. I 98.75+3.59" 62.26+3.30* 75.00£4.32° 32.504+3.00°  7.38+0.10"
Mechanical Ven. II 101.7542.06" 60.50£5.92*° 77.00+£3.65°  35.75+6.08"  7.39+0.10°
**Means with different superscripts are significantly different within the same column (p<0.05).

*repiratory rate is 8/min, airway pressure is 30 mmHg, inspiration time is 2.0 seconds

**repiratory rate is 8/min, airway pressure is 30 mmHg, inspiration time is 2.5 seconds

Table 2. Result of Capnograph and Blood gas analysis in both positions

Mode of ventilation PaCO, (mmHg) P CO, (mmHg) PaCO,-P;CO, Vd/vt
Dorsal recumbency

Spontaneous ven. 59.25+7.81° 48.25+4.27 11.00+4.40° 0.181+£0.054°
Mechanical Ven. I 36.25+6.19" 27.00+2.16" 9.25+4.03" 0.247+0.062°
Mechanical Ven. If 33.50+8.19" 24.504+4.04" 9.00+4.55" 0.257+0.078"
Lateral recumbency

Spontaneous ven. 60.75+6.13" 44.50+2.08 16.25+4.65* 0.246+0.054°
Mechanical Ven. 1 35.50+8.89" 26.50+2.89° 9.00+7.62° 0.230+0.138*
Mechanical Ven. II 35.00+8.49" 25.50+3.32° 7.50+5.80° 0.206+0.117°
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Fig 1. Scatter plot and regression line observed for
Py CO, (mmHg) on PaCO, (mmHg) in dorsal recum-
bency during anesthesia.
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Fig 2. Scatter plot and regression line observed for

P;;CO, (mmHg) on PaCO, (mmHg) in lateral recum-
bency during anesthesia.

Discussion

Based on our observations, P;CO, was a trend in-
dicator of PaCQ, in either dorsal or lateral recum-
bency in halothane-anesthetized horses. There was a
linear increase of P CO, with increasing PaCO, sim-
ilarly in both positions.

Theoretically, PgCO, predicts PaCO, accurately
because the driving pressure for CO, at the arterial
end of the pulmonary capillary to the alveoli is great.
However despite the close correlation, PerCO; did
not give the actual value of PaCO,, only rather to in-
dicate whether the value of PaCO’ increase or not.
The difference between PerCO, and PaCO, was 7~20
mmHg through anesthesia.

In one study, when a horse is placed in lateral re-
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cumbency, lung volume is reduced and there is an
. It is theor-
ized that this is because of mechanical compression

14,15

increase in asynchronous ventilation

of the lower lung with a decrease in efficiency of
ventilation, that is by an increase in dead space™”
and when anesthesia extended over 150 minutes
horses in lateral recumbency had a statistically sig-
nificantly great value of PaCO,-PiCO, and Vd/Vt
ratio’. Reduction in cardiac output causing pulmo-
nary hypotension and in perfusion of nondependent
lung regions were reported to be the major mechan-
ism for an increase in PaCO»-P:CO,""*". However
the result of that study was applied in long-term re-
cumbency and we found that in short-term anesthesia
(290 minutes) there is no increasing of PaCO,-
P CO, and Vd/Vt ratio in lateral recumbency as
well as in dorsal recumbency especially during mech-
anical ventilation.

Slight increase of PaCO,, PxCO, and PaCO,-
PerCO, during spontaneous breathing showed that
they were hypoventilated. Geiser er al reported that
the average of PaCQ, during supported ventilation
was significantly lower than during spontaneous ven-
tilation at 1-2 hours of anesthesia'. When we started
the mechanical ventilation they decreased significant-
ly without change of Vd/Vt ratio. The Vd/Vt ratio
provides a measure of the functional volume of lung
not participating in CO, elimination. Its increase can
be the major disturbance of gas change. In recent
studies, the ateletiatic area in dependent lung re-
gions was not smaller during mechanical than dur-
ing spontaneous ventilation" and the same was true
for this study. These findings indicate hypoventila-
tion can be avoided when ventilation was controlled
mechanically with high ventilation-perfusion ratios
and there was no significant increase in alveolar dead
space.

To continue cardiac function well in anesthetized
horses, especially to prevent hypotension, dobuta-
mine in lactated Ringer's solution were infused. One
study in which dobutamine was administered to 200
horses for treatment of hypotension reported a 28%
incidence of cardiac arrythmias, which included sinus
bradycardia, second-degree atrioventricular block, pre-
mature ventricular depolarizations and isorhythmic
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dissociation.

In conclusion, our study demonstrates that P;CO,
can be a parameter of PaCO, in dorsal and lateral re-
cumbency under adequate control of ventilation in
halothane anesthetized heavy-breed horses. Further
study with operating any surgery and longer du-
ration is required.

Conclusion

The correlation between end-tidal partial pressure
of CO, (PeCO,) and arterial partial pressure of CO,
(PaCO;) was studied in four halothane-anesthetized
heavy-breed horses(700~750 kg). They anesthetized
2 times in lateral recumbency and dorsal recum-
bency. The anesthesia was maintained under three
different ventilatory modes; spontaneous ventilation,
mechanical ventilation I (inspiration time 2.0 seconds,
airway pressure 30 mmHg, respiratory rate 8 min™)
and mechanical ventilation II (inspiration time was 2.
5 seconds, airway pressure 30 mmHg, respiratory rate
8 min™). '

In both dorsal and lateral recumbency, there was
a strong correlation between PaCO, and PgCO,
(dorsal; 1=0.949, lateral; r=0.920, p<0.01). In spon-
taneous and 2 modes of mechanical ventilation, The
present study indicates that P CO, is representative
of PaCO; regardless of ventilation and position.
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