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Abstract : We attempted to elucidate effects of hyperventilation in experimental
pulmonary air-embolism of dogs. Pulmonary air embolism was produced by air infusion
0.1ml/kg/min. for 10 minuten (0.1 ml/kg) via inserted pulmonary artery catheter;
endotracheal anesthetized dogs with fentanyl and vecuronium bromide under mechanical
ventilation. We measured hemodynamic variables and pH, blood gas (arterial, mixed
venous blood) at baseline, post-air infusion and after recovered pulmonary artery pressure
(PAP). In addition PAP recovery-times were counted. As results, PAP recovery-times in
hyperventilation group (pH=7.50, PaCO,=25mmHg) were attenuated significantly
compared with normoventilation (control) group (pH=7.40, PaCO,=40 mmHg); these
values were 14.2+5.2 min. versus 17.8+£6.0 min. (n=8, p<0.05). On the threshould air
volume of paradoxical air-embolism, we confirmed air bubbles in the left atrium and/or
aorta with using transesophageal echocardiography and recognized 0.75+0.27 ml/kg
(hyperventilation group), and 0.83+0.26 ml/kg (control) respectively; there were no
significant differences related to the ventilation-modus. We concluded that recovery-time
of elevated pulmonary artery pressure was attenuated with induced hyperventilation in the
experimental air embolism, but that hyperventilation revealed no beneficial effects on the
threshold air volume of paradoxical air-embolism.
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Fig. 1. Protocol of experimental air-embolism in
dogs.

G-C : normoventilation group G-H : hyper-
ventilation group (m) ! measured
hemodynamic variables and arterial and
mixed venous blood gas analysis
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Fig. 2. Recovery-times of elevated pulmonary
artery pressure to baseline level.

Table 1. Hemodinamic variables in experimental air
-embolism in dogs

Baseline  Air infusion PAP recovered

BP C|116.0+£20.0 112.3+£20.5 115.8+19.8

(mmHg) |H|116.5+20.8 114.6+18.0 116.1+18.9
PAP C| 15.6%+2.7 27.3+5.4*  16.0%£2.7
(mmHg) |H| 16.0%3.0 26.8+5.1%* 15.8+3.1
RAP C 2.0£1.2 2.5+1.4 20t1.4
(mmHg) |H 1.9+1.1 2.4%+1.4 2.0£0.9
CI C 2.8+0.7 2.8%£0.9 2.6x0.8
(/min/m*» |H 3.0£0.9 3.2%0.8 2.9£0.8
SVRI C| 42.9+11.3 43.0+15.4 46.8%15.0
(dyne.sec. m¥/em®)| H | 41.0+14.4 37.5+11.1 40.7+10.1
TPRI C 6.0+1.8 10.6+3.2* 6.5£1.8
(dyne. sec. m¥/em®)| H| 5.7+1:7 9.1£2.9* 5.7£1.7

C : normoventilation group (PaCO, 40mmHg), H:

hyperventilation group BP : mean arterial pressure,
RAP : mean right atrial pressure, CI: cardiac index,
SVRI : systemic vascular resistance index, TPRI : total
pulmonary vascular resistance index, *p<0.05 versus
baseline value
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Table 2. Blood gas data (arterial and mixed venous)
in experimental air-embolism of dogs

pHa C| 7.39x0.03 7.30%£0.03* 7.3340.03*
H| 7.39£0.03 7.32£0.07* 7.44%0.07*§
PaCO, |[C| 40.5£2.5 49.944.5* 43.6+2.4*
(mmHg) |[H| 41.0*2.1 48.0£6.5%  34.3%£2.9*§
Pa0, C|236.5+26.9 205.4+46.0* 226.61+32.5
(mmHg) |H|237.74+29.2 203.4+49.6* 235.3442.2
BEa C|{—0.6+1.1 —3.1£1.7* —2.9%1.6*
H| 0.5£1.5 —2.6x2.0* —0.6%2.1
EtCO, |C| 37.6+4.8  29.9%k5.0* 37.8%6.3
H| 38.8+£4.0  29.9+4.8*  25.8%6.0*§
pHv C| 7.35+0.03 7.27£0.03 7.2940.03*
H| 7.35£0.04 7.29+0.06* 7.3940.06§
PvCO, |[C| 46.6+4.2  55.4%£5.4* 51.3+2.8*
(mmHg) |H| 47.6%£3.5  54.0%6.4*  40.3+3.4*§
PvCO, |[C| 49.0+7.3  52.0£7.7* 50.1%8.4
(mmHg) |H| 47.5+7.0  50.5%5.8 45.5%7.2
BEv C|—0.7£1.1 —2.7£1.4* —2.5%1.7*
H| 0.5£1.6 —1.9£2.3* —0.4%x2.1*
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{ETF L T\ (Table 2).

BARBIRI A 2 557 C b BIIRI 2 2 547 & FRRDKER
%187 (Table 2).
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BETO0.5ml/kg BATHRHTCEL DN CHT2HE H
PC3W, Iml/kg TRHETE bR CHETLHE H
BEC3IE, FHEABIMEEX CHd 0.83+0.26 ml/kg IZ
SNUTHEO0.75+0.27 &, WHMCEEELIRDLR
Tein o fe(Table 3).

ESEARCE L HFEDM TpH & PaCo, Lt o
RF R —x —CEEEI o T, EREARE, CH,
H# & b cpH, BEDEE & T & PaCO,, PAP,
TPRI 0FE = LR %D 7-(Table 4). H # T Pa0,
DHEREIET &R 7 PMEETR MAE 137D b ieh o fe.
(Table 5).

Table 4. Hemodynamic variables in the experiment

*p<0.05 versus baseline,

§p<0.05 versus C

of transpulmonary air passage in dogs

BP C 136.7+£12.9 135.3+19.3
(mmHg) H 138.3+£23.6 126.2+20.8
PAP C 18.0£2.1 32.7+7.4*
(mmHg) H 17.3+4.8 26.6+5.2*
RAP C 6.3+£3.2 5.8+2.9
(mmHg) H 6.7t4.1 7.0£2.0
CI C 3.8%1.6 3.2+1.5
(I/min/m2) | H 3.5+1.9 3.241.7
SVRI C 38.7+13.4 46.9£19.9
(dyne. sec. m*/cm®)| H 44.9+18.8 43.4+16.2
TPRI C 5.4£2.2 12.9£6.8*
(dyme. sec. m?/cm®)| H 6.0+3.2 10.3+4.3*
C : normoventilation group (Paco, 40mmHg), H : hyper-
ventilation group BP : mean arterial pressure, RAP:

mean right atrial pressure,

CI : cardiac index, SVRI:

Table 3. Threshold air volume for transpulmonary
passage in experimental air-embolism of

dogs

Threshold dose (ml/Kg)

Dog No o
Contol Hyperventilation

1 1.0 0.5

2 1.0 0.5

3 1.0 1.0

4 0.5 1.0

5 0.5 0.5

6 1.0 1.0
mean=+SD 0.83:+0.26 0.75%0.27

systemic vascular resistance index, TPRI : total pulmo-

nary vascular resistance index,

value

*p<0.05 versus baseline

Table 5. Blood gas and pH changes after air infusion

Baseline Air

pH C 7.40%0.03 7.26+0.08*
H 7.50£0.048 7.45+0.07§

PaCoO, C 38.0+3.4 50.3+8.2*
(mmHg) H 25.8+£2.2§ 30.1+7.6§
PaO, C | 579.5+39.2 543.0+88.0
(mmHg) H | 587.6%31.6 516.8+70.6*
BE C —1.4+1.4 —3.8+£1.1*
H —0.5+1.2 —2.7£1.4*

No significant difference between control and hyper-
ventilation

C ! normoventilation group,
*p<0.05 versus baseline value,

H : hyperventilation group.
§p<0.05 versus C
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Fig. 3. Hyperventilation versus normoventilation. (pulmonary artery pressure, total pulmonary resistance

index, pHa, PaCO,)

*p<0.05 versus baseline value §p<0.05 versus normoventilation
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