D03 1-3088,86,2002-01 1 3$02.00/0
PEDIATRIC RESEARCH
CopyAght © 1986 loternational Pediatric Research Fouodation, Ine,

Vol 20 No, 20 V9RG
Printed in {254,

Increased Arterial pH, Not Decreased Paco,,
Attenuates Hypoxia-Induced Pulmonary
Vasoconstriction in Newborn Lambs
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ABSTRACT. Mechanically induced hyperventilation is
nsed in the (reatment of newborn infants with persistent
pulmonary hypertension syndrome to induce respiratory
alkalosis, which may attenuate their pulmonary vasocon-
striction. Whether this treatment is effective hecaunse of
the increase in arterial pIl or the decrease in Paco: was
investigated in nine sedated, mechanically ventilated new-
horn lambs with hypoxia-induced pultionary vasoconstric-
tion. We found that respiratory alkalosis and metabolic
alkalosis were equally cffective in attenuating hypoxia-
induced pulmimary vasoconstriction, but that hypocapnia
(low Paco, with a normal arterial pH) was ineffective.
These results indicate that increased arterial pll, not de-
creased Paco,, attenmates hypoxia-induced pulmonary
vasoconstriction in newborn lambs and possibly the pul-
monary vasoconstriction in newhorn infants with persistent
pulmonary hypertension syndrome, {Pediatr Kes 20: 113-
117, 1986)

Respiratory alkalosis, produced by mechanically induced hy-
perventilation, is the mainstay of treatment for newborn infants
with persistent pulmonary hyperiension syndrome. Respiratory
alkalosis improves oxygenalion and reverses pulmonary vasocon-
striction by decrcasing the mean pulmonary arterial pressurc
when the arterial pH s greater than 7,535 and the Paco. is less
than 22 mum Hg (1. 2). Whether these beneficial ellects are caused
by the increase in arterial pH or the decrease in Pacos, or by the
alieration in mechanical lung factors necessary 1o produce res-
piratory alkalosis, is not known.

The majority of previous studics investigating the ellects of
acid-base status on pulmonary vasoconstriction have studied the
clfects of acidosis (3-5) rather than alkalosis. The few studies
that have investigated the eflect of respiratory alkalosis on pul-
monary vasoconstriction induced by hypoxia have suggested that
the increasc in pH, not the decrease in Paco,, decreases pulmo-
nary vascular resistance {6-9). The resulls of these studies are
somewhat confusing becanse of differences between studies in
animal ages, species, or experimental methods. Many physicians
who care for newborn infanis with persistent pulmonary hyper-
tension syndrome still helieve it is the decrease in Pacas {10,
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not the increase in pH. that improves these patients during
respiratory alkalosis produced by mechanically induced hyper-
ventilation.

The purposc of the present study was to determine how
mechanically induced hyperventilation reverses hypoxia-induced
pulmonary vasoconstriction. For this purpose we compared the
effects of three treatments—respiratory alkalosis, metabolic al-
kalosis, and hypocapnia—on hypoxia-induced pulmonary vaso-
conslriction in newborn lambs with mechanical lung factors held
constant. The strategy behind this approach was that if respira-
tory alkalosis reverses pulmonary vasoconstriction because of
the increase in pH, then metabolic alkalosis {(increased pli and
a normal Paco.) should have a similar effect. Conversely, 1f
respiratory alkalosis reverses pulmonary vasoconstriction be-
causc of the decreasc in Pacos, then hypocapnia (normal pll and
a decreased Pacos) should have a similar effect.

METHODS

Nine mixed breed newborn lambs (5.5 £ 2.3 days; 4.4 = 1.0
ke) (mean + SD) were operated on under local anesthesia with
1% lidocaine hydrochloride. Polyvinyl catheters were placed in
both hind leg arteries and veins and advanced to the descending
aorta and inferior vena cava, respectively. A polyvinyl catheter
was alse placed in a fore leg artery and passed retrograde 1o the
ascending aorta and positioned above the aortic valve to obtain
arterial blood samples and measure systemic arterial pressure. A
no. 5 French end-hole, balloon-tip, flow-dirceted thermodilution
catheter, with the proximal injection port 13 em from the tp,
was introduced into the internal jugular vein and advanced into
the pulmonary artery to measure pulmonary arterial pressure
and pulmonary arterial wedge pressure. The lambs were then
placed under a radiant warmer to maintain body temperature,
and an intravencus infusion of dextrosc (4-6 mg/kg/min} in
isolonic saline (3 ml/kg/h) was started. Two hours was allowed
for recovery.

Next, the lambs were sedated with a continuous infusion of
ketamine hydrochloride (1-2 mg/kg/h). Muscle relaxation was
maintained with pancurgnium bromide (1-2 mg/kg). The lambs
were intubated with a cuffed endotracheal tube (ID 3.0 mm),
and ventilated with a Baby Bird pressure-limited time-cycled
infant ventilator (Bird Corp., Palm Springs, CA). A catheter was
placed in the trachea alongside the endoiracheal tubc to measure
proximal airway pressurc.

In order io differentiate the effects of increased pH from
decreased Paco: on hypoxia-induced pulmonary vasoconstric-
tion, we compared lambs during four (one control and three
treaiments} differcnt conditions: 1) hypoxic control (normal
arterial ptl, normal Paco,, and low Pa0-), 2) hypoxic respiratory
alkalosis (high arterial pH, low Paco., low Pa0,), 3) hypoxic
metabolic alkalosis (high arterial pH, normal Paco., and low
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PaQ:}), and 4) hypexic hypocapnia (normal arterial pH, low
Paco,, and low Pa(.). To change conditions, pH and Paci,
were independently vaned between these four conditions by the
intravenous infusion of acid or alkali and the addition or deletion
of 5% COs from the inspired gas mixture.

Because some expeninientation was necessary to produce the
desired degree of respiratory alkalosis in individual lambs,
changes in the ventilalor variables were made during normoxia.
Once the ventilatory rate, peak inspiratory and end-expiratory
pressures, and inspiratory time (hat produced the desired degree
of respiratory alkalosis {normoxic respiratory alkalosis) were
found, they were not changed throughout the study. Five percent
CO: was then added to (he gas mixture 1o normalize arterial pH
and Paco, (normoxic control). Nitrogen was then added to the
inspired gas mixture (Fio; 0.08-0.11) to produce hypoxemia
{hypoxic control) and induce stable pulmonary vasoconsiriction.
The inspired oxygen concentration during the hypoxic condi-
lions*was not changed throughout the remainder of the study.

All lambs received both acid and alkali infusions. Because the
order of intervention. 7e. whether the lambs received acid or
alkalr first, may have affected the results. we randomized the
order ol intervention ([ig. 1}. In group 1, the 5% CO. was then
removed from the gas mixlure to produce hypoxic respiratory
alkalosis. Then, 0.5 N hydrochloric acid (4.5 = 0.7 mi/kg) was
slowly infused intravenously (17.5 % 6.5 min} during hyposic
respiratory alkalosis to produce hypoxic hyvpocapnia. When the

Naormenic

Respiratory Alkalosis fn=3

add 5% COa
10 gas mixture

Naormoxic
Cantrol

decrease Fi

Ca

]

Hypoxic
Caontrol
Group | {n=5) I

Group 2(n=4)

remove 5% COp infuse NOHCO

Hypoxic
Metabalic Alkalosis

Hypoxic
Respiratory Alkalosis

‘ infuse HEI snfase HCI
Hypoxic Hypoxic
Hypocapria Contral
infuse NOHCD g " ramove 3% 005
Mypoxic Hypoxic
Respiratory Alkalosis RespiratoryAlkalosis
ada 5% C0p irfase HCI
Hypoxic Hypox'c
Control Hypocapnia

mfuse HaHZD 3

Hyposxic
Metobolic Alkalosis

Fig. 1. Schematic representation of the experimental protocol,
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hemodynamic variables were unchanged for 10 min, 0.9 M
sodium bicarbonate {1 mEq/ml) (9.5 + 0.2 mEq/kg) was infuscd
slowly intravenously (47.5 + 17.6 min) and 5% CO, was added
o the inspired gas mixture to produce bypoxic metabolic alka-
losis. In group 2, the order of acid and alkali infusions was
reversed. First, during hypoxic control, 0.9 M sodium bicarbon-
ate (8.5 + 2.1 mEq/kg) was slowly infused intravenously (26.0
= 10.8 min) to produce hypoxic metabolic alkalosis. When the
hemodynamic variables were unchanged for 10 min, 5% CO,
was removed from the inspired gas mixture and 0.5 N hydro-
chloric acid (7.5 = 1.9 ml/kg) was slowly infused intravenously
(70.0 + 30.8 min) to produce hypoxic hypocapnia. Throughout
the study, each condition—hypoxic control, hypoxic respiratory
alkalosis, hypoxic metabolic alkalosis, and hypoxic hypocap-
nia— was produced one to ihrec times (Fig. [). To further
prevent bias from both the length of study and the order of
mtervention, all hemodynamic variables and arterial pIl and
bleod gas vaiues produced for each condition were averaged,

The absence of left-to-right ductus arteriosus shunting during
the experiment was shown by injecting 3 ml of iced salinc into
the ascending aorta and finding no temperature change in the
pulmonary ariery. At the end of the experiment, the lambs were
given a lethal dose of pentobarbitel. At autopsy in each lamb,
catheter positions were confirmed, the ductus arteriosus was
found to be closed, and the atrial septum was found 1o be intact.

Right atrial pressurc was measured through the proximal port
of the thermodilution catheter. Cardiac output was determined
by the thermodilution method and calculated by computer (Elec-
tro-Catheter Model 5000, Electro-catheter Corp., Rahway, NJ).
For each measurement, 3 ml of iced saline was injected into the
proximal port. The cardiac output value was taken as the avcrage
of three consecutive injections. Pulmonary and systemic arterial,
right atral, and proximal airway pressures were measured with
Statham P23Db pressure transducers and recorded continuously
on a Beckman multichannei direct writing recorder. Mean pres-
sures were obtained by electrical integration. In three lambs, a
balloon-tip silastic catheter with known pressurc-volume char-
acteristics was placed in the mouth and advanced 1o the mid-
csophagus to measure esophageal pressurc. Their transpulmon-
ary pressure (proximal airway pressure minus esophageal pres-
sure) was measured using a Validyne DP-45 (£ [ em H,()
differential pressure transducer and amplificd with a Validyne
CD-15 carrier demodulator. In 1wo of these lambs, tidal volume
was also measurcd by the inlegrated flow signal obtained with a
Fleisch 00 pneumotachograph attached to a Celesco differentia)
pressurc transducer (range of g 2.5 cm H:O, frequency response
flat 10 30 Hz). Arterial pH and blood gases, obtained immediately
before measurement of hemodynamic variables, were measured
by a Corning 175 automated pH/blood gas analyzer.

Cardiac output and pulmonary arterial wedge pressure were
measured during ali normoxic and hypoxic conditions. Response
values were taken when all hemodynamic variables were un-
changed for at Ieast 10 min. Pulmonary vascular resistance was
calculated from mean pulmonary arterial pressurc minus mean
pulmonary arterial wedge pressure divided by cardiac output per
kg of body weight. Systemic vascular resistance was calculated
from mean systemic arterial pressure minus mean right atrial
pressure divided by cardiac output per kg of body weight.

The means & SD were computed for the vascolar pressures
and resistances, cardiac output, arterial pld and blood gases,
proximal airway, ventilator peak inspiratory and end-expiratory
pressurcs, inspiratory time, and ventilator rate during the nor-
moxic and during the hypoxic conditions for groups | and 2.
The data from groups 1 and 2 were compared by unpaired
Student £ tests (11}, found to be similar, and pooled. During
normoxia, the differences in these variables between conirol and
respiratory aikalosis were analvzed by a paired Student’s 7 iest
with the Bonferrom correction. The normoxic control was alse
compared (o the hypoxia control of a paired Student’s { test with
the Bonferroni correction. During hypoxia, the differences be-
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tween (he four experimental conditions (hypoxic control, hy-
poxic respiratory alkalosis, hypoxic melabolic alkalosis, and hy-
poxic hypocapnia) were analyzed by two-way analysis of vanance
and the Newman-Keuls test for multiple comparisons (11). A
p < 0.05 was considered statistically sigmlficant.

RESULTS

As expecled, hypoxia induced pulmonary vasoconstriction.
During hypoxic ventilation with $% CO; added {hypoxic conlrol}
{Table 1}, mean pulmonary arterial pressure increased by 80%
{ 7 = 0.05) and pulmonary vascular resistance increascd by 112%
{(p < 0.0%) from normoxic contro] valucs (Table 2}. Although
heart rate increased by 17% (p < 0.05), cardiac output did not
change sipnificantly. Mcan systemic arterial pressure increased
by 11% (p < 0.05) but systemic vascular resistancc was not
significantly changed from the normoxic control value.

Respiratory alkalosis attenuated the hypoxia-induced pulmo-
pary vasoconstriction. During hypoxic respiratory alkalosis (Ta-
ble 1), mean pulmonary arterial pressurc was 33% lower (p <

Table |. Arierial pH and blood gases during normoxic and
hypoxic veatifarion

Paco; Pa();
pIl {mm Hg} {fmm Hg}
MNOFMoRIc
Contral 734 0.0 419 +£35 OB+ 8]
{7.32-7.38} {39-46} {(83-100}
Respiratory alka- TEIEO0M* 221 17RO 023+ 14
losis (7.37-7.67) {20-23) {72-1003
Hypoxic
Control T30 4+ 0006 407 £ 3.5 323+47
{(1.33-7.41}) {(36-44) {29-43)
Respiratory alka- 7622004+ 1962230 320+ 41
losis (7.61-7.67) 115-23) (25-38)
Metabolic alkalosis TH0F 0047 381 £37 338 £ 410
(7.55-7.00) {(17-22) {28-36)
Hypocapnia 740 + Q.03 07 +210% 336x4]
(7.32-7.44) {1722 (28 -36)

# p < 0.05 vy normoxic control, 2 = &
tp = (.05 v hypoxic control, 1 =9,
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0.05) and pulmonary vascular resistance was 31% lower (p <
0.03) than during the hypoxic control. Mean systenuc arterial
pressurc was 13% lower (p < 0.05) than during the hypoxic
control (Table 2). Therc was no statistically significant change Ir,
cardiac oulput or syslemic vascular resistance. Respiratory al-
kalosis during normoxic ventilation (Table 1) had a similar effect
on the pulmonary circulation but to 2 much lesser degree than
during hypoxic veptlation (Table 2).

Metabolic alkalosis caused changes very similar to those caused
by respiratory alkalosis. During hypoxic metabelic alkalosis (Ta-
ble 1), both mean pulmonary artenal pressure and pulmonary
vascular resistance were 33% lower { p < 0.05) than during the
hypoxic control {Table 2). Mean systemic arterial pressure was
14% lower {p < (1.03) than during the hypoxic control, but
cardiac output and systemic vascular resistance were unchanged.

Hypocapnia, however, did not atienuate hyposia-induced pul-
monary vasoconstriclion and, in fact, increased 1. During hy-
poxic hypocapnia (Table 1}, mean pulmonary arterial pressure
was 9% higher { p < 0.05) and pulmonary vascular resistance was
54% higher { p < 0.05) than hypoxic control (Table 2). Cardiac
output was 27% lower ( p< 0.05)and systemic vascular resistance
was 58% higher { p < 0.05) than during the hypoxic coniroel but
systemic arlerial pressure was not changed.

Pulmonary arterial wedge pressure and heart ratc did not
change significantly with changes in arterial pl1, Paco;, or PaO:
{Table 2). Right atrial pressure during hypoxic hypocapnia was
slightly (by 1.2 mm Hg). but significantly, lower than during th2
ather hypoxic conditions (p < 0.05).

The peak inspiratory prossure was 15.8 + 2.5 mm Hg with a
positive end-cxpiratory pressure of 3.3 &£ 2.1 mm Hg. The mean
ventilatory rate was 74.3 & 3.7 breaths/min with a mean 1nspi-
ratory time of 0.31 *+ 0.08 s. These ventilatory parameters
resulted in a mean proximal airway pressure of 8.3 £ 1.5 mm
He. These values did not change throughoult each study. Esoph-
ageal pressure was 3-8 mm Hg in the three lambs in which 1t
was measured. In two of these, transpulmonary pressure and
tidal volume were measurcd. These variables did not change
when the arterial plH was increased or the Paco; was decreased.

There was no significant difference in Pa(; between any of
the hypoxic conditions {Table 1). Paco. values were similar
during hypexia-induced control and hypoxic metabolic alkalosis,
and during hypoxic respiratory alkalosis and hypoxic hypocap-
nia. Arterial pH was similar during hypoxic control and hypoxic
hypocapnia, and during hypoxic respiratory and metabolic al-
kalosis.

Table 2. Hemodynamic variables during normoxic and hypoxic ventilarion (mean x SI)

Mean Mean Pulmonary
pulmonary syslemic Right artenal
arlerial Pulmonary vascular  arterial Systemic vascalar atrial wedge Cardiac
pressure resistance Pressure resistance pressute  pressure  Heart rale output
fmm Hgy  (mm Hg/liter/min/kg) (mm Hg) (mm Hg/liter/min/kg) (mm Hg) (mm Hg) (beats/min) {lter/min/kg)
Normaoxic control 223 527 741 214.8 1.4 29 2063 0.38
+4.4 +14.4 +11.2 +38.6 +2.1 +3.7 +43.9 008
Normoxic respira- 13.6% 48,1 a0 2231 1.3 24 217.0 (.34
tory alkalosis +4.2 +13.2 +13.6 +6.1 *1.8 +4.0 +44.0 *0.06
Hypoxic control 40,1 1117 87.8 267.2 1.7 3.1 241.1 0.39
*7.6 +86.0 +13.3 +136.9 +2.4 +2.8 +45.7 (.12
Hypoxic respira- 26,7+ ThH9T 6.7 2578 1.5 4.5 260.2 0.33
tory alkalosis +39 +31.1 +8.5 +1332 +2.1 *3.0 +39.1 =010
IHypoxic metabolic 2681 748+ T3 2346 1.5 36 24540 0.37
alkalosis +4.7 +39.1 4128 +109.6 +1.9 +3.4 +50.8 +0.14
Llvpoxic hypocap- 43,7+ 172.1% 8§71 422 2+ 0.5 6.2 2394 0.241
nia +7.1 +78.3 7.0 +161.9 +1.9 +3.0 +31.7 +0.08

* < (103 w5 normoxic control, #= 8.
+ = 0,03 vs hypoxic control s — %,
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DISCUSSION

This study in newhborn lambs demonstraies that respiratory
alkalosis produced by mechanical hyperventilation attenuates
hypoxia-induced pulmonary vasoconsiriction because of the in-
crease in arterial pH not because of the decrease in Paco..
Respiratory and metabalic atkalosis had almost ideniical circu-
latory effects: both decreased pulmonary arterial pressure and
pulmonary vascular resistance, In conlrast, hypocapnia—low
Paco,, with a nommal arterial pH-—increased pulmonary arterial
pressure and pulmonary vascular resistance. During normoxda,
stmilar, but less substantial, effects of alkalosis on the pulmonary
vasculalure were seen.

Previous studies investigating the eflects of alkalosis on hy-
poxia-induced pulmonary vasoconstriction have vielded discrep-
ant resulls. Results similar to ours were found in adul dog lungs
perfused with a constant pulmonary blood flow (7). Respiratory
alkalosis reversed the hypoxia-induced increasc in pulmonary
vascular resistance. Pulmonary vasoconsiriction was restored by
normalizing the arterial pH with an infusion of acid. These
findings suggested (hat increased arierial pH plays a role in the
changes seen wilh respiratory alkalosis. The effects of metabolic
alkalosis were not studied. Hypoexia-induced pulmonary vaso-
constriction was not, however, attenuated by alkalosis in /n sifu
perfused neonatal calf lungs (6).

Studics by Malik and Kidd (9) provided further support for
alkalosis attennating hypoxia-induced pulmonary vasoconstric-
tion. The development of respiratory alkalosis in their sponta-
neously breathing adult dogs was alse associated with an atien-
vation of hypoxia-induced pulmonary vasoconstriction. Pulmo-
nary vasoconstriclion persisted when either 3% CQ. was added
to the inspired gas mixture or fixed mechanical ventilation
prevented the fall in Paco. and the deveiopment of respiratory
alkalosis. Iowcevcer, the alkalosis-induced decrease in pulmonary
vascular resistance in that study was due predominantly to an
increase in cardiac outpul, not W a decrease in pulmonary arteria)
pressurce. These results are in contrast to our study and to a study
in adult cais (8), in which the alkalosis-induced fall in pulmonary
arterial pressure caused the decrcase in pulmonary vascular
resistance. linally, Rudolph and Yuvan (5) found that hypoxia-
induced pulmonary vasoconstriclion in the Intact neonatal calf
was atienuated by normalizing pH to 7.33. This finding implied
that acidosis was necessary for hypoxia to cause pulmopary
vasoconstriction. However, the cffect of alkalosis was not inves-
tigated. These differences in the response of the pulmonary
vasculature to alkalosis may reflect diffcrences in ages, species,
or experimenial methods.

A pressure-limited timie-cvceled ventilator, similar to those used
in the management of infants with persistent pulmaonary hyvper-
tension syndrome, was used in this study. Peak inspiratory, end
expiratory, and mean airway pressures, ventilator rate, and in-
spiratory time were held constant. There were no changes in tidal
volume or transpulmonary pressure, in the two lambs studied,
during changes in arterial pH, Paco,, or PaO-. Becanse ventila-
tion remained constant throughout each study and measure-
ments of lung mechanics did not change, the cardiovascular
effeets could not have resulted from changes in mechanical lung
factors.

The reported effeet of acute hypoxia on cardiac output is quite
variable: increasing (9, [2), decreasing (5), or neither (13-15). In
our study, hypoxia caused no significant change in cardiac oul-
put. However, cardiac output did change in one of the lour
hypoxic experimental conditions: there was a marked decrease
in cardiac output during hypocapnia. This decrease may reflect
a combination of factors. First, low Paco, may decrease cardiac
output (16, 17). Sccond. an infusion of acid either may causc
direct myocardial depression or may damage platelets or endo-
thelial cells releasing vasoactive subsiances that alter myocardial
function. Either effect would resull in a decrease in cardiac
oulput. In our siudy, although each iamb received both acid and
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alkali, lambs were randomly assigned as (o0 which they would
receive first. There were no difterences detected between the two
groups and, thus no prolonged ill effects of acid infusion. I'here-
fore, regardless of what caused the decrease in cardiac outpul,
the effect was both transient and reversible.

Alkalosis during both normoxia and hypoxia had similar ef-
fects on the systemic circulation to those seen on the pulmonary
circulation. In agrcement with our findings, systemic arterial
pressure has been previously reported o decrease during alkalosis
in both humans {18) and animals (17, 19). Ilowever, Rudolph
and Yuan {3) found these changes to be inconsistent in newhborn
calves. Alkali infusion cither slightly decreases or has no apparent
eflect, as seen in our study, on systemic vascular resistance (19,
20).

The mechanism through which an increase in pH attcnuates
hypoxia-induced pulmonary vasoconsiriction remains unknown.,
Several possibilities exist. One mechanism may be a change in
the ratio ofionized to bound calcium. This ratic is pH dependent,
with alkalosis decreasing the jenized calcium. Becausc calcium
15 very important i spmooth muscle contraction, decreasing the
available ionized caleium, through alkalosis, may relax vascular
smooth muscle and reverse pulmonary vasoconstriction (21),
Furiher evidence for the importance of calcium is that nifedipine,
a calcium-channgl blocker, infused into isolated perfused pig
lungs reduced hypoxia-induced pulmonary vasoconstriction {22).
Nifedipine aiso decreases pulmonary and systemic arterial pres-
sures and cardiac output in newborn lambs {23). These effects of
nifedipine are similar 1o thosc seen during alkalosis in our study,
mnplying a possible role for caleium flux. A sccond possible
mechanism may involve potassium flux because alkalosis also
deercases intracellular potassium (24). This decrease may alter
nerve and muscle ¢cell membrane polarization and lead to ihe
observed circulatory changes—a decrease in pulmenary and
systemic arterial blood pressures (24). Electrophysinlogical
changes seen during both melabolic and respiratory alkalosis
support this hypothesis (253,

Although muttiple drug therapies have been used to treat
newborn infants with persistent pulmonary hypertension syn-
drome, mechanically induced hyperventilation remains the most
effective form of therapy (10. 26). Aggressive mechanical hyper-
ventilation, however, may be assoclated with an increased inci-
dence of complications, including pncumeothorax, pneemome-
diastinum, barotrauma, and chronic lung disease (263. In addi-
ten, in some infants wilth persistent pulmonary hyperiension
syndrome, the degree of respiratory alkalosis necessary to atten-
uate pulmonary vasoconstriction cannol be reached because of
severe lung discase or the development of metabolic acidosis.
Our study indicaies that mechanical hyperventilation resulting
in respiralory alkalosis allenuates pulmonary vasoconstriction
because of an increase in arterial pll, not becausce Paco., is
decreased as previously reported (10), or because of mechanical
lung changes. Thus, alkali infusions used judicicusly together
with mechanically induced hyperveniilation may help 1o achicve
the desired degree of alkalosis and also decrease the incidence of
pulmonary complications.
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