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Abstract. Inhaled nitric oxide (iNO) can improve oxygenation and ventilation–
perfusion (V/Q) matching by reduction of shunt (Qs/Qt) in patients with
hypoxemic lung disease. Because the improvement in V/Q matching must oc-
cur by redistribution of pulmonary blood flow, and because high airway
pressure (Paw) increases physiologic dead space (Vd/Vt), we hypothesized that
high Paw may limit the improvement in V/Q matching during iNO treatment.
iNO 0–50 ppm was administered during mechanical ventilation. Mechanical
ventilator settings were at the discretion of the attending physician. Qs/Qt and
Vd/Vt were derived from a tripartite lung model with correction for shunt-
induced dead space. Data from 62 patients during 153 trials were analyzed for
effects of Paw and iNO on Qs/Qt and Vd/Vt. Baseline Qs/Qt was slightly
increased at Paw 16–23 cmH2O (p < 0.05), while Vd/Vt increased progres-
sively with higher Paw (p < 0.002). Therapy with iNO significantly reduced
Qs/Qt (p< 0.001) at all levels of mean Paw, reaching a maximum reduction at
16–23 cmH2O (p< 0.05), such that Qs/Qt during iNO treatment was similar at
all levels of Paw. During iNO treatment, a reduction in Vd/Vt occurred only at
Paw of 8–15 cmH2O (p < 0.05), and the positive relationship between Vd/Vt
and Paw was maintained. These differential effects on Qs/Qt and Vd/Vt suggest
that both high and low Paw may limit improvement in gas exchange with iNO.
Analysis of gas exchange using this corrected tripartite lung model may help
optimize ventilatory strategies during iNO therapy.
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Introduction

Inhaled nitric oxide (iNO) is used clinically to treat patients with pulmonary
hypertension resulting from persistent pulmonary hypertension of the newborn
(PPHN), acute respiratory distress syndrome (ARDS), and congenital heart dis-
ease [5, 6, 10, 14, 18, 23]. Physiologic responses to iNO include reduced pulmo-
nary vascular resistance, reduced intrapulmonary shunt, increased arterial
oxygenation, reduced extrapulmonary shunt, and improved cardiac output [5–7,
14, 18, 23, 31]. Because of the short half-life and high reactivity of nitric oxide
with iron-containing compounds, the potent vasodilator action of nitric oxide on
vascular smooth muscle is limited to those vessels adjacent to well-ventilated
alveoli when nitric oxide is delivered by inhalation [23, 31]. This regional vaso-
dilation reduces venous admixture (true shunt) and ventilation–perfusion (V/Q)
heterogeneity by redistributing blood flow from poorly ventilated areas to well-
ventilated areas [8, 16, 31]. This effect results in reduced total pulmonary vascular
resistance with minimal systemic effects [16, 23].
Patients with pulmonary hypertension who currently qualify for iNO therapy

are usually treated with mechanical ventilation [5–7, 14, 18, 23]. Mechanical
ventilation has disparate effects on V/Q matching. While alveolar recruitment
with mechanical ventilation increases ventilation to low-V/Q regions and trans-
forms shunt regions to low-V/Q lung regions, the amount of high-V/Q lung
region increases as a result of the combination of higher extravascular pressure
and lower vascular pressure [9, 15, 27]. With optimal mean airway pressure
(Paw), this redistribution of ventilation and blood flow leads to decreased venous
admixture and a clinically acceptable increase in dead space. With excessive Paw,
pulmonary vascular resistance may increase, potentially worsening V/Q match-
ing, increasing extrapulmonary shunt and reducing cardiac output [4]. Therefore,
the purpose of this study was to examine the effect of mean airway pressure and
iNO on gas exchange parameters in a diverse group of patients with severe gas
exchange impairment caused by either PPHN or ARDS. We hypothesized that
positive mean airway pressure would be necessary for any beneficial effect of iNO
but that excessive positive mean airway pressure would limit the redistribution of
blood flow to high-V/Q areas, thereby limiting the expected beneficial effects of
iNO. To examine this hypothesis, neonatal and pediatric patients with pulmonary
hypertension secondary to either PPHN or ARDS were studied. Mechanical
ventilation parameters were clinically optimized by the child�s physician. The
redistribution of blood flow at different mean airway pressure (Paw) was probed
by derivation of shunt fraction (Qs/Qt) and dead space (Vd/Vt) before and with
iNO.
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Patients and Methods

Patient Enrollment

Patients admitted to the Children�s Hospital of Wisconsin neonatal or pediatric intensive care units
who received iNO therapy according to established protocols [18, 23] for PPHN or ARDS were

included in this analysis. Institutional review boards and the United States Food and Drug Admin-

istration approved all protocols, and informed consent was obtained in all cases.

Patients with PPHN were eligible for iNO with either an oxygenation index (OI) > 40 or an

alveolar–arterial difference in PO2 (AaDO2) > 600 mmHg, and pulmonary hypertension determined

by extrapulmonary right-to-left shunting by either differential pulse oximetry or echocardiography.

The OI was calculated as [(fiO2 · Paw)/PaO2] · 100. The AaDO2 was calculated as the alveolar PO2
(PAO2) minus the arterial PO2 (PAO2), PAO2 = [fiO2 · (743 ) 47) ) PaCO2/0.8)], 743 is average local
barometric pressure, 47 is water vapor pressure, and 0.8 is the assumed respiratory quotient. Patients

with ARDS were eligible for iNO with an OI > 13 and evidence of pulmonary hypertension by either

echocardiography or direct measurement of pulmonary arterial pressure.

All patients were mechanically ventilated using either time-cycled pressure- or volume-limited

devices or high-frequency oscillatory ventilation (HFOV) as clinically indicated. Ventilator manage-

ment was directed by the attending physician and aimed at alveolar recruitment using low tidal

volume–high airway pressure strategies to achieve adequate arterial oxygenation without overdisten-

sion. Ventilation parameters were held constant during iNO dose–response trials but were otherwise

adjusted by clinical conditions.

iNO Delivery

Once patients were enrolled and consent was obtained, no further ventilator changes were made during

the initial trial of iNO. The ventilator settings at the time of enrollment were at the discretion of the

attending physician and determined the Paw of the patient. Patients were given iNO in doses ranging

from 1 to 50 ppm according to effective dose–threshold response and delivery protocols as previously

described [18, 23]. Arterial blood gas samples were obtained immediately before (baseline) and 5 min

after each dose of iNO, starting at 25 ppm. The threshold for beneficial response to iNO was defined as

an improvement of at least 25% in an index of arterial oxygenation [PaO2, AaDO2, the ratio of arterial

to alveolar PO2 (a/AO2), OI, or Qs/Qt] compared with the off-iNO baseline. The concentration was

then titrated in a logarithmic fashion (0–1–2–5–10–25–50 ppm) to find the optimum dose, defined as

the minimum dose that produced a maximal or near-maximal response. Once an optimal dose was

found, ventilator changes were at the discretion of the attending physician. If the maximal response

was below the beneficial response threshold at all doses, iNO administration was discontinued. Dose–

response trials were repeated daily to guide iNO administration at the optimum dose until iNO no

longer produced a beneficial response.

Date Collection

The iNO concentration (500M, Thermo-Environmental Industries, Franklin, MA), inhaled and ex-

haled CO2 and O2 concentrations (Rascal-II, Ohmeda, Boulder, CO), arterial oxygenation by pulse

oximetry (N-200, Nellcor, Haywood, CA), and intravascular pressures were continuously measured,

digitized (DAP-102, Microstar Labs, Belleview, WA), and stored (DasyLab, DasyTec USA, Amherst,

NH) on an IBM PC. The physiologic data were averaged over 20-s intervals, and 60-s running averages

were continuously displayed and stored during each trial of iNO. The values of these physiologic

parameters and of blood gas tensions (ABL, Radiometer America, Westlake, OH) were recorded

immediately before and 5-min after each iNO dose trial. These data were used to assess the magnitude
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of physiologic responses for dose adjustment and to derive gas exchange were indices as follows. All

data were collected prospectively using a standardized format.

Analysis of Gas Exchange

Using the data gathered above and the blood gas data, gas exchange was analyzed using a tripartite

lung model with compartments for ideal alveoli, venous admixture, and true dead space as previously

described [13, 17] and shown in Figure 1A. The virtual shunt (Qs/QtVirt) was computed with a widely

used modification [2] of the standard formula for venous admixture. The oxygen content of arterial

blood (CaO2) was derived from measured hemoglobin, arterial oxygen tension, and saturation. The O2
content of mixed pulmonary capillary blood (CcO2) was derived using the end-tidal O2 tension as the

pulmonary end-capillary PO2. Given the difficulties in measuring mixed venous oxygen content in

neonates with pulmonary hypertension, we used a generally accepted assumption for the arteriovenous

oxygen content difference (CavO2) of 5 cc/dl to compute the virtual shunt:

QS=Qtvirt ¼
CcO2 � CaO2

CcO2 � ðCaO2 � Ca�vO2Þ
ð1Þ

Data from the time capnogram were used to approximate true alveolar dead space using methods

derived from Fletcher [12, 13], as shown in Figure 1B. To yield usable data at all ventilator frequencies

including HFOV, end-tidal CO2 tension (PetCO2) from the capnogram was corrected for frequency-

dependent degeneration [1] by adding to the measured end-tidal CO2 tension the inspiratory baseline

CO2 tension multiplied by the inspiratory time ratio [PetCO2 = PetCO2(measured) + Ti/Ttot * PiCO2
(measured)].

The physiologic Vd/Vt can be computed from PaCO2 and PetCO2 as

Vd=Vtphys ¼
PaCO2 � PetCO2

PaCO2
ð2Þ

However, this calculation of dead space includes both alveolar dead space (high-V/Q regions) and a

factitious component contributed by low-V/Q regions (effective shunt), to the extent that the PaCO2
exceeds the pulmonary capillary CO2 tension (PcCO2) by the contribution of CO2 from venous

admixture (area Yshunt in Fig. 1B). The alveolar dead space as a measure of high-V/Q regions can be

computed only from the ideal PcCO2. The ideal alveolar capillary PcCO2 can be expressed as a

function of shunt and PaCO2 by rearrangement of the standard shunt equation [12]:

PcCO2 ¼ PaCO2 � ðPv�aCO2Þ �
Qs=Qt

1�Qs=Qt

� �
ð3Þ

To calculate Eq. (3), the computed virtual shunt from Eq. (1) was used for Qs/Qt and a venoarterial

CO2 gradient of 6 mmHg at an arteriovenous oxygen content difference of 5 cc/dl was used for PvaCO2
[11, 12, 12].

To remove the contribution of true shunt from the calculation of alveolar dead space, the Vd/Vt was

computed using the ideal alveolar capillary PcCO2 in place of PaCO2. The resulting Vd/Vt was thus

corrected for the presence of intrapulmonary or extrapulmonary shunt:

Vd=Vtcor ¼
PcCO2 � PetCO2

PcCO2
ð4Þ

These indices of shunt (Qs/Qtvirt) and alveolar dead space (Vt/Vtcor), derived from blood and end-tidal

gas tensions, were used to characterize abnormalities of V/Q matching and pulmonary gas exchange [2,

12].
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Statistical Analysis

Descriptive statistics are expressed as either mean ± SE (standard error) or number and percent.

Differences for categorical variables were tested by the chi-squared test, and for continuous variables

by one-way analysis of variance (ANOVA) or paired t-test as appropriate. Mean airway pressure was

Fig. 1. (A) Schematic of tripartite lung model (ideal alveolus, shunt capillary, and dead space alveolus)

for CO2 exchange. Venous blood enters the lungs via the pulmonary arteries and CO2 removal occurs

only in those capillaries that perfuse ventilated alveoli. In capillaries perfusing ventilated alveoli (top

capillary in the figure), the capillary PCO2 (PcCO2) approximates the alveolar PCO2 (PACO2). Dead

space alveoli do not contribute CO2 to the exhaled gas (PetCO2), and shunt capillaries do not remove

CO2 from the venous blood (PvCO2). Therefore, the PetCO2 is less than the PACO2 by dilution with

dead space gas, and the PaCO2 is greater than the PcCO2 by admixture with venous blood. The

calculation of venous admixture comes from the shunt equation [Eq. (1)], and we derive the PcCO2
using Eq. (3) from measured PaCO2, corrected PetCO2, and calculated virtual shunt. (B) Graphical

representation of contributions of dead space and shunt to the end-tidal to arterial CO2 gradient as

derived from Fletcher et al. [13]. Area Y is the physiologic parallel dead space, roughly proportional to

the end-tidal to arterial CO2 gradient. However, part of this gradient (Y shunt) is due solely to venous

admixture, to the degree that PcCO2 is different from PaCO2. The remaining component (Yalv-cor)

represents the alveolar dead space corrected for the shunt effect.
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categorized into four equal-width strata (0–7, 8–15, 16–23, and 24–31 cmH2O). The effects and

interaction of iNO (optimal iNO dose vs. off-iNO baseline) and airway pressure strata on indices of gas

exchange were tested by a two-way ANOVAmodel with correction for repeated measures within trials,

with post-hoc tests corrected for multiple comparisons by the Tukey wholly significant difference (wsd)

method. Differences in magnitude of iNO effects at each pressure stratum were tested by ANOVA on

the change in Qs/Qtvirt or Vd/Vtcor during iNO treatment, with Tukey wsd for multiple post-test

comparisons. Differences were considered to be significant when p < 0.05. All calculations were

performed using STATA version 6.0 (Stata Corporation, College Station, TX).

Results

Sixty-two patients were enrolled in this study. All of the patients had severe gas
exchange impairment and high levels of ventilatory support [mean
fiO2 = 0.87 ± 0.19 (SD) and mean Paw = 19.1 ± 6.2 (SD) cmH2O] before iNO
treatment. Blood gas data, SpO2, OI, AaDO2, arterial/alveolar PO2, Qs/Qtvirt, and
Vd/Vtcor at the time of study are given in Table 1. The initial effect of treatment
with iNO on arterial oxygenation and gas exchange is also shown in Table 1. iNO
significantly improved all of the measured and calculated clinical indices of oxy-
genation and gas exchange. Furthermore, as demonstrated in Table 1, iNO ther-
apy significantly decreased both virtual shunt and alveolar dead space in these
patients.
The rates of beneficial response to iNO were approximately 90% for patients

with either PPHN (age = 2.5 ± 0.6 days, weight = 3.5 ± 0.1 kg, n = 42) or
ARDS (age = 10 ± 2.6 years, weight 28.5 ± 3.8 kg, n = 20) (Table 2). How-
ever, patients with ARDS responded to a lower dose of iNO and required a longer
period of therapy with iNO than did patients with PPHN (Table 2). In all 62
patients, the mean duration of iNO therapy was 5.4 ± 1.0 days, for a total of 228
trials of iNO therapy, yielding 820 dose–response observations and 153 optimal
dose vs. off-iNO paired observations.

Table 1. Initial gas exchange abnormalities and physiologic response to iNO

Baseline At optimal iNO dose p value

PaO2 (mmHg) 53 ± 3 100 ± 12 <0.0001

PaCO2 (mmHg) 43 ± 3 40 ± 3 <0.01

pH 7.37 ± 0.02 7.40 ± 0.02 <0.01

SpO2 (%) 83 ± 2 92 ± 2 <0.0001

OI 40.5 ± 3.7 25.9 ± 2.5 <0.0001

AaDO2 (mmHg) 533 ± 17 465 ± 19 0.0001

Arterial/alveolar PO2 0.10 ± 0.01 0.18 ± 0.02 <0.0001

Qs/Qtvirt 0.46 ± 0.01 0.33 ± 0.01 <0.0001

Vd/Vtcor 0.55 ± 0.04 0.49 ± 0.04 NS

Data are from time of enrollment and initial response to iNO in all 62 patients.

Values are mean ± SE.

p value: physiologic variable at optimal iNO dose compared with baseline.

NS = not significant.
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The baseline indices of shunt and dead space varied differentially with Paw.
There was little overall difference in Qs/Qtvirt across airway pressure strata
(Fig. 2; ANOVA main effect p = NS). Baseline Qs/Qtvirt was slightly greater at
the mean airway pressure strata 16–23 cmH2O compared with the mean airway
pressure strata <8 cmH2O, (Fig. 2; p < 0.025 by Tukey wsd). However, mean
airway pressure strata had a highly significant effect on Vd/Vtcor (Fig. 3; ANOVA
main effect p < 0.0001). Baseline Vd/Vtcor increased progressively from Paw
<8 cmH2O to Paw >23 cmH2O (Fig. 3; all different by Tukey wsd p < 0.025).
The use of iNO therapy in these patients resulted in a significant decrease in

mean Qs/Qtvirt (Table 1; ANOVA main effect p < 0.0001). While iNO reduced
Qs/Qtvirt at all mean airway pressure strata, the magnitude of the reduction
(negative change in Fig. 4) in Qs/Qtvirt with iNO therapy was found to be sig-
nificantly greater at mean airway pressure strata 16–23 cmH2O compared with
mean airway pressure strata <8 cmH2O (p < 0.05 by Tukey wsd). During iNO
treatment, there were no differences in Qs/Qtvirt across airway pressure strata
(p = NS, by Tukey wsd).

Table 2. Group response, dose, and duration of iNO therapy

PPHN (n = 42) ARDS (n =20) Total (n = 62) p value

iNO response 37 (88%) 18 (90%) 55 (89%) NS

iNO dose (ppm) 26.7 ± 2.3 11.2 ± 2.1 21.6 ± 2.1 <0.001

iNO duration (days) 4.2 ± 0.2 7.8 ± 2.4 5.4 ± 1.0 NS

Values are mean ± SE or number and percent.

p value: PPHN compared with ARDS using chi-squared or t-test as appropriate.

NS-not significant.

Fig. 2. The effects of mean airway pressure (Paw) and iNO on virtual shunt (Qs/Qtvirt). * -baseline Qs/

Qtvirt was greater at Paw-16–23 cmH2O compared with Paw < 8 cmH2O (p< 0.02). #-treatment with

iNO reduced Qs/Qtvirt at all Paw strata (p < 0.001). Values are mean ± SE.
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Treatment with iNO had a negligible effect on mean Vd/Vtcor (Table 1;
ANOVA main effect p = NS). However, the interaction term was significant
(p < 0.01), and stratification by mean airway pressure revealed a significant
reduction (negative change in Fig. 5) in Vd/Vtcor with iNO therapy at mean
airway pressure strata 8–15 cmH2O (different from all others by Tukey wsd,
p < 0.05). The effect of mean airway pressure on Vd/Vtcor persisted during iNO
treatment. Thus, the optimal airway pressure strata for iNO-induced reduction in

Fig. 3. The effects of mean airway pressure (Paw) and iNO on corrected alveolar dead space

(Vd/Vtcor). * = Vd/Vtcor increased as Paw increased (p < 0.025). # = Vd/Vtcor was reduced by iNO

only at Paw = 8–15 cmH2O (p < 0.05). Values are mean ± SE.

Fig. 4. The effects of mean airway pressure (Paw) on change in virtual shunt (Qs/Qtvirt) with iNO.

* = iNO reduced (negative change) virtual shunt at all levels of Paw. # = reduction at Paw = 16–23

cmH2O was greater than that at Paw < 8 cmH2O. Values are mean and 95% CI (confidence interval).
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dead space differed from that for reduction in shunt, and the magnitude of iNO
effects on both indices of gas exchange were limited at higher airway pressure
strata.

Discussion

The main findings of this study were that (1) baseline shunt was little different
across airway pressures, (2) physiologic dead space increased progressively with
Paw, (3) iNO therapy decreased shunt, and (4) iNO therapy had little effect on
physiologic dead space. Although iNO therapy decreased shunt at all mean air-
way pressure strata, the effect of iNO on shunt was greatest at a mean airway
pressure of 16–23 cmH2O, and the effect of iNO on dead space was restricted to a
narrow range of Paw of 8–15 cmH2O. Thus, these data support our hypothesis
that positive mean airway pressure is necessary to optimize the effect of iNO but
that excessive positive mean airway pressure limits the redistribution of blood
flow to high-V/Q areas, thereby limiting the expected beneficial effects of iNO.
While iNO treatment significantly reduced shunt at all mean airway pressure

strata in this study, the effect was greatest at Paw >8 cmH2O. The premise that a
mean airway pressure or a tidal volume adequate to maximize lung recruitment is
necessary for a beneficial response to iNO therapy is consistent with published
findings. For example, Kinsella et al. [20] found that 36% of neonates with PPHN
who failed initial iNO treatment became iNO responders with the use of HFOV
and increased Paw. Muller et al. [22] found that patients who responded to iNO
therapy had a larger tidal volume than nonresponders. In adults with hypoxemic
respiratory failure, Puybasset et al. [28] found that iNO increased PaO2 only when

Fig. 5. The effects of mean airway pressure (Paw) on change in alveolar dead space (Vd/Vtcor) with

iNO. * = iNO reduced (negative change) corrected dead space only at Paw = 8–15 cmH2O.

# = reduction at Paw = 8–15 cmH2O was different from all others. Values are mean and 95% CI

(confidence interval).
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application of positive end-expiratory pressure had increased alveolar recruit-
ment. Similarly, Putenson et al. [26] found that in canine lung injury, iNO at zero
end-expiratory pressure had no effect on gas exchange; with CPAP and iNO, Qs/
Qt decreased and perfusion of areas with normal V/Q increased. Our study
suggests that the mean airway pressure range yielding the maximal iNO effect on
shunt occurred in the range of 16–23 cmH2O.
The highly significant relationship between mean airway pressure and alve-

olar dead space suggests that higher mean airway pressures directly contribute to
alveolar dead space. Treatment with iNO had less effect on alveolar dead space,
with a modest reduction evident only at mean airway pressures from 8 to 15
cmH2O. Because iNO improves arterial oxygenation by redistribution of pul-
monary blood flow to ventilated lung regions [26, 28], and because higher mean
airway pressures increased alveolar dead space, our findings suggest that higher
mean airway pressures may limit the beneficial redistribution of perfusion to
regions with higher V/Q ratios, thereby also limiting the reduction in Qs/Qt.
Studies examining the effect of iNO on V/Q matching in the lungs in various

diseases or models of diseases have yielded inconsistent results. On one hand,
some studies have demonstrated an improvement in V/Q matching [8, 16, 24, 25].
On the other hand, some studies have shown either no effect or variable effects on
V/Q matching [3, 19, 26, 30]. Alveolar recruitment and iNO response depend on
adequate mean airway pressure; thus, variations in mean airway pressures and
levels of alveolar recruitment may explain the differential findings in these studies
of the effect of iNO on V/Q matching. Consistent with this interpretation is a
recent study [21] that demonstrated that the initial response to iNO was abolished
over time in a model of endotoxin administration as V/Q mismatch increased with
time in pigs. Taken together these studies suggest that the level of V/Q matching
may be an important determinant of response to iNO. Our findings that iNO had
the greatest effect on shunt at a mean airway pressure of 16–23 cmH2O is con-
sistent with this interpretation, because this level of mean airway pressure was
associated with alveolar recruitment but was not sufficiently high to increase
alveolar dead space to a degree that interfered with V/Q matching.
The mean airway pressure optimum for iNO effect will be dependent on

complex interactions between underlying lung pathology, pulmonary hemody-
namics, respiratory mechanics, and mechanical ventilation strategy [9, 10, 19, 20,
29]. Our study was limited in that mean airway pressure parameters for
mechanical ventilation were determined by clinical indications to optimize alve-
olar recruitment. This strategy appears to be effectively executed in these patients
based upon the relatively uniform baseline shunt across mean airway pressure
strata. No ventilator adjustments were permitted during iNO trials so that the
effects of iNO were tested at the clinically optimized ventilator settings only. The
use of Qs/Qtvirt and Vd/Vtcor to quantify shunt and corrected alveolar dead space
as indices of V/Q matching has obvious limitations compared with multicom-
partment models based on multiple inert gas elimination techniques. These limi-
tations include assumptions for parameters that cannot be measured, assumption
of an unchanged venoarterial PCO2 gradient in the face of probable changes in
cardiac output, and assumptions underlying the partitioning of PetCO2. However,
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even in the face of these limitations, our findings are consistent with reported
effects of IPPV and iNO on gas exchange [4, 8, 9, 15, 16, 27], and we know of no
other systematic examination of the effects of iNO treatment and mean airway
pressure on gas exchange using a formal lung model in this patient population.
Furthermore, the parameters used in our model estimations are commonly
monitored variables in the intensive care setting, and thus they may be easily
applicable to patients with ARDS and PPHN in the neonatal and pediatric
intensive care units, in whom pulmonary artery catheterization is rarely used.
In conclusion, we have found a significant differential interaction between

mean airway pressure and iNO treatment on gas exchange indices of shunt and
alveolar dead space. Alveolar recruitment with positive mean airway pressure
maximized the reduction in shunt with iNO. However, higher mean airway
pressures partially negated the beneficial effects of iNO therapy both by
increasing baseline alveolar dead space and by limiting the improvement in V/Q
matching with iNO. Thus, in this study a mean airway pressure between 8 and
23 cmH2O resulted in an optimum lung inflation range allowing for near-
maximal alveolar recruitment without overdistension. Formal analysis of gas
exchange using this tripartite model may help optimize ventilation strategy by
guiding reduction of mean airway pressure during iNO therapy in the intensive
care setting.
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