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Abstract

Meconium aspiration syndrome causes respiratory failure after birth and in vivo monitoring of pulmonary edema is difficult.
The objective of the present study was to assess hemodynamic changes and edema measured by transcardiopulmonary
thermodilution in low weight newborn piglets. Additionally, the effect of early administration of sildenafil (2 mg/kg vo, 30 min
after meconium aspiration) on this critical parameter was determined in the meconium aspiration syndrome model. Thirty-eight
mechanically ventilated anesthetized male piglets (Sus scrofa domestica) aged 12 to 72 h (1660 = 192 g) received diluted fresh
human meconium in the airway in order to evoke pulmonary hypertension (PHT). Extravascular lung water was measured in
vivo with a PiCCO monitor and ex vivo by the gravimetric method, resulting in an overestimate of 3.5 + 2.3 mL compared to the
first measurement. A significant PHT of 15 Torr above basal pressure was observed, similar to that of severely affected humans,
leading to an increase in ventilatory support. The vascular permeability index increased 57%, suggesting altered alveolocapil-
lary membrane permeability. Histology revealed tissue vessel congestion and nonspecific chemical pneumonitis. A group of
animals received sildenafil, which prevented the development of PHT and lung edema, as evaluated by in vivo monitoring. In
summary, the transcardiopulmonary thermodilution method is a reliable tool for monitoring critical newborn changes, offering
the opportunity to experimentally explore putative therapeutics in vivo. Sildenafil could be employed to prevent PHT and edema
if used in the first stages of development of the disease.
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Introduction

Meconium aspiration syndrome (MAS) in newborns
leads to acute respiratory failure with a mortality of up to
10% (1). Meconium components cause airway obstruction,
chemical pneumonitis, surfactantinactivation, complement
activation, pulmonary vasoconstriction (2), and pulmonary
edema (3) affecting gas exchange.

In MAS, the increase in extravascular lung water (EVLW)
has not been monitored in clinical situations. Lung water
(LW)was estimated by clinical evaluation, chest radiograph
or blood gas determinations (4-6). The possibility of in vivo
EVLW monitoring is relevant since most published data have
reported ex vivo measurements without any information
about the first hours of development of this pathological

condition. During recent years, technical advances have
provided the opportunity of measuring EVLW in vivo in
order to improve knowledge about this disorder. One of
these devices is the PICCO monitor, which utilizes a thermal
indicator to measure the amount of EVLW and the hemo-
dynamic status. This technology, currently used for adult
monitoring, has still limited application in pediatric/newborn
patients because of the lack of experience (7).
Furthermore, the use of drugs for reducing pulmonary
hypertension (PHT) has been increasing in the last decade,
since nitric oxide, the gold standard treatment, is expensive
and not available at all hospitals or in all countries. Sildenafil,
a phosphodiesterase-5 inhibitor, has proved to be effective
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for treating PHT in newborns (8,9), but its effectiveness in
alleviating other changes that occurr during MAS has not
been studied.

In this context, the use of a transcardiopulmonary
thermodilution (tt) device during MAS in small newborn
babies would be useful for in vivo evaluation of EVLW and
hemodynamic monitoring. Three questions were addressed:
Does the device adequately measure the EVLW in small
newborns? In this case, does MAS increase EVLW in
newborn piglets? Is the administration of sildenafil useful
in the early treatment of meconium aspiration? The specific
aim of this study was to monitor EVLW and hemodynamics
after meconium aspiration in newborn piglets, exploring the
utility of the in vivo monitoring of newborn acute respiratory
failure and to evaluate the hemodynamic response after
the oral administration of sildenafil, as it is usually admin-
istered to newborn babies. To address these questions, the
validation of the thermodilution method in animals weighing
1300 to 2700 g was required since it has not been reported
previously (10).

Material and Methods

Animals

The study was conducted according to the ethical prin-
ciples that regulate animal research issued by the Helsinki
Declaration, the American Physiological Society, and the
Uruguayan Institutional Animal Care and Use Committee
(CHEA) of the University of the Republic, authorization No.
071140-001741-06 (http//www.expe.edu.uy/expe/srchsite
Resoluciones.nsf/multidataBaseSearch_Resol).

Term newborn piglets (Sus scrofa domestica) between
12 and 72 h of life (to assure no ductus communication as
reported by Haworth and Hislop, 11) were obtained from
a local farm.

Study design

Does the PiCCO accurately measure the EVLW pa-
rameter? The validation of EVLW measurement by the
thermodilution method using a single thermal indicator
was performed in 9 animals (weighing: 1380 + 170 g) to
compare the in vivo measure of EVLW with the ex vivo LW
determination.

Does MAS increase EVLW in newborn piglets? The MAS
study group consisted of 19 anesthetized and paralyzed pigs
(1752 £ 228 g) ventilated throughout the experiment in the
supine position, with a tidal volume of 6 mL/kg, respiratory
rate (RF) of 15 breaths/min, positive end-expiratory pressure
(PEEP) of 5 cmH>0, and variable oxygen inspired fraction
(FiO2), beginning with 0.21 (adjusting it for a blood oxygen
saturation (SatO2) higher than 90%). Animals were fully
instrumented for hemodynamic monitoring (systemic and
pulmonary pressure).

Is administration of sildenafil useful in the early treatment
of meconium aspiration? Sildenafil, 2 mg/kg, was adminis-
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tered orally to 10 anesthetized and paralyzed pigs 30 min
after MAS (1665 + 176 g), with the rest of the experiment
being the same as in the previous group.

Experimental protocol

The animals were studied under three conditions in
which a complete set of hemodynamic, respiratory me-
chanics and gas exchange data were collected: 1) baseline
in healthy lung. Measurements were taken 30 min after
instrumentation of the animal. 2) Aspiration of meconium
in the airway. Measurements were taken 60 min later and
repeated every 30 min, until the end of the experiment - up
to 120 min. 3) Measurements were taken after aspiration of
physiological solution in the control group. 4) Thirty minutes
after aspiration of meconium in the airway, sildenafil was
administered orally and measurements were taken every
30 min, until the end of the experiment 120 min later.

General procedures

Anesthesia was induced with 50 mg/kg ketamine imand
by a peripheral venous access with a push of 0.3 mg/kg
midazolam jv, 10 pg/kg fentanyl iv and 2.5 mg/kg propofol
iv, and maintained with 3 mg-kg-1-h- propofol throughout the
experiment. Five percent dextrose infusion (60 mL-kg™!-day')
was the basal fluid and glucose administration.

Access to the airway tract was achieved by tracheotomy
in order to assure no meconium leak. Mechanical ventilation
was performed with a Sechrist IV 200 ventilator (Sechrist
Industries Inc., USA). Initial ventilatory parameters were
RF 20 cycles/min, 4 cmH20 PEEP, 20 cmH2O maximum
inspiratory pressure (MIP), 0.3 inspiratory time, and FiO5 of
0.21. PEEP was not modified during the experiments.

SatO, and electrocardiogram with D2 lead recording
were monitored while systemic and pulmonary pressures
were invasively monitored with intravascular catheters
and recorded on an enGuard CM4 monitor (Masimo SET,
Ohmeda Medical, IVY Biomedical System Inc., USA) connect-
ed to a computer for digitalizing data (Windaq Software).

APiICCO 4 French 12-cm thermo-sensible catheter was
accessed to the abdominal aorta through the femoral artery
in order to continuously monitor the central body tempera-
ture and systemic arterial pressure (SAP), and to sample
arterial blood for gas determinations and for the measure-
ment of cardiac output (CO) and EVLW by thermo-dilution
(PiICCO® classic, Pulsion Medical Systems, Germany).
Each CO and EVLW determination was repeated three
times by the injection of 2 mL cold saline (independently of
the respiratory cycle) into the right atrium through a superior
vena cava catheter.

Left anterior thoracotomy was performed to place a
20-gauge Teflon catheter in the pulmonary artery trunk
through the right ventricular wall, with the position being
determined by the typical waves of the pulmonary arte-
rial pressure (PAP). Infection prophylaxis was performed
with cephradine 50 and gentamicin 4.5 mg-kg-!-dose"!
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administered once by peripheral venous access previous
to surgical manipulations.

Central body temperature was maintained (38.5°-
39.5°C) with a heater under a plastic cover (Thermacare,
Gaymar Industries, USA).

The procedure was completed within 1 h and the sta-
bilization period was considered to be complete when: 1)
heart rate (HR) and SAP variability were within 10% of the
pre-thoracotomy values, and 2) PO, was 75 to 100 mmHg,
PaCO; 35 to 45 mmHg, and pH 7.35 to 7.45.

By means of a mathematical analysis of the thermo-
dilution blood curve plus the simultaneous intra-arterial
pressure determinations, the PiCCO can calculate the fol-
lowing variables, as previously reported (12) - EVLW: mL/
kg; global end-diastolic volume (GEDV): mL; intra-thoracic
blood volume (ITBV): mL; systemic vascular resistance
index (SVRI): dyn-s'-cm5-m(2)-1; stroke volume index
(SVI): mL/m2; cardiac index (Cl): L-min-t-m(2-1; ITBV
index: mL/m?2; extravascular lung water index (ELWI): mL/
kg. Additionally, the pulmonary blood volume (PBV) and
the vascular permeability index (VPI) were calculated by
the following formulas - PBV: mL = ITBV-GEDV; VPI =
EVLW/PBYV; pulmonary vascular resistance index (PVRI) =
dyn-s1-cm™-m(2*-1 = PAP/CI.

Meconium aspiration procedure and sildenafil
treatment

After the stabilization period, filtered fresh meconium
was diluted in 20% physiological saline and administered
into the airway (2 mL/kg three times reaching a total dose
of 6 mL/kg) with a swinging thoracic movement to assure
homogeneous distribution. The PAP increased, reaching
a long-lasting plateau at 60 min, with this time being the
beginning of the pathological response (post-meconium)
due to the stability of the hemodynamic measures after the
next 60 min. The last group of variables was determined
15 min before euthanasia.

In the group of animals treated with sildenafil, the
drug was administered orally with a probe 30 min after
the end of the administration of meconium, dissolved in
5% dextrose solution, at a dose of 2 mg/kg. The time of
administration was defined with the intention of exploring
the capacity of the drug to modulate the response immedi-
ately after meconium aspiration, and the evaluation of the
response was based primarily on two critical parameters,
PAP and LW.

Determination of lung water ex vivo

Euthanasia was performed by intravenous KCI. Lungs
were extracted while maintaining a 25 cmH20 positive
airway pressure by tracheal occlusion. Excised lungs were
weighed and lyophilized for 24 h. In the group of animals
for validation of thermodilution measures, LW content was
calculated as the difference between wet and dry lung
weight.
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Histological analysis

A group of 4 control and 5 post-meconium lungs were
fixed in 20% paraformaldehyde and hematoxylin-eosin-
stained sections were analyzed by a pathologist by light
microscopy.

Statistical analysis

The EVLW measurement by the PiCCO thermodilution
method in animals weighing 1300 to 2700 g was validated
by Bland-Altman analysis.

The results obtained from the MAS experimental study
were analyzed by ANOVA and by the Student t-post-test.
P < 0.05 and P < 0.01 were considered to be significant.
Data are reported as means + SD.

Results

In vivo EVLW vs ex vivo LW content

Comparison between the last in vivo EVLW assessed
by the thermodilution method and the LW content in lyo-
philized lungs showed a statistically significant correlation
in piglets weighing 1300 to 2100 g with r = 0.95, and Bland
Altman analysis with a 95% confidence interval yielded a
result of 0.3 = 1.7 mL. As shown in Figure 1A, the EVLW
content post-meconium determined by the in vivo and ex
vivo methods was the same.

In order to obtain a better estimate of the difference in
water content determined by the two methods, PBV was
added to the EVLW. Acorrelation was observed between the
two measurements (r = 0.91). However, the thermodilution
method showed a systematic overestimate of 3.5+ 2.3 mL
in the EVLW measurements, as shown in Figure 1B. This
is considered to be relevant since it might be necessary to
correct EVLW from the in vivo value, adding an overestima-
tion value, in newborns weighing less than 2700 g.

Analysis of hemodynamic results after MAS and
administration of sildenafil

The hemodynamic data showed that HR was sig-
nificantly increased in the MAS group, whereas the other
parameters (SAP, CO, Cl, and SVRI) were unchanged.

Table 1. Effect of meconium on circulating thoracic blood of new-
born piglets (calculated parameters).

Basal Meconium
ITBV (mL) 30+10 23+ 8*
PBV (mL) 54+2 1.4 +0.3*
GEDV (mL) 24 +8 19+ 7*

Data are reported as means + SD for N = 19. ITBV = intra-thorac-
ic blood volume; PBV = pulmonary blood volume; GEDV = global
end-diastolic volume. *P < 0.05 compared to control (Student
t-test).

www.bjournal.com.br



Sildenafil prevents lung edema and pulmonary hypertension

1.7+28D

EVLW Lyoph - EVLW tt (mL)
(]
]

-5 ] 1
25 30 35 40 45
EVLW Lyoph + EVLW tt /2 (mL)

781

4 -
2 23+28SD

T
2 o

4 o
645

-10 =

EVLW Lyoph - EVLW tt + PBV) (mL)
(]

12 =
23-28D
-14 T T T 1
30 35 40 45 50
EVLW Lyoph + (EVLW tt + PBV) / 2 (mL)

Figure 1. A, Bland-Altman analysis comparing EVLW measured by tt and LW determined by lyophylization (Lyoph). The abscissa
shows the average of both measures and the ordinate shows the difference between ex vivo (LW) and in vivo (tt) assessment of lung
water. Bias (LW - EVLW tt) was 0.3 mL (solid line); bias SD was 1.7 mL and the 95% confidence interval was -3.1 to +3.8 mL (dotted
line). B, Bland-Altman analysis comparing EVLW tt + PBV and LW ex vivo. The abscissa shows the mean of the two types of measure-
ments and the ordinate shows the difference between the two methods. Bias (lyophilized-thermodilution values) was -3.8 mL (solid
line); bias SD was 2.3 mL and the 95% confidence interval was -8.4 mL to +0.69 mL (dotted line). EVLW = extravascular lung water,; tt
= transcardiopulmonary thermodilution; LW = lung water; PBV = pulmonary blood volume.
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Figure 2. A, Modification of extravascular lung water indexed (ELWI) after meconium aspiration. Data
are reported as means + SD. B, Individual modification of ELWI, pre- and post-meconium. *P < 0.001

compared to basal (Student t-test).

Mean PAP significantly increased from 25 + 4 to 40 + 6
Torr with an increased PVRI of 3 Torr, as expected to occur
in the most severe human cases of MAS.

The mean PAP increase was accompanied by a signifi-
cant ~9% decrease in SatO», with a decrease in the PO/
FiO5 ratio from 473 £ 179 to 124 + 92 post-meconium (P <
0.01). It was necessary to modify the ventilation parameters
in order to improve oxygenation: MIP (basal 18 + 2 cmH>0
vs a post-meconium value of 24 + 2 cmH»0) and RF (basal
35 * 6 vs a post-meconium value of 42 + 10 cycles/min).

The parameters ITBV, GEDV and PBV showed a sig-
nificant decrease after meconium administration (Table 1),
indicating a decrease in circulating thoracic blood.

A significant increase in the in vivo mean of ELWI of 7

www.bjournal.com.br

mL/kg was detected by the simple thermodilution method
(Figure 2A) after meconium instillation. In 5 of 19 cases, the
ELWI did not increase, remaining the same or decreasing
compared to the basal value (Figure 2B).

The VPI also increased significantly from a basal value
of 7 + 3 to a post-meconium value of 11 £ 5 mL (P < 0.01),
showing that the permeability of the alveolocapillary mem-
brane changed after meconium aspiration.

After administration of sildenafil, the increase in PAP
was prevented, as shown in Figure 3, where basal PAP was
24.6 + 3 mmHg and sildenafil PAP was 31 + 6.1 mmHg, with
no differences between them, in contrast to a PAP value
of 40.4 + 6.4 mmHg for the meconium aspiration group.
In addition, lung edema was also prevented by sildenafil

Braz J Med Biol Res 44(8) 2011
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administration before the development of the complete
response to meconium in the airway, as demonstrated by
the ELWI values shown in Figure 4.

Histology of meconium-affected lungs

Histological analysis of lungs after meconium aspira-
tion revealed alveolocapillary and large vessel conges-
tion (Figure 5B). Structural differences between control
and meconium aspiration lungs can be observed in the
microphotographs in Figure 5A. As indicated, interstitial
alveolar and perivascular edema was observed. However,
the most relevant feature was the presence of non-specific
acute inflammatory elements in the interstitial space, such
as polymorphonuclear neutrophils. This resulted in as
nonspecific chemical pneumonitis due to the presence of
meconium in the airway (Figure 5B).

Discussion

In the present study, newborn piglets were monitored
in vivo after meconium aspiration. Both the hemodynamic
profile and the changes in EVLW and in blood gas exchange
were analyzed. A thermodilution device, validated here
for the first time in small newborn piglets (under 2700 g),
was used to evaluate EVLW and other parameters. This
methodology permits a complete evaluation and, although
entailing the same risk as arterial catheterization, itresults in
the possibility of obtaining knowledge about the evolution of
severe diseases, such as MAS. Furthermore, the availability
of umbilical catheters to be used for humans when applying
this methodology today enables the design of studies that
go beyond experimental animal investigations.

MAS model

Airway aspiration of meconial amniotic fluid results in
airway obstruction and alveolocapillary damage, leading to
pulmonary ventilation-perfusion mismatch. After meconium
aspiration, the initial airway obstruction is followed by an
inflammatory reaction with neutrophils infiltrating lung tis-
sues and an increase in pulmonary vascular resistance.
One of the critical characteristics of this disorder is the
establishment of PHT (13) as a result of hypoxia and the
release of vasoactive compounds such as tromboxane
Az (14) and endothelins (15). Pulmonary vasoconstriction
occurs despite CO stability. The increase in PVRI and HR
maintains the CO, a characteristic of the newborn pulmo-
nary circuit.

The intrapulmonary shunt and airway obstruction re-
quired the adjustment of the ventilatory parameters to pre-
serve oxygenation, as previously reported by others (15). A
significantincrease in PAP as a consequence of hypoxemia
was observed in ~60% of the animals. The high percentage
of affected animals proves the potential application of this
model for the study of the pathophysiology of this disorder,
considering that only 1% of human newborns develop severe

Braz J Med Biol Res 44(8) 2011
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Figure 3. Mean pulmonary arterial pressure (mPAP) in three
different situations: basal, after meconium aspiration and after
meconium aspiration plus treatment with 2 mg/kg sildenafil. Data
are reported as means + SD. Group comparisons demonstrated
an increase in PAP when comparing meconium aspiration to bas-
al data and prevention of the PAP increase after administration of
sildenafil. *P < 0.001 compared to basal; *P < 0.001 compared to
meconium (Student t-test).
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Figure 4. Extravascular lung water indexed (ELWI) under basal
conditions, after meconium aspiration and after meconium aspi-
ration plus treatment with 2 mg/kg sildenafil. Data are reported as
means * SD. Preservation of the ELWI at low levels is observed
when animals with meconium aspiration are treated with sildena-
fil, in contrast to animals receiving only meconium aspiration. *P
< 0.001 compared to baseline (Student t-test).

PHT after MAS (16). However, PAP is increased over SAP
in severely affected babies after MAS, which was not the
case for the piglets studied here.

MAS and pulmonary edema

A disruption in the clearance of lung edema explains
the increase in the amount of fluid in the interstitial and
alveolar spaces (17). Classically, hydrostatic and osmotic
forces are responsible for maintaining the alveolar space
free of fluids (18). Recently, evidence has been reported
for active ion transport across the alveolar epithelium,
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Figure 5. A, Sections of control lungs and, B, histological images after meconium instillation into the airway. Open arrows indicate
vascular congestion or the presence of meconium in the alveolar lumen, and filled arrows indicate polymorphonuclear neutrophils and

congestive vessels.

generating an osmotic gradient, which leads to water re-
absorption (19). Other factors have been shown to affect
active ion transport: Na*-K* ATPase stimulants including B2
adrenergic agonists, growth factors, cytokines, and thyroid
hormones promote fluid reabsorption. On the other hand,
oxidants, serine proteases, hypoxia, and nitric oxide inhibit
the re-absorption process (20). New regulating factors as
well as transport proteins have recently been shown to be
involved in this process (21).

Methodological validation for the assessment of
EVLW

In vivo EVLW assessment is a useful tool for the diag-
nosis of pulmonary edema and can be used as a guide for
administering fluids and drugs (22). Additionally, in vivo EVLW
determination may allow the analysis of strategies to improve
LW clearance (21,23). The methodology used in the pres-
ent study for the determination of EVLW proved to be more
sensitive than chest radiographs or oxygenation indexes for
the early detection of pulmonary edema (4-6), with the ac-
curacy calculated by other investigators being around 90%
(24). However, in the case of human babies it is impossible
to determine the time of aspiration or the time it takes to
develop PHT after MAS, a variability that must be taken into
account. Quantitative determination of pulmonary edema is
a useful and dynamic marker of severity and progression of
the pathological condition. The thermodilution technique is
simple and safe for patients, permitting repetitive measures
(25). The availability of umbilical catheters opens the pos-
sibility of using it during the newborn period.

In the present study, the increase in EVLW was con-
firmed by single thermodilution after meconium aspiration
in newborn piglets. This is the first report of EVLW deter-
mination by this method in animals weighing less than

www.bjournal.com.br

2700 g. Since there is a good correlation with the ex vivo
measurement of LW content, we conclude that the in vivo
method is useful to determine EVLW in animals weighing
1300 to 2700 g. When considering the PBV calculated by
the monitor in the EVLW determination, the correlation re-
mains significant (r = 0.89). Additionally, we demonstrated an
overestimate of EVLW determined by single thermodilution
(3.5mL) compared to the gravimetric method. These results
agree with previous reports that showed an overestimate of
2 to 4 mL/kg (26-28). A possible reason is that the PiCCO
software used is designed for adults with a higher GEDV,
and perhaps the value should be corrected for newborns.
In fact, this limitation affects only the absolute EVLW mea-
surement, while the linear relationship between weight and
EVLW is preserved (24). Some reports, which compared
the gravimetric LW determination with single thermodilution
(using bigger animals), indicated that both methodologies
correlate with pulmonary edema and VPI increase (4,26).

The decrease in PBV could be related to PHT with
blood flow redistribution towards extrapulmonary areas.
Although some reports have recommended pointing out
pitfalls in EVLW thermodilution assessment when PHT oc-
curs, the sensitivity of the method in this and other studies
was adequate (4,29).

Histological analysis revealed capillary vascular conges-
tion and an increase in the interstitial fluid when compared
to control lungs, as previously reported (17). Under physi-
ological conditions, the fluid clearance mechanisms from
the final stages of the gestational period leads to a decrease
in the amount of LW (30).

The mean basal EVLW was increased when compared
to other reports (31,32). One of the reasons could be due
to the age of the piglets (12 to 72 h) in the present study.
Recently, Krause etal. (10) reported EVLW values obtained
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by single thermodilution and by gravimetric assessment
in 2- to 10-day-old piglets (weighing 2700 + 700 g) after
pulmonary edema induced by repeated airway lavages,
although the basal EVLW values were not reported. Other
species such as rabbits have higher mean EVLW values
than piglets, with 4-day-old rabbits having 83% LW content
compared to wet lung weight, higher than that observed in
the present study (33). The increase in EVLW after meco-
nium aspiration has been reported previously in pigs and
human beings. Schiffmann et al. (7) observed 27.7 + 16.8
mL/kg EVLW in critically ill children aged 1 to 15 months.
The lower variability observed in the present study (mean
+ SD, 20.8 + 4.8 and 27.5 + 5.6 mL/kg, for the basal and
meconium conditions, respectively) may be explained by
the fact that there was only one etiology.

Other reports have shown an increase in EVLW deter-
mined by single thermodilution after acute lung injury in
different species (12,28), using mostly oleic acid to induce
damage (27,34,35). However, the MAS model reproduces
the situation of human newborns with this disorder (3).

Increase in EVLW

The aspiration of meconium could directly injure the
alveolocapillary membrane and induce a complement-
mediated inflammatory response (36). The inflammatory
process recruits neutrophils, induces activation of alveolar
macrophages (37) and triggers a cascade of events includ-
ing release of cytokines, proteolytic enzymes and reactive
oxygen species, which produce alveolocapillar damage, pro-
tein leakage into the alveolar space, and lung edema (36).
According to other reports (38), the presence of leukocytes
infiltrating lung tissue in histological analysis after meconium
aspiration reveals the occurrence of pneumonitis. Increased
vascular permeability and fluid movement towards the inter-
stitial space associated with increased protein permeability
are relevant in this pathologic process (38). The increase
in VPI observed in vivo confirms the existence of vascular
permeability changes, with VPI being considered to be a
useful parameter in differentiating hydrostatic from vascular
permeability edema (26).
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Additionally, the increase in PAP may lead to the increase
in EVLW (39) since the pulmonary vasoconstriction induces
changes in the pulmonary capillary pressures, resulting in
the passage of fluid into the extravascular space.

Effect of early administration of sildenafil

Sildenafil has been extensively studied for the treatment
of established PHT and the information obtained has already
been properly applied to clinical practice (40). However, the
potential of sildenafil for the prevention of the deleterious
effects of MAS has not been explored. In the present study,
we confirmed the preventive capacity of sildenafil regarding
the development of PHT and lung edema, two critical events
in the pathology of PHT secondary to MAS. Moreover, our
study reveals the possibility of monitoring the activity of
sildenafil in vivo, suggesting a new potential application of
the drug that should be studied in depth.

We conclude that, in newborn piglets smaller than
2700 g, the establishment of experimental MAS can be
monitored in vivo. Monitoring of pulmonary edema by
single thermodilution is a reliable tool, in particular for
the detection of real-time modifications of EVLW and CO,
among others. Different therapeutic strategies to restore
the physiological water content and to improve oxygenation
could be evaluated.
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