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itric Oxide and Milrinone: Combined Effect on
ulmonary Circulation After Fontan-Type
rocedure: A Prospective, Randomized Study

iming Cai, MD, Zhaokang Su, MD, Zhenying Shi, MD, Yanping Zhou, MD,
huoming Xu, MD, Zhiwei Xu, MD, and Yanmin Yang, MD
epartment of Cardiovascular and Thoracic Surgery, Shanghai Children’s Medical Center, Shanghai Jiao Tong University School

f Medicine (Formerly Shanghai Second Medical University), Shanghai, China
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Background. Early morbidity and mortality after Fontan
perations are related to the elevation of postoperative
ulmonary vascular resistance. Inhalation of nitric oxide

iNO) and intravenous milrinone are two options capable
f reducing pulmonary vascular resistance. We hypoth-
sized that their combined use could maximally stabi-
ize the pulmonary circulation after Fontan operation.

Methods. Forty-six patients with high pulmonary vas-
ular resistance (transpulmonary pressure gradient >10
m Hg or central venous pressure >15 mm Hg) and

mpaired oxygenation after Fontan operation were pro-
pectively randomized into three groups: group Mil (n �
5, milrinone at 0.5 �g · kg�1 · min�1), group iNO (n � 15,
NO at <20 ppm), and group iNO � Mil (n � 16, iNO
lus Mil). Pulmonary hemodynamic and oxygenation
hanges were compared among the three groups.

Results. Inhalation of nitric oxide with milrinone led to

1) the most significant reduction of pulmonary vascular
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esistance (transpulmonary pressure gradient from 11.26 �
.40 mm Hg [baseline] to 7.93 � 0.90 mm Hg [24-hour use]
n group iNO � Mil versus from 11.10 � 1.38 to 8.69 � 0.86

m Hg; p � 0.048 in group iNO and from 11.17 � 1.41
m Hg to 9.72 � 1.32 mm Hg; p < 0.001 in group Mil); (2)

he most significant improvement of arterial blood oxy-
enation (ratio of arterial oxygen partial pressure to
nspired fraction of oxygen from 68.88 � 14.09 to 131.25 �
5.92 in group iNO � Mil versus from 70.07 �14.24 to
20.20 � 15.92; p � 0.047 in group iNO and from 72.60 �
2.92 to 95.20 � 13.49; p < 0.001 in group Mil). Time on
echanical ventilation was shortest in group iNO � Mil

p � 0.043).
Conclusions. Combined use of iNO and milrinone

ptimally stabilized pulmonary hemodynamics after
ontan operation.

(Ann Thorac Surg 2008;86:882–8)

© 2008 by The Society of Thoracic Surgeons
he natural history of patients with complex cardiac
lesions characterized by single-ventricle physiology

s poor. For example, the 1-year mortality is greater than
0% for patients with heterotaxy syndrome (asplenia or
olysplenia) [1]. The Fontan procedure (creation of a total
avopulmonary anastomosis thereby exposing the pul-
onary vascular bed to flow without a hydraulic pump as

he driving force) is a definitive palliation for single-
entricle physiology. Based on original development for
reatment of children with tricuspid atresia, current in-
ications for Fontan operation have been extended to
asically all types of complex cardiac lesions not amena-
le for biventricular repair [2, 3]. In the absence or severe
ttenuation of pulsatile pulmonary blood flow within the
ontan circuit, elevation of pulmonary vascular resis-
ance (PVR) has been widely recognized as one of the

ost important risk factors contributing to hemodynamic
ompromise and early mortality after surgery [4, 5]. As a

ccepted for publication May 5, 2008.

resented at the Forty-fourth Annual Meeting of The Society of Thoracic
urgeons, Fort Lauderdale, FL, Jan 28–30, 2008.

ddress correspondence to Dr Yang, Cardiac Studies, Institute for Bio-
esult, maintenance of a low PVR becomes a major
riority during the period of intensive care immediately
fter Fontan operation.
To meet this objective, inhalation of nitric oxide

iNO) has become the most preferred option [6], if
vailable, as it can selectively reduce PVR by relaxing
he smooth muscle without major negative impact on
he systemic circulation because of its high affinity for
emoglobin after diffusion into the blood. However,
linical practices have also implied that its efficiency
ight not be sustainable during or after its withdrawal,
hich sometimes could lead to severe PVR rebound

equiring its prolonged use [7–9].
Milrinone has long been proven to be an efficient
edication for patients with preexisting pulmonary hy-

ertension or depressed postoperative cardiac function
s it can (1) relax vascular smooth muscle and (2) improve
oth systolic and diastolic cardiac function. Its usage has
ecome a first-line choice for patients with various ex-

ents of pulmonary hypertension. Its efficiency as an
djunct to iNO for treatment of high PVR after a Fontan
peration, however, has not been reported before.
The purpose of this study was to determine the early
emodynamic and oxygenation responses to iNO, milri-
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one (intravenous use), or both in patients with marked
levation of PVR after a Fontan operation.

atients and Methods

he ethics committee of the hospital approved this study.
nformed consents for the study were obtained from
hildren’s parents before initiation.

atient Selection
ediatric patients, who underwent modified fenestrated
ontan operation and suffered marked elevation of PVR
1) with no explainable causes (eg, low cardiac output,
rrhythmia, and atrial-ventricular valve regurgitation)
nd (2) without response to conventional managements
ie, sedation, analgesia, and respiration adjustment so
s to establish normal arterial carbon dioxide tension
f about 40 mm Hg and an arterial pH of about 7.40)
ere enrolled in this study. The inclusion criteria for

levated PVR included patients whose transpulmonary
ressure gradient (TPG, ie, the difference between
entral venous pressure [CVP] and left atrial pressure)
as higher than 10 mm Hg or CVP was higher than

5 mm Hg with concomitant deterioration of arterial
lood oxygen saturation (Sao2 �85%) despite in-
reased inspiratory oxygen fraction. Patients were as-
igned with random number allocation to iNO group
inhalation of NO), milrinone group (intravenous ad-

inistration of milrinone), or iNO in conjunction with
ilrinone group (inhalation of NO and intravenous
ilrinone), immediately after they were determined to

e a suitable candidate. The exclusion criteria of en-
olled patients during the study were complications of
ajor organ dysfunction, pulmonary infection, and

onduit thrombosis.

able 1. Preoperative and Operative Data of Patients Underg

ariable Milrinon

emographic characteristics
ge (y) 5.8
eight (kg) 19.1

ex (male/female) 8
reoperative oxygen saturation (%) 77.2
reoperative diagnosis
Tricuspid atresia 3
Heterotaxy syndrome (asplenia or polysplenia) 5
Double-outlet right ventricle 3
Pulmonary atresia with intact ventricular septum 4

rior staging with Glenn 4
reoperative mPAP (mm Hg) 13.8
perative feature
Lateral tunnel/extracardiac conduit 10
Cardiopulmonary bypass time (min) 143
Aortic cross-clamp time (min) 67.9
NO � inhalational nitric oxide; mPAP � mean pulmonary arterial pressu
tudy Design
he following protocol was used for all patients: (1) baseline
easurements of all variables (detailed in the following

ection), (2) administration of iNO (group iNO), milrinone
group Mil), or both (group iNO � Mil), (3) repeated

easurements of variables at 4, 12, and 24 hours after
nitiation of respective medication strategies. To prevent
onfounding results, normal ventilation, stable oxygen in-
piration fraction (60%), and one intravenous positive ino-
ropic agent, ie, dopamine (5 �g · kg�1 · min�1), were
ontinued throughout the study.

rug Administration
atients assigned to groups iNO and iNO � Mil would

nhale NO, which was stored as a mixture with nitrogen
t 800 ppm NO (Shanghai Jiliang Gas Reference Co Ltd,
hanghai, China) in a cylinder. The gas was added into

he part of the inspiratory circuit of the prototype Servo
entilator 300 NO-A (Siemens, Germany). Inhalation of
O began from 10 ppm with subsequent adjustment

imed at achieving greater than 20% improvement in
PG or greater than 10% Sao2 with the lowest possible
ose of iNO (1 to 20 ppm) within 2 hours after initiation.
eak nitrite and nitrate concentrations were continuously
onitored during NO administration. Methemoglobin

oncentration in the blood was measured with a radiom-
ter ABL 700 blood gas analyzer (Copenhagen, Denmark)
t baseline and every 4 hours after the first exposure to
NO. Gradual weaning from iNO was attempted 24 hours
fter its use. If the patient’s hemodynamics or Sao2

eteriorated during iNO withdrawal, the weaning at-
empt was postponed until their recovery. Milrinone
Lunan Pharmaceutical Inc, Shandong, China), which
ould be used for patients in group Mil and iNO � Mil,
as prepared from a vial of 5 mg/5 mL and infused

ontinuously into the circulation at 0.5 �g · kg�1 · min�1

Modified Fontan Procedure

� 15) iNO (n � 15) iNO � Milrinone (n � 16) p Value

5.5 � 2.6 5.7 � 2.8 0.97
18.4 � 6.5 20.0 � 7.7 0.86

6/9 9/7 0.63
80.5 � 5.2 78.5 � 4.6 0.229

4/15 1/16
6/15 8/16
4/15 4/16
1/15 3/16
6/15 6/16

14.4 � 2.1 13.5 � 4.1 0.786

7/8 6/10
138 � 44 134 � 55 0.929

1 61.1 � 32.8 63.1 � 29.6 0.871
oing

e (n

� 2.1
� 5.9
/7
� 5.4

/15
/15
/15
/15
/15
� 2.9

/5
� 69
� 36.
re.
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ith an infusion pump. If there was no significant im-
rovement in TPG (�10%) and Sao2 (�5%) within 6
ours after its use, iNO was added to the therapeutic
egimen and the patient was excluded from final statis-
ical analysis. Milrinone would be gradually weaned
rom patients after uneventful extubation with consis-
ently stable hemodynamic condition. The total intake
nd output volume was strictly balanced every day to
xclude any other factors influencing results.
r

easurements
RIMARY OUTCOME. Primary outcomes to be measured in-
luded both pulmonary (TPG and CVP) and systemic
emodynamics as well as arterial blood oxygenation

oxygenation index, ie, ratio of arterial oxygen partial
ressure to inspiratory oxygen fraction, and Sao2). To
chieve these measurements, catheters were placed in-
ide the superior vena cava through the right internal
ugular vein, the left atrium through the right superior
ulmonary vein, and a peripheral systemic artery to
llow their simultaneous measurements. Intravascular
ressures were measured with fluid-filled transducers.
lood gas was sampled from the systemic arterial blood.

nspiratory oxygen fraction was acquired from the
entilator.
ECONDARY OUTCOME. To further evaluate the short-term
ffect of iNO or milrinone use, total time on mechanical
entilation and amount of chest drainage, as well as time
n the intensive care unit and hospital, were evaluated.

tatistical Analysis
he data are expressed as the mean � standard deviation

or continuous variables. Statistical analysis was per-
ormed using statistical software (Statistica 6.0, Statsoft
nc, Tulsa, OK). Two-way analysis of variance for re-
eated measurements was used to test null hypotheses
egarding the effects of between-subject factor (medica-
ion group), the within-subjects factor (time), and the
nteraction between them. If a statistically significant
nteraction between group and time was found, subse-
uent comparison among the groups at respective time
oints was performed by one-way analysis of variance

ollowed by Duncan’s multiple range test. Nominal vari-
bles were analyzed by nonparametric test. A difference
as considered significant if the probability value was

ess than 0.05.

esults

uring the study period, 1 patient in group iNO, 2
atients in group Mil, and 2 patients in group iNO � Mil
ere excluded based on the aforementioned exclusion

ig 1. Absolute change of transpulmonary pressure gradient (A) and cen-
ral venous pressure (B) and percent change of systolic arterial blood pres-
ure (C) after the use of intravenous milrinone (0.5 �g · kg�1 · min�1,
roup Mil), inhalational nitric oxide (�20 ppm, group iNO), or both
group iNO � Mil). Data are expressed as mean � standard deviation.
ignificant interactions existed between group and time in every vari-
ble (p � 0.001 for transpulmonary pressure gradient, p � 0.021 for
entral venous pressure and 0.008 for systolic arterial blood pressure;
wo-way analysis of variance for repeated measurements). Subsequent
omparison was carried out with Duncan’s multiple range test. Baseline
s before administration of milrinone, inhalation of nitric oxide, or both,

h is 4 hours after medication, 12 h is 12 hours after medication, 24 h
s 24 hours after medication. *p � 0.05; **p � 0.01 as compared with
roup Mil at respective time points. #p � 0.05 as compared with group
NO at respective time points. †p � 0.05; ††p � 0.01 as compared with

espective baseline value in each group.
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riteria. Three patients in group Mil, who had to be
hifted to combined therapy of iNO and milrinone be-
ause of severe hypoxemia and abnormally high TPG
ithin 6 hours of the use of milrinone, were also excluded
uring the study period. In addition, 1 patient each in
roup Mil and group iNO � Mil were excluded because
f severe thrombocytopenia. In total, 46 patients finished
his study and were included for final statistical analysis.
he three groups did not differ statistically with regard to
emographic features and intraoperative maneuvering
trategies including the time on cardiopulmonary bypass
nd aortic cross-clamp (Table 1). For patients receiving
NO (ie, group iNO and group iNO � Mil), methemoglo-

ig 2. Change of oxygenation index (PaO2/FiO2, A) and arterial
lood oxygen saturation (B) after the use of intravenous milrinone
0.5 �g · kg�1 · min�1, group Mil), inhalational nitric oxide (�20
pm, group iNO), or both (group iNO � Mil). Data are expressed
s mean � standard deviation. Significant interactions existed be-
ween group and time in each variable (p � 0.001 in both variables;
wo-way analysis of variance for repeated measurements). Subse-
uent comparison was carried out with Duncan’s multiple range
est. Baseline is before administration of milrinone, inhalation of
itric oxide, or both, 4 h is 4 hours after medication, 12 h is 12
ours after medication, 24 h is 24 hours after medication. *p � 0.05;
*p � 0.01 as compared with group Mil at respective time points.
p � 0.05 as compared with group iNO at respective time points.
p � 0.05; ††p � 0.01 as compared with respective baseline value
bn each group.
in concentration in the blood remained less than 2.5%
nd the expiratory nitrate concentration measured at an
NO dose of 20 ppm in 80% O2 was 0.9 ppm. No patient
ad clinical signs of toxicity.

ulmonary and Systemic Hemodynamic Change
he change of TPG and CVP, variables reflecting PVR, is
etailed in Figure 1. There was no significant difference
mong the three groups in baseline levels of either
ariable. Use of iNO alone (group iNO) or in conjunction
ith milrinone (group iNO � Mil) quickly reduced the
VR as both TPG and CVP decreased below 15 mm Hg
nd 10 mm Hg, respectively, within 4 hours after their
se. However, use of milrinone alone (group Mil) led to

he least and slowest decrement of PVR (though still
ignificant in TPG). The maximal reduction of PVR usu-
lly appeared between 12 and 24 hours after administra-
ion of milrinone, iNO, or both. Beginning from 4 hours
ntil 24 hours after administration of respective medica-

ions, the difference in CVP and TPG between group Mil
nd the other two groups achieved statistical signifi-
ance. In addition, the difference in TPG between group
NO and group iNO � Mil at 24 hours also achieved
tatistical difference.

Simultaneously, the systemic circulation significantly
mproved with the use of milrinone, iNO, or both (Fig
C). Similar to changes of TPG and CVP, such improve-
ent was fastest and most significant in group iNO �
il.

rterial Blood Oxygenation
he change of oxygen index (ratio of arterial oxygen
artial pressure to fraction of inspired oxygen) and Sao2

s detailed in Figure 2. There was no significant difference
mong the three groups in baseline values of either
ariable. Use of iNO alone (group iNO) or in conjunction
ith milrinone (group iNO � Mil) quickly increased both

ariables within 4 hours after their use, which was in
ontrast to much slower improvement in patients receiv-
ng milrinone exclusively. Beginning from 4 hours until
4 hours after administration of respective medication,
he difference in both variables between group Mil and
he other two groups was statistically significant. Addi-
ionally, the difference in the ratio of arterial oxygen
artial pressure to fraction of inspired oxygen between
roup iNO and group iNO � Mil at the 24th-hour
easuring point also achieved statistical difference.

echanical Ventilation
atients receiving both iNO and milrinone had the least

ime on mechanical ventilation (101.7 � 36.5 hours in
roup iNO � Mil versus 129.2 � 47.8 hours in group iNO
nd 133.6 � 23.3 in group Mil; p � 0.043). One patient in
roup iNO � Mil and 3 patients in group iNO suffered
VP and TPG rebound during the process of iNO with-
rawal (p � 0.138). In addition, 1 patient in each group

NO and iNO � Mil as well as 2 patients in group Mil had
o be reintubated after weaning from the ventilator

ecause of compromised blood oxygenation (p � 0.739).
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ther Secondary Outcomes
ther outcomes are detailed in Table 2. The total amount

f chest drainage was not different among the three
roups. Although the time in the intensive care unit and
ospital tended to be shorter in group iNO � Mil, the
ifference was not statistically significant.

omment

ecause pulmonary blood flow becomes passive rather
han driven by a ventricular pump with Fontan-type
emodynamics, pulmonary perfusion and, consequently,
ardiac output are critically dependent on low PVR.
owever, PVR is most unstable in the early postoperative
eriod mainly because of pulmonary edema and endo-

helial dysfunction. These pulmonary pathophysiologic
hanges are related to cardiopulmonary bypass–induced
1) systemic inflammation response syndrome resulting
rom activation of the alternate complement pathway,
eukocytes, and endothelial cells releasing cytokines,
roteases, and oxygen free radicals, and (2) lung reper-

usion injury after temporary ischemia during cardiopul-
onary bypass as it shunts the majority of blood flow

way from the pulmonary arterial tree [10–12]. Pulmo-
ary endothelial dysfunction is characterized by a short-
ge of endothelium-derived relaxation factor, ie, intrinsic
O, which helps relax the pulmonary vascular smooth
uscle [13]. Furthermore, an interatrial fenestration was

sed to offset the negative effect of high PVR, but if the
hunt had become excessive, the resulting hypoxemia
ay have further exacerbated elevated PVR as a result of

ypoxemia-induced acid-base disturbance causing pul-
onary vasoconstriction and caused low cardiac output

yndrome.
Inhaled NO could induce selective pulmonary vasodi-

ation in ventilated lung regions by increasing the levels
f the vasodilator cyclic-guanosine 5=-monophosphate
cGMP) within the pulmonary vascular smooth muscle.
s a result, iNO has been proposed as a therapeutic

hoice for patients with acutely elevated TPG and im-
aired arterial blood oxygenation after Fontan-type op-
ration [14, 15]. However, clinical practices indicate that
he response to iNO remains inconsistent in respective
atients and may require higher dosage or prolonged

able 2. Other Secondary Outcomes Related to Inhalational
itric Oxide or Milrinone

ariable
Group

iNO
Group

Mil
Group iNO

� Mil
p

Value

hest drainage
(mL)

282 � 246 227 � 95 191 � 120 0.316

ime in ICU (days) 15.3 � 9.5 13.7 � 12.3 11.5 � 10.8 0.619
ime in hospital
(days)

24.7 � 10.1 20.1 � 14.2 18.6 � 9.7 0.321

CU � intensive care unit; iNO � inhalational nitric oxide; iNO �
il � inhalational nitric oxide and milrinone; Mil � milrinone.
xposure. The reasons for various individual responses to c
NO exposure may involve (1) varied extent of preoper-
tive pulmonary arteriole abnormalities that are not
etectable based on current hemodynamic measure-
ents [5]; (2) impaired preoperative ventricular mechan-

cal property, especially, relaxation in patients with sin-
le-ventricular pathophysiology [2, 16]; and (3) varied
xtent of body response to cardiopulmonary bypass–
nduced inflammation and endothelial sensitivity to
eperfusion after temporary ischemia. However, pro-
onged use or high dosage of iNO may easily incur
arious toxic side effects in human beings [17] and
ithdrawal rebound [7] owing to various mechanisms [8,

8]. As a result, every effort is made to minimize the
ength and dosage of iNO exposure for individual
atients.
In most reported studies, the strategy aimed at mini-
izing iNO exposure and achieving early uneventful
ithdrawal focused on maintaining cGMP level inside

he pulmonary vascular smooth muscle as several
tudies have found that exogenous NO exposure
ould inhibit the endogenous NO-cGMP cascades. For

xample, Black and colleagues [19] found that iNO use
or 6 hours at 40 ppm in neonatal lambs could reduce
ndogenous NO synthase activity by approximately
0%, although twice the increment in plasma cGMP
evel was observed during the period of NO inhalation
wing to stimulation of guanylate cyclase by exoge-
ous NO. As a result, after acute withdrawal of NO,
VR bounced back with simultaneous significant dec-
ement of plasma cGMP concentration, both of which
id not return to normal levels until 60 minutes later
ith concomitant partial recovery of endogenous NO

ynthase [19]. Furthermore, Thelitz and associates [20]
ound that iNO use also reduced soluble guanylate
yclase level in pulmonary vascular smooth muscle
nd thus, decreased intracellular cGMP concentration
mmediately after its withdrawal. As a result, phospho-
iesterase-5 inhibitors such as dipyridamole [21] and
ildenafil [22] have been proposed as a method of
hoice to facilitate earlier withdrawal from iNO by
nhibiting cGMP degradation.

Nevertheless, recent studies also indicated that iNO
ould also induce other important biochemical changes
nside the pulmonary tissue related to its later with-
rawal rebound. For example, Thelitz and coworkers [23]

ound that although iNO could lead to a decrement of
ung tissue cyclic adenosine monophosphate concentra-
ions by 25.3%, PVR remained stable after acute iNO
ithdrawal and lung tissue cyclic adenosine monophos-
hate concentrations were preserved during NO therapy

n milrinone-treated lambs [23]. The first reported clinical
tudy comparing the effects of iNO or milrinone for
ostoperative patients with congenital heart diseases
ausing pulmonary hypertension also appeared recently.
n that report, Khazin and colleagues [24] found that
ombined use of both drugs could maximally lower PVR.
n our study, we also observed that their combination
ould provide fastest and maximal effects in reducing
VR and, thus, ameliorate arterial blood oxygenation. Of

ourse, use of milrinone did not only benefit the pulmo-
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ary circulation as it also provided important lusitropic
ffects on the heart, which has extreme importance for
he heart with single-ventricle pathophysiology. Penny
nd associates [25] used Doppler echocardiography and
icromanometer pressure during steady states before

ypass and after bypass to assess the effects of Fontan
urgery. The perioperative increase in mass to volume
atio of the single ventricle was described as an “acute
ypertrophic cardiomyopathy” with inherent diastolic
ysfunction, quantified as prolongation of the time con-
tant of isovolumic pressure decay. Garofalo and col-
eagues [2] further reported the ventricle had signifi-
antly higher stiffness immediately after Fontan
peration as a result of cardiopulmonary bypass use. As
uch, milrinone could further improve the pulmonary
irculation by increasing myocardial relaxation. Simulta-
eously, milrinone also helped improve myocardial con-

ractility without further exhaustion of oxygen. Of course,
he influence of milrinone on the systemic circulation
as still a major concern in carrying out this study. As a

esult, we carefully initiated its intravenous administra-
ion using a maintenance dosage. The results indicated
hat this strategy provided a satisfactory outcome as
ndicated by a minor increment in systemic arterial blood
ressure.
However, use of milrinone alone may not be enough to

ddress severely elevated PVR as its effect appeared
lower and weaker than iNO use. Three potential expla-
ations are proposed here. Firstly, a limited amount of
ilrinone could enter the pulmonary circulation at the

nitial stage as a result of a significant shunt to the
ystemic circulation through the fenestration secondary
o high PVR. As a result, its concentration in the pulmo-
ary vascular wall would be low and fail to provide an

mmediate influence. Second, the pharmacodynamic po-
ency within its therapeutic window in reducing PVR was
ess than NO. Third, the effective concentration in the
lood was gradually increased as the maintenance dos-
ge was directly used in our study.
Our study had several limitations. Perioperative histo-

ogic and immunohistochemical analyses of lung and
ardiac tissue were not performed. Also, we did not
easure both cGMP and cyclic adenosine monophos-

hate levels in both tissue and blood. Finally, we did not
ontinuously monitor cardiac systolic and diastolic func-
ion, which may have revealed the cardiac influence of
oth drugs.
In summary, this study demonstrated the benefits of

he association of iNO and milrinone for patients
xhibiting high PVR after the Fontan procedure. This
ssociation produced better and longer-lasting hemo-
ynamic effects than iNO alone. By reducing iNO
dministration time, the association strategy might
elp minimize the risk of iNO-induced side effects in
linical practice. The hemodynamic improvement re-
ated to this pharmacologic approach might be of
articular value in the management of patients with

ssociated cardiac insufficiency.
e thank Pauline Kulbaba for her kind assistance in proofread-
ng the manuscript. We thank Xiaoqing Yu for his technical
ssistance in this study. We are deeply grateful to Randy
ummers, a biostatistical specialist from the National Research
ouncil of Canada-Institute for Biodiagnostics, for his kind
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ISCUSSION
R FRANK A. PIGULA (Boston, MA): I have one question.
ou documented an improvement in oxygenation. And
aybe you presented it, but did you measure and report your
ixed venous saturations, or is this all presumably an im-

rovement in pulmonary function, pulmonary oxygenation,
r did you see increases in your mixed venous saturations as
ell?

R YANG: As we did not see significant difference regarding
he venous oxygen saturation among the three groups, we didn’t
ut the data into the report.

R PIGULA: Because I’m just wondering if that is one way to
ook at cardiac output as a contributor with improved mixed
enous saturations versus the pulmonary effect of the milrinone
R YANG: We didn’t find significant difference in this variable
mong the three groups.

R CHRISTOPHER A. CALDARONE (Toronto, Canada): The
osage of milrinone is given as an infusion, but there wasn’t any

oading dose. I’m sure that you considered that. What were your
onsiderations and why did you make the choice you did?

R YANG: During our initial study, we found that a loading
ose of milrinone before its subsequent continuous infusion led

o severe hypotension in some patients. As a result, a mainte-
ance dose was applied in this study. We suspected that
ilrinone (administered via a loading dose) was immediately

hunted, to some extent, to the systemic circulation from the
enestration, a reason leading to severe hypotension. Inhalation
f milrinone, instead of intravenous loading dose, might be

elpful to prevent hypotension.
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