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Abstract. The objective of this study was to investigate ever, the effect of low-dose NO [<40 parts per million

the efficacy of low-dose nitric oxide (NO). The study (ppm)] had not been studied.

used fifteen consecutive Japanese preoperative patients To investigate the efficacy of low-dose NO we com-

(7 males and 8 females) with congenital heart diseaspared the efficacy of 5 ppm NO to that of 40 ppm NO,

and pulmonary hyptertension (mean pulmonary arterialvhich was previously used in cardiac catheterization, and

pressure >30 mmHg), 6 of these patients had Down’'pure oxygen, the agent conventionally used to treat PH.

syndrome. Hemodynamic measurements were taken in

room air, 100% oxygen, 5 and 40 parts per million NO

(NOS and NO40) by inhalation. The differences betweenptients

two observations within the same group were determined

by the two-tailed paired-test. A pulmonary vascular Fifteen consecutive Japanese patients (7 males and 8 females) with

resistanceR,) regression curve was constructed by UsingCHD and pulmonary hypertension were studied. Their mean age was

linear regression analysis. The percentage change in pul8 + 23 months. PH was diagnosed when the mean pulmonary artery

monary arterial pressure per systemic arterial pressurgl*}l,_ressure exceteqe(lj 30 m”:'?%[?]-Ifg\e/;%paﬁgm\iggd;sg foé'r‘;‘(‘gt”e% ?ea”
H Iseases: ventricular septal aerec = s |

(PPIPS) with NO40 (PPIPS-40) exceeded that d?p/P§-5 ductus arteriosus (PDAo,p= 2), VSD and atrial septal defecpt (ASD) (

(p < 0.0001). The percentage change for fh@WIth = 1), VSD and pulmonary stenosia & 1), ASD (0 = 1), double-

NO40 (Rp-40) was larger than that for tie-5 (p = outlet right ventricle and PDAn( = 1), single ventricle and PDAn(=

0.0003). The percentage changePpfP:-5 and that with 1), and PDA ¢ = 2). Six of the patients also had Down’s syndrome.

oxygen were similarf{ = 0.266). The relationship be- Written informed consent was obtained from the parents and/or guard-

tweenR -5 andR -40 was linear. In conclusion, the ef- ians of each child before catheterization. The ethics committee of our

fects of NOS were equivalent to 100% oxygen but IeSShOS‘Ioi;:allll tingz\tlii?]ttshijsnzt:rcxént surgery to correct the CHD. Complete

than NO40. NO5 should initially be used to test pulmo- '

tivity. If th . tients sh Iqiurgical correction was achieved in 14 patients and pulmonary artery
nary reactivity. ere IS no response, pauents shou anding was done in 1 patient (case 3). Three (cases 1, 5, and 7) of the

still be given NO40. 14 patients who had complete surgical corrections developed PH post-
o . . . operatively and were treated with inhaled NO. In case 1, NO was
Key words: Nitric oxide — Congenital heart disease — administered for 8 days at a maximal inhaled NO concentration of 12.5
Pulmonary hypertension — Oxygen — Pulmonary vas-ppm. Case 5 received inhaled NO to a maximal level of 20 ppm, along
cular resistance with other conventional therapies, namely, hyperventilation with 100%
oxygen, deep sedation, and catecholamine administration. Unfortu-
nately, this patient died on the fifth postoperative day. The PH crisis in
The inhalation of nitric oxide (NO), a selective pulmo- case 7 resolved with the inhalation of NO at a maximal level of 11.8
nary vasodilator, is used to evaluate and treat patientgpm for 9 days. Overall, the surgical outcome was satisfactory in all
with pulmonary hypertension (PH) secondary to congenPaients except one who underwent surgery.
ital heart disease (CHD) [1, 6, 11, 12]. In general, mini-
mally effective doses of inhaled NO are recommended to
prevent lung injury [14]. Data of cardiac catheterizationsMethods
with inhaled NO have been reported [1, 6, 11, 12]. How-
The Fick method was used to calculate the flow and resistance for the
- systemic and pulmonary circulations. The patients were premedicated
Correspondence torf. Yasuda with tricofos sodium (100 mg/kg, oral), pethidine hydrochloride [1
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mg/kg, intravenous (i.v.)], hydroxyzine hydrochloride (0.75 mg/kg, ment (—41 + 14%) was significantly larger than that for
i.v.), and pentazocine (0.4 mg/kg, i.v.) if the sedation was not enoughthe Rp'5 (26 + 11%) o = 0.0003; Fig. 2)_ Th@plps and

The system for administrating NO by inhalation reported by Win- levels observed with both concentrations of NO were
berg et al. [12] was used in this study. We placed a transparent plexi-

glas hood over the head of the infant and sealed it around the neck witFleduced In a” cases, with the dr(_)p in all indices at 40

a thin plastic wrap. Room air was continuously drawn through thePPM NO being larger than that with 5 ppm.

system by a vacuum pump. The hood effluent was collected and the ~ An assessment of pulmonary vasoreactivity with 5

oxygen concentration determined. ppm NO inhalation and 100% oxygen showed similar
At first right heart catheterization and left atrial pressure mea- effects on pulmonary circulation. Figure 3 shows that the

surements were performed with inhalation of room air. When the left ercentage Change B[)/PS-S was not different from that

artrial pressure was not obtained, the pulmonary wedge pressure W%btained Witth/PS-O (_13.2 + 8.8% vs —14.8 + 8.1%,

recorded instead. The systemic blood pressure was monitored through™ .
the femoral artery. Then pure oxygen was delivered into the hood, an%) = 0.266). The effect of inhaled NO was compared

simultaneous recordings of systemic and pulmonary pressure were otl€tween patients with and without Down’s syndrome

tained during the inhalation of oxygen. Next, NO was delivered when(Table 2). There were no statistically significant differ-

the cardiopulmonary parameters and arterial blood gas levels had reences in agd?p/PS-B, Rp-B, or the percentage change in

turned to baseline after the delivery of oxygen had been stopped. Nqu/pS_o' pp/ps_5, pp/ps_40’ Rp'5, or Rp'40 between the

from a stock concentration of 400 ppm, kept in a cylinder of pure two groups. The maximal arterial partial pressure of car-

nitrogen (Taiyo Toyo Sanso Corporation, Japan), was added to th s o g .

system at a flow rate calculated to deliver inspired NO at fractions of%on_ dioxide yleldmg no hy_poygnulatlon du”ng catheter-

5 ppm or of 40 ppm. ization and a!so did not significantly dlffgr between the
Manometry and oxymetry data of all the patients were obtaineddroups. The inhaled oxygen concentration was reduced

for room air, 100% oxygen, and each concentration of NO during stabld0 1.6% of its maximum level when NO was inhaled. The

conditions. Blood samples for determination of saturated level of oxy-maximum methemoglobin level was 1.3%, and that of

gen and methemoglobin were analyzed with an OSM Il analyzer (Ra-NO2 was below the level of detection.

diometer, Denmark). The concentrations of NO and nitrogen dioxide

(NO,), collected in a hood placed over the patient's head, were moni-

tored with the Pac Il analyzer (Dgar, Germany). Oxygen consump- Discussion

tion was estimated and was assumed to be constant throughout the

study [9]. We calculated pulmonary arterial pressure per systemic arMeasurements d?/PsandR, are used as markers of PH

terial pressure R/PJ) in the presence of room aiP¢P-B), pure in patients with CHD [2, 5]. When a patient is suspected

oxygen P,/Ps-0), 5 ppm NO P,/P:5), and 40 ppm NOR,/P-40) for  of having severe PH, the pulmonary vasodilator capacity

each individual. Pulmonary vascular resistanig) (evels were also is assessed by the observed dI’Op in Ua,EfPs and Rp

calculated in indexed Wood unitstr in room air ®,B). 5 ppm NO_ 5 the administration of oxygen, of a vasodilator such
(Ry-5), and 40 ppm NOR;-40). The effects of 5 ppm NO, 40 ppm NO, ¢ l hvd hlorid f lci h |
and oxygen on the percentage change inRj®, andR, levels from as trazoline hydrochloride, or orf a caicium channe

baseline were subsequently compared with each other. Patients witRlocker [2]. However, with the administration of 100%
Down’s syndrome were compared with those without Down’s syn- 0Xygen by inhalation, reliabl&, measurements cannot
drome to determine whether this syndrome affected PH. be calculated because the Fick principle is not applicable
when the systemic venous oxygen saturation is increased
. ) by oxygen inhalation [7]. Any changes in tRg/P ratio
Statistical Analysis in the presence of oxygen administration may not be
The data are expressed as mean + SD. Differences between two oG—Orrelated with thé{p level since oxygen dilates the puI—
servations within the same group were determined by performing thdnonary vascular bed and increases@yQ; ratio. From
two-tailed pairedt-test. An R, regression curve was constructed by a viewpoint of side effects, a common complication of
using linear regression analysis with the StatView 4.0 software packthe intravenous administration of a vasodilator [3] is a
age. Differences between the groups with and without Down’s syn-concomitant fall in systemic vascular resistance and ar-
drome were determined by the two-tailed unpaiteest. The level of o) hynotension. Vasodilators also nonselectively di-
\é?rr')a:%éogew:segct:sp?;%ugss g:z;ixczw;n;gn%cﬁ?mt' Alevel late the vessels_ proximal to gnderventilateq aIvepIi in the
lung, aggravating the ventilation—perfusion mismatch
and contributing to the arterial hypoxemia. Thus, one

Results cannot satisfactorily assess PH when oxygen or intrave-
nous vasodilators are being administered.
Baseline measurements and changeB,jR; andR, are In contrast, by calculating?, only with oxymetry

shown in Table 1. During the inhalation of room air the when NO was administered by inhalation one could eas-
ratio of pulmonary flow per systemic flowQ/Qy) was ily monitor the pulmonary vasodilatory function because
2.1 +0.90, whereas the/P-B was 0.76 + 0.15 and the systemic venous oxygen saturation was not increased in

-B was 4.5 + 2.7 Wood unitsm?. The percentage this study. Systemic hypotension, arterial hypoxemia,
change inP, /P40 (-22 + 11%) significantly exceeded and other complications were not detected. Therefore,
that of P/Ps5 (=13 £ 8.8%) p < 0.0001; Fig. 1). In the inhalation of NO is useful in evaluating PH, because
addition, the percentage change for Re40 measure- it is a selective pulmonary vasodilator.
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Fig. 1. Percentage change Ry/P.. Fig. 3. Percentage change i/Ps.

Table 2.Data and results in patients with and without Down’s

(%) syndrome
0 Patients with  Patients without p
Down’s Down’s value
syndrome syndrome
=20 Age (months) 20+£31 16+ 18 0.79
P,/PsB 0.77 £0.17 0.75+0.14 0.86
R,-B (Wood U- m?) 54+33 3.8+22 0.28
Change inP,/P0 (%) 14+7.8 16+8.7 0.66
Change inP,/P<5 (%) 14+12 13+6.6 0.77
-40 Change inP,/P-40 (%) 22+ 14 21+9.0 0.92
Change inR;-5 (%) 24 +13 27+11 0.59
Change inR-40 (%) 42+ 16 40 +13 0.84
Maximum PCO, 44 +6.5 43+3.2 0.66
-60 Data are expressed as mean + standard deviation.
p=0.0003 lung injury, administration of a lower concentration of
NO is recommended [14]. Inhaling NO at higher levels

NOS NO40 causes marked methemoglobinemia and pulmonary
edema and has caused death in humans. Therefore, pa-
Fig. 2. Percentage change Ry, tients should be initially tested with 5 ppm NO. If they
show a good response then it is unnecessary to expose
them to the higher dose of 40 ppm NO. However, there
Our results demonstrate that significantly greater rewere cases (cases 4, 5, and 7) that demonstrated only a
ductions in levels ofP /P (p < 0.0001) andR, (p = mild decrease (<20%) iR,-5, but a much larger re-
0.0048) were evident at 40 ppm NO than at 5 ppm NO.ssponse (>35%) irR,-40. Those patients failing to re-
The linear relationship was revealed betwé®b and  spond to the lower dose of 5 ppm should still be given a
R;-40 (Fig. 4). Since we did not use a randomized dosingrial of 40 ppm NO to determine the full potential of
protocol, one cannot be certain that the greater respongeversibility of their pulmonary hypertension. It may
to NO40 was definitely due to the higher dose or whethereven be that higher doses are still needed to fully test
it was an effect of time, having started at NO5. To avoidreactivity, although this has not been tested in this study.
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One patient (case 5) died of postoperative PH crisis.
This individual had the smallest percentage decrease in
R;-5 (9%) but exhibited good pulmonary vasodilatation
with inhalation of 40 ppm NO—a drop in th,-40 of
38% from baseline. An additional study investigating the 3
surgical indications is required for the patients with se-
vere PH who respond poorly to 5 ppm NO inhalation but
respond well to 40 ppm NO inhalation.

The causes of pulmonary hypertension in patients
with Down’s syndrome and CHD are multiple, including
the obstructive sleep apnea syndrome [10], pulmonary
vascular disease [13], and pulmonary hypoplasia [4]. Theg.
responses to NO inhalation in the six patients with
Down’s syndrome were comparable to those of the nine
patients without this syndrome. The pulmonary vasore-
activity to NO inhalation did not differ between the two
groups.

In conclusion, theP /P, obtained with 5 ppm NO
inhalation and 100% oxygen showed similar effects in g,
the patients with CHD and PH. The change in
level with 5 ppm NO inhalation is less than that with 40
ppm NO: there was a linear correlation between Rye
levels with inhalation of 5 ppm NO and that of 40 ppm
NO. Therefore, the inhalation of 5 ppm NO, which is
safer than that of 40 ppm NO, should be initially per-
formed for assessing pulmonary vascular reactivity ini1.
preoperative patients with CHD. However, patients fail-
ing to respond to the lower dose of 5 ppm NO should still
be given a trial of 40 ppm NO to determine the full 12
potential of reversibility of their pulmonary hypertension.
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