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Abstract. A full-term, female neonate developed acute hypoxemic respiratory failure complicated by persistent 
pulmonary hypertension of the newborn (PPHN), and responded to high-frequency oscillatory ventilation (HFOV) 
and inhaled nitric oxide (iNO). Discontinuation of iNO was attempted three times and was followed by severe 
desaturation due to right-to-left shunt through the patent ductus arteriosus and patent foramen ovale. As a result 
of iNO dependency state and rebound pulmonary hypertension, the neonate was maintained on iNO therapy for 
dipyridamole alone was unsuccessful. However, successful discontinuation of iNO therapy was achieved by 
combination of L-Arginine and dipyridamole. Exogeous NO may lead to down regulation of endogenous NO 
production, and further lead to rapid hydrolization of cyclic guanosine 3', 5' monophosphate (cGMP), the smooth 
muscle relaxant, by the enzyme phosphodiesterase. Moreover L-Arginine, the precursor for the formation of 
endogenous NO, has been found to be deficient in neonates with PPHN, 1,2 so we speculated that by inhibiting 
phosphodiesterase and administrating L-Arginine smooth muscle relaxation occurred, and consequent weaning 
from iNO was achieved.[Indian J Pediatr 2001; 68 (2) : 175-177] 
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Inhaled nitric oxide has been shown to improve 
oxygenat ion in neonates  with severe persis tent  
pulmonary hypertension. 3~ However, small subsets of 
neonates who continue to improve while they are 
receiving iNO progressively deteriorate when iNO is 
discontinued. This deterioration may be due to L- 
Arginie deficiency and the effect of phosphodiasterase 
enzyme, which hydrolyzes cycle guanosine 3', 5' 
monophosphate (cGMP) and results in smooth muscle 
constriction. We report  a full- term neonate who 
r e sponded  to iNO, but  become NO-dependent .  
Discontinuation of iNO was only successful by the 
administration of both L-Arginine and dipyridamole. 

CASE REPORT 

A female neonate weighing 3000 gms was born at full- 
term to a 29-yr-old gravida 6, para 5 mother  by 
spontaneous vaginal delivery. Apgar scores were 8 and 
9 at 1 and 5 minutes respectively. The neonate was 
transferred to King Faisal Specialist Hospital and 
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ResearCh Center at 12th day of life. At 18 hours of age 
in the referring hospital, she developed respiratory 
distress and central cyanosis. She was mechanically 
ventialated and, despite the use of high ventilatory 
support, she remained hypoxemic. Her initial arterial 
blood gases showed severe hypoxemic respiratory 
failure with an arterial/Alveolar oxygen tension ratio 
(a/A) of 0.04. Blood culture grew E. coli and she was 
treated with appropr ia te  antibiotics. Physical 
examination revealed a term, non-dysmorphic neonate 
with central cyanosis. Chest X-ray showed bilateral air 
bronchograms and diffuse reticular pattern. Persistent 
pu lmona ry  hyper t ens ion  was d iagnosed  and 
confirmed by echocardiograpy, which showed right-to- 
left shunting through the patent ductus arteriosus 
(PDA) and patent foramen ovale (PFO) with tricuspid 
regurgitation. Blood pressure was maintained at 
normal  range by using vo lume expanders  and 
dopamine infusion (10 gg/kg/min).  Initial arterial pH 
was 6.9 with partial pressure of oxygen in arterial 
blood (PaO2) 34 mm Hg, pressure of carbon dioxide in 
arterial b lood  (PaCO2) 70 mm Hg and bicarbonate 
(HCO3) 13 mEq/L.  Despite increased support  on 
conventional ventilation [Peak inspiratory pressure 
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(PIP) 32 cm H20, positive end expiratory pressure 
(PEEP) 5 cm H20, rate 60/minute, fractional inspired 
oxygen (FIO2) 1.00], oxygenation did not improve and 
high frequency oscillatory ventilation (HFOV) (Sensor 
Medics, 31100A Yorba Linda, California, USA) was 
used. Arterial blood gas on HFOV showed pH 7.3, 
PaCO250 mm Hg, PAO242 mm Hf, and HCO327 mEq/ 
L. HFOV support was gradually increased to deliver 
100% oxygen with mean airway pressure (MAP) of 20 
cm H20 and pressure amplitude of 30 cm H20, but 
there was little improvement in oxygenation. Chest X- 
ray showed normal lung expansion. She received two 
doses of surfactant (Esosurf Neonatal, Burroughs 
Wellcome Co., Research Triangle Park, and N.C.). Few 
hours after initiating the HFOV, iNO was started, The 
iNO was obtained as a gas in balance nitrogen in a 
certified concentration of 841 ppm with <5 ppm 
nitrogen dioxide. The iNO mixture was connected at a 
pressure of 30 psi to the flowmeter and injected into the 
inspiratory line of the HFOV. The gas mixture was 
analyzed for NO, and Nitrogen dioxide (NO2) with an 
electrochemical senor (Pulmonox, Tofield, Alberta, 
Canada). Exhaled gas was scavenged. The neonate was 
treated with an initial dose of 20 ppm and attempts 
were made to lower the dose of iNO every 1-2 hours 
after administration by reducing the concentration by 
2-4 ppm. Twelve hours after initiating iNO therapy the 
neonate was maintained on a dose of 5 ppm. PaO 2 
increased from 34 to 128 mm Hg. Ventilator support 
was gradually weaned over the first 24 hours, from a 
F~O2of 1.00 to 0.43, MAP from 20 to 17 cm H20 and 
pressure amplitude from 30 to 25 cm H20. At 32 hours 
of iNO therapy and attempt to discontinue iNO failed 
and the neonate desaturated to 85%. The iNO was 
restarted at 5 ppm and saturation improved and then 
weaned gradually to 3 ppm. During iNO therapy 
methemoglobin concentration was measured every 8 
hours (270 Co-oxime, Ciba-Corning. Diagnostic, 
Medfield, Massachusetts, USA) and was <5%. At 68 
hours of iNO therapy, discontinuation was again 
attempted but was followed by severe desaturation 
with a preductal and postductal saturation difference 
of more than 30. The neonate was restarted on 5 ppm 
and than increased gradually to 13 ppm to maintain 
normal saturation. Forty-eight hours following the last 
attempts, dipyridamole (phosphodiesterase inhibitor) 
was administered intravenously at 0.3 mg per kg dose 
over 10 minute and repeated every 12 hours for a total 
of 4 doses; during the same time iNO was weaned 
gradually from 13 ppm to 4 ppm. Following the 
administration of dipyridamole on the 7the day of iNO 
therapy, a third attempt to discontinue iNO failed and 
the neonate developed severe desaturation. She was 
restarted on 5 ppm of iNO and saturation was 

maintained above 95%. At the 9th day of iNO therapy, 
L-Arginine was added to d ipyr idamole  and 
administred intravenously at 100 mg (total dose) 
repeated every 4 hours for a total of 10 doses. Thirty- 
six hours following the L-Arginine administration; 
iNO was successfully discontinued without evidence 
of desaturation. There were no adverse side effects of 
dipyridamole and L-Arginine observed. Mean blood 
pressure was maintained in the range of 50-60 mm Hg 
before and during the administration of dipyridamole 
and L-Arginine. Following discontinuation of iNO 
arterial blood gas showed pH 7.4, PaCO2 34 mmHg, 
PaO 2 180 mmHg and H C O  3 28 meq/1, with no 
significant difference between the pre- and postductal 
saturation. Subsequently she maintained satisfactory 
arterial blood gases on HFOV. Lung biopsy was 
performed and showed diffuse alveolar damage,, 
proliferative phase, which is non-specific lung tissue 
response to injury. The lung tissue cultures were 
negative for microorganisms. Because of the 
progressive nature of the lung disease the condition of 
the neonate deter iorated and required more 
ventilatory support. This resulted in more lung 
damage as evidenced by chest radiographs, which 
showed bilateral pulmonary interstitial emphysema. 
Inspite of maximum ventilaroty support, the neonate 
continued to be hypoxemic. At the age of 27 days, she 
died due to persistent hypoxemic respiratory failure. 

DISCUSSION 

We report the clinical course of a full-term newborn 
treated with iNO and HFOV for pulmonary  
hypertension due to  acute hypoxemic respiratory 
failure of unknown cause. There was dramatic 
improvement in oxygenation as evidenced by blood 
gas results and pulse oximeter demonstrating no 
difference in pre-and postductal saturation. Three 
attempts to discontinue iNO were made, but they were 
associated with rebound desaturation and right-to-left 
shunt across the ductus arteriosus, as demonstrated by 
echocardiograpy. Before the third attempt, the neonate 
was prepared by dipyridamole,  which inhibits 
phosphodiesterase, an enzyme that hydrolyzes cGMP. 
Since NO cause vasodilatation by increasing cGMP 
content in the vascular smooth muscle cells 4 and as it 
has been shown that an inhibition of cGMP 
phosphodiesterase activity by dipyridamole may 
contribute to smooth muscle relaxation and facilitate 
weaning from iNOd Hence NO is natural ly 
synthesized in the body from the amino acid L- 
Arginine when combined with oxygen to produce NO 
and Citrulline by the effect of the enzyme, nitric oxyde 
synthase. Moreover, Bult et al, 6 found that exogenous 
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NO exposure may lead to down regulat ion of the 
endogenous biosynthesis of NO in the generator cells 
and diminish responsiveness of the effector cells. In our 
case, we found that the use of dipyridamole alone was 
unsuccessful to facilitate weaning from iNO. However, 
the combinat ion  of L-Arginine and d ipr idamole  
resulted in a successful weaning from iNO therapy. 
Low serum arginine levels have been reported in 
infants with PPHN. Vosataka et al 7 showed that infants 
with PPHN are deficient in L-Arginine and achieve 
normal or elevated plasma aginine concentrations with 
hyperalimentation. Castillo et al 8 found that L-Arginine 
flux rat ios were low dur ing  acute p u l m o n a r y  
hypertension and increased during convalescence. 
Fur the rmore ,  they also found  that  du r ing  
convalescence stage the rate of plasma L-Arginine 
conversion to NO was increased. McCaffrey et al 9 

infused a single L-Arginine dose of 500 mg/kg  over 30 
minutes to five consecutive infants with PPHN and 
they observed a reduction in oxygenation index of 33- 
50% over the 5 hours  period fol lowing infusion.  
Dipyridamole prevents the inactivation of adenosine, a 
potent vasodilator, by adenosine deaminase in the red 
blood cells, lung and myocadial tissue. 1~ Studied have 
demonstrated that dipyridamole prevents adenosine 
from reaching the site of deamination in the tissues by 
inhibiting the facilitated diffusion uptake mechanism 
for adenosine. 11,12 This leads to an accumulation of 
adenosine in the interstitial space around the arterioles, 
which results in vasodilatation. 

Multiple phosphodiesterase isoenzymes have been 
isolated from a variety of tissues and, based on their 
kinetic characteristics and susceptibility to inhibition 
by selective inhibitors, have been divided into five 
distinct families23 

We believe that, with the increase use of iNO more 
cases of iNO dependency will be identified, which may 
be due to inhibition or deficiency of endogenous NO 
product ion  by exogenous NO. Combinat ion of L- 
Arginine and phosphodiesterase inhibitors, such as 
d ipy r idamole  may  play a role in faci l i tat ing the 
weaning process from iNO in case of iNO dependency 
state. 
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