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A b s t r a c t  We report here 6 cases of  
critically ill newborn infants with 
both RDS and acute renal insuffi- 
ciency, unresponsive to conventional 
treatment (furosemide, dopamine). 
Theophylline, an adenosine antago- 
nist, has been shown to prevent 
hypoxemia-induced renal insuffi- 
ciency in rabbits and our patients 
thus received compassionately a 
low-dose of theophylline 

(1 mg.  kg -1 IV). Urinary water ex- 
cretion and creatinine clearances in- 
creased significantly in 5 out of  6 
neonates, thus suggesting a benefi- 
cial role of  theophylline in neonatal 
prerenal failure. 
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Introduction 

Prerenal failure is frequently encountered in neonates 
with respiratory distress syndrome (RDS) [1]. This clini- 
cal condition is characterized by renal hypoperfusion and 
decreased glomerular filtration rate along with a decline 
in urinary water and sodium excretion. Neonatal  vaso- 
motor  nephropathy has been ascribed to the occurrence 
of hypoxemia, acidosis, hypovolemia, systemic hypoten- 
sion or to the concomitant  use of  vasoactive drugs such 
as tolazoline or indomethacin [2]. 

The conventional treatment of  prerenal failure present- 
ly includes correction of acidosis, hypoxemia, hypovol- 
emia, systemic hypotension, and the administration of 
furosemide and/or  low-dose dopamine ( 2 - 4  ~tg.kg -1 
�9 min -1) [3]. However, conventional treatment may fail, 
thus leading to the need of extrarenal epuration by tech- 
niques (peritoneal dialysis, hemofiltration and hemodia- 
filtration) which all carry a substantial risk [4]. 

Low-dose theophylline (0 .5-1  m g . k g - l ) ,  an adeno- 
sine antagonist, has been shown to prevent hypoxemia-in- 
duced renal insufficiency in both adult and newborn rab- 

bits [5]. Higher theophylline doses have been safely ad- 
ministered to neonates for treatment of  idiopathic apnea. 
Zakkaudin et al. [6] found that theophylline (5 rag. kg-1) 
induced an increase in glomerular filtration rate in a 
group of otherwise healthy preterm infants treated for 
apnea of  prematurity. Therefore, we compassionately ad- 
ministered low-dose theophylline (I rag. kg -1) to 6 criti- 
cally ill newborn infants presenting both RDS and acute 
renal insufficiency which was unresponsive to conven- 
tional treatment, in order to avoid extracorporeal epura- 
tion. 

Methods 

All neonates who received theophylline for renal insufficiency in the 
NICU of Dijon (France) from i988 to 1992 were included in this re- 
port. Urinary collections (12 h) were obtained before and after 
theophylline administration. Urine was collected by attaching a U- 
bag to the perineum. Suprapubic compression was performed at the 
end of each collection to ensure that the bladder was empty. Blood 
samplings were performed at the midpoint of each period as part 
of the routine management of the patients. The short-term effects 
of theophylline on urine flow rate, water output/input ratio and 
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creatinine clearance were assessed by comparing the 12 h-periods 
preceding and following theophylline administration. Water and so- 
dium intakes remained unmodified during the two periods�9 Plasma 
and urinary creatinine concentrations were measured by the Jaffe 
method (Astra, Beckman). 

Case Reports 

Case I 

This male premature infant was born by vaginal delivery at 28 
weeks gestational age (GA), with a 1200 g birth weight. Apgar score 
was 5 and 9 at 1 and 5 min, respectively. The patient developed a 
severe RDS and required mechanical ventilation. On day 3, systemic 
hypotension was associated with mixed acidosis and oliguria. The 
infant was administered human albumin (0 .5g .kg- lx2) ,  dopa- 
mine (2.5 gg.kg - l 'min-1) ,  dobutamine (7.5 to 10 ~tg-kg -1 
�9 min-  l), sodium bicarbonate (2 mmol- kg-1 x 2) and furosemide 
(1 rag. kg -1 x2). The intakes of fluids and sodium were respective- 
ly 110ml .kg - l . d  -1 and 2 . 2 m m o l ' k g - l ' d  -1. In spite of blood 
pressure normalization, urine flow rate remained low (Table 1) with 
a water output/input (O/I) ratio of 0.24 and fractional excretion of 
sodium (FENa) of 3.2~ Renal echography showed cortical hyper- 
echogenieity with a decreased cortico-medullary differentiation. 

On day 4, a single dose of theophylline (1 mg.kg -t) was in- 
fused intravenously, 24 h after the onset of  oliguria. This infusion 
was followed by a dramatic increase in urine flow rate (multiplied 
by 15), O/I  ratio (multiplied by 15.4) and creatinine clearance (mul- 
tiplied by 1.75) (Table 1). The infant died 5 days later from irrevers- 
ible respiratory acidosis. The histological findings (autopsy) showed 
normal kidneys. 

Case 2 

This male premature infant was delivered at 36 weeks GA by emer- 
gency caesarean section, because of maternal pre-eclampsia and fe- 
tal distress. Birth weight was 2700 g. Apgar score was 2, 4 and 2 at 
1, 5 and 10 min, respectively. The baby had multiple (pulmonary, 
cerebral, renal and mesenteric) organ failure due to severe peri 
natal asphyxia and required mechanical ventilation. On day 2, 

glomerular filtration rate was low (6.73 ml .min - l . l . 73  m -z) for 
conceptional age [7]. FENa was 1.8%. Renal echography was nor- 
mal. Fluids and sodium intakes were respectively 80 ml. kg-  j. d-1 
and 1.5 m m o l . k g - l - d  -1. Blood pressure was in the normal range 
for age. Treatment with human albumin (0.5 g.kg-1), dopamine 
( 5 g g . k g - l . m i n  -1) and furosemide ( l m g . k g - l •  did not im- 
prove creatinine clearance but slightly enhanced diuresis to subnor- 
mal values (2.08 ml" kg-  1. h -  1). This acute renal insufficiency was 
associated with gross edema and hemodilution. Thus, theophylline 
was administered in order to increase urinary water excretion. 

On day 3, urine flow rate, O/ I  ratio and creatinine clearance in- 
creased after the infusion of 1 rag" kg -~ theophylline (multiplied 
by 3.1, 2.8 and 2.6, respectively) (Table 1). This infant developed 
severe multifocal leukoencephalopathy and died one month later. 

Case 3 

This female premature infant was born at 33 weeks GA by caesare- 
an section, because of uterine apoplexy. Birth weight was 2250 g. 
Apgar score was 3, 5 and 5 at 1, 5 and 10 rain, respectively. The in- 
fant developed severe RDS associated with persistent pulmonary ar- 
terial hypertension and decreased systemic blood pressure. On day 
2, tolazoline (0 .3mg.kg- l .h-1) ,  dopamine (15 g g . k g - l . m i n - t ) ,  
dobutamine (7 .5~tg.kg- l 'min -1) and epinephrine (0.1 gg.kg -~ 
�9 rain -1) were administred. Blood pressure was normalized and 
subsequently ramained stable. Renal insufficiency was disclosed on 
day 3 by a plasma creatinine increase (I08 to 153 gmol-l-1).  Renal 
echography performed before theophylline administration demon- 
strated cortical hyperechogenicity. During the 12 h period preceding 
theophylline administration, the mean urinary water excretion was 
1 .96ml .kg- l .h  -1 (Table 1) but complete anuria was observed in 
the last 6 h of this period. Administration of a single dose of intra- 
venous theophylline (t mg 'kg  -1) on day 4, was followed by a dra- 
matic increase in diuresis and an improvement in creatinine clear- 
ance (multiplied by 1.94 and 6.40, respectively). The baby was wean- 
ed from the ventilator after 4 days and made an uneventful recovery. 

Case 4 

This small for gestational age female infant was born at 32 weeks 
by caesarean section because of acute fetal distress. Birth weight 

Table 1 Water output/input ratio (OH), urine flow rate (V) and 
creatinine clearance (Ccr) in 5 patients with non anuric renal insuf- 
ficiency responsive to theophylline infusion. Renal functions were 
assessed over the 12 h preceding and following theophylline infu- 

sion and were statistically compared using the Wilcoxon signed 
rank test. A 6th patient with acute renal failure did not respond to 
theophylline and is not included in the table 

Patients GA Diagnosis Before theophylline 

O / I  V 

After theophylline 

Ccr O / I  V Ccr 

1 28 RDS 0.24 0.93 
2 36 MOF 0.60 2.08 
3 33 RDS-PPHN 0.93 1.96 
4 32 MOF 0.32 1.00 
5 38 RDS 0.57 2.40 
Mean 0.53 1.67 
_+SE _+0.12 _+0.30 

3.20 3.70 14.00 5.60 
6.73 1.70 6.53 17.62 
2.25 1.16 3.80 14.40 
1.46 0.70 2.20 2.49 
2.80 0.85 3.85 3.30 
3.29 1.62" 6.08* 8.69* 

_+ 0.91 _+ 0.55 _+ 2.10 _+ 3.08 

* = p < 0 . 0 5  Significant difference when comparing renal values 
obtained after theophylline infusion with basal values of the same 
variables 
GA Gestational age (weeks); O/I  water output/input ratio; V urine 

flow rate (ml" kg-  1. h -  1); Ccr creatinine clearance (ml. min-  
�9 1.73 m-Z); RDS respiratory distress syndrome; NBI neonatal 
bacterial infection; MOF multiple organ failure; P P H N  persistent 
pulmonary hypertension of the newborn 
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was 920 g. The Apgar score was 1 at 1 min and the infant required 
immediate tracheal intubation. This patient had multiple organ fail- 
ure (RDS, acute oliguric renal failure and systemic hypotension). 
Renal echography showed cortical hyperechogenicity. Treatment in- 
cluded mechanical ventilation, dopamine (5 ~tg-kg-t 'min -1) and 
epinephrine (0.2 gg" kg-  2. min- 1) administration. On day 4, crea- 
tinine clearance was low for conceptional age (Table 1) [7]. FENa 
was 1.9%. At that time, hemodilution required a decrease in water 
and sodium intakes to 75 ml.kg -1 .d -1 and 2.3 mEq.kg -1 .d -x, re- 
spectively. Intermittent intravenous furosemide (1 mg-kg -~ • 4) ad- 
ministration and subsequent continuous furosemide infusion 
(4 mg.kg -1.d -z) failed to improve oliguria (Table 1). 

On day 5, an intravenous 1 mg" kg- t  theophylline dose was fol- 
lowed by an increase in diuresis (•149 and creatinine clearance 
(x 1.71). On day 6, the infant died from massive intraventricular 
haemorrhage. 

Case 5 

This 3600 g birth weight male infant was born at 38 weeks GA. 
Apgar score was 2 and 7 at 1 and 5 min, respectively�9 The patient 
developed severe RDS complicated by bilateral pneumothoraces 
and persistent puimonary hypertension�9 The occurrence of refracto- 
ry hypoxemia led to extracorporal membrane oxygenation on day 4. 
On day 9, this infant presented oliguric acute renal failure 
(1.04 ml. kg -1 .h -~) associated with renal cortical hyperechogenici- 
ty. Diuresis attained 2 .40ml .kg- i .h  -1 by infusing 10mg.kg - t  
�9 d -  1 of furosemide but creatinine clearance remained very low for 
conceptional age (Table I) [7]. Diuresis was not sufficient to avoid 
edema, rapid weight gain (+18% from day 9 to day 10) and 
hemodilution. 

On day 10, a single theophylline dose of 1 mg.kg-I  was fol- 
lowed by an increase in urine flow rate and creatinine clearance 
(x 1.60 and • 1.18) (Table 1). The infant died on day 30 from mas- 
sive pulmonary embolism�9 

Case 6 

This male premature infant was born at 29 weeks GA with a 1100 g 
birth weight. Apgar score was 9, 10 and 10 at 1, 5 and 10 min, re- 
spectively. The patient had severe RDS, neonatal E. coli infection, 
systemic hypotension and anuria. Renal echography showed corti- 
cal hyperechogenicity. Conventional treatment of systemic hypoten- 
sion and anuria included the administration of albumin 
(0.5 g�9 1• dopamine (2�9 gg-kg -1-min-l) ,  dobutamine 
(7.5 ~tg. kg-  1. min- 1) and furosemide (3 • lmg. kg- I). Fluid and 
sodium intakes were respectively 110 ml. kg t. d - t  and 
3 mmol. kg - t. d - i. While blood pressure normalized, anuria per- 
sisted. On day 3, theophylline infusion (1 mg'kg -1 i.v.) also failed 
to restore diuresis. On day 4, the baby died from refractory hypox- 
emia and respiratory acidosis�9 

Discussion 

All  infants  r epor ted  in this s tudy  were cr i t ical ly ill and  
each presented  with  one or  several e t io logical  factors o f  
prerenal  fai lure (bir th  asphyxia ,  systemic hypo tens ion  or  
to lazol ine  admin i s t ra t ion) .  Basal  creat inine clearance 
were low for concep t iona l  age (Table 1) [7] ref lect ing a 
low g lomeru l a r  f i l t ra t ion  rate as descr ibed  by Gu igna rd  et 
al. in severe RDS [1]. Renal  echography  p e r f o r m e d  before  
theophyl l ine  in fus ion  excluded obs t ruct ive  n e p h r o p a t h y  
and showed cor t ical  hyperechogenic i ty  in 5 out  o f  6 new- 
bo rn  infants�9 This pa t t e rn  has been associa ted  with 
changes in renal  pe r fus ion  [8]. Because renal  insuff ic iency 
was unresponsive  to convent iona l  t rea tment ,  a single low 
dose o f  theophyl l ine  (1 m g . k g  -1) was compass iona t e ly  
admin i s te red  in order  to avoid extrarenal  epura t ion .  This 
was fol lowed by a s ignif icant  increase in ur ine  f low rate 
and  O / I  ra t io  (Table 1) in 5 out  o f  6 pat ients .  N o  side ef- 
fect was observed.  The  improvement  in diuresis could  be 
due at  least ,  in par t ,  to an increase in g lomeru l a r  f i l t ra-  
t ion  rate  as suggested by the increase in creat inine clear- 
ances. I t  is no tewor thy  tha t  comple te  anur i a  was only  ob-  
served in pa t ien t  no. 6 and  was i r responsive to theophyl -  
line. This  therapeut ic  failure cou ld  be due to pa renchymal  
renal  insufficiency. 

Exper imen ta l  studies s t rongly  suggest  tha t  in t rarenal  
adenos ine  plays a key role in the h e m o d y n a m i c  renal  
changes observed dur ing  an  ischemic or  hypoxemic  stress 
[5, 9]. Adenos ine  enhances  angio tens in  I I - induced  pre- 
g lomeru l a r  vasocons t r ic t ion ,  while d i la t ing  pos tg lomeru -  
lar  vessels thus decreasing g lomeru la r  f i l t ra t ion  rate and  
f i l t ra t ion  f rac t ion [10]. We have recent ly shown tha t  low- 
dose in t ravenous theophyl l ine  ( 0 � 9  m g . k g - 1 ) ,  al low- 
ing m i c r o m o l a r  serum concen t ra t ions  to an tagonize  
adenos ine  receptors ,  avoids hypoxemia - induced  vaso-  
m o t o r  n e p h r o p a t h y  in bo th  adu l t  and  newborn  rabbits .  

These  overall da t a  suggest  tha t  endogenous  renal  
adenos ine  par t i c ipa tes  in renal  insuff ic iency observed in 
RDS. These  p re l imina ry  results await  prospect ive  studies 
in order  to assess the benef ic ia l  effects o f  low-dose  the- 
ophyl l ine  in infants  suffer ing prerenal  insufficiency. 
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