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Abstract Aminophylline exerts a renovascular effect,
acting by adenosine receptor blockade or type IV phos-
phodiesterase inhibition. Clinically, these drugs have been
used with furosemide to induce diuresis in adults and
neonates. However, reports on use of aminophylline in
diuretic-dependent children are limited to a few studies.
We report a case series of four critically ill children
unresponsive to furosemide continuous infusion who were
subsequently given aminophylline as an adjunct diuretic in
the treatment of fluid overload. No side effects were evi-
dent. Administration of aminophylline at low doses (3 mg/
kg) successfully promoted increased urine output over the
6-h study period in all four children.
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Introduction

Fluid administration in critically ill patients is essential and
lifesaving when used appropriately [1, 2]. These patients
are at increased risk for fluid overload, often as a result of
widespread systemic inflammation, reduced plasma oncotic
pressure, and an increased propensity for capillary leak.
This patient group is more likely to develop edema, such as
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peripheral-dependent interstitial edema, ascites, and pleural
effusions [3]. Such fluid accumulation may contribute to
additional cardiopulmonary complications including con-
gestive heart failure, pulmonary edema, increased pul-
monary restrictive defects, and reduced pulmonary
compliance [4]. Moreover, several studies have suggested
an association between excessive fluid retention and worse
outcome in the ICU. Adult surgical ICU patients who
develop fluid retention have higher morbidity, greater
requirement for blood products, prolonged dependency on
pressors, and a twofold increase in mortality [1, 4, 5]. On
the other hand, decreased fluid overload can be associated
with improved outcomes in neonates on extracorporeal
membrane oxygenation (ECMO) [6], adults with acute
respiratory distress syndrome (ARDS) [7-9], and children
requiring continuous hemofiltration [10, 11].

Although native kidney response is preferred, urine
output is often suboptimal as a result of associated renal
ischemia or the effects of medications used in the treatment
of critical illness [11-13]. The administration of loop
diuretics to hypervolemic or oliguric patients in the ICU is
a relatively common clinical practice. However, in some
critically ill patients, conventional doses of loop diuretics
do not always result in optimal diuresis. In such cases,
patients are considered “diuretic resistant” [14].

Aminophylline and theophylline are methylxanthine
derivatives that act as adenosine receptor antagonists.
Studies in adult and pediatric patients have demonstrated a
diuretic effect of aminophylline resulting from increased
renal blood flow and the inhibition of solute reabsorption in
various segments of the nephron [15]. Clinically, these
drugs have been used with furosemide or other loop
diuretics to induce diuresis in adults [16, 17] and children
[15, 18-29]. Nevertheless, most of the studies describe
neonates [15, 18-20, 23-29]. The published data on use of
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aminophylline/theophylline in diuretic-dependent critically
ill children are limited to two studies [25, 28].

We report a prospective case series of four critically ill
children unresponsive to furosemide continuous infusion
who were given aminophylline as an adjunct diuretic in the
treatment of fluid overload.

Methods

This trial was an open, controlled study of consecutive
patients fulfilling the admission criteria. The study was
reviewed and approved by the Institutional Research Ethics
Board, and informed consent was obtained from parents or
legal guardians. Patients eligible for the study included all
those admitted to the pediatric intensive care unit (PICU)
deemed resistant to diuretic therapy that were started on
aminophylline to increase urine output. We carried on the data
collection from June 2009 to May 2010. Four consecutive
patients were enrolled in this study. Patients were hemody-
namically stable, defined as in sinus rhythm, and had values
for heart rate and systolic blood pressure within the 5th and
95th percentile for age. All patients had an indwelling arterial,
central venous, and urinary catheter in place. Clinical criteria
for fluid overload included at least two of the following:
weight increase from time of admission, peripheral or peri-
orbital edema, or evidence of pulmonary edema on chest
radiograph [28]. Need for improved diuresis was defined as at
least two of the following: positive fluid balance, weight gain,
worsening pulmonary edema, or anasarca despite diuretic
therapy. All patients were receiving a continuous infusion of
furosemide (6 mg/kg/day) and vasoactive drugs. Patients
were considered “diuretic resistant” if diuresis was not
optimal despite this furosemide dose.

All patients received theophylline in its intravenous
form (aminophylline) as a single bolus (3 mg/kg) diluted
with DsW to a concentration of 25 mg/ml and infused over
30 min. The study periods consisted of the 24 h before and
the 6 h immediately after starting theophylline. Data col-
lection consisted of urine volume measured hourly, urine
sodium, urine potassium, and urine creatinine measured at
baseline and at 2 and 6 h after aminophylline infusion, and
serum electrolytes measured both at baseline and at study
endtime. Aminophylline levels were measured as peak
levels and were determined 30 min after administration of
the bolus dose. Calculation of urine flow rate, sodium and
potassium excretion rates, and creatinine clearance was
performed at baseline, and at 2 and 6 h after administration
of the aminophylline bolus. Mean airway pressure (MAP)
and PaO,/FiO, ratio were registered before and 6 h after
the aminophylline infusion. Other data included fluid
intake, vasoactive agents and their doses, heart rate, and
blood pressure.

Statistical analyses were performed using SPSS for
Windows (version 12.0). Baseline statistics were reported
as mean (SD) for continuous variables, and number (%) for
categorical variables.

Results

The four children were aged from 7 to 28 months, and the
diagnosis included septic shock (Table 1). All patients
remained on the same inotropic agents at the same dosages
throughout the study period. At the time of the study
intervention all patients had increased weight compared to
admission, with an average increase of 15%. The mean
increase in urine output was 275% in the first 2 h after
bolus administration and remained 195% above baseline at
6 h after infusion. The mean peak level of aminophylline
was 7.4 pg/ml. Aminophylline level was within the thera-
peutic range in only one of the four children.

Compared to baseline levels, a mean increase in sodium
excretion, potassium excretion, and creatinine clearance
was detected at 2 h after infusion (Table 2). Despite a drop
in mean levels of sodium excretion, potassium excretion,
and creatinine clearance at 6 h after infusion, the values of
these means represented nearly a doubling of the respective
variables from baseline.

The average of serum sodium at baseline and 2 h after
aminophilline was 142 and 139 mmol/l, respectively; the
average for urinary sodium at these time points was 49.7
and 107.3 mmol/l, respectively.

Levels of serum potassium, chloride, blood urea nitro-
gen, and creatinine showed no change during the course of
the study.

Patients presented a slight reduction in mean P,,, (from
16.8 = 1.3 to 15.4 £+ 1.1 cmH,0) and an increase in mean
PaO,/FiO, ratio (from 111.2 £ 143 to 159.8 £ 17)
(Table 2).

Mean heart rate increased less than 10% in the first 2 h,
and by the sixth hour it had decreased by 3% in relation to
the baseline. The mean arterial pressure increased around
20% by the end of the second hour, and at the end of the
study it had decreased 9% in relationship to the second
hour, but was still 9% above the baseline datum (Table 2).

Table 3 shows the studies on aminophylline/theophyl-
line as an adjunct diuretic for neonates and children.

Discussion
We found in our case series that concurrent use of ami-
nophylline in critically ill children receiving a continuous

infusion of furosemide may be associated with improved
urine output. Our data agree with the findings of two
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Table 1 Characteristics of children with furosemide-resistant fluid overload receiving adjunct aminophylline

Case 1 Case 2 Case 3 Case 4
Gender Male Female Female Male
PRISM score 12 21 16 11
PELOD score 11 11 11 11
Diagnosis Pneumonia/septic Pneumonia/septic Fournier’s syndrome/ Appendicitis/septic
shock shock septic shock shock
Fluid intake (ml/kg/day) 60 60 50 70
Inotropes (pg/kg/min) Dobutamine (5) Dobutamine (7.5) Dobutamine (20)/noradrenaline (0.4) Dopamine (10)
Percent (%) increase in admission 19 12 23 17
weight
Peak aminophylline level 11.0 8.4 3.4 5.6
Mean P,,, (cmH,0)
Baseline 15.7 16.5 20.7 14.4
6 h 15.3 14.4 18.6 13.5
Pa0,/FiO, ratio
Baseline 111.4 106.2 78.8 148.3
6 h 138.3 196.0 122.8 182.0

PELOD Pediatric Logistic Organ Dysfunction, PRISM Pediatric Risk of Mortality score, P,,, airway pressure, PaO, partial pressure of arterial

oxygen, FiO, fractional inspired oxygen concentration

Table 2 Cardiovascular and
renal variables at baseline and

post-aminophylline infusion
periods

Data are presented as mean for

Baseline 2h 6 h
Urine output (ml/kg/h) 2.4 (£0.42) 6.6 (£2.55) 4.7 (£1.16)
Sodium excretion (mmol/kg/h) 1.44 (£0.37) 6.25 (£2.23) 2.95 (£1.06)
Potassium excretion (mmol/kg/h) 0.26 (£0.03) 2.1 (£0.40) 0.5 (£0.15)
Creatinine clearance (ml/min/1.73 mz) 19.53 (+4.06) 60.9 (£20.7) 39.6 (£14.0)
Heart rate (beats/min) 131.75 (£3.97) 141.0 (£3.89) 128.0 (£8.83)
Mean arterial pressure (mmHg) 6.97 (£0.31) 8.35 (£0.88) 7.62 (£0.27)

time period (£SD)

previous studies in PICU patients [25, 28]. Bell et al. [25]
demonstrated that a single dose of theophylline (3 mg/kg)
increased urine output by 240% in 10 diuretic-dependent
children, 3 of whom were transplant recipients. In a study
involving 8 children, Pretzlaff et al. [28] reported a mean
increase in urine output of 88% in the first 2 h of admin-
istration of a single bolus of aminophylline (6 mg/kg), but
found that this level returned to near-baseline values at
4-6 h after infusion. In our study, administration of ami-
nophylline at low doses (3 mg/kg) promoted a 275%
increase in urine output.

All patients in the present study had received continuous
infusion of furosemide in an attempt to increase urine flow
before the administration of aminophylline. Because the
response to these agents was judged to be inadequate for
the clinical situation, aminophylline was administered.
Urine output increased after aminophylline administration,
suggesting an additive effect.

The diuretic effect of aminophylline is mediated by
inhibition of the adenosine receptor at the afferent arteriole

@ Springer

[28]. Adenosine is a potent renal vasoconstrictor. Thus,
nonspecific blockade of adenosine receptors by aminoph-
ylline may result in diuresis via hemodynamic and renal
tubular mechanisms [15].

Nonspecific adenosine receptor antagonists (aminoph-
ylline and 8-phenyltheophylline) promote renovascular
action by two mechanisms: adenosine receptor blockade at
low dosage (theophylline level <2-3 pg/ml) and type IV
phosphodiesterase (PDE4) inhibition at high dosage (the-
ophylline level >10 pg/ml) [25]. It is important to consider
that the diuretic property of adenosine Al receptor antag-
onists is much weaker compared with loop diuretics. Thus,
these drugs will most likely be added to loop diuretics,
particularly in patients with acute heart failure, although an
additive effect of aminophylline in combination with
furosemide compared with furosemide alone is not
observed in healthy subjects [30].

Several points arising from this case series are worth
highlighting. First, we used a different dosage of ami-
nophylline than that used in the two previous pediatric
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Table 3 Published studies on aminophylline/theophylline as diuretic adjunct in pediatric population

Reference Study design ~ Population Patients  Doses Comments
(n)
Harkavy Case series NICU 10 2-5 mg/kg Theophylline induced diuresis in newborns
et al. [18] patients with idiopathic neonatal apnea.
Hyponatremia is a potential consequence of
theophylline therapy for apnea
Huet et al. Retrospective ~ NICU 6 1 mg/kg Urinary water excretion and creatinine
[27] case series patients clearances increased significantly with
aminophylline
Mazkereth Prospective NICU 19 6 mg/kg followed by maintenance In premature infants, the aminophylline
et al. [23] case series patients therapy at a dose of 2 mg/kg loading dose, but not maintenance therapy,
every 12 h affected renal functions
Lochan etal. RCT NICU 24 2 mg/kg (single doses) Low doses of theophylline given before
[24] patients furosemide administration significantly
enhanced diuretic response in infants with
fluid retention during ECMO
Bell et al. Prospective PICU patients 10 3 mg/kg followed by infusion rate Theophylline increased urine output in
[25] case series of 0.5 mg/kg/h diuretic-dependent critically ill children
Pretzlaff Prospective PICU patients 8 6 mg/kg (single dose) Aminophylline proved an effective adjunct to
et al. [28] case series furosemide in increasing diuresis in critically
ill children with fluid overload
Jenik et al. RCT NICU 24 8 mg/kg (single dose) Prophylactic theophylline, given early after
[19] patients birth, had beneficial effects on reducing renal
dysfunction in asphyxiated full-term infants
McLaughlin ~ Retrospective ~ Multivisceral 10 6 mg/kg (10 episodes) followed by Aminophylline increased urine output during
et al. [21] case series transplant 5 mg/kg (4 episodes), 4 mg/kg episodes of acute tacrolimus toxicity in
recipients (1 episode), and 3 mg/kg (2 patients on concomitant diuretic and/or
episodes) dopamine therapy after renal insufficiency
McLaughlin  RCT Renal 10 5 mg/kg (single doses) Theophylline induced solute diuresis during
and transplant furosemide-resistant oliguric tacrolimus
Abitbol recipients toxicity
[22]
Ng et al. Retrospective ~ NICU 5 4 mg/kg followed by a continuous Aminophylline was successfully used as an
[15] case series patients infusion of 0.2-0.6 mg/kg/h adjunct diuretic with increased urine output
Bakr [20] RCT NICU 20 5 mg/kg (single doses) Prophylactic theophylline treatment, given
patients early after birth, has beneficial effects in
reducing the renal involvement in
asphyxiated full-term infants
Bhat et al. RCT NICU 40 8 mg/kg (single doses) Single dose of theophylline within the first
[26] patients hour of birth in term neonates with perinatal
asphyxia resulted in significant decrease in
serum creatinine level and urinary excretion
of beta 2 microglobulin, with an increase in
creatinine clearance
Cattarelli RCT NICU 50 1 mg/kg (single doses) Early theophylline administration improved
et al. [29] patients renal function during the first 2 days of life

in very preterm infants with respiratory
distress syndrome

RCT randomized clinical trial, NICU neonatal intensive care unit, PICU pediatric intensive care unit, ECMO extracorporeal membrane

oxygenation

studies [25, 28]. Bell et al. [25] used aminophylline at a
dosage of 3 mg/kg followed by infusion rate of 0.5 mg/kg/
h over 24 h whereas Pretzlaff et al. [28] used a higher
single dose of aminophylline (6 mg/kg). Second, we found
that increases in urine output, sodium excretion, potassium
excretion, and creatinine clearance remained at 6 h after

administration of the bolus. Our findings contrasted with
those of Pretzlaff et al. [28], who showed that all variables
had returned to baseline levels by 4-6 h, although agreeing
with the findings of Bell et al. [25], who demonstrated an
increase in urinary output during the day after the patients
received theophylline. Aminophylline has a half-life of

@ Springer



122

J Anesth (2012) 26:118-123

8-9 h in adults and would therefore have a residual action
during the post-administration period [21]. Thus, the rise in
all these variables with progressive return toward baseline
levels after withdrawal of drug therapy suggests a true
pharmacological effect. Also, despite a decrease in creati-
nine clearance at baseline, our patients had an increased
diuretic response. However, we were unable to determine a
correlation between renal function and diuretic response
after aminophylline because our sample size was small.
Third, patients in this case series presented increased
diuresis despite of low serum aminophylline levels (mean,
7.4 pg/m). Theophylline improves urine output in critically
ill children with furosemide-resistant oliguria, at relatively
low dosages (theophylline concentration, 2—4 mg/l). This
level of theophylline is less than the target level required to
treat critically ill children with status asthmaticus. Con-
centrations attained with this use are higher at 12—-17 mg/1
[21, 28]. Therefore it is possible that theophylline improves
urine output in critically ill children with furosemide-
resistant oliguria, at relatively low dosages (theophylline
concentration, 2—4 mg/l) and without incurring significant
toxicity, as classically. Toxicities associated with theoph-
ylline concentrations occur at >20 mg/l and include
headache, nausea, vomiting, and seizures [28].

In fact, in our small case series, no adverse events were
observed during aminophylline administration. The chan-
ges that occurred in the observed cardiovascular variables
can be considered expected in light of the clinical effect
obtained with aminophylline administration (increased
diuresis). Other clinical effects of aminophylline include
relaxation of the smooth muscles, stimulation of the central
nervous system, increased respiratory drive, decreased
peripheral vascular resistance, and positive inotropic and
chronotropic effects [28].

In this series of four critically ill children with furose-
mide-resistant fluid overload, aminophylline was success-
fully used as an adjunct diuretic with no significant adverse
effects. We believe that use of aminophylline at low doses
could represent an attractive option in view of the drug’s
potential adverse effects and that further work with a larger
population exploring this possibility is warranted.

References

1. Simmons RS, Berdine GG, Seidenfeld JJ, Prihoda TJ, Harris GD,
Smith JD, Gilbert TJ, Mota E, Johanson WG Jr. Fluid balance and
the adult respiratory distress syndrome. Am Rev Respir Dis.
1987;135:924-9.

2. Carcillo JA, Fields Al Clinical practice parameters for hemo-
dynamic support of pediatric and neonatal patients in septic
shock. Crit Care Med. 2002;30:1365-78.

3. Hoste EA, Kellum JA. Acute renal failure in the critically ill:
impact on morbidity and mortality. Contrib Nephrol. 2004;144:
1-11.

@ Springer

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

. Bagshaw SM, Bellomo R, Kellum JA. Oliguria, volume overload,

and loop diuretics. Crit Care Med. 2008;36:S172-8.

. Sakr Y, Vincent JL, Reinhart K, Groeneveld J, Michalopoulos A,

Sprung CL, Artigas A, Ranieri VM. High tidal volume and
positive fluid balance are associated with worse outcome in acute
lung injury. Chest. 2005;128:3098-108.

. Kelly RE Jr, Phillips JD, Foglia RP, Bjerke HS, Barcliff LT,

Petrus L, Hall TR. Pulmonary edema and fluid mobilization as
determinants of the duration of ECMO support. J Pediatr Surg.
1991;26:1016-22.

. Mitchell JP, Schuller D, Calandrino FS, Schuster DP. Improved

outcome based on fluid management in critically ill patients
requiring pulmonary artery catheterization. Am Rev Respir Dis.
1992;145:990-8.

. National Heart, Lung, and Blood Institute Acute Respiratory

Distress Syndrome (ARDS) Clinical Trials Network, Wiedemann
HP, Wheeler AP, Bernard GR, Thompson BT, Hayden D, de-
Boisblanc B, Connors AF Jr, Hite RD, Harabin AL. Comparison
of two fluid-management strategies in acute lung injury. N Engl J
Med. 2006;354:2564-75.

. Ware LB, Matthay MA. Alveolar fluid clearance is impaired in

the majority of patients with acute lung injury and the acute
respiratory distress syndrome. Am J Respir Crit Care Med.
2001;163:1376-83.

Foland JA, Fortenberry JD, Warshaw BL, Pettignano R, Merritt
RK, Heard ML, Rogers K, Reid C, Tanner AJ, Easley KA. Fluid
overload before continuous hemofiltration and survival in criti-
cally ill children: a retrospective analysis. Crit Care Med.
2004;32:1771-6.

Heiss KF, Pettit B, Hirschl RB, Cilley RE, Chapman R, Bartlett RH.
Renal insufficiency and volume overload in neonatal ECMO man-
aged by continuous ultrafiltration. ASAIO Trans. 1987;33:557-60.

. Roy BJ, Cornish JD, Clark RH. Venovenous extracorporeal

membrane oxygenation affects renal function. Pediatrics.
1995;95:573-8.

Rosenberg AL. Fluid management in patients with acute respira-
tory distress syndrome. Respir Care Clin N Am. 2003;9:481-93.
Klinge JM, Scharf J, Hofbeck M, Gerling S, Bonakdar S, Singer
H. Intermittent administration of furosemide versus continuous
infusion in the postoperative management of children following
open heart surgery. Intensive Care Med. 1997;23:693-7.

Ng GY, Baker EH, Farrer KF. Aminophylline as an adjunct
diuretic for neonates: a case series. Pediatr Nephrol.
2005;20:220-2.

Noguchi T, Hayano Y, Iwasaka H, Setoguchi K, Oda S, Taniguchi
K, Honda N, Mori Y, Hadama T. Diuretic effects of aminophylline
in patients after cardiac surgery. Masui (Jpn J Anesthesiol).
1990;39:1002-6. (in Japanese with English abstract).

Brater DC, Kaojarern S, Chennavasin P. Pharmacodynamics of
the diuretic effects of aminophylline and acetazolamide alone and
combined with furosemide in normal subjects. J Pharmacol Exp
Ther. 1983;227:92-7.

Harkavy KL, Scanlon JW, Jose P. The effects of theophylline on
renal function in the premature newborn. Biol Neonate.
1979;35:126-30.

Jenik AG, Ceriani Cernadas JM, Gorenstein A, Ramirez JA, Vain
N, Armadans M, Ferraris JR. A randomized, double-blind, pla-
cebo-controlled trial of the effects of prophylactic theophylline
on renal function in term neonates with perinatal asphyxia.
Pediatrics. 2000;105:E45.

Bakr AF. Prophylactic theophylline to prevent renal dysfunction
in newborns exposed to perinatal asphyxia—a study in a devel-
oping country. Pediatr Nephrol. 2005;20:1249-52.

. McLaughlin GE, Land MP, Rossique-Gonzalez M. Effect of

aminophylline on urine flow in children with tacrolimus-induced
renal insufficiency. Transpl Proc. 2000;32:817-20.



J Anesth (2012) 26:118-123

123

22.

23.

24.

25.

26.

McLaughlin GE, Abitbol CL. Reversal of oliguric tacrolimus
nephrotoxicity in children. Nephrol Dial Transpl. 2005;20:
1471-5.

Mazkereth R, Laufer J, Jordan S, Pomerance JJ, Boichis H,
Reichman B. Effects of theophylline on renal function in pre-
mature infants. Am J Perinatol. 1997;14:45-9.

Lochan SR, Adeniyi-Jones S, Assadi FK, Frey BM, Marcus S,
Baumgart S. Coadministration of theophylline enhances diuretic
response to furosemide in infants during extracorporeal mem-
brane oxygenation: a randomized controlled pilot study. J Pediatr.
1998;133:86-9.

Bell M, Jackson E, Mi Z, McCombs J, Carcillo J. Low-dose
theophylline increases urine output in diuretic-dependent criti-
cally ill children. Intensive Care Med. 1998;24:1099-105.

Bhat MA, Shah ZA, Makhdoomi MS, Mufti MH. Theophylline
for renal function in term neonates with perinatal asphyxia: a
randomized, placebo-controlled trial. J Pediatr. 2006;149:180—4.

217.

28.

29.

30.

Huet F, Semama D, Grimaldi M, Guignard JP, Gouyon JB.
Effects of theophylline on renal insufficiency in neonates with
respiratory distress syndrome. Intensive Care Med. 1995;21:
511-4.

Pretzlaff RK, Vardis RJ, Pollack MM. Aminophylline in the
treatment of fluid overload. Crit Care Med. 1999;27:2782-5.
Cattarelli D, Spandrio M, Gasparoni A, Bottino R, Offer C,
Chirico G. A randomised, double blind, placebo controlled trial
of the effect of theophylline in prevention of vasomotor
nephropathy in very preterm neonates with respiratory distress
syndrome. Arch Dis Child Fetal Neonatal Ed. 2006;91:F80—4.
Givertz MM, Massie BM, Fields TK, Pearson LL, Dittrich HC.
The effects of KW-3902, an adenosine Al-receptor antagonist, on
diuresis and renal function in patients with acute decompensated
heart failure and renal impairment or diuretic resistance. J Am
Coll Cardiol. 2007;50:1551-60.

@ Springer



	Additive diuretic response of concurrent aminophylline and furosemide in children: a case series and a brief literature review
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


