
J Anesth (2002) 16:339–341

Atrial natriuretic peptide infusion for a neonate undergoing repair
of congenital diaphragmatic hernia
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(3ml·kg�1·h�1 of crystalloid solution and 0.8ml·kg�1·h�1

fresh frozen plasma solution), her urinary output
showed only a trace amount through the urinary cath-
eter. Analysis of arterial blood gases sampled from the
left radial artery found pH 7.368, PaO2 73.7mmHg,
PaCO2 31.0mmHg, and base excess �6.3mmol·l�1 (FiO2

0.3, inspiratory pressure 22cmH2O, positive end-
expinatory pressure (PEEP) 4cmH2O, and ventilatory
frequency 40bpm). On echocardiographic examination,
she had PDA and PFO with left to right shunt, and her
left venticular function was slightly depressed. On the
first day of life, she was scheduled for surgical repair of
CDH. The preoperative physical examination revealed
wet mucous membrane, normal skin turgor, and normal
anterior fontanel. The serum urea nitrogen and creati-
nine levels were 20mg·dl�1 and 0.8mg·dl�1, respectively.
The other preoperative laboratory data were within
normal limits. Anuria persisted for 12h before surgery,
despite intravenous administration of dopamine
(3µg·kg�1·min�1) and furosemide (0.3mg·kg�1).

Anesthesia was induced and maintained with fen-
tanyl (10µg·kg�1) and isoflurane (0.5%–1.0%) in an
air–oxygen mixture (FiO2 0.4–1.0, pressure-controlled
mode 20cmH2O, PEEP 2cmH2O, and respiratory fre-
quency 40bpm). Pancuronium (0.1mg·kg�1) was given
as a supplement. After the induction, catheters were
inserted into the right radial artery and the internal
jugular vein for continuous measurement of arterial and
central venous pressures. The intraoperative heart rate
was within the range of 170–180bpm, and arterial and
central venous blood pressure were within the ranges
of 75/50–60/40mmHg and 5–6mmHg, respectively.
The serum Na� and K� concentrations were 134.4 and
3.5mEq·l�1, respectively. After crystalloid solution
(6.3ml·kg�1·h�1) and an additional 20ml of 5% albumin
were infused for 1.5h, the anuria persisted. Despite
little blood loss, the hematocrit decreased from 46.4%
to 38.2%. The heart rate and blood pressure were
stable. The mucous membrane was moist. Skin turgor
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Introduction

Atrial natriuretic peptide (ANP) is an endogenous and
clinically available substance that regulates water and
electrolyte balance [1] and is present in both premature
and full-term infants [2]. ANP has recently been used
for patients with congestive heart failure because of its
diuretic and vasodilator actions in adults [3,4]. Pediatric
use of ANP [5] during or after operation is increasing in
Japan [6–8]. However, little information concerning the
use of ANP in neonates is available. We describe a
neonate with congenital diaphragmatic hernia (CDH)
coexisting with patent ductus arteriosus (PDA) and
patent foramen ovale (PFO) who had anuria before and
during surgical repair of CDH and was resistant to the
administration of conventional diuretics. The anuria of
the patient was successfully treated with continuous
infusion of ANP.

Case report

The patient was a 3260-g female infant born at 41 weeks
of gestation and was less than a day old. The Apgar
score was 3, 7, and 8 at 1, 5, and 10min, respectively. She
showed obvious respiratory distress and was diagnosed
as having CDH with coexisting PDA and PFO. After
6h, she was transferred to our neonatal intensive care
unit (NICU) and intubated. Although she had been
treated with mechanical ventilation and fluid therapy

Address correspondence to: Y. Hatano
Received: December 1, 2001 / Accepted: July 1, 2002

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.3 785.2 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



340 T. Tajima et al.: Atrial natriuretic peptide infusion

and the anterior fontanel remained stationary, with
warm extremities. The patient did not appear hypov-
olemic. Intravenous administration of 0.6mg·kg�1 furo-
semide for 1h was ineffective. Continuous intravenous
infusion of ANP (Hanp; Zeria Pharmaceutical, Tokyo,
Japan) at a rate of 0.05µg·kg�1·min�1 was started.
Fifteen minutes after the start of ANP infusion,
urinary output began and increased to 24ml in 2h
(3.3ml·kg�1·h�1). The heart rate and arterial pressure
remained stable, and serum Na� and K� levels also
remained unchanged. Surgery was completed unevent-
fully, and ANP infusion was discontinued. Urinary out-
put was continuously obtained, even after termination
of ANP infusion (Table 1). Blood loss was minimal. The
patient required mechanical ventilatory support with-
out PEEP for another 24h, and her hemodynamics
remained stable within normal limits. Postoperative
urinary output was shown to be adequate (1.8–
3.5ml·kg�1·h�1), while fluid infusion was maintained at
80ml·kg�1·day�1 without any diuretics. The postopera-
tive laboratory data, including serum electrolytes and
blood gas analysis, were also within normal limits.

Discussion

Our patient had anuria despite fluid infusion and respi-
ratory therapy. A suspected cause of anuria of the neo-
nate is renal hypoperfusion secondary to low cardiac
output due to congenital heart disease or hypovolemia.
Although the possibility of low cardiac output could not
be excluded, salient low cardiac output seemed unlikely
according to the hemodynamic data and blood gas
analysis. The physical findings as to skin turgor and
anterior fontanel, and central venous pressure values
ranging from 5 to 6mmHg during surgery, were not
suggestive of obvious hypovolemia. Further, the neona-
tal kidney has immature glomerular and tubular func-
tions in association with high renal vascular resistance
[9]. Glomerular hypoperfusion caused by a slightly low
cardiac output and by immaturity of the renal functions
might have contributed to the anuria. In fact, urinary
output was continuously obtained without positive

treatment, even after discontinuation of ANP infusion.
The most important reason for using ANP was that the
patient did not respond to the conventional diuretics
furosemide and dopamine. The present case shows that
ANP is an effective diuretic agent and is a useful alter-
native in neonates.

Several mechanisms underlying the increased urinary
output induced by ANP infusion have been suggested
[10]. ANP produces an increase in renal filtration
fraction and glomerular filtration rate without changing
renal blood flow. The change in peritubular hemody-
namics causes a decrease in proximal tubular sodium
reabsorption, i.e., the inhibition of countercurrent
mechanisms [10]. ANP acts on its specific receptors,
which are distributed preferentially in the renal and
pulmonary vasculature [11], to activate particulate
guanylyl cyclase to form 3�,5�-cyclic guanosine mono-
phosphate (cGMP), resulting in vasodilation [12].
Further, ANP inhibits renin release from the juxtaglo-
merular apparatus [13], which in turn inhibits sodium
and water retention derived from the angiotensin-
aldosterone system.

Compared with that in the adult, the neonatal renal
natriuretic response to acute volume expansion is lim-
ited [14] because of the increased activity of endog-
enous angiotensin II. ANP may antagonize the effects
of circulating angiotensin II, because the early natri-
uretic response appears to be the cause of suppression
of angiotensin II following acute volume expansion
[14,15]. The success of ANP infusion may be related not
only to its natriuretic and diuretic potential, but also to
suppression of renin secretion and of aldosterone and
vasopressin synthesis when the immature kidney is less
susceptible to diuretics.

Hamawaki et al. reported that, following ANP infu-
sion at incremental doses of 0.05–0.24µg·kg�1·min�1 for
neonates and early infants who developed congestive
heart failure after surgical repair of congenital heart
disease, urinary output and hemodynamics improved
[8]. Murakami et al. reported that infusion of 0.08–
0.2µg·kg�1·min�1 ANP and furosemide after cardiac
surgery in neonates and infants increased urine volume
more than furosemide alone, whereas systemic arterial

Table 1. Course of fluids, urine output, and hemodynamics

Fluids
(ml·kg�1·h�1)

Urinary output BP CVP HR
Time Crystalloid Colloid (ml·kg�1·h�1) (mmHg) (mmHg) (bpm)

Before operation 3.0 0.8 0.0 75/45 180
Before ANP started 6.3 4.0 0.0 70/50 6 175
After ANP started 6.2 4.0 3.3 70/50 5 170
After ANP stopped 3.0 0.0 1.8 65/45 160

BP, Blood pressure; CVP, central venous pressure; HR, heart rate; ANP, atrial natriuretic peptide
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pressure, central venous pressure, and renal function
were unchanged [6].

Our previous study in infants undergoing cardiac
surgery [7] found that ANP infusion at a rate of
0.02µg·kg�1·min�1, only one fifth of the dose used for the
treatment of congestive heart failure in adult patients
[4], produced adequate urinary output without a fall in
systemic arterial pressure and electrolyte abnormality
such as hypokalemia during and after cardiopulmonary
bypass.

There are few reports of the direct effect of ANP on
PDA opening after birth. However, a highly significant
correlation exists between the secretion of ANP and the
magnitude of the left-to-right shunt in PDA [16,17]. The
ANP level is significantly higher when the ductus is
open than when it is closed in preterm infants with
respiratory distress [16].

ANP tends to decrease pulmonary capillary wedge
pressure and right atrial pressure more than mean arte-
rial pressure in patients with congestive heart failure [4].

Despite the presence of left-to-right shunt observed
by preoperative echocardiography, intraoperative sur-
gical stress may evoke spasms of the pulmonary artery,
which causes right-to-left shunting followed by hypoxia.
Preferential pulmonary vasodilation, as well as natri-
uresis caused by ANP, is beneficial to CDH.

In conclusion, we reported a case of effective treat-
ment with continuous intravenous infusion of ANP in a
neonate who had anuria before and during surgery for
congenital diaphragmatic hernia and was resistant to
conventional diuretics. Although further studies are
necessary, our experience will provide a way for safe
and useful application of ANP in the treatment of criti-
cally ill neonates.
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