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Key Points
« This is the first report of electrical cardiometry (EC) use in newborn with hypoplastic left heart syndrome (HLHS).
* In HLHS patients, it is impossible to measure cardiac output without being invasive.

* EC helps in guiding therapy in HLHS patients in a noninvasive way.

Objective This study aimed to describe the first two cases of electrical cardiometry
applied to newborn with hypoplastic left heart syndrome for hemodynamical assess-
ment in the first days of life before surgical correction and see if this can help decision
making process in these patients.

Study Design We describe two case series of two full-term newborn with hypoplastic
left heart syndrome in the Neonatal Intensive Care Unit, ASST Grande Ospedale
Metropolitano Niguarda, between December 2019 and |anuary 2020.

Results Case 1 was persistently hemodynamically stable with prostaglandin E1
infusion at 0.01 mcg/kg/min, showing good capillary refill time, good diuresis, no
difference between pre- and postductal values of oxygen saturation or blood pressure.
Electrical cardiometry monitoring constantly showed cardiac output values higher
than 300 mL/kg/min. Case 2 showed poor clinical condition needing prostaglandin E1
infusion up to 0.05 mcg/kg/min, intubation and septostomy associated with low
cardiac output around 190 mL/kg/min. Once cardiac output has begun to rise and
reached values constantly over 300 mL/kg/min, clinical condition improved with
amelioration in oxygen saturation, diuresis, blood pressure, and blood gas analysis
values. She was then extubated and finally clinically stable until surgery with minimal
infusion of prostaglandin E1 at 0.01 mcg/kg/min.

Conclusion This case highlights how hemodynamic information provided by electri-
cal cardiometry can be used to supplement the combined data from all monitors and
the clinical situation to guide therapy in these newborns waiting surgery.

Electrical cardiometry (EC) is a noninvasive method that
measures thoracic electrical bioimpedance (TEB) and derives
stroke volume and cardiac output (CO). Although infants and
children had been studied with impedance cardiographyin the

past, its use in patients with congenital heart disease has rarely
been reported. Only recently, it has been demonstrated a good
correlation in measuring CO between EC and invasive techni-
ques in a pediatric population with structural heart disease.’
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These are, to our knowledge, the first two cases that
described EC applied to newborn with congenital heart
disease for hemodynamical assessment in the first day of
life before surgical correction.

CO (mL/kg/min) was measured by TEB-EC (ICON Osypka
Medical GmbH, Berlin, Germany). The device was connected
and patient demographic and anthropometric data (age,
weight, and height) were entered. Four skin electrodes
(iSense Electrical Cardiometry Skin Sensors; Osypka Medical)
were applied per manufacturer recommendations. EC assumes
that erythrocytes are in random orientation before the aortic
valve opening and then align in a parallel fashion with pulsatile
blood flow. This parallel state results in increased conductance
and conversely decreased impedance. The difference in con-
ductance, between these two states, provides the baseline data
that allow the calculation of CO using mathematical algorithms.

Case Report 1

A male neonate was born full term with a prenatal diagnosis
of hypoplastic left heart syndrome (HLHS) with Apgar scores
of 8/8 and birth weight of 3,070 g. Postnatal echocardiogram
confirmed the diagnosis, showing mitral atresia and severe
hypoplastic aorta in its valvular and ascending parts. Atrial
level communication was thought to be adequate and as such
no intervention was needed at that time. To maintain the
ductus arteriosus patency, an infusion of prostaglandin E1
(PGE1) was started at 0.03 pg/kg/min which was later
tapered down to 0.01 pg/kg/min for apneas appearance.
The EC monitoring constantly showed CO values higher
than 300 mL/kg/min (~Fig. 1A) and the patient was persis-
tently hemodynamically stable showing good capillary refill
time, good diuresis, no difference between pre- and post-
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ductal values of oxygen saturation or blood pressure. Hemo-
gas analysis showed only a maximum value of lactate of
2.7 mmol/L in the first hour of life. He did not need oxygen
supplementation despite a minimal ventilatory support with
high-flow nasal cannula (5 L/min). Norwood operation was
performed after 9 days.

Case Report 2

A full-term female, birth weight of 3,720 g, with antenatal
diagnosis of HLHS was hypoxic at birth (oxygen saturations
55-60%) with no improvement on supplemental oxygen.
Postnatal echocardiogram confirmed the diagnosis with
atrial level communication of 4 mm. Initial clinical stabiliza-
tion was obtained starting nasal continuous positive airway
pressure for respiratory distress and PGE1 infusion at 0.03
ng/kg/min with pre- and postductal values of oxygen satu-
ration around 80%. Hemogas analysis showed pH 7.27, pCO,
54 mm Hg, PaO, 36 mm Hg, HCO3~ 24.8 mmol/L, BE -3.1,
and lactate 1.9 mmol/L. After few hours, PGE1 infusion was
increased to 0.05 pg/kg/min due to clinical deterioration:
polypnea, diminished spontaneous activity, oxygen satura-
tion up to 65%, and mixed acidosis (pH 7.21, pCO, 54 mm Hg,
PaO, 29 mm Hg, HCO3~ 21.3 mmol/L, BE —7.4, and lactate
4.2 mmol/L). The patient was therefore intubated and
balloon atrial septostomy was performed, but it was techni-
cally influenced by laxity of interatrial septum so that there
was not significant improvement in the dimension of the
foramen ovale (4 mm). Back from the hemodynamic theater,
EC was available and it was applied to the patient showing
low CO around 190 mL/kg/min (= Fig. 1B). OXygen saturation
was around 70% with mechanical ventilation settings:
SIPPV + Vg (26 mL), RR 45/min, TI 0.4 seconds, FiO, 21%.
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Fig. 1 Cardiac output monitoring expressed as cardiac index (Cl, indexed for weight) of patient 1 (A) and patient 2 immediately after balloon

atrial septostomy (B) and after stabilization (C).
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Blood gas analysis showed pH7.44, pCO, 25mm Hg,
Pa0, 88 mm Hg, HCO3;~ 17.2 mmol/L, BE —4.5, and lactate
4.1 mmol/L. She was anuric with blood pressure 43/20
(32) mm Hg. A 10 mL/kg bolus of saline solution was admin-
istered followed by adequate fluid maintenance, PGE1 were
continued at 0.02 pg/kg/min, and mechanical ventilation
parameters were modified.

After few hours, EC showed gradual increase in CO (around
340 mL/kg/min) with amelioration in oxygen saturation (90-
92%), diuresis (4,7 mL/kg/min), blood pressure, and blood gas
analysis values (pH 7.4, pCO, 30 mm Hg, PaO, 76 mm Hg,
HCO5;~ 18 mmol/L, BE —4.7, and lactate 2.4 mmol/L). After
24 hours, she was then extubated, maintaining CO parameters
constantly more than 300 mL/kg/min (~Fig. 1C), good diure-
sis, and oxygen saturation persistently more than 90%. Nor-
wood operation was performed after 7 days of life.

CO is a fundamental physiological measure used for
diagnosis and guiding therapy in many clinical conditions
especially in newborn.> Transthoracic echocardiogram
(TTE) with transaortic Doppler is traditionally used in daily
clinical practice, but it needs aortic blood flow to measure
velocity and diameters to provide an estimation of CO.# In
some structural heart diseases such as HLHS in which there
is no outflow from the left ventricle, measuring CO with TTE
is not possible. With the exception for invasive approach,’
there is no single technique available for measuring CO
continuously and accurately in these patients. Even if
research is limited in newborn with structural congenital
heart disease, it has been recently demonstrated a good
correlation in measuring CO between EC and invasive
techniques in children with structural heart disease under-
going cardiac catheterization.’

We applied EC to newborn with HLHS to monitor CO and
correlate it with clinical conditions. No reference values are
available in this kind of population since EC has been evaluated
previously in hemodynamically stable term and preterm
infants (including low birth weight and very low birth
weight).e‘9 Comparing our two cases, we can speculate that
CO around 300 mL/kg/min can be suitable to have hemody-
namic balance in patients with HLHS. In case 1, in fact, CO was
persistently higher than 300 mL/kg/min, while case 2 showed
a low CO (around 190 mL/kg/min) even postballoon atrial
septostomy which was not resolved. After a few hours, proba-
bly with the decrease in pulmonary vascular resistance and
adequate fluid replacement, there was an increase in right
ventricular output with increased pulmonary blood flow and
consequent improvement in oxygen saturation, amelioration
of blood flow through the foramen ovale and through the
ductus arteriosus. Postductal measurement of CO provided by
EC gradually improved probably reflecting these physiological
mechanisms, arranging around 300 mL/kg/min which, we
suppose, can be considered appropriate for these kinds of
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patients as demonstrated by the improvement of her clinical
condition.

In conclusion, TEB-EC can play an important role to give
continuously hemodynamic function assessment when CO
cannot be evaluated with TTE because of cardiac structural
abnormalities. Hemodynamic information provided by EC
can be used to supplement the combined data from all
monitors and the clinical situation to guide therapy in these
newborns waiting Norwood surgery.

However, more studies are needed to define normal value
of CO in this population to better evaluate hemodynamic
status during the first day of life.

Authors’ Contributions

All the authors had a determining role in the clinical
management of the patients. LE.G. and 0.V. made substantial
contributions to the conception, the design of the manu-
script, and drafted the manuscript. S.M. advised on the case
management, made substantial contributions to the design
of the work, and substantively revised the manuscript. All
authors read and approved the final manuscript.

Conflict of Interest
None declared.

References

1 Narula ], Chauhan S, Ramakrishnan S, Gupta SK. Electrical car-
diometry: a reliable solution to cardiac output estimation in
children with structural heart disease. ] Cardiothorac Vasc Anesth
2017;31(03):912-917

2 Zoremba N, Bickenbach ], Krauss B, Rossaint R, Kuhlen R, Schélte
G. Comparison of electrical velocimetry and thermodilution
techniques for the measurement of cardiac output. Acta Anaes-
thesiol Scand 2007;51(10):1314-1319

3 Marik PE. Noninvasive cardiac output monitors: a state-of the-art
review. ] Cardiothorac Vasc Anesth 2013;27(01):121-134

4 Hudson I, Houston A, Aitchison T, Holland B, Turner T. Reproduc-
ibility of measurements of cardiac output in newborn infants by
Doppler ultrasound. Arch Dis Child 1990;65(1 Spec No):15-19

5 Fakler U, Pauli Ch, Balling G, et al. Cardiac index monitoring by
pulse contour analysis and thermodilution after pediatric cardiac
surgery. ] Thorac Cardiovasc Surg 2007;133(01):224-228

6 Grollmuss O, Demontoux S, Capderou A, Serraf A, Belli E.
Electrical velocimetry as a tool for measuring cardiac output
in small infants after heart surgery. Intensive Care Med 2012;38
(06):1032-1039

7 Norozi K, Beck C, Osthaus WA, Wille I, Wessel A, Bertram H.
Electrical velocimetry for measuring cardiac output in children
with congenital heart disease. Br ] Anaesth 2008;100(01):88-94

8 Noori S, Drabu B, Soleymani S, Seri I. Continuous non-invasive
cardiac output measurements in the neonate by electrical veloc-
imetry: a comparison with echocardiography. Arch Dis Child Fetal
Neonatal Ed 2012;97(05):F340-F343

9 HsuK-H, WuT-W, Wang Y-C, Lim WH, Lee CC, Lien R. Hemodynamic
reference for neonates of different age and weight: a pilot study with
electrical cardiometry. ] Perinatol 2016;36(06):481-485

Downloaded by: Cornell. Copyrighted material.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


