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Approach to Pediatric Hemodynamics for General Pediatricians:
Tips for Treating Pediatric Heart Disease

Michihiko Ueno
Department of Pediatric Cardiology, Teine-Keijinkai Hospital, Sapporo, Japan

Congenital heart disease is a common condition in children, and general pediatricians are frequently called in
to access the hemodynamics of the disease. The role of circulation is to deliver enough oxygen, taken up by the
lungs, to each organ in the body while maintaining cardiac output for that purpose. If there are defects or shunts
in the heart or between large blood vessels, the direction and amount of the shunt are defined by the difference
in systemic and pulmonary vascular resistance in posttricuspid shunts (ventricular septal defect, patent ductus
arteriosus, etc.) and by the difference in compliance between both ventricles in pretricuspid shunts (atrial septal
defect). When it comes to managing various congenital heart diseases, it is simple to understand whether the
disease is classified by an increase or decrease in pulmonary blood flow. When a general pediatrician encounters
a patient with undiagnosed congenital heart disease, the least they should do is determine whether the disease
requires patent ductus arteriosus and whether oxygen administration is necessary. Although echocardiography
is the simplest and most useful tool for evaluating children's hemodynamics at bedside, pediatricians should
make a comprehensive decision by including other modalities.
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Fig. 1 A schema of fetal circulation

DA, ductus arteriosus; FO, foramen ovale; LA, left
atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle; UA, umbilical artery; UV, umbilical vein
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Fig. 2 Frank-Sterling curve

With normal cardiac function (black line), increas-
ing preload increases cardiac output, although
after exceeding a certain preload there is no further
increase in cardiac output. If the cardiac function
is impaired (red line), cardiac output cannot be
increased even at early levels by an increased
preload.
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Fig. 3 The stress-velocity relation

If the horizontal axis represents the left ventricular
end-systolic wall stress (LVESWS), which is an
index of afterload, and the vertical axis represents
the rate-corrected mean velocity of fiber shortening
(mVcfc), which is an index of cardiac pump func-
tion, there is a linear relationship. It can be deter-
mined that the contractility is good on the positive
side and the contractility is bad on the negative
side of this standard straight line.
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Fig. 4 The pressure-volume relationship

(A) Left ventricular pressure-volume curve.

(B) Changes in the left ventricular pressure-volume relationship by therapeutic intervention
(a) If treatment is performed to reduce afterload without changing preload and contractility, the slope of Ea becomes
gentle, so the left ventricular systolic pressure (=blood pressure) decreases, but the stroke volume increases.
(b) If the preload is increased without changing the contractility and afterload, the left ventricular systolic pressure

(=blood pressure) and the stroke volume increase.

(c) If the contractility is increased without changing the preload and afterload, the slope of Ees becomes steep, and
the left ventricular systolic pressure (=blood pressure) and the stroke volume increase.
Ea, effective arterial elastance; Ees, end systolic elastance; LVP, left ventricular pressure; LVV, left ventricular volume;

SV, stroke volume

(g, ZOREEEME T UTREIREZ Rl
EREIRF DAL UNFIARY @), FRstiEil &
7o (MWD, ERENEREEZ FE% &R
L (@), fEREMLORAIC K > TAEMER (G
JilD, BUERENEREEZ LD EIEFAPHHE L
THERARBI (OIS L, FERID O)V—TH5EHT 5.
JV— T OREN 1 IR E %S, )V—Tk E@)H
56 X EOEARFERMD R NG IO
ToERUE, WAL/ B H R TRE S N2 Bk T
FARZYA (Ea) TRAMOIEETHS. £z, TK
HIRPAZE S & CRfAM 22 bS8 L 2T B )V —
T0k E(@)O#iEE, G ENDICHEI NS ERE &

ARNRBERSBSFRIME £38F 15

LT EMHIBN, THUINEEATZS A2 > X (Ees)
EWVS WHEMEDIRIETH B D, Fi L @F B3 ERT
EMT BT EETE5 W, Fig 4B, Hiff, %A
faf, WHEMED > B 1 DT EEN LIZSGEED
[EARMHROZITH 5. (@ IBRBAMOMETEE
e (EERRE) T, EEEIEFL 1M
FHEREINT 5. O) AR ORI E S5 5
(7= E) <, E=EE, 1EH&EE &N 5.
OB AEINE B IGE (hTasIvkE)
T, =T, 1A EEE&8md 2. ki,
EARMEAEHMEY I aL—varz{roClick
D, BENADNEETUTZENTES 7.



DA 7 — T VRIS o R 2 EH T 5 72Ic
&, AT UH AT —T )R URBERESR,
DEEEN S 1 AR RD 2 51ERH 20, FFR
CHD IZ BT l& Fick D FH#ZF]H L 7z i & O H
LRI NS, (ks (OfFEE) (L/min/m?)
3 EEMEE (mL/m*min)/ CRBIRMEES &4 &
(mL/dL) — B &#IRIMESE S A& (mL/dL)} X10 T
kbboh, BEEESE (mL/dL) INEr/nerl
WELTWEHBHE (NEV O ViEE (g/dl) XEHR
BURIEE (%) X1.36) & MKHICTARE L TV 5 1a1EE R
(B £ (mmHg) X0.003) ORITHHE NS Y.
BRI SRS RWN ALV RHTZ 50T, #
FHEE, N"NEUuC Vg, KBk s ESFIRIL
OEEFMENDbI XK RIT kD END. BHE
FRIRIMLE, OWNERE DR WA AR IRR TR MY K
HRE S Bk M OEREFENE L T0hE. —fik
/NRRHEIZ DA T — T VR IS D 2 B 13D
BNEbNSD, Fick OFEZBEICH > TH
LT ERMEERHMEZS 22 A THHATH D, Bk
FE RAIFIE DO Z /R &0 H T &iE T DX
7 FAUSBRAR L9 W0 EERIRDIG T, BILA SO
BERRENERBIT A0 E S IR EE=IC
W3 EBI RS RS R E) TOMEERTH & ke btz
B, HUDERRT A B A o TOAUR AR M 228050
g GEAHEIRMOMRHD) &HETE, BhiRiEE SR
FEIFRR L RN FIFTE %, MEHEET La
Farge D 2 I X D, PEHI, DB SHEET
XZ0T, "NEFOCVEENDINEBBENM D
FHEZEHTE, RS HER MG THETH 5.
F7z, Fik o5, Bl TthNIF UCEDOERZ
EZHC T B 7zdicid K v 2L Dot EZ R E LT
5T ELEHBPENDDT, LDABIERERT B EE
W, Alic/xs & XOIEIRDPEILT 22 &M D
FTVDTIEENTEA S D

Table 1 Factors that fluctuate vascular resistance
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Pulmonary vascular
resistance

Hypoxia, Hypercapnia, Acidosis

Systemic vascular

resistance (phenylephrine, et al.)

Crying, Coldness, Peripheral vasoconstrictor

Oxygen, Pulmonary vasodilator (PGl,, ERA, PDEb-I,
et al.) Nitric Oxide

Sedation, Anaesthesia, Warming, Peripheral vasodilator
(ACE-I, ARB, et al.)

ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ERA, endothelin receptor antagonist;

PDE5-I, phosphodiesterase 5 inhibitor; PGl,, prostacyclin
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Fig. 5 Hemodynamic schema in congenital heart disease

(A) Normal heart: A single arrow represents normal blood flow (unit of normal cardiac output). Red arrows represent
arterial blood and blue arrows represent venous blood.

(B) VSD (Ventricular septal defect): Double arrows represent that there is more blood flow than normal. Because of the
difference between pulmonary and systemic vascular resistance, a left to right shunt usually occurs between the ventri-
cles, which causes a large amount of blood flow to the pulmonary arteries, the pulmonary veins, the left atrium, and the
left ventricle, leading to enlargement of these vessels and chambers.

(C) ASD (Atrial septal defect): On the other hand, in the case of ASD, because of the difference in compliance between
the right and the left ventricle, a left to right shunt usually occurs between the atrium, which causes a large amount
of blood to flow to the right atrium, the right ventricle, the pulmonary arteries, and the pulmonary veins, leading to
enlargement of these compartments.

(D) TGA (I) (Complete transposition of the great arteries without ventricular septal defect): Patients with TGA (l) cannot
survive without mixing of blood between the left and right heart systems because oxygenated blood cannot be sent to
the systemic circulation. In order to supply oxygenated blood to the systemic circulation, mixing of blood through the
foramen ovale is most important. If there is only a small amount of shunt from the left to the right atrium, the oxygen
concentration in the systemic circulation will be low. To increase left-to-right shunt in the atrium, it is necessary to keep
the ductus arteriosus open. In the ductus arteriosus, blood usually flows from the aorta to the pulmonary artery accord-
ing to the difference in vascular resistance, so that the amount of return from the pulmonary veins to the left atrium also
increases, and the shunt from the left atrium to the right atrium also increases, resulting in more oxygenated blood that
can flow to the systemic circulation.

Ao, aorta; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; PA, pulmonary artery; PV, pulmonary vein; RA, right
atrium; RV, right ventricle; SVC, superior vena cava
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Table 2 Products to maintain patency of ductus arteriosus

Dose

Characteristics

alprostadil (lipo-PGE;) initial dose 5ng/kg/min

alprostadil alfadex
(PGE,CD)

initial dose 50 ng/kg/min

*can be increased to 100-150ng/kg/min

It can be administered from the peripheral venous line.
Its effect is lasting.
Its effect appears quickly.

Side effects common to both drugs

apnea, fever, edema, diarrhea, convulsion, inhibition of platelet aggregation, periosteal thickening
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AN TR AL IS 350 B PAT (Pediatric Assess-
ment Triangle) FAli®>—XFHEAEHTHS . Bl
BT, DERELIAED, NEORHRTTHEN
WA, SEFEILED RO EHERL, KO TOMEZOA
I - ST mmes & 2 fifEt ?Za S LB DS
Z U 7&W CHD RERAROREEAET 5. H
OETHES, BHD, WELTE 2T 50, £
HENITWHIEETEEL TEHL.

ANy R A FCHBICHETE 2 E LTiEE
R EZMAEN D 5. MEZFERIC L D IERMED
W5 %, EWICHET 32013 %Y A XD~
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(A)

Fig. 6 Typical findings on chest radiography

WTHBD, KHBERAENFET % & L EMERM
MESNZV. IRIEDBRIIENTVS T & DOMERENE
TTHbH. MBSO Y T+ — LTz L
&, IEMETMERRZE2 52 TETERYAT LT
5% 19)‘

WL > B TUE,  DEB LSO T i RR 2 A
9% (Fig. 6). DEEOHESET, KENRA (fLFE
JERTHR) ZEICEEFEHT 5. #FER - FLRTIEL
X USRI IR & 720, IEMERRHM AV
LL7%%. LDERE—HRIICITbNTE O IEHICZ L
DERZGHTENTES. EHEIFERICK D B
BT LICHET S Y, DS RRERAN Y Ry
R CEEICITTE, REZBBEIDEWY —ILT,
FEFIZEZRE W D BUDFERE - AT ENREREAN X TH 4 7%
HHRMFOND. UL, JERIC K > Ty i
OFHMWNNHETH 2 G EFREHD. £z, EARMNIC
WFIHMREBN G TH A M, HiAVTlEIEaic X 2
'&Fﬁ PR ORI, E 5 R AR G EICHE LRV

b, HICRENREICEZ-STLES. HLETEXY
T4 D1 DTHO, RSO MERT R &G
IR LRI 2 2 EWEETH 5.

—RRNRRIEDOHERE - BIRETEZ
RHSNBIEHE

FERTEREZ A SNV EREFRE WD TV B I

(A) Increased pulmonary blood flow; A 1-month-old boy with ventricular septal defect. It shows cardiomegaly (the car-
diothoracic ratio 64%), and left mainstem bronchus elevation, suggesting left atrial enlargement. The enlarged pulmo-
nary arteries extend into the lateral lung field, and the external diameter of the pulmonary artery is wider than the inter-

nal diameter of the trachea.

(B) Pulmonary venous congestion; A 3-day-old girl with total anomalous pulmonary venous return. It shows the hazy
and indistinct margin of the pulmonary vasculature. The margin of the cardiac border is also unclear, and there is no

cardiomegaly.

© 2022 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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