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Intensive management of acute right heart failure
Gi Beom Kim, M.D., Chung 11 Noh, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Not a few patients in children and adolescents are suffering from right ventricular (RV) dysfunction
resulting from various conditions such as chronic lung disease, left ventricular dysfunction, pulmonary
hypertension, or congenital heart defect. The RV is different from the left ventricle in terms of ven-
tricular morphology, myocardial contractile pattern and special vulnerability to the pressure overload.
Right ventricular failure (RVF) can be evaluated in terms of decreased RV contractility, RV volume
overload, and/or RV pressure overload. The management for RVF starts from clear understanding of
the pathophysiology of RVF. In addition to correction of the underlying disease, management of RVF
per se is very important. Meticulous control of volume status, inotropic agents, vasopressors, and
pulmonary selective vasodilators are the main tools in the management of RVF. The relative impor-
tance of each tool depends on the individual clinical status. Medical assist device and surgery can be
considered selectively in case of refractory RVF to optimal medical treatment. (Korean ] Pediatr
2007;50:1041-1048)

Key Words : Right ventricular failure, Blood volume, Cardiac inotropics, Vasopressor agents, Vasodi-
lator agents
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Table 1. Causes of Right Ventricular Failure in Children and Adolescents

Congenital heart disease

Pulmonary arterial hypertension associated with left-to-right shunt lesions, or congenitally abnormal pulmonary artery
- Ventricular septal defect, patent ductus arteriosus, pulmonary atresia with ventricular septal defect and major aortopul-
monary collateral arteries, Williams syndrome, CATCH 22 syndrome, etc.

Pulmonary venous hypertension

- Mitral stenosis, pulmonary vein obstruction, obstructive total anomalous pulmonary venous return, left ventricular systolic

and/or diastolic failure, etc.

Acquired heart disease

Cardiopulmonary bypass—associated

Coronary artery disease: Kawasaki disease, etc.

Myocardial disease : Right-sided CMP, myocarditis, etc.
Lung disease

Parenchymal lung disease

- Obstructive: cystic fibrosis, etc.

- Restrictive: diffuse interstitial fibrosis, interstitial pneumonitis, etc.

Respiratory distress syndrome, Bronchopulmonary dysplasia
Pulmonary hypoplasia
Congenital anomaly : congenital diaphragmatic hernia, etc.
Idiopathic pulmonary arterial hypertension
Persistent pulmonary hypertension of newborn
Birth asphyxia, alveolar capillary dysplasia, etc
Extrinsic factors

Upper airway obstruction, Neuromuscular disorders, Thoracic cage deformities

Respiratory center dysfunction, High altitude, etc.
Pulmonary thromboembolism
Connective tissue disease

Scleroderma, systemic lupus erythematosus, mixed connective tissue disease, etc.

Conditions associated pulmonary arterial hypertension
Exogenous substances : anorexic agents, etc.
Portal hypertension : portal vein thrombosis, liver disease, etc.

Adapted and modified from Rosenzweig EB, Barst R]. Pediatric heart failure. 2005”.
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Table 2. Main Initial Pathophysiology in RV Failure

Decreased RV contractility
RV infarction
Right-sided CMP
Peri-operative RV injury
RV pressure overload
Pulmonary hypertension
Cor pulmonale
Positive pressure ventilation
Severe pulmonary stenosis
Dysmorphic pulmonary artery
Left-sided CMP
RV volume overload
Tricuspid regurgitation
Pulmonary regurgitation
CHDs (ASD, Ebstein anomaly, etc.)
Mixed
Sepsis
Various CHDs (pre- and post-operative state)

Abbreviations : RV, right ventricle; CMP, cardiomyopathy; CHD,
congenital heart disease; ASD, atrial septal defect. Adapted and
modified from Piazza G et al®
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Table 3. Symptoms and Signs of RV Failure

Signs
Dyspnea
Chest tightness
Irritability (young children)
Faintness
Palpitations
Irregular fast heartbeat
Abdominal pain (RUQ area)
Swelling of feet and ankles
Signs
Cyanosis
Hypotension
Tachycardia
Tachypnea
P2 accentuation
Murmurs (TR, PR, etc)
Distended neck veins
Enlarged liver
Leg swelling, ascites

Abbreviations : RV, right ventricle; RUQ, right upper quadrant;
TR, tricuspid regurgitation; PR, pulmonary regurgitation
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Table 4. ECG Findings in RV Failure

Right axis deviation or north-west axis
Incomplete or complete RBBB

Notched or slurred R in lead V1

rsR in lead V1

Qr pattern in lead V1

Increased S waves in lead I and aVL
T-wave inversion in leads V1-V4
Transition zone shift to left precordial lead
Sinus tachycardia

Atrial fibrillation or flutter

Significance of each item depends on the age and the underlying
disease of the patient. Abbreviations : RV, right ventricle;, RBBB,
right bundle branch block

Eefrrred by

i 4T

m m o nE o oo 2
| L

of FHsAE Ae B & Ak 3
§ HES U T AR

Fig. 1. ECG of 13 year-old patient with severe pulmonary hypertension. ECG
shows right axis deviation and right ventricular hypertrophy with strain pattern.

Fig. 2. Echocardiographic findings of 4 year-old patient with acute right heart failure.
Markedly enlarged RA, RV, and squeezed LV in 4-chamber view (A) and parasternal
long axis view (B) at end-systolic phase. Abbreviations: RA, right atrium; RV, right
ventricle; LV, left ventricle; Ao, aorta.

- 1044 -



2007

o

A50A A1l

Korean J Pediatr :

N ox T o B o W o w T o X T w7 WM o = xT280uyp
—_ = — Repio)
oy 0 DT ® T 3 M E 8 T o =M Ex @O Y5525
- — 9 A ok N W™ o T e i 3 & E® g $E°=
e P K E T K % 1o o < s B —o00—3¢ EE8E=38
T B WE e T oL 9 G > o8 SEE-ES
* R T R oo W g W - £ >2 > S 2550
o Tk WL TN Z o2 ] ) o CEZET s
S ow T w Mo s W® g KO ETC E g= 5B
T oeBmop MR ETF T TR =xw oy ® 22858732
=z T KW T oo 0 I W ok W O - g £8388,
T W w8 - 3R g W "N e B 5 Se5358
= F x5z mﬁ atd LI s 2 - - £ EgE%
Tor E S o g o do 2 _ = 5 © = @ =225
S ZmLeLiF v, PPy Tawpns 5.8 £ 25 58  gffma
oo KR LI <R ~ Jo =2 == © >~ T > ] S 2 SROR=I I
- L B B TR N I A T o Sz 289 28, °SCESLZ
— — s X o ' @ ndN, 2% o
— ° No o £ 7o T P oo =N o Mo g ] c - o? o )
S o B ) ™ X! c © 08 v u.g
g 2EICRETSc3E08 TatLl 0 S| Bl EE-f8—fEE TEszls
< o 1 T N <) < P e - ow RES
I - =0 T X s Ex o = c g 287 55235.
" ST TRl d s PELEP 2 - o i P STECEE
— <A ~ o o o + » ¥ L =] .
el "o X o Mo = 3= o T N » M — a - g5 &8 g
K 9| — o H © 9 — B © £ S50 o ®
MEE RT Dk P S 2 uTe L 53L 2 FENEE
Ol = ECC O T IO R R 50 c £5295,
KRR CE Sy AT e R ol T 2% 55 o S §F%zws
o ] o IF X @ o O ®sS o0 2
NN B R I T I (I L S e z3 . %825 §3 Faes=fg
X =0 = — o -— -
! Uﬂ_mL %A&r T M.AA =) H <P T o) = %14 W iy il M,H\ Mmmm ndN. S msm
et|03_|7<nﬁuoi m7®.mﬂ_ g ok o = .ﬂ..._._QMaQﬂ/lATﬂe — 0z— 5505—8% o = ~8EEE
mfvmiffrmm%ﬂrJO#E) uunHT__o___am:«.%%mw Ev £9E9 98P Ss5TsuF
—~ WO = LD A X O £ —~ o 3 =3 D = .
F s T FEZAHF K e cxd dpg PN & ESES =00 uwiiigd
= TR OE T N A o W W ook ® e M T . * ¢ mRavAasl
BHEWRE XN ERRRAPT T g YW E A g o EgT d oo PN ok E R
wORN SO — = o R T o o Jlo 9 . %O — T X T o
X Muvwmuor < DMH@MMZT G =9 il wﬂr TEX + X t_ﬂx T fUuz,ﬂuAl T7 jod
<A X S 0 XK o= R oy i ~n Q L &0 TN ol o =B - T I I Tl ST
JRS Sat PP w2 TxTE L BT TRl ook W < 9 I T
= Ioo o oF o A O omXE oF 5 B o5 — < o <A Mu ~N I o BOE %
w T 52 ﬂagurmi%aﬁggﬁz,%lmwﬁ. D P R T U® T F o
w 2 =B e " S = ~ X s Colic-aa — -
Rl R IS S o =S T D SR S SETwg3 Y
) R — — L x| T W oR i e <0 Br = eE N~ N — oT
Nr &p 5 ° o of o) X0 h ooy B oep N i or - =1 or — s o (A
wly Sy T mo X <B DR o 9 _— I xy . B X o = o W OB % K _ =
cr W mﬂw?ém, 0B oz 2ok O o w WM X g m,# o ., & BN Lw NEE W mgm %0 EL T o :
o 3 do - =X o T 9 m ot oy - HL < ot o G mm Mo o~ % ﬂ. = X %o _ - R P o s T o
2o B ogr oz oo = T X = o Al o B R ~ T T o K 0
Log aﬂxuoTﬂFio%wAu#ﬂﬁﬂg% Ao~ = oy e o ST = e
mﬂﬁD%Luo T M o0 R0 ﬂqaiununﬁ% N Mu N ﬁol_]ﬂrj_:._w éﬂﬁrogao],:/
8T T g =30 EF Py o PIFTOXATwL IR [ T x o Jo® oW
T S S ofoomo o B A S o~ = z i o oo XR 2 =L
> Q sl R R X 0 = <P o — %o ~ Wy T = o x N o
L =F gy NS oo 'L TP mow TS 2T PR —
KR .nka ~ =) OT — 0 3.L ﬂw_ e ‘N_.o m — T R o ‘m_H - 3 % . T ‘_w,\mn _z‘ NoE o N Y Ht < H;l o ‘M vﬁ _/6
= 3T RS RNF T as aATmazwmﬂﬂmmo#Lmc_aﬁﬂmhwumﬁe_eﬂc_aﬂmM " ﬂﬁﬂﬂyﬂnﬁr
= oo o i ~, —_ —_ o N =
T R T P TR F T I g PRl yna Ty R oL S
; - Gy - py 80 3 — Ko=) B3 ; [ - - SR~ o
o A A oW g g N & ozp = — = a — B T = _ & <
o w Y B - ~ g X T <o Mo X N o= 1+ o <P N i _- = N T oo =
N o .2 o - [ 2y X O NG X 9| Bo.x o 3o = W
%1 ﬂﬁmwwd_ﬂuvmuﬂ/w%l_%%wﬂa%ﬂu%mﬂﬂ%mﬂmouumm_wf%mwmcmcwrz Rl M%wum%eu_uﬁ%
’ v [ 3 ! — —_ —_ — —n
%ﬂwﬂmal%ﬂm%mn#gﬂlwufuﬁxﬂ@%#%@ﬂm%Egiww I+ e
—_ I~ o N T = g . —_— B = N ol
TIT R g M Egd e mﬂ%ﬂi%r%ﬂ.ﬁ%%q%ﬂ e M N R Ao Doz
n @ -l R R~ = - L o <o <l _~ = ~ oF I ] ~
Ap B LA ok BR T 5 X = wl - | ] ~ o N N NP mT OB o . K _ — ol _ B o
U= NP <A T > S~ - S S O w_ B o K w0 o
BN EF S s 5 o R ) 0 %0 © R xo T OCE N BT ™ % g callk
BT o T MDY W TAET TR RB T R T RN ORE O OT OROORE RN M d Jo T <A ok o

ceive vasopressors first and then inotropic agents if cardiac
output remains low. If cardiac output remains low despite vas-
opressors and inotropic agents, selective pulmonary vasodilator
may be beneficial. Abbreviations : RV, right ventricle; HTN, hy-

pertension. Adapted and modified from Piazza G et al®.

- 1045 -

g ol

7} A ook

7

bz}
%3

T

kel
pil

Sl A
o

A

.

H A

o

ARE 9
8% 714 gl votw

el (volume status)©l

1

Zo
b B



AT

(
of

sl omxoa@

=

2

Q

g MU dlo

ephrine,
pressin<

FA @A) A milrinone o A 2= S 9

Al
T

o

HAE AReE

H
T

dobutamine, milrinone, levosimendan

none< f -adrenoreceptorol ZH&3}#]

[e]

=

Al

o o
n

X
(o3

o

il

<)

,_,
o

N

A

N b
_O|L

rir

o
O

2
b1

z
A
2
il
o
N
ED
o 9,
i
2
o
rlr
o)
o
i
v
e
I W

14
i
o
o
2
rlo

i
2
ol

=
b1 ) =
9 X e o 4

i)
N
e

ol
>,

o

F

A N e}
tlo ng

)

=

A

2

= 4 o

oo e o rlr

oX
2

i (o
i
i 2

o

o
™
2
1o
_1
o
o)
Qa )

=2
&
oft
=)
T
)
ol
o
o
k1
9,
a8 K
o
=
ey
rJ
Joh o
ol
X
o

)

it
4 2

jl}b e rlr
+
X

2
fr
>
op 2
i
4
)
rr

o] dopamine, vasopressin®] ATl 53

44 % g1 w9E e 9
IR

K
o
o

)

o

ok7}

Al =2 T

A

d
]
=
sl Ak A RS 424714

e AL &
q

=LY
A gl A Fog 5 3

swego

Table 5. Doses of Vasopressors and Inotropic Agents
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Drugs IV bolus dose IV infusion rate
Vasopressors
Epinephrine 0.1 mg/kg of 0.1-1 ug/kg/min
1:10,000
Norepinephrine 0.05-1 pg/kg/min
Vasopressin 0.0003-0.002 U/kg/min

Inotropic agents

Dopamine 2 pg/kg/min: renal effect
2-5 ug/kg/min: inotropic effect
>5 ug/kg/min: vasoconstriction
Dobutamine 2-20 ug/kg/min
Milrinone 0.05-0.1 mg/kg 0.25-0.75 ug/kg/min
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Levosimendan 12-24 mg/kg 0.05-0.2 ug/kg/min
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ol v AT

T

-

Drugs

Route

Initial dose

Maintenance dose

Nitric oxide

Inhalation

Tloprost Inhalation (6-9 times/d)
Sildenafil Oral
Bosentan Oral

0.25-0.5 mg/kg/dose every 4-8 hrs

1.5 mg/kg/d

1-40 ppm (Max.: 80 ppm)
Weight >40 kg: 20-40 ug/d
20< weight <40 kg: 20 ug/d
10< weight <20 kg: 10-20 pg/d
Titrate up to 2 mg/kg/dose
every 4 hrs (maximum)
3mg/kg/d

2.5 ug
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5. Medical assist device 0|2 ¥ &7 X =

Medical assist device®] °o]&oly +&4 A5+ B
A A5 FES FYse] FAS L= B
Aol gy om FHo| HA g W Fx X
ment)Z A3 7 Aok A AT A A
St medical assist deviced] ©]&°lt} F&E4 A=
o] F 4 g7] wEel AFH Fito] aAy”
Medical assist device®Z L#E F A& A A FolA
%% A5 £ intraaortic balloon pump$t 414 assist device
7F Atk F device BT 4 A #xle] 98ty JHE £
A sE 5 de A 5
HE F e 4 Ase AW F44NE(atrial septosto-
A7

o i
R
r

?.":5]':’-7— Ta ‘F‘
H(rescue treat-

AHA 7} o]
29] 918 a9l

my), total right ventricle exclusion procedure, ZL&]il

o]2l(heart transplantation) &°| Atk AW FAAMNES F
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)
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& TR S AP AR oML AFY Fuow udd F
oh;]_
AR .
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