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Respiratory Management Based on Cardiovascular Physiology, and Cardiovascular
Management Based on Respiratory Physiology in Pediatric Cardiology

Masaki Osaki

Department of Cardiac Intensive Care, Shizuoka Children’s Hospital, Shizuoka, Japan

From a physiologic perspective, children are equal to adults. In congestive heart failure, elevated left end-
diastolic pressure causes pulmonary venous congestion, and leads to capillary leakage into the alveoli. In this
situation, diuretics and positive airway pressure are useful in both adults and children; however, pediatricians
should also consider children’s characteristics. For example, a child’s airway is small, which has an impact on
airway resistance, particularly when it is swollen. Dead space is another key factor that needs to be considered.
Furthermore, in many congenital heart diseases, pulmonary blood flow is not equal to systemic blood flow.
Thus, pediatric cardiologists must consider the relationship between pulmonary blood flow and the airway, and
the impact of oxygen therapy on pulmonary blood flow. Moreover, it is important to determine specific reac-
tions in congenital heart diseases. For example, in normal circulation, positive intrathoracic pressure assists the
left ventricle myocardium; however, in Fontan patients, positive intrathoracic pressure decrease cardiac output.
Therefore, pediatric cardiologists must be familiar with cardiovascular physiology and respiratory physiology,
and their interaction (i.e., the cardiopulmonary interaction).

Keywords: pediatric cardiology, congenital heart disease, respiratory physiology, cardiovascular phys-
iology, cardiopulmonary interaction
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B, KEE, MKUESZzEE T 5 BT i &
N, WIS BES 2 BRI 100% & 75 %. 37°C
IC B % BIRKZRSTEE 47mmHg 72D T, FiifldTO
KD DA (2250 DR 760—47=713 mmHg
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150mmHg £7%% (Fig. 2).
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Fig. 3 Gas exchange in alveoli
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Fig. 1 Humidification of the air

While the air is inhaled through the respiratory
tract, it becomes humidified and diluted with
added water. As the saturated vapor pressure
@37°C is 47mmHg, the partial pressure of the air is
760mmHg—47 mmHg=713mmHg.
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713mmHg
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Fig. 2 Oxygen in alveoli

The fraction of oxygen of the air is 21%. Partial
pressure of oxygen in alveoli is 713mmHgx0.21 =
150 mmHg.

PaO2=150mmHg
-40/0.8mmHg
=100mmHg

@ @Q PACO2=40mmHg

oz
Mmﬂ 00mmHg

PaC0O2=40mmHg

COz2 40mmHg = 0250mmHg

A: Beginning of inspiration. In alveoli, PAO, is 150mmHg, and P,CO, is nearly 0OmmHg. PaO, and PaCO, in pulmonary
arterial blood is 40mmHg and 46 mmHg respectively. B: End of inspiration. Oxygen is exchanged with carbon diox-
ide with ratio of 1:0.8 (respiratory quotient) while blood pass through capillary. PaCO, is physiologically controlled at
40mmHg, so P,O, and PaO, at the end of inspiration is 1750 mmHg-40 mmHg/0.8=100mmHg. P,O,, partial pressure of
oxygen in alveoli; PACO,, partial pressure of carbon dioxide in alveoli; PaO,, partial pressure of oxygen in blood; PaCO,,

partial pressure of carbon dioxide in blood.
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Fig. 4 Relationship between PaCO,, CO, produc-

atelectasis ,

tion, and alveolar ventilation

PaCO, is proportional to CO, production and
inversely proportional to alveolar ventilation. CO,
production will increase with exercise, with fever,
and increase of basal metabolism, etc. Alveolar
ventilation may also change with hyperventilation,
atelectasis, etc. Red characters indicate increase of
applicable parameters and blue characters indicate
decrease of applicable parameters. PaCO,, partial
pressure of carbon dioxide in blood; CO,, carbon
dioxide.

TN PaCO, & 40mmHg 75 5. 5 7Z ik
TBHERICED —DEZTENRFNEVITRWIEE
WIEETH % Y. WEIIMRUCENET BHTC, FED
BN, MAE S Vo Te T A DM T RO BB
R LIRS R0, COERIFEEE L TO
B E, HALZHIIZFE ST BE LW, OF
DIEEL D, FEREZERICH DD S TR —ETH
D, #2ml/kg EEDLNTWVS. A TIEIEAIC A%
TR~ EZZ LTS B RCE, T OFEREDN
IR RIS L TL 318, FHIARRD/NE 72/
BTREET Z0ENH 5.
QHERE L NIV TDH A3

i D T A & i DR 0D A A55Halk, Fig. 5 D&
S IHfEBOMEZE L TirbNn s, EHIEEHIm
EOHKEDNEEDFHKEX D & @ izoiimiE— Mg
ANEWS ELENELSD. UL LIBEREL I IEN
DD EWSD, BE-MENE WS EAR S FE
L, CORWKIELAR & BEIRETLLBLD b —2)NF
Y AMMEROFENZIRET B, BIEICHH Uk
VURRIGETT 2 K9 ICE->TEY, DLoimEs
ADKDTHE T D) VISR TRINENSE KD ITE->
TW5 Y (Fig. 5).
GOiMERERILIFDZEIL

T T COSRENE L UEBIRAREN R Lz &
5. TOE, KRET EF-MMEIRE ES—>EMm
EHNOEIKEN AT % 728, BHIME NEKE &



181

pulmonary

‘e e o e o o o o vein

. plasma osmo ess
capillary h osta&resure '

ﬁ*l'l' e

interstitial  pyqrostatic pressure osmotic pressure—
space ° ° ° lymph
drainage

alveoli

Fig. 5 Pulmonary capillary and alveoli

Hydrostatic pressure is higher in capillary than
in interstitial space. Capillary osmotic pressure is
higher than that of interstitial space. Net water bal-
ance is the sum of them. Excess fluid drains into
lymphatic system.
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Fig. 6 Pulmonary edema due to congestive heart
failure

Intracapillary hydrostatic pressure increases due to
elevated LVEDP. The net water balance into inter-
stitial space increases. When the net water balance
is over lymphatic drainage, excess water oozes
out into alveoli and causes pulmonary edema.
LVEDP, left ventricular end-diastolic pressure.
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Fig. 7 Effect of intrathoracic pressure on hemo-
dynamics
In spontaneous breathing, thoracic cavity cre-
ates negative intrathoracic pressure (assuming
—10mmHg). When blood pressure is 70mmHg,
left ventricle must create pressure of 80mmHg.
In positive pressure ventilation, ventilator cre-
ate positive intrathoracic pressure (assuming
+10mmHg). When blood pressure is 70mmHg,
left ventricle create only 60 mmHg pressure.
LV, left ventricle.

a, MENEERELZZ7S HMtd 572D
—10mmHg &£ 9 %), EZLHIEN—ZA T A V-
10mmHg 5 70mmHg O 2 1F 5 & hid7x 574
V. DE D 70— (—10) =80mmHg D22 {57z
LIRS0,

CHUCH LTRSS O, MENERTEE 5
7z (AU Bk +10mmHg £ 9 5%), A%
DEEN—RAF A4 > D+10mmHg 7 5 70mmHg D
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Fig. 9 Impact of edema on airway resistance
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4, MADEGE r=5mm I 1mm OFFENECTr
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9A).
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Fig. 8 Airway resistance of adults and children

When radius of adults’ airway is 5mm and chil-
dren’s airway is 3mm, resistance of children’s air-
way is proportional to the 4th power of inverse of
radius, which is about 7 times than adults.

Children

B I R

4

radius — % resistance= (%) £ b times

£ 7.5 times

3 5
If turbulent flow (7)

A: In adults, 1 mm swelling makes radius 4/5, then the airway resistance becomes 2.5 times.
B: In children, 1 mm swelling makes radius 2/3, then the airway resistance becomes 5 times. If it is turbulent flow, the

airway resistance becomes 7.5 times.
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A BW=3kg

ventilator setting  24ml x 30/min=720ml
24ml

. 6ml (anatomical dead space)
6ml (dead space in circuit)

12ml < alveolar ventilation

effective minute ventilation =

12ml x 30/min=360ml/min

Fig. 10 Impact of dead space on ventilation

A: 3kg baby is ventilated with tidal volume 24 mL.

B BW=3kg

ventilator setting 18ml| x 30/min=540ml
18ml

. ©6ml (anatomical dead space)
6ml (dead space in circuit)

emll < alveolar ventilation

effective minute ventilation =
6ml x 30/min=180ml | | /min

There are two kinds of dead space, anatomical dead space (pink) and circuit dead space (yellow). When both dead
spaces are 6mL respectively, effective alveolar ventilation is 24mL—12mL=12mL. B: Decrease of tidal volume
When you decrease tidal volume to 18 mL, these dead spaces are unchanged, so alveolar ventilation become 18 mL—
12mL=6mL. Notice that decrease of tidal volume by 25% makes decrease of effective alveolar ventilation by 50%.

BRICIEELIR & 75 5 T D IPUEIE 5 Tl B, DD
(3/2)° =7.51%&7%% (Fig. 9B).

FU Imm OZETERATIE 25 FICE%ET 5
ANRTIE 7565, DEORACHEL T3 52t
WREL TGS, NEHEEETH> TENRITITIEFIC
KERTEERIIT T ENHEINES.
DA

HOR s XAVNE W&, FRC A TR EHh O
SEMEDENMEH T E 275 %. HlE LT, {hHE 3kg
DEVLO N TIFIREEZ#E Z Tz (Fig. 10A).

18] 1 50 & 24 mL (8 mL/kg), W W [9] ¢ 30 [11/%7
THKRLTW2 T 5L, MR EO RS R
24mLXx30 [A=720mL & 7% %. UM UEBICIEA R
RHUCBE G LR WEENFET 5. LTS TN
A AL EBD, BEFZ IR TTNAUCHOTWVS
MK OSEE AR Z R L7725 6mL, DF D 2mL/kg
Tholz. &t &AEMENIENED 2mL/kg (79 %
128, TOBEDEID b —% )V TOIEREE 4mL/kg
=12mL &7 %. PEER Bid—[AH4E 24 mL (8 mL/
kg) TR T ZHRECZ>TWVIELTE, EEIC
A AN Z 59 2 i simld (24mL—12mL) X
30 [l=360mL/77 & 7% %.

ETC, TOENDPaCO,n 30mmHg & 7% > 72
72 ¥ PaCO,=40mmHg IC 7% % & 9 I 24mLX3/4=
18mL/[Al (=6mL/kg) ~\—EHAEZIS L, 77
P2 18mLX30=540mL ICRE L7z &9 % (Fig.
10B).
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ICHEED B BRI AN B EN D 5.
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A RS ENIC N L SRR I3 AR M E &
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RrdlbdTicks.
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Fig. 11 Lung volume and pulmonary vascular
resistance

Component caused by hypoxic vasoconstriction
and collapse decreases with lung expansion (yel-
low dot-line). Component caused by distended
alveoli increases with lung expansion (blue dot-
line). Total PVR is the sum of two components
and become U-shaped. PVR is the lowest at FRC.
FRC, functional residual capacity; PVR, pulmo-
nary vascular resistance.
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Fig. 12 Pulmonary vascular resistance and lung
conditions

When the patient has atelectasis or col-
lapsed lung, increase of lung volume
leads to reduction of PVR. When patient’s
lung is overinflated, decrease of lung vol-
ume leads to reduction of PVR as well.
FRC, functional residual capacity; PVR, pulmo-
nary vascular resistance.
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