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Physiological Dead Space and Shunt Following Open Heart Surgery*

KR. Lee M.D.**, |.K. Rho M.D.**, C.H. Nam M.D.**, CS. Lee M.D.**, C.H. Kang M.D.**

It has been recognized that the profer matching of ventilation and perfusion within the lung is essential

for the efficient exchange of gases following open heart>surgery. Physiologic shunt reflects the amount of

blood going to lung units with inadequate ventilation and these are also areas of the lung with adequate

ventilation but inadequate blood flow. This can be quantitated by measuring physiological dead space.

From January to Agust 1985, The physioiogic dead space and shunt during postoperative course had been

taken in 30 patients of open heart surgery in Soonchunhyang University Hospital. Twenty cases had congenital

heart disease and acquired valvular heart disease were noticed in 10 cases.

The physiological dead space and shunt during postoperative periods were calculated and we made 5

items of conclusion:

1. There is high probability of ventilation-perfusion mismatch in the acquired heart disease group compaired

to the congenital group.

2. Duration of the CPB can exert significant infuluences in the physiological dead space but less in the shunt

fraction.

3. There is positive rélationship between Qs/Qt and Vd/Vt in the group B (CPB>90 min.) but less reliable

in correlation.

4. Perfusion impairment is more significant in the diminished pulmonic blood flow group compaired to the

increased pulmonic blood flow (Qp/Qs>2.0) group.

5. There is no significant ventilation-perfusion mismatch within the lung during all postoperative courses.
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Table 1. Clinical Meterials

Congenital heart disease Acquired heart disease

. . No. of . No. of
Diagnosis . Dignosis .
patients patients
VSD 8 Mitral V. 5
ASD 4 Aortic V. 1
ASD+PS 2 Mitral + Aortic 4
ECD 2
TOF 2
PS 1
Valsalva aneurysm 1
Total 20 10
2 B &

Xejlol A polystan itHe] 7] X8 44 ¥7] & AFLBSY
o] 4T St. Thomas Hospital 4rlujfoz2 AA=H]
§ Fx3te 4ddel WAL ol &Y FYRS %
B JUXt FEZHERE .2 LY 23E =239
o},

B o)A KT B4 EU(PECO,)
REE A%ty o9 2 ZUE A2ge AGiy
c}(BE1]. Finland 8] Datex it %<1 ABM-2 syst-
em (ABM-200 control unit, Normocap C0,/0,
9 ABP-100 graph
ic printer) o] Datascope monitor & dZA 3 4R E,

monitor, ABV-100 video unit,

ABM~200
CONTROL UNIT

NORMOCAP C02/02

ABP-100
GRAPHIC PRINTER

(real time) ABV-100
VIDEO UNIT
(trend)
N
PN pzsensor
iy T R L
chamber
Reference E—\_J:D
chamber < Ly
£ cal
Detector s%;rc\:[;

Fig. 1. Schematic view of monitoring system for PECO,.
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4 BAYEEH (physiologic dead space) % VD/VT
ratio = BEIMEES] 2o wepd A HE $5t
Qev2 BE FAs Ausvasr] A AASEA
AgA4ql A HLegEri(E 2). anatomical dead

spaceo] 71 BE ABE FE ABRHARE 2 o]

387 AMaloA T3 Bennett MA-2 %
o A& 12mle v 2 135 FFE A A
Asta] A&AHQ HALZEE AR At FAol
gz} d4E5s TEHES4E 2AsE 1,3,7.12 A%
o2 Aty x E3 PECO, FAHAE 28719 si-
ghs wWiAsA} Qs/Qr ¥ Vp/Voe E39 54
A gk
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Table 2. Principles of Mechanical Ventilation

. Dimension of endotracheal tube: Miller's table
. Respirator: Bennett MA-2, volume type

. Mode of ventilation: CMV- with 6 sighs/hr

. Tidal volume: 12ml/kg, constant

N o W N

. Control FiO, and R. frequency: According to BGA

Table 3. Calculation of Datas

1. Sampling interval: Postoperative 1, 3, 7, 12 hr.
2. a-VO, diff.: Actual datas
3. A-aDO, = [(Bar.P-Vapor P) x
Fi0, - PaCO,] - Pa0,
A-aDO0,x0.003
a-vQ, diff. + A-aD0,x0.003
5. Vd/Vt = PaCO,-PECO,

PaCO,

4. Qs/Qt =

oI |R &R

1) Fhel JtAXTMKAE (B 4, X 2)

30H AHolA BEDAAFTES BHES  HA
36.17+=4.76torr o} 4] & 3 38.00%4.91torr 24 ZF X

Table 4. Gas Exchange Datas during Postoperative
Periods(n = 30)

Parameters 1 hr 3hr 7hr 12 hr
PaCo, 36.30  36.17 37.27 38.00
* 579 4.76 4.43 4.91
PECO; 29.27 2990 31.07 3121
*  5.36 4.18 4.10 5.18
A-aDO, 167.98 96.00 63.80 57.7%
* 77.31 7290 40.58 29.96
a-vDO, 4.80 523 5.73 6.43
* 7731 7290 40.58  29.96
Qs/Qt 9.54 5.44 3.61 2.98
*  3.93 4.03 2.88 1.92
Vd/vt 20.56 17.80 1847  18.63

* 811 6.53 8.07 9.13

* Standard deviation

100 40
X torr
30T 130
20r vd/vt 120
10t I 110

Te.. Qs/Gt

hr. 1 2 7 12
Fig. 2. Changes of physiological shunt and dead space in
postoperative periods. (n=30)
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g BFou 347N 4oz EFslgonV,
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8.11% Aolel P EelA FFF F Adfdez & ¥
AHe] e RAoZ Yyt

2) XY ZXEOxRB Yl (Es5, £3)

=¥ A3E ok FHAAABAY AFLA 3~6
% BEZ Qs/Qr7t o ¥ A¥E Ego AH4

o AS FEF 3APHA Qs/Qr 7t 3.89+2.61%2 F
AEAG v FRAGLA B AT 1240004 H A
o2 stk

Vp/Vr AHAolA 24 14.84%5.98%% H=z
17.56+6.49% 24 2 BFH 7} 20%E gx gatort
Beba el A E 20,442 7.39%9 23.57+9.44% Alo]
24 A4 2o} RAE 5~7% WL ATE 2R
o, weld FHYAGA B Hpol= BOKTA B
71(Qs/Qr) o 7 (Vp/VrdAbole] E-F8o] M4
A2 el wisle] B} 42437 Ao g R

Table 5. Postoperative change of physiologic shunt and
dead space.Congenital heart disease vs. acquired
heart disease

Parameters 1 hr 3hrs 7hrs 12 hrs
CHD Qs/Qt 8.65 3.89 2.68 2.09
* 3.56 2.61 2.03 1.08

Vd/vt 17.56 15.17 14.84 16.36

* 6.49 5.25 5.98 5.58

AHD Qs/Qt 11.32 8.56 5.49 4.70
* 4.05 4.54 3.37 2.52

Vd/Vt 23.57 20.44 21.89 20.52

* 944 7.39 9.54 11.18

* Standard Deviation

3) MAMERAILD % el 72T AKE (36,5
4, 5]

4 AN 30 HE AdeBAY 902 LT
At o LIEQ BEoR vio ZARIER. Qo/Qr
9] Wl MM 2 Aol oo AL FF
3AIZ A el BB €F 77 A2 A4
A2 st e, 2y Vp/VrdAe &Fel 838
o) E Beol AR A 12.81+3.99% Hz 15.9
+6.66% Alolo] »FZ ¥l BRolA & 20.57%7.70
%S} 23.18%7.81% Alo]EBA ARV} 7T~8% %A

4

3T 30
4 Physiological shunt %
20t 20 1 AHD(n=10)
.\.\_\CHD (n=20) ..

10 10 } I

I

\'
\.

cHo I\\"I%ml Physiological dead space

hr. 1 3 7 12 hr. 1 3 7 12

Fig. 3. Changes of physiological shunt and dead space in postoperative periods. Congenital heart
disease (CHD) vs. acquired heart disease (AHD).
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Table 6. Postoperative changes of physiologic shunt and
dead space.Group A (CPB<90 min.) vs. Group
B (CPB>90 min.)

l1hr 3hrs 7hrs 12 hrs

Group A Qs/Qt 933 439 276 3.08
* 3.86 3.71 2.11 2.86

Vd/vt 1594 12.81 1346 13.80

* 6.66 3.99 5.38 6.81

GroupB Qs/Qt 975 649 4.05 2.62
* 4.00 407 233 1.21

Va/ve 23.18 21.04 20.57 20.69

* 7.81 596 7.70 8.99

* Standard Deviation

o] 90 Fo|s} £8% AZo) A+ HEMHEMK (correlation

re] 0.12 24 shunt & dead space 3
3 Atelo] 42 A4do] giort Bl MHEBRKR
o 0.59 2 493l §oA4 & B4 Y=14.38+0.9
X 2] 3734 (regression equation) o] we} &3y
= gt AEHAzte] 90F ol AeR AJdY A
Sl Qe/Qr e Vp/Vie 4% A4 E 7= 4

coeffieient)

S A9e & £ A9,
4) HR ERL Wk TPATHRMG(E7, 6]

AR AABZ Y EEER Q/Qs 7}t 2.0 o)A
Cesl RiEito] = DE(HAF) KKk A8
REE BRI Bl Qs/&ry €3Hs:s 3
o] & Holz 9gtovt Vp/Vre  17.93%7.43% o4
20.50+4.87% 4lo]2] Dafo] CRE T} 4~8% AEH
A A5e Has AAZ BN 4o ATt Held
SAEAQ vl gdovt 3452 D2 ik Bl
o BATH Bos 288 MnES B 2o 4z
del d= R vebge}

Table 7. Changes of the physiologic shunt and dead space
in postoperative periods. Group C(Qp/Qs>2.0) vs.
Group D (diminished PBF)

1hr 3hrs 7hrs 12 hrs

Group C  Qs/Qt 9.67 2.71 1.61 1.63
* 4.72 1.39 0.95 1.05

Vd/Vt  13.14  11.70 11.37 14.80

. 2.16 2.08 4.03 1.48

Group D Qs/Qt 8.02 3.88 2.28 1.93
* 3.62 1.86 0.74 0.47

Vd/vt  20.50 1892 19.08 17.93

* 4.87 3.30  5.05 7.43

* Standard Deviation

30 30
Y 4 Physiological shunt % Physiological dead space
e
20t 20t Group B
~. J. |
~, e
P
roup A
10+ 10¢ 1 J_
Group B (n=15) §
N
Group A [T~ =
(n=15) l
hr. 1 37 12 hee 1 3 7 a2

Fig. 4. Postoperative changes of the physiological shunt and dead space. Group A (CPB<80 min.)

vs. Group B (CPB<90 min.).



Group B (CPB>90min.) Group A (CPB<90min.)
40

. n=60
30t r=0.12
Y=12.8 + 0.18X

Physiological dead space (%)

n=60
r=0,59
Y=14.38 + 0.96X ¢
(Qs/Qt) . X R (Qs/Qt)
0 10 20 30 O 10 20 30

Fig. 5. Relationship between physiological dead space (Vd/Vt) and shunt (Qs/Qt), including cor-
relation coefficient and regression equation.

30 30

b4 * Physiological shunt %| Physiological dead space

20t 20
Group D

[ ® -~ -/”l

e

10| Group C (n=7) 0] _ l
Group C

hr. 1 3 7 12 hr. 1 3 7 12

Fig. 6. Changes of physiological shunt and dead space in postoperative periods. Group C
(Qp/Qs>2.0) vs. Group D (diminished PBF).
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