The Effects of Major Surgery on Cardiac
Output and Shunting

Frank J. Colgan, M.D.,* and Paul D. Mahoney, M.D.7

Cardiac output, resting lung volume (FRC) and
physiologic shunting were d in 12 pa-
tients immediately before and after upper ab-
dominal surgery. FRC and physiologic shunt did
not change. Cardiac output, however, was re-
duced significantly, and considerable individual
variation was observed. In addition, shunt esti-
mated with an assumed Cao,— C¥o. of 4.5 vol
per cent frequently differed greatly from the shunt
actually determined. Results of the study indi-
cate that changes in cardiac output can lead to
H in the calculation and interpretation of
intrapulmonary shunting of blood. The greater
the shunting, the more significant are changes in
cardiac output in the determination of shunt. In
the seriously-ill patient in whom changes in car-
diac output are expected, management of cardio-
T
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is more effectivel

P Y p
plished when both A — aDo. and Cao, — C¥o. are
determined.

CrIiNicaL  assessMENT of  intrapulmonary
shunting of blood is frequently made by mea-
suring the alveolar-arterial oxygen gradient
(A —aDos). This method of estimating
shunt, however, requires the use of an assumed
arterial-mixed venous oxygen content differ-
ence (Caos — Cvo,). The validity of shunt
estimations without measurement of mixed
venous blood may be questioned, particularly
in situations where changes in cardiac output
can be expected. Aceordingly, a series of 12
patients was studied to determine the effccts
of upper abdominal surgery on resting lung
volume (FRC), cardiac output, and Cao:
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— Cvo,, and the effects of changes in thesey
parameters on the estimation of intrapulmon-g
ary shunting.
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Methods

Paticents selected for study were about toS
undergo major upper abdominal surgery.o
Many were seriously ill.  Operations pcrformcd%
included bilateral adrenalectomy, gastrcctomy,g
aortic aneurysmectomy, total colectomy, and“g’_
repair of a massive ventral hernia with bowel 3
resection in a 422-pound patient with Pick-g
wickian syndrome (Patient 12). Patients, 2, 3,33
7, and 12 had significant chronic pulmonary 3
disease. The patients selected, therefore, can-N
not be considered representative of a normnl%
surgical population. The mean age of the pa-Q
tients was 55 (37-68) years. One hour after
premedication with 100 mg pcntobarbitalg
(Nembutal) and 0.6 mg atropine, intramuseu-3
larly, the patient was brought to the opemting%
room and the preoperative studies were done'’>
with the patient supine either on the opcrnting§
table or on a stretcher. S

A 36-inch central venous cathcter \\'us§
passed through the basilic vein into the right @
ventricle for collection of mixed venous bloed
samples. Venous pressure was monitored with §
a water manometer during advancement of theg
catheter; proper placement of the catheter tip 5
was determined by fluctuations and rise in theg
pressure consistent with mean right vcntricu-é
lar pressure. Either the brachial or the radial 5
artery was cannulated with a one-inch 22-2
gauge needle for collection of arterial blood »
samples. A #8 soft French catheter, for col- §
lecting either inspiratory or end-expiratory gas
samples, was passed through the nose until the
tip was just visible in the posterior pharynx,
then taped in place. During breathing of air,
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expired air was collected for two to four min-
utes in a meterological balloon, utilizing a
mouthpiece, nose clip, Sierra nonrebreathing
valve and Collins two-way valve. Expired-air
analyses and volume were used in computing
the respiratory exchange ratio (R) and oxygen
consumption (Vos). Arterial and mixed ven-
ous blood samples were drawn coincident with
collection of expired air and analyzed immedi-
ately for pH, Pco:, and Po-.

Denitrogenation was then carried out for ten
minutes, utilizing a mouthpiece, nose clip and
Sierra nonrebreathing valve, the latter con-
neeting a five-liter anesthesia bag to a face
mask. A 50-ml end-expired air sample was
collected from the posterior pharynx and
analyzed for O: and CO-.

Pao, of the end-expired gas following ten
minutes of denitrogenation was first measured
with a Beckman C-2 Analyzer, and CO= con-
tent with an Anesthesia Associates COa Anal-
yzer. COs analysis assured the validity of the
end-expired sample; the remainder of the sam-
ple was then analyzed for O: and CO: in the
laboratory with a Beckman 160 Analyzer.
Arterial and mixed venous blood samples were
drawn at the time of collection of end-expired
air.

The functional residual capacity (FRC) of
the lungs was measured by the closed-circle
helium-dilution technique.!

The surgical operation was then performed.
Anesthetics and techniques used were at the
discretion of the anesthesiologist and included
nitrous oxide, cyclopropane, halothane or
Imethoxyflurane, with or without muscle re
axants. Controlled respiration was employed-
in all cases. Following operation, preoperative
studies were repeated, but not until the patient
had recovered from the anesthetic sufficiently
to cooperate and respond appropriately. This
was from one to four hours following operation
in the recovery room. Narcotic medication
was omitted in the postoperative period while
blood gas studies were done. Occasionally
postoperative body temperatures were lower
than preoperative values, but appropriate
corr of blood t were always made.
Shivering, which might have affected oxygen
consumption, was not encountered.
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Calculations

umoq

Oxygen content of blood (Cbo,) was caleuo
lated from the equation:

wd7] pape

Cbo, = (HgbX1.31)S0s+ (Pbo,X0.0031) (1

Whole-blood saturation (Sos) was caleu=
lated from the oxygen tension of blood, usinﬁ
the Severinghaus calculator, which corrects2
for pH, Pco: and temperature* Pulmonary®
capillary blood oxyzen content (Ceo,) was cal®
culated by assuming full equilibration of pulg
monary capillary blood at the observed Pao,8
The oxyzen content of each of 34 samples o
arterial and mixed venous blood from sevem
patients was also determined in duplicai:eﬂ
polarographically, using a mixture of deoxy<.
genated potassium ferricyanide and blood.? s

Pao. during inhalation of air was calculate
from the standard alveolar air equation em=:
ploying corrections for the respiratory exclmngc%
ratio (R) and assuming that Paco, was equaé_
to Paco.. >

Pao, during inhalation of oxygen was 255
sumed to equal the end-expired oxygen tensio®
following at least ten minutes of denitrogenasy
tion. It was not caleulated by the usual apS
proach using the formula Pao, = P — (l".aco3
+ Pusot) for the following reasons: In dealings
with the eritically-ill, and somtimes restless;
patient we have found it not always possible td
climinate occasional entrainment of air during
denitrogenation, and in spite of what appear§
to be a suitable length of time, the expired ais
may contain some nitrogen. Also, many o
these patients with ventilation problems would®
require more than 30 minutes of oxygen inhalg
ation for complete washout. Insuch a circumg
stance we believe that direct measurement of 8
reasonably stable end-expired O: (and CO.%
provides a more accurate assessment of Paog
since it actually can detect air entrainment nnt§
avoids a period of prolonged denitrogenationg
Last, the assumption that Paco, = Pacog
may not be valid in the presence of shunts og
more than 20 per cent. 2

Cardiac output during breathing of air w:
determined according to the Fick principle:

LAz
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Vo:
Cno, —_— CVo,
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C.0. (I/min) =
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Tante 2. Effects of Surgery on FRC, Vos, and Cardiac Output

O
FRC (m1) Vo (ml) C.0. (t/min) g
=1
Pre-op TPost-op Pre-op Post-op Pre-op Yg’_
(]
Pt 1 1,930 2,490 249 244 5.3 o
Pt 2 1,350 1,540 200 198 9.5 3
PL 3 2,210 2,070 120 207 5.2 3
Pt 4 2,539 2,200 285 213 5.7 =
Pt. 5 1,990 1,720 195 184 7.8 g
Pt. G 1,920 2,190 171 145 5.2 g
Pt 7 1,370 1,560 186 164 3.1 s
Pt 8 3,250 3,230 229 204 6.2 2
Pt 9 2,260 2,310 193 202 1.1 2
Pt. 10 2,080 2,348 199 200 54 =z
Pt. 11 2,313 2,117 200 196 50 5
Pt 12 1,550 1,250 357 132 9.4 =
[

I=SE | 2,068x£145 | 2,003:172 215216 21620 6.0.54 18458 3
5
@

o

When air was inhaled, the total physiologice
shunt was estimated from the following equa-
tion:

L. Cey, — Cao,
Q/Q = oo~ Cro, @

which relates the shunted portion ({,) of the
cardiac output to the total output (Q.). The
difference between the actual oxygen content
of artieral blood (Cao,) and that which was the-
orectically possible if all blood entering the
lungs were to reach full equilibration with the
alveolar oxygen (Cco,) represented the alve-
olar—arterial oxygen content gradient (Cco,
— Cao,)- During inhalation of air this gradi-
ent results from blood coming through intra-
pulmonary anatomical shunts, through atelec-
tatic lung as well as from areas of low ventila-
tion relative to perfusion.

During inhalation of oxygen, the true shunt
was measured; it represented blood shunted
past atelectatic lung and through anatomic

shunts. The equation for determining the
true shunt was:
Qu/Q:

(Pag, —~ Pao,) 0.0031
- (Pao,—P2o,) 0.0031+ (Cao,—Cvo.)

Results
ErFect oF OperaTioN oNx FRC, Carpiac
OUTPUT AND SHUNTING
FRC, which is known to be linearly and in-
versely related to the total physiologic shunt,*
remained remarkably stable following opera-

(€]

tion (table 2). Prior to opcmtlon the mean$
total physiologic shunt was 22 per cent of thd@
cardiac output; the true shunt, during breath-! “’-_{
ing of oxygen, was 12 per ecent.  No significantS
changes in shunting occurred following opcm-c
tion whether air or oxygen was inspired. 'I'hus, =
approximately half the total physiologie shunt—*
ing in this group of patients was due to am
ventilation—perfusion abnormality unchangedw
by surgery and anesthesia. Cardiac output,t
however, was reduced following operation.o
Prior to operation the mean cardiac outputg
was 61/min. It fell to 4.5 1/min after operation.S
The change was significant (P < 0.025).

RELATIONSHIP OF ALVEOLAR—ARTERIAL OXY—
GEN CoNTeENT GRADIENT AND CARDIAC
OUTPUT TO SHUNTING

-000606961-2¥S0

A positive linear correlation was demon-@
strated between the alveolar-arterial oxygeng
content difference and Q,/Q, during brcathmgu
of oxygen. (r = 0.86) The regression equa-g
tion best expressing the relationship (dntﬂ.;
from table 1) was y = 13.9z 4 3.4 where y5
= per cent 0,/Q. and z = Ceo, — Cag, (v Olm
per cent). During breathing of air the correln-
tion of the alveolar-arterial oxygen contcnt‘.f‘3
gradient with the total physiologic shunt \\as#
much less apparent (r = 0.49), although theo
regression equation (y = 13.6z -+ 3.8) wasS
similar to that during breathing of oxygen. &

No significant correlation was noted between Q
cardiac output and Q./Q. during breathing of ™
oxygen or air (r = 0.28, P < 0.2).

20C
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SIGNIFICANCE OF ARTERIAL-MIXED VENOUS
OxyGeEN CoNTENT DIFFERENCE IN
CALCULATING SHUNT

The mean preoperative Vo of 215 ml/min
was unchanged following surgery (table 2).
Since changes in Vo: at rest are known to be
small, alteration of cardiac output was deter-
mined principally by changes in the arterial-
mixed venous oxygen content difference (Cao,
— Cvo,). An increase in the mean Cao,
- Cvo, occurred following operation when
both air and oxygen were inhaled, and during
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~1

oxygen inhalation the change was significant

(P < .05, table 1). Since the determination of

shunt is directly influenced by changes in t]xeo
Cao, — Cvo,, the effects of an assumed Cao,__
— Cvo, of 4.5 vol per cent and the nctualn
Cao, — Cvo, in computing the ph)sml%lc‘r
shunt were determined (table 3). The cholcc—‘
of 4.5 vol per cent was arbitrary. This reprc—B
sented, however, the mean of all the pre- nnd_?;_
postoperative values obtained while our pa-s

tients were breathing air and oxygen. Thc’:
value also is that obtained by Cournand el al.p

@
[

Tanue 3. Physiologic Shunt Determined by Actual vs. Assumed Cagy — Cvo, of 4.5 Vol. Per Cent _g
o

Preoperative Postoperative f\,

3

Aectual Assuted PE::;"‘ Actual Assumed PE;?'“ P %

(0]

[2]

Room air %
Q./Q, <
X100 &
Pt. 1 10 -2 9 74 —-17 =3
P. 2 (30 —~49 27 214 ~20 2
Pt. 3 31 —40 18 30.2 +68 -
Pt. 4 13 +9 17 26.0 +352 =3
Pt. 5 28 —36 28 16.5 —41 @
P 6 13 —-20 13 4.8 -63 %)
Pt. 7 |15 +27 17 16.6 —2 N
P. § |15 —17 13 9.6 26 @
Pt. 9 |12 0 14 8.1 —42 N
Pt.10 |24 ~11 22 24.1 +9 ®
Pt.11 |23 -9 15 16.6 +7 >
Pt.12 |44 372 -15 33 36.0 +9 S
o

S2SE | 21526 | 173220 | —136 185420 | 18126 | —5.5 S
+48 %6.3 =

<0.003 <0s0 X

©

100 Per g
cent oxy- 8
gen Q./ =
QX100 S
Pt 1 8.4 8.7 +3 9.4 0.8 +4 S
Pt. 2 | 147 6.4 —56 13.1 14.1 +7 3
Pu. 3 9.3 6.4 -3 5.5 8.1 +47 °
Pt. 4 {100 9.0 —10 53 8.1 +352 =3
Pt. 5 110 9.6 +12 16.9 112 —-33 g
Pt. 6 4.8 4.8 0 11.0 14.1 +28 Q
Pt. 7 82 8.0 —2 7.5 115 +353 o
Pt. § 94 9.6 +12 6.5 5.6 -15 aQ
P. 9 | 97 8.1 —16 7.5 6.6 —12 ]
Pt. 10 163 14.6 —-10 17.0 15.6 -8 <}
Pt 11 | 141 12. -12 10.0 1.2 +10 g
Pt. 12 23.0 232 +1 16.9 204 +20 S
o

X+SE 11.6=1.1 | 102442 —835 10.6:£1.2 | 11.3=1.1 +12.7 5
2 5.0 N

<0.10 <0.70 E
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POSTOR

PRE.OP

. 1. Range and mean error from actual shunt
estimating shunt using an assumed Cao.
~ Cvoy of 1.5 vol per cent (N = 12).
under rigidly controlled conditions in resting
man.5

Prior to operation, the mean total physi-
ologic shunt during inhalation of air would
have been significantly underestimated if an
assumed Cao, — Cvo, of 4.5 vol per cent had
been used in computing shunt. Table 1 con-
tains evidence that the patients had mild res-
piratory alkalosis, probably due to apprehen-
sion associated with the study and contributing
to increases in cardiac output. Alean values
for total physiologic shunt after operation and
true shunt both before and after operation,
however, were not affected by assuming a
Cag, — Cvo, of 4.3 vol per cent for the group
of 12 patients.

In individual cases, however, the shunt com-
puted by using an assumed value of 4.5 vol per
cent frequently differed iderably from the
shunt computed with the actually-determined
value (table 3). In only four of the twelve
patients studied were the actual and assumed
values for shunt within 10 per cent of each
other. These differences reflected the vari-
ability of cardiac output among patients and
changes induced by surgical operation. Had
these differences in cardiac output been ig-
nored, estimation of intrapulmonary shunt in
individual cases would have been off as much
as 30 per cent (fig. 1).

Figure 2 depicts the relationships of the pul-
monary (Cco, — Cao,) and the systemic
(Cao, — Cvo,) oxygen content gradients to
the physiologic shunt. The arrows in Figure 2
span the pre- and postoperative values for
these gradients for each of the 12 patients dur-
ing breathing of oxygen. It is apparent from
this figure that changes in the systemic gradi-
ent played a significant role in estimation of
shunt, and reliance on changes in the pulmon-
ary gradient alone would have led to erroneous

F. J. COLGAN AND P. D. MAHONEY
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estimations. The figure further illustratesy
that, with a fall in cardiac output and an in2
crease in the syst oxygen gradient, the2
intrapulmonary gradient would also inecreased
yet the true shunt would be unchanged. Thus8
a reduction in cardiac output per se does nots
affect shunt size but can reduce further the3
saturation of the mixed venous blood ﬂm\'ing’fr
through the shunt. While this venous ad=%
mixture will increase the mtrapulmonary:
gradient by lowering the arterial oxygen ten-

sion, it will not affect the size of the shunt.&
Seven of ten patients who had increased sys-c
temic oxygen gradients following surgery%
actually had no changeor reductions in thesizcsg
of the shunts.

Discussion
\When measured during inhalation of bothO
air and oxygen, the total physiologic shun&g
may be divided into two major components'n:l
that due to overperfusion relative to ventila-g'
tion and that due to the true right-to-leftd
shunt, most commonly attributed to atelecta-S
sis. The grouped results of the present study=
indicate that anesthesia and major opemﬁon%
do not have an appreciable effect on the amountg;
of true shunt (atelectasis) or that portion of thell
total physiologic shunt due to ventilation—per-&
fusion abnormalities. Moreover, in individual®
cases, shunt values did not change appreciably S
following surgery, whether the shunt was highQ
or low in the preoperative period. Inaddition,
no reduction in resting lung volume (FRC) oc-:—o\
curred following surgery. Evidence has :1Iso£o
been reported for the lack of development of 3 5]
atelectasis during and following hnlotbanco
anesthesia and spontaneous respiration for sur-&
gery on the periphery in healthy patients.¢? §
However, major operation and anesthesia®
are known to be responsible for changes ing
cardiac output,® and in the present study a2
significant reduction in cardiac output was@
present in the immediate postoperative period. §
Had not the true Cao, — Cvo, been used ing
computing shunt, the total physiologic shuntg
prior to operation would have been under-o
estimated. Highly significant variations in§
cardiac output and Cag, — Cvo, occurred §
among patients and between pre- and post-m
operative values for each patient, which all but N
precludes the use of a fixed Cag, — Cvo, in
estimating shunt. Data are available which

Isay}sa
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indicate that even under strictly controlled
resting conditions the average maximal vari-
ation in cardiac output is 17 per cent in indi-
vidual subjeets® An attempt to estimate
intrapulmonary shunt without incorporating
the effects of these changes becomes inereas-
ingly speculative in situations promoting in-
creases in cardiac output. Febrile, apprehen-
sive or ancmic patients are likely to have in-
creased cardiac output. Since the relationship
between cardiac output and Cao, — Cvo, is
not linear but hyperbolie, reductions in Cao,
— Cvo, in the presence of a large cardiac out-
put will have a proportionally greater effect on
estimation of shunt than when the cardiac out-
put is low. Shunt estimations, then, are less
aceurate in the presence of high output, the
accuracy dependent both on the standard error
of measurement of blood oxygen content and
on the validity of the mixed venous blood
sample as a truely representative sample.

Sources oF Error 1N DETERMINING
Cﬂo: - Ci'o:

Blood oxygen content was estimated from
pH, Po., temperature, and hemoglobin con-

centration of blood, using the Severinghaus$
caleulator, which utilizes a new composite$
oxygen dissociation curve.? Since many of ourJ
patients had mild anemia and many weres
smokers, blood oxygen content was also mea-§
sured directly in 68 samples of blood from seven @
of 12 patients to compare with the contents’>
estimated using the calculator. The meanQ
Cvo, values of 34 samples were 13.9 vol pero
cent determined directly and 14.3 vol per cento
using the calculator. The mean Cao, values of =1
34 samples were 18.5 and 19.2 vol per cent, S
respectively. Thus, the mean Cao, — 090:3
determined by caleulation would be 0.3 VO[E
per cent greater than that determined by direct 5
measurement of blood oxygen content. Theg
effect of this difference on the estimation of %
shunt in the presence of a normal cardiac out—
put would be minimal. Use of the calculntor, =
however, probably is not justified when greater 5
accuracy is required for estimating saturation %
in markedly anemic patients’* or heavyg
smokers,® or in other clinical circumstances in 3
which altered dissociation curves can be ex-N
pected.
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The error in determination of content from
saturation is also dependent on the accuracy
of the polarographic technique, which can be
estimated conservatively at =2 mm Hg. In
measurement of mixed venous blood, an error
of =2 mm Hg may represent an error of =5
per cent saturation, which could be equivalent
to ==1 vol per cent in oxygen content. A similar
polarographic error of =2 mm Hg in mea-
suring content by a direct method?® would pro-
duce a content error of £0.3 vol per cent.
Therefore, the latter method offers at least a
threefold increase in accuracy of measurement
of blood which is from 20 to SO per cent satur-
ated. In our laboratory, the dircet method of
measuring oxygen content of blood® agrees
within +0.2 vol per cent with the content
determined by the Van Slyke method, regard-
Iess of the degree of saturation.  Although it is
not readily available in most clinical labora-
tories, the direct method of measurement of
content offers the advantages of speed and ac-
curacy over the method hased on estimation
from saturation.

Mixep VExous SavprLING Errors

Barratt-Boyes and Wood® have demon-
strated the importance of the position of the
sampling catheter tip in determining the valid-
ity and variability of the oygen content in
mixed venous blood samples. Rapidly-drawn
duplicate samples from the pulmonary artery
indicated minimal variation in saturation due
to changes in cardiac output and laminar blood
flow. Whiie somewhat more variability was
noted in duplicate samples drawn from the right
atrium or ventricle, no systematic difference
between oxygen saturation of samples from
these sources and from the pulmonary artery
was evident. They found, however, that
mixed venous samples drawn from the superior
vena eava averaged 3.2 per cent lower in
saturation than right atrial or ventricular
blood.

ErrecT oF Carprac OvTPuT
oX SHUNTING

No significant relationship between cardiac
output and shunting was evident. However,
the three patients with the largest shunts when
breathing air (28, 30, 44 per cent) also had the
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greatest cardiac outputs. The cffect an in-
crease in cardiac output might have on th
degree of shunting can only be a matter of cons.
jecture without data on the changing size
the pulmonary ecapillary bed. If the oxyge
consumption and size of the pulmonary capilg
lary bed remain relatively unchanged, an in2
crease in cardiac output will raise Cvo, amg
shorten the transit time of blood through the.
pumonary capillary, and may alter the (]IStl'l:
bution of pulmonary blood flow relative W’
ventilation. During breathing of air, a dew
crease in transit time would reduce the hl\clg
hood of complete equilibration of venous blooda
with alveolarair. The higher content of oxygeff-
in mixed venous blood, associated with lng]ﬁ
cardiac output, however, would favor npl
equilibration of blood with the alveolar airp,
If the pulmonary capillary bed is eapable og
expansion through opuun-r of reserve capillarie
areas, as during exercise, then the transit tnntg
through the lung may remain near normal n%
the face of an increased cardiac output. ‘Tlug_
net effect of the elevated Cro, and relativelss
normal transit time would be a reduction of thé;
total physiologic shunt, by improving perfu®
sion relative to ventilation. It could be rea&
soned that our three patients with the larges!
intrapulmonary shunts might have (-\pcnenccd-_’l
some reduetion in shunt by increasing hoth th(;s
cardiac output and the pulmonary \ascul:uS
bed. Tt is also conceivable that during inhala&
tion of oxygen certain areas of the lung coul(N
be so overperfused and have such a short tnnslko
time that full equilibration of mixed \cnou@
blood with alveolar oxygen would not mcuro
A measurement of true shunt during bl"(“lﬂllll"D
of oxygen would register blood coming fromo
these areas as blood flowing through anntoml-o
cal shunts or areas of atelectasis. With an oxs
panded pulmonary capillary bed and an in-U
crease in the Crvo, following an increase m<
cardiac output, this portion of the true shuntg
might well be reduced.

Before the direct effects of cardiac output onS
shunting can be determined, then, considera-R
tion must be given to the size and flexibility of9
the pulmonary capillary bed in relation toS
cardiac output. The dynamics of the pulmon-g
ary capillary bed may be as important n%)
cardiac output in determining the transit timeN
and the ultimate degree of shunting.
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Prosreys wite ESTIMATING SHUNT
rroM A-aDo:

Changes in the arterial oxygen tension or
A-aDo. frequently are interpreted as indicat-
ing changes in the intrapulmonary shunt.? 1. 1%
Our data, which closely relate the A-aDo: to
degree of shunting, support the validity of this
association. Kelman, however, in a theoretical
study, had emphasized that reductions in
cardiac output alone may account for increases
in A-aDo. without changes in the underlying
shunt.t¢ It can be estimated from figure 2 that
in the presence of a 20 per cent shunt A-aDos
could increase from 310 to 550 mm Hg (an in-
erense of 0.75 vol per cent) on the basis of an
increase in the Cao, — Cvo. from 4 to 7 vol
per cent alone, without a change in the size of
the shunt. Had Cao, — Cvo, been assumed
constant, the shunt w ould have been ealeulated
at 30 per cent. The clinical significance in
such a situation becomes apparent in determin-
ing the principal form of therapy: Had an in-
crease in the Cao, — Cvo, and its effect on the
A-uDos not been recognized, the main effort
might have been to improve ventilation to cor-
reet an apparently-worsening intrapulmonary
shunt, rather than to treat simultancously a
failing circulation. It also ean be inferred from
figure 2 that the degree of iutr.xpulmonar\'
shunting will be affected more by a change in
cardiac output when the shunt is larger than
when itis small.

In many acute clinical situations, then, it
may be necessary to determine to what extent
changes in arterial tension reflect changesin the
intrapulmonary shunt or in cardinc output.
With & change in oxygen content following a
change in cardiac output, mixed venous blood,
on passing through an existing intrapulmonary
shunt, will directly alter A-aDo:. Unless this
change due to venous contamination through
the shunt is recognized, an erroncous estima-
tion of the intrapulmonary shunt will result.
When the cardiae output is normal and rea-
sonably stable, however, measurement of
A-aDo., because of its simplicity, remains a
useful index of intrapulmonary shunting.
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