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INDICATOR-DILUTION technics are now im-
portant and well-recognized tools in the
characterization of the circulatory shunts
which occur in patients with congenital
heart disease.7 More recently, the use of
solutions of radioactive krypton gas (Kr85)
has further improved and simplified the de-
tection and precise localization of such cir-
culatory abnormalities.14, 6 The recognition
of functional communications between the
portal and systemic venous systems of pa-
tients with hepatic disease, or with abnor-
malities of the portal circulation, may be
impossible without the application of per-
cutaneous or operative portal venography,
major and sometimes hazardous roentgeno-
graphic procedures. It therefore appeared
desirable to evaluate the usefulness of in-
jections of Kr85 and indicator dyes in the
detection of experimentally-produced por-
tal-systemic venous shunts.

Materials and Methods

Communications between the portal and
systemic venous systems were established
by the creation of portacaval shunts in nine
mongrel dogs weighing from 10 to 20 kg.
Anesthesia was induced with sodium thio-
pental; a cuffed endotracheal tube was in-
serted and positive pressure respiration was
maintained with 100 per cent oxygen. The
abdomen was entered through a right sub-
costal incision. The inferior vena cava and
the portal vein were isolated approximately

1 cm. caudad to the splenic vein. Ellipses of
tissue measuring approximately 1 by 2.5 cm.
were excised from the walls of both vessels
after partially occulding clamps had been
applied and a side-to-side anastomosis was
constructed. Patency of the communication
was readily proved by clamping the portal
vein just prior to its entrance into the liver;
this maneuver resulted in rapid distension
of the superior mesenteric vein and venous
engorgment of the bowel when the shunt
was not functioning. The portal-systemic
venous shunt was also occluded or opened
at will with another clamp. The indicators
were injected into the splenic pulp, the por-
tal vein, or into a branch of the superior
mesenteric vein. Both indicators were also
injected into the femoral vein.
One ,uc. of Kr85 dissolved in 1 ml. saline

solution was used for each injection. It was
detected in the expired air by means of a
thin-window Geiger-Mueller tube ** in-
serted into the airway, used in conjunction
with a rate-count meter I and a direct-
writing recorder. The gas is relatively in-
soluble and comes out of solution almost
completely at the air-blood interface in the
pulmonary capillary bed. It has been shown
elsewhere,1-4 that Kr85 appears in expired
air immediately after its arrival in the pul-
monary artery.
Approximately 0.60 mg. tricarbocyanine

dye (cardio-green) was injected with the
* Tracerlab, model TGC-2.
f Nuclear-Chicago Corporation, model 1615-B.* Submitted for publication March 13, 1959.

146



Volume 151 DETECTION OF EXPERIMENTAL PORTAL-SYSTEMIC VENOUS SHUNTS
Number 1

90

70 F

50 F

zo
8 30

F 25

z
i 20

15

I0

5

0
AIRWAY (Kre) R.AIDYE) FAIDYE)

150

130

110

C
z
0
C.I
w

w
-

w
0.

70

50

40

30 F

20 F

10

AIRWAY (K85) RA.(DYE)

FIG. 1. Appearance time of Kr8' in the expired
air (left), of cardio-green in the right atrium (cen-
ter) and in the femoral artery (right) following
injections into the portal venous system (circles)
and into the femoral vein (triangles).

Kr85 for the recording of dye-dilution curves

simultaneous with the expiratory Kr85
curves. These curves were recorded by sam-

pling blood from the right atrium (through
a catheter introduced through the jugular
vein) as well as from a femoral artery can-

nula. The blood was withdrawn at a con-

stant rate through a cuvette densitometer ft
by means of a mercury-filled gravity suction
device. A second direct-writing instrument
was utilized for the continuous recording of
the concentration of cardio-green. Appear-
ance and peak concentration times were

corrected for delays in the sampling system.

Results
A total of 75 curves was obtained follow-

ing splanchnic injection of Kr85 with the
portacaval shunt patent, and 46 with the
shunt clamped. Fourteen Kr85 curves were

recorded following systemic venous injec-
tion. Eighty-three cardio-green curves were

if Gilford Corporation, Elyria, Ohio.

FIG. 2. Peak concentration time of Kr' in the
expired air (left), of cardio-green in the right
atrium (center) and in the femoral artery (right)
following injections into the portal venous system
(circles) and into the femoral vein (triangles).

obtained by sampling either in the right
atrium or femoral artery from splanchnic in-
jections with the shunt patent, and 48 with
the shunt occluded. Twenty cardio-green
curves were recorded following intravenous
injections. The results are presented in
Figures 1-3, and summarized in Tables
1 and 2.

It was observed that in the presence of
a functioning portal-systemic venous com-

munication the indicator reached the right
atrium, expired gas, and femoral artery
more rapidly than when the shunt was

clamped (Figs. 4, 5). The injection of in-
dicator into a peripheral vein resulted in an

appearance time which was approximately
equal to that resulting from injections into
the portal bed in the presence of a patent
shunt.
The appearance times of Kr85 in expired

air following splanchnic injections in the
absence of a shunt, always exceeded the
appearance times following injections either

147

- 0 - SHUNT OPEN _
°- SHUNT CLOSED
A- PERPHERAL INTRAVEANOUS

O
- INJECTION -

-80 -

00&0 -

- 0 00 -

1~~~~~~~

- AA

O

00 0
000 0

00 0

000~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0
_ 0 00 _

8°~~~~~~~8°
_@t !h ~~~ ~ ~ ~~~~~~~~~~~~0080=

° *- SHLUT OPEN
o o- SHUNT CLOSED

C° A- PERIPHERAL INTRAVENOUS
o INJECTION
o0 o
o

oo~~A

880 mf000
_ 000

00 0

00

ooo

c 00

0 O8~~~~~~~~~~~~~~~~~cc_ S & i _~~~~~~~~~~~~~~
O i

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c0O
O *

C°^

I *tla~~~~~~~~~9

F.A(DYE)

90



LONG, LOMBARDO AND BRAUNWALD Annals of Surgery
January 1960

FIG. 3. Ratio of the
maximum deflections after
splanchnic injections of
indicator (MD,) to the
maximum deflections after
systemic venous injection
(MDV). Identical quan-
tities of indicator and
sensitivity of recording
apparatus were used for
both curves in each in-
stance.

AIRWAY (Kr85) RA.(DYE) FA.(DYE)

into the splanchnic bed with a patent shunt
or into the femoral vein. Some overlap of
values occurred, however, with the cardio-
green curves (Fig. 1). Following injection
into the splanchnic bed with a patent por-

tal-systemic shunt, cardio-green dye ap-

peared immediately in the right atrium;

slightly later, Kr85 appeared in the expired
gas and even later dye was detected in the
femoral artery (Table 1). However, follow-
ing injection into the splanchnic bed without
a patent shunt, the mean observed appear-

ance time of Kr 5 in the expired gas (35.7
seconds) exceeded the mean observed ap-

TABLE 1. Appearance Times (in Seconds) of Kr85 and Cardio-Green After Injections into the
Splanchinic and Peripheral Venous Systems

Splanchnic Injection
Fem.

Shunt Shunt Vein
Closed Open Inj.

KrB5 injection 15.7-90.7 3.2-9.7 3.2-7.7
35.7 5.6 6.1

Cardio-green injection 2.3-14.2 0.2-1.8 0.4-2.4
Right atrial sampling 7.1 1.0 1.2

Cardio-green injection 7.7-35.7 5.2-12.2 5.7-12.7
Femoral arterial sampling 20.7 8.7 8.0

In each instance the top numbers represent the range of appearance times, with the mean appearance times
indicated beneath.
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DOG#5 ~~~~~~~~~~~~~~~EXPIRATORY!.,KAR$$ CURVOES

A.. I. LP IjII

FIG.4.Expiratory Kr'-'
curves obtained after in-.......jections into the spleen
with the portacaval shunt.......
patent (A), clamped (B),
and after injection into
the femoral vein (C).
Vertical arrows indicate......
time of injection. Oblique ~4
arrows indicate appear-
ance time. Heavy vertical
lines are 5 seconds apart.
The quantity of Kr' and
the sensitivity of the re-
cording apparatus were
identical for all three

pearance time of cardio-green in the fem-
oral artery (20.7 seconds). In the presence
of a portal-systemic shunt the difference
between the average of the right atrial and
of the expired gas observed appearance
times was only 4.6 seconds. However, when
all of the injected indicator traversed the
liver, this difference between the average
of the right atrial and the expired gas ob-
served appearance times increased to 28.6

seconds. These observations suggest that the
Kr85 does not traverse the hepatic capillary
bed, directly. Presumably a portion dif-
fuses out of the blood stream and then re-
turns to it; thus, its appearance in expired
air is delayed.

Since Kr85 is diluted in the lungs and
bronchial tree and its rate of elimination is
a function of the ventilatory exchange, the
expired air curves demonstrated later peak
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TABLE 2. Peak Concentration Times (in Seconds) of Kr8m and Cardio-Green After Inijections into the
Splanchnic and Systemic Venouts Systems

Splanchnic Injection
Fem.

Shunt Shunt Vein
Closed Open Inj.

Krm5 injection 51.0-135 15.7-43 24.2-44.7
89 26.7 28.7

Cardio-green injection 9.8-49.2 0.7-4.4 1.4-6.4
Right atrial sampling 21.0 2.8 4.3

Cardio-green injection 19.7-117 7.7-31.7 9.7-22.2
Femoral arterial sampling 54 16 13.7

In each instance the top numbers represent the range of maximum concentration times, with the mean indi-
cated beneath.

and longer build-up times, when compared
to the dye curves. However, the peaks of
the expiratory curves were always later in
the absence of than in the presence of the
portal-systemic venous shunts (Fig. 2).
The initial portion of the dye-dilution
curves following injection into the splanch-
nic circulation with a patent shunt, re-

sembled the curves following intravenous
injection (Fig. 5).

The peak concentration, following
splanchnic injection of either substance with
the shunts clamped, ranged from 4 to 43
per cent of the peak concentration follow-
ing intravenous injection of the same quan-

tity of indicator (Fig. 3). This reflected the
larger volume of fluid into which the in-
dicator became diluted as it traversed the
hepatic capillary bed. In contrast, in the
presence of a patent portal-systemic venous

FIG. 5. Dye-dilution curves obtained by right atrial sampling. Cardio-green was injected into the
femoral vein (A), into the spleen with the portacaval shunt open (B) and closed (C). Vertical
arrows indicate time of injection. Oblique arrows indicate appearance time. An identical amount of
cardio-green was employed for each curve.
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shunt, the peak concentration of indicator
ranged from 55 to 128 per cent of the peak AT
concentration following intravenous injec-
tion.

Comment

The present study demonstrates that in-
dicator-dilution technics can be used to
detect shunts between the portal and sys-
temic venous systems. When cardio-green
dye and Kr85 were injected into the spleen
or into the portal venous system the char-
acteristics of the resultant dilution curves
were modified by the presence of a func-
tioning communication between the portal
and systemic veins. The appearance and
peak times of indicator in the right atrium,
expired gas (pulmonary capillary bed) and
femoral artery occurred earlier in the pres-
ence of than in the absence of such a shunt.
Comparison of curves resulting from portal
venous and systemic venous injections into
one animal, under constant hemodynamic FIG 6
conditions, permitted each dog to act as its femoral ar
own control. Thus the values for the ap- were recor

' ~~~~~~~~~injection o~
pearance time, peak time and peak con- pearance t
centration of indicator in all three sampling the femorKr' in the
sites, resembled those obtained following that of dy
systemic venous injections only when the
portal-systemic venous shunt was patent. gically cr
The detection of Kr85 in expired air ap- detection

pears to be the most sensitive of the three presence
methods studied; the separation of values possible.5
obtained with and without shunts was more puncture
complete than when cardio-green dye was Kr86 dis
employed. Further advantages of the use through
of Kr85 over cardio-green are that right would al
atrial catheterization or arterial cannulation jection o
are obviated and no blood is required. In paque s
the absence of a portal-systemic venous However
shunt, all of the injected Kr85 must traverse Kr85 and
the hepatic capillary bed; the diffusion of for the c
Kr85 out of the hepatic vascular bed delays demonstr
its appearance in the expired gas.

Preliminary observations, in patients, in-
dicate that these technics permit detection Techni
of the portal venous-systemic venous shunts detection
produced by esophageal varices or sur- caval sh

_oEmM| |.E,'s.' ..~~~~~~~~~~~~~~~~~... .... ....... .. .... ..:
~~~...::. .......

The expiratory Kr' curve (upper) and
rtery cardio-green dilution curve (lower)
ded simultaneously following the splenic
f a mixture of these substances. The ap-
time in the expired gas precedes that in
al artery. However, the concentration of
-1airway rises and falls more slowly than
re in arterial blood.

reated portacaval anastomoses. The
i of patent portacaval shunts in the
of esophageal varices also appears
5In clinical practice percutaneous
of the spleen and the injection of
solved in 1 ml. saline solution
a number 23- or 25-gauge needle
ppear to be preferable to the in-
f much larger volumes of radio-
,olutions through larger needles.
r, the relative sensitivities of the
contrast roentgenographic technics
detection of varices remain to be
rated.

Summary
ics are described which permit the
of experimentally produced porta-

iunts. Following the injection of
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Kr8" and of cardio-green into the spleens of
nine dogs, multiple dilution curves were re-
corded from the expired gas, the right
atrium and the femoral artery. In the pres-
ence of a patent portal-systemic venous
shunt, the curves obtained resembled those
following systemic venous injection; the
appearance and peak circulation times were
shorter than in the absence of such a shunt.
The application of these technics to the
diagnosis of esophageal varices and to the
postoperative evaluation of patients with
portacaval anastomoses is suggested.
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