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Fig. i_?Diagram of the portal system of the dog. The distribution of the right
division of the portal vein is indicated by linear shading.

Fig. 2 -?Radiogram of dogls liver after intraportal injection of iodised oil. Note the

absence of ]arge sized intralobar anastomoses. The shadow of the gall-bladder s
clearly depicted, and fine venules are seen on its surface.



Fig. 3.?Appearance Of dog's liver after injection of trypan blue into one of the
gastric branches of the splenic vein. Note the complete absence of staining
of the pight half of the liver.

Fig. 4.?Appearance of dog's liver after injection of trypan blue into the upper

pancreaticoduodenal vein. Injection of the jejunal veins produces = Similar
distribution of dye in the liver.



"STREAM-LINES" 1N THE PORTAL VEIN: THEIR
INFLUENCE on THE SELECTIVE DISTRIBUTION
OF BLOOD IN THE LIVER%*

By BRUCE M. DICK, M.B., F.R.C.S. ED.

¥ the celloidin-corrosion method M'lndoel and Counsellor
(A927) demonstrated that, in the human liver, the area of
distribution of the right and left branches of the portal vein
1e sharply divided in a plane from the fossa for the gall-bladder
L0 the inferior vena cava, and that the only communication
bgtween the two sides is by intercellular sinusoids. The same
line of gemarcation separates the field of gypply of the branches
the right and the left hepatic artery and also the drainage
area of the two hepatic ducts. The plane of lobar geparation,
*% revealed py celloidin injections, corresponds to the recognised
ernbryological boundary between the yrighy and left halves of
the liver.” The demonstration of anatomical bilaterality of the
l%ver afforded by the above method confirms the earlier observa-
t1008 of cantlie,2 Serege,3 Looten,4 and others.

Corresponding to the anatomical division of the liver into

two be

N Iseparate units it has been suggested that there may
notional differences between the two lobes. A few observa-
tions have been made that partly substantiate this hypothesis.
Seregeb (1902) found well-marked differences in the urea
cPntent of the rijght and left lobes of the dog's liver in the
various phages of digestion after a diet of chopped me=t-

Loeb? (1907) found that the iodine content of the right lobe
than that of the

iodide.

*F the rabpit's liver was constantly greater
one hour after subcutaneous injection of potassium
Wells7 ang Hedenburg (1912) confirmed this finding.

B few eyperimental and clinical studies have suggested “P°
Possible occurrence of a selective distribution ©of poital blood
J0 £he liver, and the pregence ©f independent Currents of blood
1 the portal vein. The evidence in favour of the existence

these phenomena does not seem to have been generally
known .. seemingly accepted. o

Glenard8 (1g9p), from a series of clinical Obsel‘l’atlonsr
Postulated that well-marked alterations in size, conmsistency,

’ i i {s article was carried out in
ThP eyperimental work connected with this

. : Universit
Colla S tion Glover H. Copher, M.D., in the Washington Y

8¢l 221 Medicine and Barnes Hospital, St- Louis. ,
1 nore detailed account ©of the anatomical and technical aspects

subject appeared in the Archives of Surgery, July 1928.
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and tenderness occurred in the lower palpable border of the
liver in many diseases, for example, in diabetes, the right 10#’8
was found to be the seat of most marked change, and, ™
alcoholic gastritis, the left lobe was most affected. Serege
(1901) injected India ink into the splenic vein of dogs and
found particles only in the left lobe of the ljver; when the
injection was made into the large mesenteric vein particles
were found oply in the pight lobe. Glenard9 (1901) repeated
these experiments with identical results. However, Bauerl0
(1910), Gilbert and vyillaret, and others were unable t°
distinguish any difference in the distribution of the ink after
injections into the splenic and mesenteric veins and therefore
discredited the hypothesis of Serege and Glenard that a dual
current existed in the portal vein.  Bartlett,1l Corper, and Long
(1914) examined microscopic sections of the lobes of the dog's
liver after injection ©of olive oil into tributaries of the porta]_
vein. From the ypequal distribution of fat-emboli in the liver
they concluded that a dual current existed in the portal vein
and that blood from the stomach’ Spleen, duodenum, and first
part ©f the jejunum and rectum flowed paiply to the left
lobe, while Dblood from the lower jejunum, ileunm, and first
portion of the large intestine flowed mainly to the right lobe.

In our investigations = study wes made of the blood currents
in the portal vein jtgelf, and the subsequent distribution ©Ff
the blood in the 1liver was observed. The experiments were
performed o» dogs under ether anaesthesia.

Method Employed. ?Trypan blue, dissolved in blood-serum,
was injected into different radicles of the portal vein and
its subsequent localisation in the liver was observed. The
advantages ©f the gqye =re its lightness and golubility Rd
the parts of the liver to which it is conveyed by the blood-
stream are ipmediately coloured. The gtainjng of the liver
persists for some time and formalin preservation of the speci-
mens does not discharge the colour. The method overcomes the

objections to theuse ofparticulate matter for intravenous injection.

To 1dent1fy and study the currents in the portal vein 2
powerful electric ]light was placed behind the yegge]l; in this
way, satisfactory transillumination of the moving blood-current
was obtained. The experiments were conducted in a dark
room, and the transilluminated portal vein was kept under
observation while trypan blue was injected slowly into its
various tributaries.
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in the Portal Vein

Dissections were made to ascertain the position and re

of the more important tributaries of the portal vein.

ar

1(70.

note was made of the angle at which the tributaries joine

main ,ortal channel (Fig. 1).

The

intrahepatic course of the portal vein was s ucie

radiograms of the excised 1liver after intrapoital injectio

lodised oi1 (figure 2).
The
?f the

accompanying illustrations indicate the sa lent ea
. pcl)rtal system of the dog and render detailed ana omic
dESCIlpthI’l unnecessary. )

Results of Experiments?A. Selective Distribution of A
Blood in the Liver.?The site of injection of the g) e an

fnj

rtal

Part of the liver to which it was conveyed by the portal b oo

stream

't of Tntraportal Injectic

Splen ic vein

*astric

near lesser

vein,
curvature.

PP.erpancreaticoduodenal
Veln- (Draing most of

of pancreas and
UPPeT part or dquodenum)

LOW er

pancreaticoduodenal
Vein.

PPer jejunal veins

el

n in .
meso-appendix

e'n in
mesentery ©f de-

fending colon

mesenteric

TA

7 nk but en <

T tne tound = F A
the right o ot (L

nght an(*
arK? mesenteric vein geparately. 3
“ye into the right vein resulted in a more liberal

are gsummarised in the following table.

Tart of Liver to which pye was carried.

Almost the whole of left half of the liver was coloured
by dye. A limited area of the ypper part ?f the
extreme right lobe of the liver constantly received a
portion of dye. Rest of liver retained its normal
chestnut colour.

Whole of left half of liver was uniformly Stained by the
dye. Line of geparation between right and left
halves was sharply demarcated and thrown into
striking contrast Ly the unilateral staining of the
liver (figure 3). ‘

Dye constantly carried to right side of liver.
two lobes on the extreme right of liver were most
deeply stained. A very small amount was deposited
in the right border of that lobe which adjoins the
two most lateral lobes (figure 4). )

Dye carried mainly to right half of liver.  Certain
amount reached left side. Lobe immediately t®°
right of gall-bladder always Showed deeper staining
than any other part of liver. '

Bulk of dye registered itself in two extreme rlght
of liver. Qccasionally, Scattered gpots of coloura-
tion found in left half of liver.  (Figure 4 indicates

The

lobes

average appearance )

Dye transported to all parts of liver. iee
lobe of liver generally showed greater dEPOSIlthII;I o
dye than other partg, In some dogs the rlght a
of the liver showed greater 3mount of dye than left
(vide infra). ‘

Dye distributed throughout !iVer- :
was alyays evident in the left side, more especially
in the large lobe on the extreme left. .

Dye deposited in two lobes at efctreme rig
Little carried to lobes of left side.

Large outer left
of

Greater amount

ht of liver.

pranches of the small mesenteric vein do not unite ina smgle
When the vessels had a separate termination
istribution of dye
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The gstrength ©f trypan Plue employed was ome gramme
fifteen cubic centimetres of blood-serum , three cubic centimetres

a

was the amount generally given at each injection. About
hundred experiments were performed.

Changes ©f posture ©f the animal on the gperating table
while an injection was made did not alter the mode of distribu-

tion of the gye,

When the gye had registered itself in a particular area of

the liver there was only = very slight tendency for diffusion
to occur to a part beyond the initial site of localisation. After
about ten minutes the dgye commenced to disappear from that
part Of the liver in which it had at first depogited itself and
the liver as a whole assumed a gljightly darker colour, but only
to the same degree as the organs of the body that’ for a time,
became tinted a ]jght blue colour when the dye reached the
systemic circulation.

When a large volume of dye was injected the liver was
stained throughout, Put the gtaining was not equal in all parts,
for ingtance, if a large amount of dye was introduced into the
splenic vein the whole liver assumed a blue colour, but the
staining w== always Much moxre pronounced in the left side.

B. Visualisation of the Currents within the Portal Vein.?
When the portal vein was transilluminated the rapidly moving
blood-current was at once visible. The {jgcharge ©of blood
from the ]arger tributaries into the main channel could be
seen plainly.

blue was introduced into different branches ©
Trypan slowly

the portal vein, and the transilluminated vessel was meanwhile
of

f

kept under observation. A yery striking demonstration

sharply segregated intraportal currents was afforded.
When the gplenic vein was injected the dye-stained blood
was seen to enter the left side of the porta] vein. The dye-

stained stream kept strictly to the left side of the porta]_ vein

and preserved a mnarrow ribbon-like course throughout the

entire Jepgth of the portal vein. No mixing with the blood
in the adjacent broad mesenteric stream was noticed.

When one of the jejunal veins was injected With = dyc
= narrow, abruptly demarcated stream was observed; “
maintained a constant undeviated course glong the right wal
of the porta]l vein. No pixing with " red " blood was seen °©
cccur as the stream was propagated to the hilum of the liver.

Injection of branches of the small mesenteric vein enabled
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* thin linear current of blood to be visualised in e
*f the portal vein towards its ventral agpect. e curr
preserved a clear-cut linear course throughout the porta veil
and no §iffusion with adjacent blood was detected.

Discussion and conclusions. — Anatomical stu les
Proved conclugively that the human liver should =ne e

regarded as a Sil’lgie compact organ, but as one mace o wo

units that possess an independent blood supply an an en 1

ia%arate biliary drainage system. There is no proo t 2 €
halves of the liver have a different function, =t
few experimental studies lend a little colour to this e le
o :}\:e have fourlld by the injection of trypan blue into tributaries
. € portal vein of dogs that, with « few exceptions the dye
carried in the blood-stream to fairly constant and defini e
areas in the liver. It was found that when the dye was injected

into . R
the splenic and gastric veins it was Conveyed to the let

half of tne liver almost entirely. Dye introduced into e

Yel,ns of the upper duodenum, head of the pancreas, 29 <
%ggeusnliri ‘,;z fiz;iEd ;lilmost exclusivgly tol the two r.ig. t ate
x . en the colonic veins were injected tne
Y€ was distributed to all parts ©f the *ver “ut mor
Particularly to the large lobe of the left side. In tie ins anc

£t . . . )
which the colonic veins did not form a common trun

had . . .
: 2 separate termination in the large mesentric vein, ! wa
aOlll'ld that injection of the veins of the proximal colon proc uc
fTeeT gistribution of gye in the right half of the liver
When dye s conveyed to = particular portion *  *°
— staining remains sharply circumscribed. The a sen
diffusion to other parts of the liver is explained!y t = ==
character of the larger divisions of the portal vein. cmP?
stalning of the liver does not signify that t e ooc

g:fonveyed the dye has remained confined in a demarca e
‘L the 7: . o ;
. e' liver, as, after intraportal injection, the ye = 2
1mmed1ately recognisable in the gepera]l cireu a 10
furthermore, the mass-movement of blood from t
Very large and rgpig.
A
?
bl?0d thlat has been conveyed from the penp ery a
CIrCU-latlon to a particular section of the liv O ) ably
utilised in that Specific area without contac wi

other . to A
ntores’  note

Iri

reasonable inference from the above o serva tiiat
ortal

parts of the portal tree. It is of N
OUr ohgervations, blood that is cairie

537



Bruce M. Dick

the liver is drained principally from the abdominal viscera that

are not gtrictly engaged With digestion er absorption ©f food,
namely, the spleen, stomach, and greater part ©f the colon.
Whereas, blood, drained from those parts of the alimentary
tract in which products ©f digestion are absorbed, is conveyed
to the right side of the liver. 1In prief, it would seem fro0l
our evidence that there are areas in the liyer, that are Supp]_j_ed
with blood from gpecific parts Of the portal system, and that
blood from different parts of the portal system does not become
mixed in the ljver, nor, as is indicated helow, in the portal vein
itself.

An explanation of the selective distribution of porta] blood ™
the liver is afforded by the visual demonstration of " stream-lines
in the portgl vein. These currents seem to be degigned £or
the conduction of blood from the periphery ©f the portal tree to
the liver in such a manner that little or no intermingling ©f tP®
individual streams occurs in the main portal channel. There
appear to be at least three main blood-currents in the portal
vein. They are initiated and maintained py the blood-f1?"v
from the splenic, large mesenteric, and small mesenteric Velns.
These veins are the ]argest contributors of blood to the portal
vein of the dog, Their anatomical gjgposition would seem to

be favourably adapted te the ejection of blood into the portal
vein in such a direction that the individual streams could

remain geparate. These anatomical zdyantages =re probably
further aided by known differences in the rate of blood-flow ™
the veins, differences in yigeogity of the blood they contain, and
variations in tonicity of the vessel walls.

Maintenance of individuality Of different currents in the
portal vein finds a counterpart in the familiar observation that
two rivers, one muddy and the other clear, often retain then
identity for a considerable distance after union in a com?011
stream bed.  This phenomenon ©f separate streams in a MOV1INg
body ©of water is well known to hydraulic engineers and '
usually discussed under the name of ' stream-lines."

Summary.?Experimental evidence is presented WhilCh
indicates that, in the dog, individual lobes of the liver IreCelve
portal blood from different visceral sources.

By transillumination of the portal vein and injection
= dye, segregated streams of blood have been recognised in the
portal vein. There are probably three main streams, viz., “h®
splenic, large mesenteric, and small mesenteric. These intra-
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vascular currents have been named portal stream-lines,
selective distribution of vemous blood in the liver is pro 2 vy
determined by these intraportal currents.

The : ; ' A : 101
fhat previous anatomical and experimental investiga

pertain to the subject of selective distribution o oo

the 1iver have been reviewed briefly.
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