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Liver transplantation
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Preoperative

. Candidacy

Pativnts who have non-malignant cnd-stage liver discaves
are candidates for liver transplantation. Such discascs
indude chronic aggressive heptatitis, alcoholic drrhosis,
primary biliary cirrhosis, yderosing chalangitis, Budd-
Chiari syndrome, congonital biiary atresia and inbom
errors in mctabolism (such ay Wilson’s disease and o=
antitrypsin deficiency). Massive hepatic necrosis due to
hepatitic virus or anaesthesia eould also be an indication
but case selection is exceptionally difficult. Primary malig-
nant liver neoplasms which are nat resectabie by conven-
tivaal techniques of subtotal hopatectomy can be treated
with total hepatectomy and liver replacement atter ox-
haustive elimination of extrahepatic spread of the tumour,
but subsequent metastases have been common after
otherwise successtul transplantatian.

The proferabie age ranges butween 6 months and 50
years. The candidata should be free of infection and
signiticant cardiopulmonary diseases.
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Liver donors

Heart-beating and brain-doad cadavers without systemic
infection or cxtracranial malignant tumours are patential
donars of fivers, kidneys and the heart. The size of the
donor liver is important in selecting a rccipient. The
overssized or excassively small donor liver can lead to
many technical difficulties In wransplantation,

Histacompatibility

The need for transplantation. is 30 pressing in appropriate
candidatos that it is usually obligatory to procoed with the

first avallable argan. Efforts ta observe ABO blood group

compatibility are made but even this criterion of matching
is not absolute. The liver is unusually resistant to hyper-
acutc rejection. Successful fiver homogratts have men
achieved from tho donors who are :\)go blood group
incompatible and from those with positive T-lymphocyte
crossmatch,

1t is unlikely that waiting for well matched (HLA) livers
will be possible in the near future.
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The operation

- DONOR HEPATECTOMY AND LIVER PRESERVATION

1

The incision and exposure

Good exposure is provided with a long midline abdominal
incision (A=A"Y with axtensions laterally (B-B7} or into one
or both homitharaces,

Identification of anatomlcal variant

As soon as adequate exposure is obtainad, the portal triad
iy examined 1o find variant anatomy. The normal hepatic
artery is {ocated at the left anterior cdge of the hopato-
duodenal ligamant and is the only ancrial bioad suppl)'/_ to
the ontire liver. However, anomalies are common. The
right hepatic artery trequently arises from the superior
mesonteric artery and runs posteriar ta the portal vein
into the right lobe of the liver. The foft hepatic arery
sometimes originatus from the left gastric artery or cocliac
axiy. (n the latter variants the |eft hepatic artery often runs
outside the hepatcduodenal ligament. Identification of
these variant structures is esswntial for successful harvest
of the liver.

Dissection of the portal triad, coeliac axis and
aorta

2

Continuous cauda! traction is maintained on the duode-
num. Dissection of the ‘portal triad is kept as inferior as
possible. The common bile duct is Identified at the right
anterlor edge of the hepatoduodenal ligament. it ic dis-
Socted to the superior margin of tha pencreas and is
transocted there.

The right gastric and gastroduodenal branches of the
common hepatic artery are next identified, doubly ligated
and divided. The common hepatic artery is found to run
almost dircctly left and at a right angle ta the axis of the
portal triad. The artery is dissected toward the coeliac axis
by ligating and dividing the intervening tissuas. Then, the
;p(c:iz angd latt gastric arteriws can be readily ligated and

wided.

3

If not, the lesser omentum is widely opened and the
atomach is retracted caudally. The coeliac axis is exposed
by incising the ctura of the digphragm. The left gastric
artery and splenic artery are dealt with using the oxtra
oxporure. The cocliac axis is dissectad toward s origin.

N . TNl 7 ‘AN
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510  Liver transplantation

4

The portal vein is approached antoriody just where it
emerges from beneath the neck of the pancreas. With
blunt dissection tho lower part ot the portal vein Is
separated from the pancreas, and the bifurcation of the
superior masenteric vein and the splenic vein is visual-
ized. The left gastric (coronary} vein aimost invariably
enters on the lett latcral aspect of the portal vein. This
tributury is freed, doubly ligated, and divided in order to
prevent its subsequent injury. Onc or two other variable
branches aften are encountered. The.portal vein is cncis-
cled by ligating and dividing the tissue posterior 10 the
vein. If a varant right hepatic artery arising from the
superior mesenteric artery s present, it will usually be in
thls location and can be traced back to its origin.

Incision

Rignt ling for left
lobe trlanqular lig.
Hhrenie w
. Diaphragm
Hight
Ipbe -

,.E]lll )

y

'
)

/

7 Left
&\ loba
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Dissection of vena cava

5

The falciform ligament Is Incised, beginning peripherally
where tho two component leaves are fused and con-
tinulng cenrralty ta where tho loaves separate.

6

The left coronary ligament 15 cut.
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Liver transplantation 511

Right
triangular
lig.

Oiaphragm

7

The right triangular ligament Is cut exposing a portion of
the raw arga of the liver.

H.H.V.

The liver Is retracted up and toward the left. This plane
should be developed with sharp dissection in order to
: avoid Injury o the liver. With cach cut of the scissors, the
.z~ right lobe can be more completely elavated, until the right
, l}/’/ adranal veln Is scen. This is ligated and divided.
L

Adranol
4\and

lobe of {lver

8

Index fingar RH,V.
bahind |\.LC.

9

As the right adrenal vein is ordinarity the only tributary of
the retrohepatic vena cava, it is usually possible after
dividing it 10 pass freely a finger behind the retrohepatic
veria cava all the way from the diaphragm to the level of
the renal vein. If anomalous small venous branches to the
vena cava are encountered with this manoeuvre, they are
also figated and divided.

WYAG: R RONZ 7L Unt
e L1 7Q17 'ON



512  Llvertransplantation

1 0 , RH.V.

Attention is thon retumed to the suprahepatic inferior
vena cava, hetween the dome of the liver ;lilnd the‘;ﬁ- ) X
aphragm. This short segment of vessel is actually & confiu- T X . " Ry ;

ehce of the right and leit (and often middle) hepatic veins 7 : Lt .:;_“""'"'”
with the vena cava, The anastomosis of the suprahepatic
cava Is made much easier with each millimetre of added
length that is retained with the donor liver. Extra length
<an be obuined by diszection off tho diaphragmatic
reflection and by ligating and dividing phrenic veins.

10
Preservation
2ag sse‘,k\acadﬂec:raéyxb J?”Iudan 1 1
Neparin Gad L g sk Moo
WeioAt dextren Der lycer. Inciston 1n Vene Cava

The aorta proximal to the coehac axis is encircled but not
clamped. The sorta und the inferior vena cava are clamped
at their bifurcation. The patient is heparinized. Cannulas
are introduced inta the distal aorta and the vena cava and
secured. A cannula is placed into the superior mesenteric
vein, for infusion of the Callins’ preservation solution,
The gall bladder is now opened and irrigated until itis free
of bile, When everything is ready, the proximal aorta is
clamped and the vena cava annula is opened to allow free
venous drainage. The cannulas In the aona and the
mesenteric venous systems are opened and the Colliny'
salution is infused with gravity pressure (60-100 mmH,0).
When the liver is cool and blanched, the infusion is
stopped and the coeliac axis is transected. It is usually
desirable to remove part of the sorta with the coellac axis.
The suprahepatic vena cava is divided as high as possible
and the infrahcpatic vena cava as distally a5 possible in
order ta provide good length of caval cuffs. The liver is
; removed and placed into chilled Colliny’ solution for
(anrmaln in gy ?resewathn. The liver can be proserved safcly in this way
or approximately 12 h. .

X for eqress of Auie.
3

11
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Liver transplantation 573

RECIPIENT HEPATECTOMY

12

The incision

A bilateral subcnstal incision with an upper midline axtan.
sion, removing the xiphoid process, usually gives an
axcellent exposure. if this Is not adequate, an additional
incision is made in the right eighth intercostal space and
- thc diaphragm 1s incised.

12
Bifiary
it
A€ Dissection of the portal triad
. % The exposure, identification and dissection ot the portal

triad are the same as those in donor hepatectomy, except
that the longost possiblc Icngth of the portal structures is
preserved in the recipient. A combination of previous
operative scars and vonous collaterals in portal hyperten-
sion makes far a particularly difficult and danyerous portal
dissection.
: Once the ponal triad has been encircled, its three
b L constituent structures can be treed with rolative safoty,
providing their triangular spatlal relatlanship Is appraci-
atcd as shown in the inset.
(when present]
Portal v. < -
Ncpom:/m

13
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514 Liver transplantation

R. gastric a,

Common
blie duct =~ o ; t- v~ Gastro hepglic
. 7 ¥ Y ) ‘\'T@\ tlg.
14 & 15 Hepatia a-"" ) AR
. A\ R {-1 o Duodenum
Segments of the vessels and bife duct lang enough /A ~ "
permit subsequent anastomoses are developed. This may
require ligation and division of the right gastric and e
gestroduodenal branches of the hepatic artery, Sacrifice of Portal v.

these vessels has another advantage; as soon as they are .
divided, it is much easier to visualize and dissect the portal
vein where it emerges from the neck of the pancreas.
Branches of the portal vein also have to be ligated and
divided; of these the left gastric (caronary) vein, which Redipient
enters on the left side and posterolaterally 4 few mile
limetres above the pancreas, i5 the most constant.

The distal common duct and its surrounding adventitia
and vesselc are lgtt long tor later choledochocholedochos-
tomy. In arder to prevent haemorrhage and later lymph

. leaks, Intervening bits of tissues must be tied meticulous- Pyloric
orl v

Iy. C NN
4 2 Rl O N ANy Coranary v.

common dugt te
ligated —~
Foral v.

Mobilization and vena cava dissection

The steps in mobllizadon and vena cava dissection are
almost identical to those already described for dénor
hupatactomy, except for the most careful haemostasis of
the diaphragm and the retroperitoneum behind the liver,
kight adrenalectomy sometimes becomes necessary to Panereaz ~ Y
obtain the satisfactory haemostasis. A finger is passed
araund the vena cava below and above the liver, and the
retrohepatic vena cava is freed from the posterior body
wall, It15 essential that the suprahcpatic cava is freed from
the diaphragm and the phrenic veins are divided in order
to avoid crushing injury to tho right phreni¢ nerve by the
vascular clamp. Particular care must be taken in obtaining
the maximum length of the suprahepatic cava. . LVC.

16

In all ot our tirst cases, the followins tcchniquc was uscd.
The vascular clamp was placed as superlorly as Is feasibie
without drawing a prace of contiguous diaphragm into the
bit. The liver parenchyma is crushed or incised to expose
cnough length of right and left hepatic vein. A venotomy
is then muade in either the main n'Eht or left hepatic veln. Retipient
With onc bladc of the scissors in the lumen and the other I

autside, the cloaca farmed by the conflugnce of the vena fver
cava and hepatic veins is incisod close to the liver around
the entire 360 degrees. After the infrahepatic vena cava,
the portai vein and the hepatic artery have been cut, the
specimen is removed. .

U4 TR17 (0N ' AYO0 A RON7 71 unp



Liver transplantation 515

plaghrot®

1 7 Clamg oh s~y
. suarahegans -y

X venq Luvy ~
It is often impossible to get enough length of the supra-
hepatic vena cava. The following technique has becn _
found to be helpful. The liver Is devascularized and the : iaidion in -
infrahepatic vena cava Is clamped. The suprahepatic cava vcidient tver
is crossclamped but not transected. Instead the liver is
-spliv verticaily with a knife down to the cava which ig -
scraped cloan.

Riyht NERGNC - o - ol
voin

18 & 19

The left hepatic vein is ixolated, divided and closed with 3
double-layer vascular suture. '

18

{
ameriol
aurfacy of

vana cawy
Luft hapoile
vain Leut)

20

The veria cava and the right hepatic veing are joined inte a
cloaca, thus forming the cuff neceszary for the trans-
plantatian. The cuff is finally inspected for defects from
small hepatic veins which may have been transected. All
defects must be carcfully taken care of.

Vang cava ang
r1ght haoatic vain
isined intu q

20 cleaca -

After the vessels antering and icaving the liver have boon
skeleronized, they are individually accluded with non-
crushing vascular clamps and divided, leaving them as
long as possibie.
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516  Llver transplantation

ORTHOTOPIC LIVER TRANSPLANTATION

22

Suprahepatic vena cava

This is the most difficult and dangerous of the vascular
anastomosas. Rirst, the lengths ot host and homogratt
vessel that are available for sewing are very short; second,
the presance of tha new liver makes it difficuit ta improve
expasure by retraction or other manipulations; and final-
ly, the fact that the suture line, particularly 1ts postenocr
portion, cannot casily be re-expoved later for control of
hacmorrhage makes it mandatory that a perfect result be
obtained at ance. This must be achieved by faihioning the
posterior portion of the anastomosis from within the
lumen. The principle of the method, as demaonasrrated in
the illustration for a side-to-sido anastomosis, is the im-
mediate formation of Intraluminal shoulders In both ves-
sels ta be joined. First, sutures are placed in the extremi-
ties of the anastomosis. The needle 1s passed Into the
posterior part of the fumen of one of the vessels 1 or 2mm
fram the linw of incision, A firm bite of the other vessel Is
thon takan, making surc that the cntry and exit sites of the
needle pass through the intima at some distance fram the
cut edge. The tull thickness of the wall is included. If the
thread Is pulled tight, a mound of protruding tissue
presents, which makes the similar placement ot subse-
quent sutures easy. When the Zﬁposne end of the posi-
erior anastomotic line is reached, the necdle is passed
outside and the antarior row is completed with an evertin
over-and-over suture. The steps are almost exactly the
same for an end-to-end or end-to-side anastomosiz. A
perfect intimal coaptation can thus be assured all around
the vessel.

«@eatro -
¥ dwodena

23 DLtodcuum"Q&_/-
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Infrahepatic vena cava

Thc‘tcchniquc of anastomosis is idontical to that de-
scribed ahove, indluding intraluminal suture of the post.
erior wall.

23

Portal vein and hepatic artery

Excess lengths of both host and graft partal veln are
usually present, Both vessels must ordinarly be shortened
so that there is approximation without kinking or tension.
Bocausc of this requirement of perfect length, there is nat
enough raom to tum the vesssls for external suturing of
the posterior wall. The continuous intraluminal technique
described eartier is applied, using &/0 vascular silk, The
use of Profonc suturc hore tends to purse-string the
anastomosis of the thin-walled portal vein. :

The usual technigue of rearterialization is by anastomo-
sis of the graft common hepatic artery or caefiac axis to
the recipicnt common or proper hepatic artery. The
anastomosis (s easy In adults with a cstandard continuous
arterial suture technique, using 6/0 Prolene. In contrast,
the hepatic artaries in pasdiatric donors are both small
and fragile, In such cades the use of graft coeliac axis is
usually advisable. This can ba connected without difficulty
to the recipient common hepatic artery, which is usually
larger than normal in paticnts with cirrhesis.

WYO0-A 007



24 & 25

: _Variants of homograft vasculatures

some of the most serious technical problems with ortho-
topic liver transplantation are caused by variants of hepa-
tic artery. Whon the right hepatic artery arises from the

superior mesenteric artery as shown, the graft coeliac axis
= is anastomoscd to the recipient common hepatic artery,
and the graft right hepatic artery is anastomased fo the
recipient splenic artory. When a smali left hepatic artery
arises from the left gastric artery, the graft caeliac axlg is
used for anastomosis. If this left hepatic artery is not
: nized and is inadvertently ligated and divided, this

has.ta be rcanastomosed to the original branch or small
other avallable arterial branch.

T-tube in recipient
common dugt

26b
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DONOR LIVER

24

25

Splenic a.

Biliary drainage

26a &b

Untl 1976, we commonly perfarmed cholecystoduode-
nostomy (e). Aithough this s the simplest biliary racon-
struction, obstruction at the cystic duct was common.
Furthermore, homografts are subjected to repeated bacte.
rial cantamination with resulting cholangrtis and conse-
quent systemic infection. Thus, this anastomasls is now
abandoned. .

We now belleve that the idcal biliary reconstruction 18
choledochocholedochostomy with a T-tube stent (b), us-
ing 5/0 or 6/0 chromic catgut interrupred sutures. After
apaeratioty, the T-tube is left in place a5 briefly as onw
month 10 as long as 2 yeers. A T-tube cholangicgram is of
great valuc as part of the postoperative evaluation of
jaundice and faver, After the T~tube is remaved, periodic
endoscopic retrograde cholangiography via the duode-
nurm can bo done,

AR T A AL
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27a & b

Choledochocholedochostomy is often not feasible, as, for
exarmple, in children with bilfary atresia. As an alternative,
we perform cholecystojejunostomy (4) or choledachoje-
jureatarmy (b) to a Roux {lmb of jejunum. Thc advantages
of cholccystojcjunostomy are that a large calibre anasto-
mosis I8 possible, even in a child's liver, and that no
stenting or drainagc is necessary. The disadvantage is that
obstruction af the cystic duct often necessitates reopera-
tion and conversion to choledochajejunostomy.

Splenectomy

Splenectomy i not donw if there is enough space for graft
liver. We now usc cyclosporin A exclusively for liver
transplantation which dogs not cause bone marrow sup-
pression. With conventional immunosuppression using
azathioprine and prednisone, spienectomies were otten
done to raise the white cell count thereby making treat-
ment with larger dases of azathloprine possible.

Closure

Primary closurc of the weund is desirable, providing
complete haemostasis and satisfactory blltary roconstruc-
tion have been achicved. Otherwise 5-7 ¢m of the wound
are left open and Panrose draing (nserted to allow adequ-
ate drzinage. Tho drairis arc removed a» carly as pessible
and irrigation of the cavity is done dasly until the wound is
completely healed.

Postoperative care

The immunosuppression used until 1980 was azathioprine
and prednisone which was given with or without anti-
lymp e ylobulin, We now use cyclosporin A and a low
dose of prednisone.

"

Fluid and electrolyte management

A significant derangemaent ot tiuid and oloctrolytcs may
occur during the immediate post-transplant periad. Mas.
slve accumulation of fluid 1n the third space may occur
during the initial 24 h, which necessitates a large amount
ot crystaloid and colloid infusion. Serum potassium con-
centration ofren drops belaw 3.0 mkg/l, As the potassium
changes are unpredictable, very careful monitaring and
adjustment are mandatory. Serum giucose (s kept above

normal wrth 5 per cent glucose solution. If the serum’

glucose falls below the normal level with maintenance

4 7Q17 'ON

Goll bladder
removed

27b

infusions of 5 per cent glucose solutlan, significant dam.

age of the graft liver 15 suspected. '
Coagulation factors, such as platelets, prothrambin and

fibrinogen, decrease immediatcly after liver transplanta-

- tion, partly because of massive transfusion during opera-

tion. if the graft functions well, the coagulation abrormali-
ties are corrected to near normal within 24-48h,

Complications

Successful iiver transplantation is only achieved by con-
trolling various complications. The best policy is of course
prevention. The causes of complication are multiple xnd
closely interrelated. The most common aetiologies arc: (1)
poar liver graft function; (2) technical accidents or errars;
(3) side-effects of immunosupprassion (essentially infoc-
tons); and (4) rejection. Careful and constant monitoring
of the patient is essential.
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Results

Orthotopic liver transplantatien using’ conventional im-
munosuppression has at baest yieldcd a 50 per cent one
ear patient survival®. In a recent serles of patients treated
with cyclosporin A and low doses of predni::one, a7 per
cent one year patient survival was achieved®.
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