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LIVER, GALLBLADDER, AND
EXTRAHEPATIC BILE DUCTS

_ John R. Lilly, M.D.
Thomas E. Starzl, M.D., Ph.D.

bile duct is grossly patent in its proximal
portion but atretic distally. Bile flow is
blocked outside the liver. Operative relief of
biliarv obstruction is relatively straightfor-
wardt. Biliary drainage is provided by Roux-
en-Y ChOlEdOChOJe_]UHOS[Omy (in which the
jejunum is anastomosed to the patent prox-
imal bile duu) or by choledochoduodenos-
tomv. In “noncorrectable” biliarv atresia,
the lumen of the proximal. and often the
entire, extraphepatic bile duct is obliterated, _
and thus biliary obstruction is intrahepatic.-
Surgical correction is more complicated.

CORRECTABLE BILIARY ATRESIA

The distal extrahepatic bile duct is obliter-
ated in patients with correctable biliary atre-
sia. Contrary to what would be anticipated
with longstanding obstruction, the intrahe-
patic biliary svstem is not dilated but is, in
fact, hypoplasth (Fig. 19-1). Histologically
and morphologically, the hepatic parenchy-
mal changes are indistinguishable from
those of noncorrectable blllar\ atresia. Be-
cause of intrahepatic disease, the postopera-
tive course generallv parallels that observed
in patients with noncorrectable biliary atre-
sia. The severity of complications is attested
1o 1 a surves conducted by the Surgica!
Secuon of the American Academy of Pediat-

neber, C.-E.
wraperitoneal
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rics. Half of the patients with correctable
biliary atresia were dead at the ume of the

_report.’® . B}

“One comphcauon anastomotic stricture,
mav be pre\emab]e The distal end of the
patent portion of the extrahepatic bile duct
is almost alwavs structurally abnormal and
often lacks a mucosal surface. Intestinal

Figure 19-1 Operative  chole-
cystogram in an infant with “correct-
able” biliary atresia. The galiblad-
der, cystic duct, and common
hepatic ducts are open and commu-
nicate with the intrahepatic biliarv
system. The common bile duc
nonpatent. Note that the intiahepza: <
bile -ducts (and common- hepatic
duct) are hvpoplastic despite pro-_
longed biliary obstruction The pa-
tient was treated by cholecystojejun-
ostomy (Roux-en-Yi by Dr. Den~:s
Shermeta and was well whern st
‘seen (6 months).

opment but is instead a dvnamic obliterative
disease of the biliary tract. The coneept of a
_progressive disease process is essential to
understan&ing and treating the complica-
tions following corrective surgery for biliary
atresia.

Corrective surgery is considered to be the
operation described by Kasai and coworkers

anastomosis to this end may_resuliin Jateinahich the fibrotic e\trahepanc biliary tree

anastomotic stricture. To avoid this compli-
cation, the intestinal anastomosis should be
done not to the end of the patent bile duct.
but to its proximal portion, at the liver hilus.
In this location the duct is usually normal.
In addition to anastomotic stricture. all the
complications of noncorrectable biliury atre-
sia described in the foliowing_section are
encountered in patients with correctable bil-
1ary atresia, albeit usually in_a less severe
form.

NONCORRECT ABLE BILIARY ATREN

Despite the connotation of auesia. the
extrahepatc bile ducts are patent in most
infants less than 2 months of age who have
biliary atresia. The common hepatic duct
contains a minute bile duct that communi-
cates with the intrahepatic biliary tree.
Somietime between the third and fourth
months of life. patency of the residual duct
is lost. The reason for the ongoin;: oblitera-
tion of the ductal system is that biliary
atresia is not a true error of hile duct devel-

is totally excised and bile drainage is es-
tablished by anastomosis of an intestinal
conduit to the liver hilus.’ If the residual
bile duct is still patent, bile drains from the
intrahepatic biliary system into the inter-
posed bowel. In time, an autoanastomosis
presumably occurs between the transecied
bile duct and the intestinal mucosa. The
diminutive caliber of this anastomosis is
most likely responsible for the main complhi-
cation of Kasar's operation, cholangitis. The
operation Is a major undertakmg requiring
extensive dissection of the portal triad O -
erauve technical iricacies are comypre -
ed m 10 to 20 per cent of patients by e
presence of associated perihepatic intestinal
and vascular anomalies such as a preduo-
denal portal vein {Fig. 19-2) and intesiinai
malrotation.® Incorporation of portal vein
or hepatic artery adventitia or both is often
required for the hilar anastomosis. The
operation is hazardous. and intraoperative
complications include injury to the hepauc
arterial or portal venous system. Late prob-
lems include subphrenic abscess. biliarv fis-

‘tula,-and intestinal anastomotic breakdown.
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Figure 19-2 Operative photograph in an infant with
bilian: atresia and associated preduodena! poria' vein
;arrovess The patient had no chinical signs of duodenal
obstruction. A standard hepatic portoenterostomy proce-
dure was done.

Earlv in our- experience, a subphrenic ab-
scess occurred in a patient secondarv to a
hilar bile leak. Because the abdominal bil-

‘joenteric extériorization site was too small,

bile drainage was impeded, causing a dis-
ruption of the hilar anastomosis. A deliber-
ate effort is now made to make the intestinal
conduit exteriorization site adequate in cali-
ber. Other complications specific to Kasai's
hepatic portoenterostomy operation are list-
ed in Table 19-1 and described below.
Absence of Bile Flow. Failure of bilian
drainage after operation indicates that the
intrahepatic ductal system has not been sur-
gically opened at the porta hepaus. The
complication may stem from pre-existing

total obliteration of the residual extrahepa-

tic bile duct or from obstruction of the
intrahepatic bile ducts. In either case. sur-
gers has nothing o offer. However. postop-
erative absence of bile flow mav be a con-
sequence of oo distal transection of the

TABLE 19-1 COMPLICATIONS OF HEPATIC
PORTOENTEROSTG WY FOR BiLiaRY ATRESIA

Absence of bile drainage
Recurrent cholangitis
Progressive cirrhosis
Fat-soluble viiamin dehciencs
Poral hyperiension

‘contaminated
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common hepatic bile duct. Histologic verif-
cation of a microscopic bile duct in the most
proximal portion of the surgical specimen is
an essentid) requirement of the operation.
Moreover. 1t 1s crucial that the residual bile
duct (Fig. 19-3.1) be distinguished from
biliary glands (Fig. 19-3B) and collecting
ductules of biliary glands (Fig. 19-3C) at the
time of intraoperative histologic evalua- .
tion.* These glands and ductules do not
communicate with the mtrahepatic biliun
svstem. In the absence of a true bile duct.
operative exploration should he extended
deeper into the porta hepatis.

Postoperative Cholangitis. In the Denver
series. e\cry patient in whom biliary ob-
struction was relieved and bile drainage was
achieved bv means of an intestinal conduit
expericiiod recurrent cholangitis during
the first postoperative vear. The pathogene-
sis of the complication 1s unknown. Absence
of chol=ugius in patients who have under-
gone heDati(‘ portocholecystostomy using
the gelltudder. cystic duct. and common
bile duct f01 the bllmr\ conduit (Fig. 19-4)
incriminates an “ascending” bacterial infec-
tion from the intestinal conduit.® If either a
Ivmphatic’* or a portal venous® mechanism
were responsible, the incidence of cholangi-
tis would be the same irrespective of the
type of hiliary reconstruction.

Cholangms is characterized by an other-
wise unexplained fevér followed by de-
creased quality and quantity of bile drain-
age, leukocytosis, and finally a rise in serum
bilirubin level. The kevstone of treaiment is
the parenteral administration of aminogly-
coside anuibiotics. In recalcitrant cases, car-
benicillin mav also be required. Svstemic
steroid therapy is used if fever persists de-
spite antibiotic administration.

Modification of Kasai's original operation
(simple Roux-en-Y hepatic portoenteros-
tomv} by exteriorization of the biliointestin-
al conduit lessens the severin and facilitoies
control of mdniadaas aitacks of cholangios..
Most tvpes of biliary reconstruction current-
ly in use are designed to isolate the hilar
anastomosic from ithe gastroimestnal tract
(Fig. 194, Since the predispositon to cho-
langlus appears 1o be a consequence of a
intestinal conduit™ in im-
mediate proximin te a partialiv obstrucied
intrahepatic biliary sysiem, even urivial
aggravation of bile flow from intestinal
stasis triggers attacks of cholangitis.
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Figure 18-3 Bilary atresia. Histology of three diftere® specimens of bile duct remnants at the porta hepatis. A, Bus
-duct: The lining celis are of flat columnar epithelium. There iz partiai epithehal ulceration and no evidence of celluiar
proliferation. An inflammatory reaction is present in the surrounding concentric lavers of fibrous tissue. Bile is not present
in the lumen ir this case, but it is occasionaliv noted in other specimens containing a true bile duct B, Biliary glands:
Biliarv giands are randomly distributed in the fibrous tissue. The glanduiar walis are exclusivelv lined bv cuboida! ep:-

thelium. The iumen never contains bile.
livsiranon continued on opposite page
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Ok A
Y Figure 19-3 Continued C. Collecting ductules of biliary glands: The basic morphologic characteristic is that of a
o biliary gland. The walls are perfectly lined by high cuboidat epithelium ~which sometimes sljows celluiar proliteration. As
- - _is true in biliary gfands, bie is never found in the lumen. Occasional!y a dilated lumen may be filled with an epithelial
RN cluster or amorphous material.
o\ .
-~
Y In the early postoperative period, severe  flow, although sufficient to eliminate jaun-
s _cholangius may result in cessation of bile  dice. is inadequate for many months after
*,‘.'? flow. Operation and ductal re-excision at operation.** Second, as alluded to earlier,
L the liver hilus may cause a resumption of  biliary atresia is a panductular disease in-
bile drainage and should be attempted  volving intrahepatic as well as extrahepatic
(Fig. 19-3). A short course of syvstemic  bile ducts. Inflammation of the intrahepatic
R steroid therapy. in this situation, may be  bile ducts continues for some time after
; helpful in maintaining a patent bilioenteric ~ operation. even with surgical relief of ex-
- anastomosis. trahepatic biliary obstruction.* In the major-
- i About 12 1o 18 months after operation, ity of patients-having successful surgerv. the
Ty . bile flow becomes normal and susceptibilitv: intrahepatic disease appears to be self-
~ 3 to cholangitis resolves. Thereafter, cholan- -limited. After several vears, first stabiliza-
~ 3 ~gitis is usually a consequence of mechanical  tion and then improvement of liver histolo-
A factors such as partial obstruction of the  gv is noted.* In a significant subgroup,
LS ! intestinal conduit at the stoma or by adhe-  however. hepatobiliarv disease continues
i sive bands across the defunctionalized inte-~- despive bihary drainaze. Though wacteric,
o ? tinal limb. Secondary surgical procedures 1o these pauents {requently have evidence of
-~ ‘ alleviate the partial obstruction may be re-  progressive hepatic disease. Unless saved bv
coats. 4. Bile quired. . _ ‘ , N liver transplantation. most die of liver fail-
~ce of cellular k| Progressive Cirrhosis.  All children with ure within the f:r:n postoperatne vear.
< no* Dresen’ biliar. atresia have some degree of liver Fat-soluble Vitamin Deficiency. Fat-
3iian glands. y disease at the time of operative intervention. soluble vitamins require bile salts for ab-
cuboidal epi- Pre-existing hepatic damage is rarely re-  sorpuon. Since bile salt flow does not reach

versed and, indeed. is often progressive  norma! for manv months. impairment in
during the first postoperative year.? At least  fat-sciubie viiamin absorption is to be an-

. two mechanisms may be responsible. First.  ticipated. Low serum levels of vitamins A
serum bile acid studies have shown that bile  and E-have been documented in all the pa-

DppOSIte Sage

P B e e o I




“biliary re-
et
ot biiany

-y

LIVER, GALLBLADDER, AND EXTRAHEPATIC BILE DUCTS 243

tients we have tested thus far. Radiographic
evidence of vitamin D deficiencv is routine-
Jv obseived. In most pauents i whom bile
fiow was re-established surgically, radio-
graphic improvement and cure of rickets
was noted within 2 to 3 years without
vitamin D supp]ememauon. A’ recent pa-
tient, however. sustained bilateral rachitic
femoral fractures. Vitamin D metabolite
treatment in this exceptional patient re-
sulted in healing of the fractures.

Delav in gross motor development may be
secondarv to vitamin E deficiency.? Suscepti-
bility to infection (cholangitis) mav be ag-

gravated by vitamin A deficiency. Postoper-

ative’ supplementation of vitamins A and E
is currently being evaluated.

Portal Hypertension. Because of pre-
existing liver damage. most infants with
biliary atresia have elevated portal pressure
at the time of initial surgery.* Esophageal
varices frequently develop despite gradual
return of serologic liver functions toward-
normal. Variceal hemorrhage, however. is
unusual following successtul operations.
Moreover, long-term studies demonstrate
that in many patients, varices spontaneously
disappear.'! This disappearance may reflect
decreased portal hvpertension subsequent
to improvement of hepatic parenchvmal
disease. Because of the rarity of significant
variceal hemorrhage and the background of

Figure 19-6 Operatne  cho-
lanaicgram ivia :hr gallbladder: in

SeCONGL" . 1L

titis. The extrahepatic bii
et Datent 1ot tne 1@
guodenuT. Oniy a liver bl()p\"

was done; the intant sub~equen
hecame anicieric

spontaneous improvement. we have shied
awav from portal diversion operations. In-
stead. the few Denver patients with variceal
hemorrhage have been treated by endo-
sclerosis of the esophageal varices.** *% Al-
though experience with this new technique
is limited, variceal bleeding has not.recurred
to date.

Biliarv Hypoplasia

Biliarv hypoplasia describes a morpho-
logic state of the biliary svstem. Usually
demonstrated by operative cholangiogra-
phv. the extrahepatic bile ducts appear ex-
ceptionally small although patent through-
out (Fig. 19-6}. Biliary h)prldSld 1s not a
specific disease entity but is a consequence
of a variety of hepatobihiary disorders, both
structural and funcuonal (Table 19-2).
Examples of the lauer are neonatal hep-
atitis.  alpha, -anutrypsin . deficiency. and

intrahepatic biliary atresia. The diminutive

caliber of the biliary system in this group of
patients is most likely a result of “disease
atrophy™ secondary to severely impaired
bile flow.

Biliary hypoplasia mav also occur second-
arv to structural damage of the ductal svs-
tem. The predisposing disease is probably a
variant, or a milder form. of classic biliary
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TABLE 19-2 ETIOLOGIC FACTORS IN these circumstances. since protracted bilhary
BILIARY HYPOPLASIA obstruction will result in irreversible biliar
cirrhosis.
Functional Structural

- Choledochal cvst
Alpha,-antitrypsin Extrahepatic biliary

deficiency atresia
Intrahepatic biliary atresia

atresia Prolonged survival has been re-
ported in some patients.* presumably be-

cause patency of the extrahepatic bilary .

svstem persists. However, we have encoun-
tered three of 62 infants with biliarv atresia
and one of nine patients with a choledochal
cvst in whom patency of the initiallv hypo-
plastic biliary svstem was subsequently lost.

A Kasai hepatic portoenterostomy proce-

dure was ultimatelv required in all four
patients.’® At the ume of operation, the
extrahepatic bile ducts were totallv obliterat-
ed. Biliarv hvpoplasia in these patients sim-
ply represents a wav station in the dxsease
process of biliary atresia.

(.(m)p]uanons of operations for biliary
hvpoplasia mav be due to misinterpretation
of low flow syndromes as structural malfor-
mations. We have observed two infants with
biliary hvpoplasia, one secondary to homo-
zvgous ZZ alpha;-antitrvpsin deficiency and
one secondary to intrahepatic biliary atresia,
both of whom were treated bv Kasai hepato-
portoenterostomy procedure without im-
provement. It is unlikelv that bypassing the
hypoplastic extrahepatic ductal svstem will
relieve intrahepatic cholestasis. Procrastina-
ton in the converse situation. i.e., structural
disease misinterpreted as a functional svn-
drome, is even more dangerous. Infants in
whom biliary hypoplasia is secondary to an
underlving ductal sclerotic procesx mav lose
ductal pateney and iotal extirpation
of the e\uahepdm bxhax\ svstem and re-
placement with an intestinal conduit. The
operation should be dune prempth under

Choledochal Cyst

Internal drainage and primary excision
are the operative procedures generallv em-
ployed for treatment of ((moenual choledo-
chal cvst in infants and children. Tradition-
allv. the former has been performed by
most surgeons in the United States. whereas
the later is preferred by many pediatric
surgeons in Japan. France, and Australia.
The specific complications of internal intes-
unal drainage, either by choledochocysto-
duodenostomy or choledochocvstojejunos-
tomy, consist of anastomotic stricture,
biliary stasis. recurrent cholangitis, biliary
lithiasis. and pancreatitis (Table 19-3). The
incidence of sucly complications was recently
reviewed by Flanigan and found to be from
34 per cent to 58 per cent.” -

The fundamental reason for the high rate
of complications is that diseased tissue is
emploved for the biliary reconstruction.
Choledochal cysts are composed essentially

of scar tIssuc(Fxg. 19-74, B). Con:egueml\, 7

the cvst rarely shrinks to a normal caliber,
biliary stasis persists, and the stage is set for
recurrent cholangitis and biliary lithiasis.
Furthermore, the absence of a normal cyst
epithelial lining in most cases prevents a
mucosa-to-mucosa anastomosis with the in-
testine. thus predisposing to subsequent an-
astomotic stricture.

Two recent reviews have also reported
that the incidence of malignancy of the
extrahepatic biliary tract is about 20 times
greater in patients with choledochal cysts
than in the population ar large.® 4 The
suscepublity to malignancy was not elimi-
nated by internal dramage of the cyst. In
fact. in about half the patients. carcinoma

TABLE 19-3 COMPLICATIONS FOLLOWING CORRECTION OF CHOLEDOCHAL CYST

Internal Drainage

Primary Excision

Anastomotic stricture {125
Recurrent cholangitis (50%
Biliary malignancy  {2.5%)
Biliary lithiasi

Pancreatitis T %y

Anastomotic stricture (5%)
Recurrent cholangitis (8%
Biliary malignancy  (<1%g) -
Pancreatic fstula (<1%)
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Figure 19-7 A Ope-ative photograph of a chotedochal
cyst iarrows; in a 3-month-old infant. There is obvious liver
disease as a consequence of complete biliarv obstruction, but
the intrahepatic bile ducts were grossiv dilated, unlike those
of the infant described in Figure 19-1. Hepatic histology was
normal 1 year later. B, The cyst wall is partially lined by
epithelium and contains scattered distorted glands. The mucosa is infiltrated with chronic mﬂammatory cel|5 In some

ereas the mucosal epithelium s repiaced

oy fibrin A muscie laver

< not present. Most of the wall consists of dense fibrous

connective.tissue containing scattered blood vessels. (Magmflcanon % 30. Courtesy of Dr. Robert H. Shikes.;

developed a mean of 4 vears after an inter-
nal drainage procedure.

The mortality resulting from excision of
choledochal cvst was long thought to be
greater than that from internal drainage
operations. This belief has not been con-
firmed by contemporary reviews. which re-
port operative mortalm to be about 7 per
cent for both operations.™* The dissection
of the cyst from the adjacent portal vein and
hepatic artery does. however. present a haz-
ard in resectional operations that is not
Encounioed i LA“"‘ ar "'7’ ¢ proce-
dures. Injury to naghboring vascaiar <o
tures may be a\mded by excxsmg the cvst
except for the omer shell of its posterior
wad overhving the vascular structures &5 A
plane of dissection i+ developed in the poste-
rior wall by opening the cyst and carrying
out the dissection from the inside (Fig. 19~
84. B:.

Complications specific to resection of cho-
ledochal cvst consist of intraoperative hem-
orrhage, anastomotic stricture, recurrent

JORE . e A
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cholangitis, and pancreatic fistula (Table
19-3). Stricture of the choledochojejunos-

tomy occurs in about 5 per cent of patients_

after excisional operations.®® Anastomotic
stricture is almost alwavs a consequence of
failure to excise the cvst completelv. Hence.
the defunctionalized Roux-en-Y jejunos-

tomv is anastomosed to a diseased. scarred’

poruon of the common hepatic duct. To
avoid this complication, care must be taken
to excise all of the choledochal cvst to the
normal hepatc ducit. Although attraciive
technically. leaving a rim of the choledochal
cvst behind o fachiare the mresuna! anas-
tomosis is actually counierproducune. When
the chaledachal cver diseuse process extends
into the PT“]]JY\ branches of the mt ldh(‘Pa—
tic bile ducts, anastomotic stricture mav be
inescapable because intestinal anastomosis
to a normal duct is not possible. Under these
circumstances. the anastomosis should be
made as large as feasible. This may necessi-
tate laving open a portion of the main right
or left hepatic duct.z
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Figure 19-8 A Excision of choledochal cvsl After the cvst is opened. dissection i< begun in the posterior wall
separating it rwe lavers. The inner laver is compieteiy transectec anc the cvst is excised except for the outer layer of

) the back wail. B. The operation is completed by end-to“énd choledochojejunostomy (Roux-en-Y). The distal common bile
. - duct has been suture ligated. The residual back wall of the choledochal ¢yvst overiies the portal vein and hepatic artery.
: {From Lilly, L R.: Tota: excisior. of choiedocha! cvsl. Surg. Gvnecor. Obsiel. 14€:254, 1978, by permission.)
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Figure 19-9 Operatv: cha snzioc-am in a patient with a
choiedochai €\ st demonstrating the aberabion ot the junction
of the common bile duct and the pancreatic duct farrows..
Note that the union of the two ducts is almost at a right angle
and s much farther from the ampuila of Vater than is normal,
creating a long ““‘common channel.” The cholangiogram was _
obtained by dividing the choledocha!l cyst, excising the
proximal cvst and placing a vascular clamp acrose the dista!
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Recurrent' cholangitis after cyst excision
mav be secondan to anastomotic stricture
or to associated mtrahepatic ovsuc diseasc.
Coexisung mirahepatic bihary cvsts are
more common than was previoushy appre-
ciated (nine of 16 patients reported by Tsu-
chida and Ishida* and four of 11 patients in
Denver). Excision of the choledochal cyst is
not curative in this situation. Biliarv stasis
and the likelihood of cholangitis persist de-
spite provision of nor mal extrahepatic bilke
drainage. -

Finallv. in most. if not all. patients with
choledochal cyst. the pancreatic duct joins
the common bile duct at a point consider-
ably ‘more proximal than normal. Unwan
surgery during the distal dissection of the
cyst may lead to inadvertent transection of
the pancreatic duct.!® The complicaiion is

- preventable by visualizing the common bile
duct—pancreatic duct junction either by op-
erative cholangiogram (Fig. 19-Y; or b

-direct inspection before resectmg the chole-
dochal cyst.

Caroli’s Disease

In true Caroli's disease the secondarv and
tertiarv branches of the bile ducts are gross-

bile ducts. In most patients with intrahepatic
cvstic disease. however, a choledochal cyst 1s
also present (Fig. 19-100. Because of biliary
stashs. afflicted persons are subject to recur-
rent cholangius. biliary lithiasts, and bihary
cancer. Excision of a coexisting choledochal
cvst. when present. mav aid in the tontrol of
the complications but is not curative. Hepa-
tic lobectomy or segmentectomy should be
considered for patients in whom the-in-
trahiepaiic disease 1s locahzed.

Perioration of the Common Bile Duct

Spontaneous perforation of the extrahe-
pauc bile duct is a rare but highly specific
]emon in infants. It probablv originates from

a localized mural malformation of the com-
mon bile duct, since the site of the perfora-
tion is almost alwavs at the union of the
cvstic and common ducts. The operative
cholecvstogram_ frequentiv demonstrates a
biliary pseudocyst (Fig. 19-11). Slow escape
of bile from the tinv perforation permits its
temporary encapsulization. Because of
sludge in the partially defunctionalized dis-
tal common bile duct, there mav be a mis-
taken impression of distal obstruction.

Surgical dissection of the inflamed portal

Iv distorted with muliiplecyéiswairvenetsmer——triat-should not be undertaken. Muluple

or only limited. disease of the extrahepatic

Figure 19-10 Oral  cholecvsto-
gram. in a child with “Caroli's dis-
ease.”” The intrahepatic cystic dlsease
farrows! (~ aseagc atert +h KR

T
[t

eAl 22U and a CNOIRALLITIVJEjUNOS UMY
(R xﬁ-Y} was performed for b;har\
Jra|nage The chxld ha~ Impron ec Hut
ot curnd Tre intraes

anchangea | ovear later.

soft rubber drains are placed in the area of
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the peiforation. and the abdomen is closed.
- A cholecystostomy catheter is left in place so
that healing of the perforation may be as-
sessed postoperativelv. Premature removal
of the drains will lead to reaccumulation of
bilious ascites.?” Spontaneoius closure of the
ductal leak mav take several weeks.

e e - S Fgieal-complications of perforation of

the common bile duct are primarily due to
overzealous surgery. In most cases, sponta-
neous closure of the leak and subsequent
cure have followed simple drainage of the
perforation.® Attempts to close the perfora-
tion. drain the common bile duct. remove
the ductal sludge. or bypass a mistakenh
interpreted distal obstruction mav lead 1o
major biharv complications. An even more
serious complication results from the misin-
terpretation of the biliary pseudocyst as a
choledochal cvst An intestinal anastomosis
10 the pseudocyst is usually lethal.

The overall experience with spontaneous
perforation of the extrahcpaiic ducts
infunts mdicates that the leston 1s seli-
limited and the sole error in ductal develop-
ment. Thus. residual biliary tract disease or
other sequeiue would not be anticipaiea.

THE LIVER

There are few congenital malformations
of the liver that necessitate surgical inter-

TR ET R ETNF NI Ay (2T T o e e

g

Figure 19-11 Operative  cho-
langiogram in an infant with perfora-
tion of the common bile duct. Con-
trast medium injected into the gall-
btadder spills out into a biliary pseu-
docyst (straight arrows). A menis-
cus sign curved arrow) in the distal
commor bile duct suggests a cho-
ledacholith. Resolution ot the per-
foration, biliary pseudocyst, and
“choledocholith” followed simple
peritoneal drainage adjacent to the
site of perforation.

venwon. The bulk of hepatic surgery in
infants and chiidren consists of resectional
operations, usually for tumor and occasion-

~ ally for trauma. The complications of resec-

tional operations have a common pathogen-
esis irrespective of the original condition for
which the surgery was performed.

Hepatic surgery in infants and children is
not often indicated. When required, the
operation most commonly consists of partial
resection. In the most extreme case. com-
plete removal and replacement of the liver
with a cadaveric organ (orthotopic trans-
plantation) mav be performed..

Partial Hepatic Resections -

Removal of part of the liver is done usual-
Iv for tumors and occasionally for trauma.
The basis for orderlv subtotal resection of
the hver 1s found m anatomic studies. which
hoave beer summuarnized # For practical pur-
poses. onhy four surgical units lend them-
selves to controlled excision (Fig. 19-12),
including the right and left true lobes,
which consist of two segments each. The
third possibility is removal of the complete

right lobe plus the medial segment of the

left lobe. This operation (Fig. 19-12) is most
correctly called right trisegmenteciomy, al-
though the term “extended right hepatic
lobectomy™ has frf(,‘denl,\ been used. The

x
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Figure 19-12 The usual kinds of par-
tial hepatectomy. Note that there are only
four common resections. {From Starz!, T.
E. Bel' R.H. Beart., R. W. et al.: Hepatic
trisegmentectun or exténded right lobec-
tomy: Relation to other lhver resections.
Surg. Gvnecoi. Obstet. 141:429, 1975, by
permission.)
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fourth possibility is excision of the liver to
the left of the falcifornt ligament. The re-
moval of this single segment (Fig. 19-12)
should be known as lateral segmentectomy
instead of left 1obectom\

In infants and children, any of the four
resections can be done through an abdomi-

nal incision (Fig. 19-13). The principles of
the operations are simple.®*-37 They consist
of preliminary ligation of the hilar struc-
tures going to the planned specimen (Fig.
19-14), early control of the drainage hepatic
veins when possible. and transection of the
hepatic parenchvma along exact interseg-
mental or interlobar planes (Fig. 19-15).
Sometimes” the huge size of right lobar
tumors or invasion of the diaphragm by
these tumors makes it impossible to obtain

‘preliminary control of the right hepatic

vein. In such cases. we have approached the
nizht hepauc vein from within the main
.:\j;.:;m parenchvima (hig 19-15,

TRISEGMENTECTOMY

’

precisely. In the first instance,-an injury to
the hilar structures passing to the residual
lateral segment would almost immediatelv
be lethal (see Fig. 19-15). In the second
instance, an injury to the medial segmental
(“feedback™) hilar structures during lateral
segmentectomy (see Fig. 19-16) would
cause a regional infarction. Sometimes only
one structure is damaged, most commonly
the hepatic duct to the liver remnant. We
have performed liver transplantation 5
vears after such an injury in a teenage girl
who had been kicked by a horse. because
repeated efforts to repair the severed duct
had failed.

Even in modern times. hemorrhage has
been the most common cause of death dur-
ing and just after partial hepatic resection.
That such a complication is unnecessary has
been shown in our experience with 87 con-
secutve Brepata tesedtions inoaduls and

children. Al[hough brisk bleedm}, was

There are five complications after he patiger+~-always‘encsuntered at the time of parench:-

resections in children 9 10-28.35.38.43 "The
most avoidable s imjury to the triad struc-
tures that pass to.the retained fragment.
When the right three segments (trise gmen-
tectomy) (Fig. 19-15) or the left lateral seg-
ment (Fig. 19-16) is removed, the anatomy
in and around the plane of the falciform
ligament (Fig. 19-16, must be understood

mal transection. this promptlv came under
controf alter removal of the speamen. No
matter how alarming the hemorrhage as the
parenchyma was split, hemostasis was easily
achieved because the plane of resection was
anatomically correct. Secondary postopera-
tive hemorrhage necessitaung re-explora-
tion was seen onlv once.
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Figure 19-13 Approaches for trisegmentectomy and
true right lobectomy. Note that several extensions may be
made from the basic right subcostal incision, A to A, that is
alwavs used. More than one of the depicted extensions mady
be required in a giver patient. For left hepatic lobectomy or
lateral segmentectomy,_mirror images of the extension:
shown can be added to the basic left subcostal incision. In
imfants ahd children Tt is almos! never necessary to have a
thorac:c componeni. cince the monihiny of the costal margin
permits effective retraction. (From Starzi, J. E.. Bell, R. H.,
Bear:. R. W., et al.: Hepatic trisegmentectomy or extended
right lobectormi: Reiation to other liver resections. Surg.
Gynecol. Obstet. 141:429, 1975, by permission.;

Tissue bridge

Medial @sa\gonceo!ing umbilical
TS segment of ) T fissure
; left iobe
v ~
. ’ N \
Cystic a. N
\ \
51. hepatic a. \~
Rt hepatic Lateral segment E

i
!
\:’ of left lobe

- duct = . ; e

R portal v.

/ Common hepatic a.

Cemmon duct

/
Portal veir

Figure 19-14 Devascularization-of the true right lobe. Tne cystic artery and cystic duct are iigated and divided to aid
in the dissection. Of the structures constituting the portal triad, the bifurcation of the common duct is almost.always the
most superior, the portal vein 1« intermediate and the hepatic arterv is most inferior. The lateral suture closure of the portal
vein is at the site of detachment of the right portai branct. The nussue brioge conceals the umbilica: fissure. behind which a
finger can be inserted. The bridge is present in.about half of all patients. (From Starzi, T. E., Beli, R. H., Beart, R. W_, et al.:
Hepatic trisegmentectomyv or extended right lobectomy: Relation to other liver resections. Surg. Gynecol. Obstet.
141:429, 1975, by permission.) - '
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- , Left hepatic vein
Large tumor . ’
invading diaphragm,
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- Figure 19-15 Contro! of right hepatic vein from within the liver. The technique may be required when large tumors
prevent preliminar, dissection and clamping of thic vein. (From Starzi, T. E., Koep, 'L.'J,f, Weil, R., et al.. Right
trisegmentectomy for hepatic neoplasms. Surg. Gynecol. Obstet. 150:208, 1980, by permission.) - -

lobe Med seg.
! left lobe

,Line of cleavage .

§Vructures to It. lobe

R Lat. segq.
I left lobe

Figure 19-16 Site of ligation of por-
tal structures for lateral segmentectomy.
The dissection i« kept to the left of the
umbiiical fissure 1o prevent injury to the
structures feed: Ch Trom the fissure
(¢ the medial segment. (From Starzi. 7.
E., Bell. R. H., Beart, R. W, et al.:
Hepatic trisegmentectomy or extended -
right iobectomy: Relation to other liver
resections.  Surg.  Gvneco!. Obste:
147:129, 1975, by permission.:
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Two historicallv important causes of
death, air embolism and hvpothermia. have
essentially been eliminated by improve-
ments in anesthesia. The air emboli origi-
nated from cut hepatic veins and were
sucked into the circulation in patients whose
diaphragm was intact and whose anesthesia
was light enough to permit respiratory ef-
forts. The combination of adequate depth
of anesthesia and end-expiratory positive
pressure ventilation has prevented air em-
bolism in our experience. Intraoperative
temperature control is important because
infants and children may be poikilother-

* mic.

Aside from hemorrhage, the most fre-
quently fatal complication in modern times
has been regional infection. To avoid this,
the cavities caused by major resections must
be adequately drained. We often achieve
this by leaving open a-portion of the wound
through which eight to 12 1-inch Penrose
drains are inserted (Fig. 19-17). Two or 3

days after operation the drains are removed .

and-daily irrigations of the cavity are begun.
The cavity is allowed to close in from the
bottom over several weeks. In spite of these
precautions, abscesses in residual subphren-
ic cavities have required later drainage in
about 10 per cent of our patients following
night lobectomv or right trisegmentectomy.
Occasionally, partial evisceration through
the drain tracts may require control by
packing. In one of our patients it was neces-

sary to carry out formal repair of an inci-

sional hernia at this site.

With right and left true lobectomy and
with lateral segmentectomy, jaundice
should not occur postoperativelv. nor
should there be anyv major disturbances of
liver function, provided that the retained

“liver tissue is normal. In contrast. all pa-

tients become jaundiced after right triseg-
mentectaniy (Fig, 18-18;, The residual 10 1o
30 per cent of hiver represented by the
lateral segment begins prompt regenera-
tion. and completelv normal hiver function
can be expected within a few days.

There should be no later functional se-
quelae following successful hepatic resec-
tion. The special question of late morbidity
following trisegmentectomy was recentlv ex-
amined 1n 30 patients.®® Only one death (3
per cent) occurred in the hospital or within
the first 2 postoperative months. Those who
survived for longer periods, including four

Figure 19-17 Wound drainage after trisegmentec-
tomy. Usually either the medial or the lateral portion of
the wound-is kept open 3 or 4 inches. (From Starzl, T. E.,
Bell, R. H., Beart, R. W, et al.. Hepatic trisegmentectomy
or extended right lobectomy: Relation to other liver
resections. Surg. Gynecol. Obstet. 141:129, 1975, by per-
mission.}

who had benign lesions, had completely
normal results of liver function tests when

followed up as long as 9 vears after resec- -

gon.
Pediatric patients with malignant neo-
plasms should be strongly considered for
=adjuvant chemotherapy. Although postop-
erative treatment with drugs and irradiation

~ has been said to be worthless, we have made

a case for using these modalities.®® Eight of
our children with verv advanced neoplasms
were tcated after trisegmentectomv with
cvclophosphamide, vincristine. and 5-fluor-
ouracil to which doxorubicin (Adriamvein)
was frequently added. Seven of these eight
patents are siill alive 1 to 6% vears after
operation. a record of survival hard to envi-
sion with treatment of such unfavorable
lesions by surgery alone:

The safety of major hepatic resections has
increased our willingness to perform such
procedures. which at one time were viewed
as heroic. Only one death, that of an elderlv
woman, has occurred among the last 90

T e e s e T T
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Figure 19-18 Postoperative course after trisegmentectomy. The elevated bilirubin levél and the depressed prothrom-
bin time returned to normal in about 1 month. (From Starzl, T. E., Putnam, C. W, Groth, C. G., et al.: Alopecia, ascites,
and incomplete regeneration after 85 to 90 per cent liver resection. A~ | Surg. 129:587, 1975,)

patients treated by resection, 37 of whom
were given right trisegmentectomies. Ex-
ceptionally low mortality has been reported
bv other surgeons as well.% 10-28. 43

Liver Transplantation

The ultimate extirpative procedure is
orthotopic liver transplantation, an ap-
proach -now rarelv used to treat otherwise
nonresectable malignant tumors. The
tumors have recurred with such rezularm
sfter Iner replacemen: that the potential
value of transplantation has been viuat-
ed.? 3 Interestingh, the tumors have reap-
peared i the graft iself.

In a recent summary of the indications
for liver replacemem in children. the lead-
ing indication was biliary atresia.’” This
diagnosis accounted for 48 of the first 74
pediatric liver replacements. Chronic ag-
gressive hepatitis was a distan: second. An
especiallv interesting group of patients had

e S

inborn errors of metabolism (Wilson’s dis-
ease, alpha;-antitrypsin deficiency, Type IV
glycogen storage disease, and tyrosinemia)
that were cured by the provision of phen-
otvpicallv normal livers.? 37

Although much progress has been made
in liver transplantation. the procedure has
not vet provided predictable and reliable
results. In our own experience and that of
Calne and Williams,® the results have im-
proved during the last few vears. but at best
we have been able to achle\e onl\ a 50 per
(et f-vear patient survival.’

Manv of the lethal complicavons of hves
transplantation have derived directh from
o1 have been made worse by immunosup-
pression. which is necessary for znv kind of
homotransplantation. However, an exten-
sive list of nonimmunologic complications
has been recorded.* % " These have includ-
ed biharv tract obstruction and/or fistulae.
enteric fistulae, thrombosis of the homo-
grafi and host vessels, unknowing use of
urreversibly damaged organs, air emboliza-
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tion from the large veins of the homograft.
crushing and paml\ sis of the recipient right
phrenic nerve. venocus infarcion of the
right adrenal gland, posmpemme gastroin-
testinal hemorrhage. and pancreantis. 1o
provide a very incomplete lising. In addi-
tion, hepatitis caused by hepatitis B surface
antigen. adenovirus, cwomegalonrus and
herpesvirus have been shown to cause post-
operative homograft dysfunction that has
sometimes been so severe and acute as to
cause death.

The avoidance of these manv problems
and their treatment when they occur
have been discussed extensively else-

-where.® 3 36.37 The management principles

are much the same as for immunologically
normal patients. but the margin of per missi-
ble error is much smaller or mav be nonexis-
tent In recipients under immundsuppres-
sion. The interested reader should refer to

_specialty publications® 3% 3637 1o obtain in-

sight into the complex prablems that” can
result from such a massive surgical proce-
dure in-metabolically and immunologically
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