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RESUME: Intraoperative ul tra sound has be come an es sen tial tool for the sur geon in the field of hepatobiliary 
sur gery. No pre op er a tive study has been able to du pli cate the sen si tiv ity and spec i fic ity of intraoperative ul -
tra sound (IOUS) in the iden ti fi ca tion of oc cult le sions. With re cent im prove ments in tech nol ogy, IOUS has
now be come an in dis pens able means of de fin ing the ex tent of dis ease and re spect abil ity, and pro vid ing a guide 
to an a tomic and nonanatomic hepatic re sec tions and min i mally in va sive and percutaneous ab la tive tech -
niques. The con trast-en hanced intraoperative ul tra sound (CE-IOUS) makes IOUS more ac cu rate, thus en -
hanc ing the im pact of this tec h nique on op er a tive de ci sion-mak ing for liver tu mors. The con cept of
intraoperative ul tra sound (IOUS) was first in tro duced in the mid-1960s and was used pri mar ily in eval u at ing
choledocholithiasis. More ad vanced ap pli ca tions were not pur sued un til the early 1980s, sec ond ary to the lim -
i ta tions of ul tra sound tech nol ogy, which in volved large bulky trans duc ers and a rel a tively poor im age qual ity
[1]. Pres ently, IOUS is a main stay in all oncologic hepatobiliary pro ce dures. De spite all of these tech ni cal ad -
vances, pre op er a tive de tec tion of pre op er a tive liver le sions re mains 60% to 80%. As a re flec tion of these
short com ings, false neg a tive rates with CT and MRI range from 40% to 70% Ta ble 1 sum ma rizes these find -
ings, the sig nif i cance of which are dem on strated by sev eral groups cit ing that in 27% to 49% of cases the op er -
a tive plan will be changed based on new IOUS find ings. These con clu sions hold true even in the mod ern era of
ad vanced pre op er a tive stag ing. As a result, IOUS has now become a standard part of almost allhepatobiliary
cases.

An un der stand ing of nor mal ul tra sound anat omy is es sen -
tial in per form ing IOUS be cause it en ables the sur geon to
plan seg men tal re sec tion and de fine resectability. (Ta ble 1)
On rare oc ca sions, the three veins en ter the in fe rior vena
cava as a sin gle trunk; more of ten, the right hepatic vein en -
ters the cava sep a rately while the mid dle and left form a
sin gle trunk or en ter sep a rately. Other oc ca sional vari ants
in clude a sep a rate right su pe rior hepatic vein that drains the
up per por tion of the liver bound by the cor o nary lig a ment,
or an ac ces sory in fe rior right hepatic vein that drains into
the cava 2 to 3 cm dis tal to the hepatic vein con flu ence. On
oc ca sion the por tal vein may be ven tral to the hepatic ar -
tery, du pli cated, con gen i tally absent, or branch
intrahepatically. 

ULTRASOUND SIGNS OF HEPATIC
TUMORS

Tu mors are best char ac ter ized as be ing an-, hy per-, or
hypoechoic when com pared with nor mal hepatic pa ren -
chyma (Ta ble 1).

Ta ble 1

TECHNICAL ASPECTS OF
INTRAOPERATIVE ULTRASOUND 

A com plete eval u a tion of the liver can be per formed
through most in ci sions and with min i mal mo bi li za tion of
the liver. There are a va ri ety of IOUS sys tems avail able. It
is also pos si ble to use stan dard transabdominal equip ment,
but it has lim i ta tions in res o lu tion, the near field of view,
and the bulki ness of the probe [1]. IOUS is best per formed
us ing a real-time B-mode elec tronic scan ner sys tem with a
5-MHz or 7.5-MHz side-fire T-shaped lin ear ar ray probe or 
a con vex-ar ray end-fire probe. Ei ther probe can be cra dled
in the palm of the hand and di rectly ap plied to the sur face of 
the liver with out gel or acous tic cou pling agent. The con -
vex probe reaches all ar eas of the liver even if full mo bi li za -
tion has not been per formed, and al lows greater vi su al iza -
tion of the deep liver as com pared with the lin ear ar ray. Re -
gard less of the type of sys tem used, a me thod i cal, sys tem -
atic ap proach must be used in all cases. The use of over lap -
ping fields is es sen tial to as sess com pletely the en tire liver.
We scan the liver with over lap ping fields from the dome to
the cau dal edge, pro ceed ing from left to right through the
en tire or gan in a se quen tial man ner. Scan ning at a fre -
quency of 5 MHz al lows a depth of pen e tra tion of up to 10
to 12 cm, while the 7.5-MHz probe pro vides a shal lower
depth of pen e tra tion. For deeper le sions, the probe can be
placed on the pos te rior sur face of the liver. Dur ing the en -
tire sur vey, the trans ducer is palmed in the hand of the sur -
geon such that it never loses con tact with the sur face of the
liver and the sur geon is able to main tain tac tile sense of lo -
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ca tion and pre vent skip ping ar eas. To en sure thor ough ex -
am i na tion of the liver pa ren chyma, a sys tem atic ap proach
based on the intrahepatic vas cu lar anat omy is man da tory.
This ex am i na tion is bro ken into four steps, with each stage
shar ing three ob jec tives: (1) iden tify tu mors, (2) iden tify tu -
mor thrombi and vas cu lar in va sion, and (3) de fine the re la -
tion of these le sions with re spect to the vas cu lar anat omy.
The ex am i na tion starts with iden ti fy ing the hepatic veins as 
they arise from the in fe rior vena cava and fol low ing each
vein out to its pe riph eral trib u tary branches (Fig. 2). The
next step is to iden tify the left por tal pedical to segments 2,
3, and 4 (Fig. 3) and the right portal pedicles to seg ments 5,
6, 7, and 8 (Fig. 4). Fi nally, the porta hepatis is eval u ated. 

By ad her ing to this reg i men, a thor ough ex am i na tion of the
en tire liver will be ac com plished. With intraoperative
Dopp ler and color flow stud ies, one is able to dif fer en ti ate
di lated bile ducts from ad ja cent vas cu lar struc tures dur ing
the sur vey. This tech nol ogy can iden tify smaller thrombi
that are fre quently missed by pre op er a tive stud ies [1]. If a
le sion is en coun tered, it should be ex am ined in both trans -
verse and lon gi tu di nal di rec tions to de ter mine its full ex -
tent. Its prox im ity and ex ten sion to neigh bor ing ves sels
should be de ter mined, as well as the best ‘‘win dow’’ to vi -

su al ize the le sion. Such win dows are use ful for guid ance of
ab la tive tech niques and bi opsy in stru ments. Care ful in -
spec tion of the le sion will also help dif fer en ti ate ma lig nant
le sions from non ma lig nant le sions. Non ma lig nant le sions
are typ i cally soft, and will be de form able vi su ally by pal pa -
tion and com pres sion when us ing a bimanual tech nique.
Par tic u lar care should be given to the de tec tion of su per fi -
cial le sions that may be missed with a 5-MHz probe be -
cause of near-field ar ti facts in the first 1 cm of the im age.
Use of higher fre quency probes (7.5–10 MHz) may help
com pen sate for this; an other ap proach, how ever, is to ex -
am ine the su per fi cial sur face of the dome and an te rior liver
sur face by plac ing the probe pos te ri orly, in creas ing the
depth of pen e tra tion, and per form ing a com plete ex am i na -
tion us ing over lap ping fields. An ad di tional method would
be to place the probe in a ster ile glove filled with sa line to
serve as a wa ter stand off. Subcapsular le sions may still be
dif fi cult to im age, but in most cases they are pal pa ble and
eas ily biopsied, mak ing ex ces sive at tempts of im ag ing un -
nec es sary [1]. 

APPLICATIONS OF INTRAOPERATIVE 
ULTRASOUND 

As sess ment of tu mor bur den and lo cal iza tion of oc cult le -
sions The wide ac cep tance of IOUS in hepatobiliary sur -
gery is based on its sen si tiv ity in iden ti fy ing le sions and de -
fin ing their re la tion to vi tal intrahepatic struc tures. De spite
ad e quate im ag ing pre op er a tively, lo cal iza tion of le sions
intraoperatively may be dif fi cult in iden ti fy ing HCC le sions 
and in cases of re cur rences or in pre vi ously resected liv ers
[1,2]. A re view of 154 hepatic le sions at Dea con ess Hos pi -
tal re vealed that 51 of these le sions were iden ti fied
intraoperatively [1]. Of these 51 le sions, 65% were de tected 
by ul tra sound alone. More spe cific re views have dem on -
strated that nearly 30% of HCC le sions are nonpalpable
and that 10% to 40% of colorectal car ci noma metastases
will not be pal pa ble. In 51% of these cases, the planned
pro ce dure may be changed due to IOUS find ings. An ad di -
tional re view by Brower and col leagues re veals that the
sen si tiv ity, spec i fic ity, and ac cu racy of IOUS (78%, 100%,
and 84%, re spec tively) are su pe rior to those of
arteriography, CT, pre op er a tive ul tra sound, and pal pa tion.
In this re view, 15% to 25% of sur gi cal plans were mod i fied 
based on IOUS find ings in both HCC and colorectal
metastases cases [4]. Clarke and col leagues have dem on -
strated that IOUS has de tected an ad di tional 25% to 35% of 
hepatic le sions while per form ing re sec tion and stag ing of
colorectal car ci no mas. In a se ries of 250 pa tients, Machi
and col leagues dem on strated that the over all ac cu racy of
IOUS was 94.2% com pared with 73%, 75%, and 80% of
pre op er a tive ul tra sound, pre op er a tive CT scan, and sur gi -
cal ex plo ra tion, re spec tively. Sim i lar su pe rior re sults were
seen for IOUS when con sid er ing sen si tiv ity, spec i fic ity,
and pos i tive and neg a tive pre dic tive val ues. In a re view of
12 stud ies by Kolecki and col leagues, the de tec tion rate of
oc cult metastases by IOUS alone ranged from 3.5% to
14%. These find ings have led some in ves ti ga tors to in clude 
IOUS of the liver as a stan dard pro ce dure dur ing the pri -
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Fig. 1. Ultrasonograpic view of the confluence of the
right (RHV), middle (MHV) and left (LHV) hepatic veins 
with the inferior vena cava (IVC).

Fig. 2. Ultrasonographic view of the left portal vessel
(left main) and its branches to the Couinaud segments 3 
(S3) and 4 (S4).



mary re sec tion of colorectal car ci no mas. In a se ries of 58
pa tients by Stone and col leagues, oc cult metastases were
found in 5% of all pa tients un der go ing pri mary colorectal
re sec tions. This yield was in creased to 10% if lim ited to T3
and T4 le sions. The false-neg a tive find ings were 13%
over all, 0% in T1 and T2 le sions, and 7% in T3 N0 le sions.
While some groups have dem on strated con flict ing re sults,
a re duc tion in hepatic re cur rence to 7% from the ex pected
20% has been noted us ing IOUS at the time of pri mary re -
sec tion. These data sug gest that the rou tine use of IOUS
may im prove the ther a peu tic im pact of hepatic re sec tion in
these pa tients, and that proper pa tient se lec tion may im -
prove overall yield. 

EVALUATION OF INTRAHEPATIC
VASCULATURE

Fol low ing the iden ti fi ca tion of oc cult le sions, IOUS can
eval u ate intrahepatic ves sel patency, the pres ence of tu mor
throm bus, and tu mor in va sion. The prox im ity and ex ten -
sion of tu mor into the hepatic veins, in fe rior vena cava, and
the por tal ve nous sys tem in flu ence the type and ex tent of
re sec tion per formed. These con sid er ations are cru cial in pa -
tients with HCC be cause it spreads prin ci pally by way of
the por tal ve nous branches sup ply ing the tu mor. There fore,
tu mor thrombi may prop a gate and give rise to ‘‘daugh ter
le sions.’’ Rad i cal re sec tion in these cases must in clude the
en tire por tal re gion sup ply ing the tu mor. This is of ten dif fi -
cult to as cer tain clin i cally in the cirrhotic liver be cause of
changes in to pog ra phy, and is fa cil i tated by the use of
IOUS Intravascular tu mor throm bus has been found in as
many as 20% of cases of HCC. These find ings are of ten
missed by pre op er a tive stud ies. Guid ance of intraoperative
and percutaneous radio fre quen cy ab la tion and other ab la -
tive tech niques Lo cal tu mor ab la tive tech niques were de -
vel oped as an al ter na tive treat ment for unresectable le sions. 
These tech niques in clude eth a nol in jec tion, cryoablation,
in ter sti tial photocoagulation, and mi cro wave tu mor co ag u -
la tion. The most re cent tech nique, radio fre quen cy ab la tion,
de stroys tu mors by gen er at ing heat within the le sion. The
ap pli ca tion of this tech nol ogy was first de scribed in 1911.
Radio fre quen cy ab la tion has now be come the method of
choice for ab la tive ther apy at most cen ters, and would not
be pos si ble for nonpalpable le sions with out the use of
IOUS. IOUS also pro vides a re li able means of ob tain ing
pre treat ment size of le sions to de ter mine if they can be ab -
lated and gives a sense of the ex tent of ab la tion per formed
posttreatment. Le sions are rou tinely iden ti fied us ing IOUS,
the ab la tion probe is po si tioned un der di rect vi su al iza tion
of the ul tra sound probe, and ab la tion is per formed un der di -
rect vi su al iza tion of the ul tra sound probe. Once a cy cle of
ab la tion is com pleted, the le sion is then reaccessed to de ter -
mine ad e quate kill and the ab sence of grossly viable tumor. 

BILIARY DISEASE

Intraoperative US is used to im age extrahepatic bile duct
ab nor mal i ties, in clud ing re tained stones, and to lo cate cys -
tic duct in ser tion sites. In ad di tion, many intrahepatic
biliary ab nor mal i ties oc cur that can be thor oughly eval u -

ated with US (6). Intraoperative US may be per formed to
de fine ductal anat omy and to lo cate the site of con flu ence
of the right and left hepatic ducts in pa tients with resectable
cholangiocarcinoma; to lo cate and char ac ter ize bile duct
stric tures; and to de fine the ex tent of seg men tal in volve -
ment in pa tients with chronic in flam ma tory changes, Ca roli 
dis ease, or re cur rent pyogenic cholangiohepatitis. Color
Dopp ler im ag ing is used to dis tin guish di lated ducts from
ves sels and intrabiliary sludge from tu mors. Chronic in -
flam ma tory changes of the gall blad der and bile ducts are
dif fi cult to dis tin guish from ma lig nan cies with the use of
intraoperative US, but the mo dal ity none the less plays a par -
tic u larly use ful role in guid ing re sec tion. Most com monly,
it is used to ex clude metastases in pa tients who are un der -
go ing a trisegmental re sec tion for treat ment of
cholangiocarcinoma. The com mon bile duct can be fully
eval u ated in 97% of cases (Level II).4,5 For iden ti fy ing
choledocholithiasis, the sen si tiv ity is 90%-96% and spec i -
fic ity 100% (Level II).

HEPATIC PSEUDOLESIONS
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Fig. 5. (5) Replaced hepatic artery. a) Intraoperative

gray-scale US image shows a replaced artery that courses

through the ligamentum venosum (arrow), which is located

anterior to the caudate love and vena cava (IVC). b)

Intraoperative Doppler US image demonstrates the presence

of flow through the replaced vessel, which arises from the left

hepatic artery. c) Intraoperative Doppler US image shows not 

only the replaced artery (small arrow) that courses through

the echogenic ligamentum venosum  but also a potentially

significant collateral vessel (large arrow) that connects the

portal vein with the vena cava in the caudate lobe. The

depiction of such vessel is important for the planning of any

surgical resection in this anatomic region.

Fig. 4. Replaced right hepatic artery. Intraoperative color

Doppler US image shows a replaced artery (arrow) that

arises from the superior mesenteric artery (arrowhead) and

courses between the portal vein (PV), which is anterior to it,

and the more posteriorly located vena cava (IVC). 



Foci of fatty in fil tra tion that oc cur in cir rho sis or in pa tients
un der go ing che mo ther apy may ap pear quite dis crete in the
intraoperative set ting, when US im age res o lu tion is far
better than at transcutaneous ex am i na tion.

BLIND AREAS OF THE LIVER

Im ag ing of cer tain ar eas of the liver is par tic u larly chal leng -
ing in the intraoperative set ting. These ar eas in clude the
high dome of the lat eral right lobe, ac cess to which fre -
quently re quires dis sec tion of the falciform and tri an gu lar
lig a ments. The pos te rior subdiaphragmatic bare area of the
liver may be dif fi cult to im age, and sur face le sions, typ i -
cally hamartomas, are also dif fi cult to iden tify, es pe cially
when the trans ducer pro vides poor near-field res o lu tion or
the depth of field or fo cal zone is not ad e quately al tered. In
these sit u a tions, the op er a tor should con sider us ing a wa ter
stand off (Fig 4) or scan ning from the op po site sur face of
the liver. 

EXTRAHEPATIC DISEASE

When the liver is im aged, ab nor mal i ties may be iden ti fied
in ad ja cent struc tures. For ex am ple, lymph nodes are fre -
quently vis i ble near the porta hepatis, and tu mors may ex -
tend into the di a phragm, right atrium, or vena cava.

LAPAROSCOPIC TECHNIQUES 

As the use of lap aro scopic and min i mally in va sive sur gery
con tin ues to in crease, the role of IOUS dur ing lap a ros copy
has be come even more im por tant. Lap a ros copy has ob vi -
ous short com ings in eval u at ing the liver be cause it elim i -
nates the sur geon’s abil ity to pal pate struc tures and le sions.
IOUS at tempts to re store some of this tac tile feed back
while pro vid ing im por tant in for ma tion as seen in open pro -
ce dures. The tech nique of lap aro scopic ul tra sound is well
de scribed and it has a better sen si tiv ity than most pre op er a -
tive stud ies. When com pared with open IOUS, lap aro -
scopic IOUS has a sim i lar sen si tiv ity and spec i fic ity. Some
au thors have sug gested the rou tine use of lap aro scopic
IOUS in lap aro scopic colorectal can cer sur gery and be fore
laparotomy for planned hepatic re sec tion. In such cases
with known hepatic dis ease, nearly 64% of pa tients could
be spared a laparotomy in ci sion based on lap aro scopic
find ings. Sev eral se ries have also sug gested the role of lap -
aro scopic ul tra sound in the ab la tion of hepatic le sions. The
ad van tages of this tech nique over percutaneous ab la tion in -
clude di rect vi su al iza tion of the peritoneal cav ity, de tec tion
of oc cult le sions, and de creased risk of in jury to ad ja cent
or gans. In com par i son to open ab la tion, lap aro scopic tech -
niques may re quire more ad vanced tech ni cal skills and lo -
cal iz ing le sions in seg ments 7 and 8 may be more dif fi cult.
To ovecome this dif fi culty, a hand-as sisted tech nique has
been sug gested. When tech ni cally fea si ble, how ever, the
lap aro scopic ap proach has the ben e fit of a shorter re cov ery
and greater pa tient sat is fac tion.
DL, with the ad di tion of LUS for co lon and rec tal me tas ta -
sis or hepatocellular can cer stag ing, iden ti fies 10%-25%
more ad di tional tu mors than pre op er a tive CT (Level II-III).
How ever, DL can be re stricted in 13% of cases and not

pos si ble in 3% due to ad he sions (Level II). DL with LUS
changes the man age ment in up to 49% of cases, and LUS
alone added ad di tional stag ing in for ma tion in 42% of cases
(Level II). DL with LUS has spec i fic ity of 75%-90% and
sen si tiv ity of 80%-100%, with a pos i tive pre dic tive value
of 85% (Level III). Un nec es sary open sur gery for missed
dis ease was un com mon, and avoid ance of open sur gery
due to unresectability was 16%-25% (Level II-III) In pan -
cre atic can cer, DL with LUS was 100% sensitive and
specific (Level III).

SURGERY-SPECIFIC US FEATURES

At intraoperative US of the liver, cer tain fea tures may ap -
pear that the ra di ol o gist should be aware of. The cut mar gin 
of a liver seg ment is of ten echogenic be cause of small
amounts of gas that en ter the pa ren chyma and si nu soids af -
ter cautery or sonication, tech niques com monly used for
seg men tal re sec tion. The cut mar gin of par tially resected
tu mors also may ap pear echogenic be cause of gas bub bles
in the tu mor rem nant. Im ag ing dur ing cautery pro duces
bandlike ar ti facts. Ac cu mu la tions of air ad ja cent to the
vena cava, in the gall blad der fossa or in sur gi cal pack ing
ma te rial may sim u late in tra ve nous air or pro duce acous tic
shad ow ing. Pal pa tion of the pos te rior sur face of the liver,
which is fre quently used to ma neu ver the liver for better
im ag ing, also may re sult in acous tic shad ow ing that sim u -
lates mucinous metastases. Cautery on the liver sur face,
which is of ten per formed to mark subjacent le sions, pro -
duces acous tic shad ow ing that must be dis tin guished from
that pro duced by su per fi cial tu mors.

..Be nign and ma lig nant tu mors fre quently co ex ist. The ra -
di ol o gist should be aware that metastases that are sim i lar in
size and that arise from a sin gle pri mary neo plasm typ i cally 
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Fig. 6, 7.  (6) Thrombus. Intraoperative color Doppler
flow image obtained during US-guided metastasectomy
in a patients with hepatocellular carcinoma shows a
thrombus in the left portal vein (arrows). (7) Vascular
invasion by metastasis. Intraoperative US image
demonstrates a colorectal cancer metastasis (arrow)
that has invaded the distal portion of the right hepatic
vein (RHV) at its confluence with the adjacent vena
cava (IVC). In this setting if resection is performed,
segment VII (posterior to the right hepatic vein) and
segment VIII (posterior to the right hepatic vein) of the
liver are likely to be resected.



have sim i lar US ap pear ances, whereas metastases of dif fer -
ent sizes may have vary ing US ap pear ances. There fore, if
two or more le sions of sim i lar size have dif fer ing US ap -
pear ances, it is likely that one set rep re sents the neo plasm
and the other set rep re sents something else, such as
hemangiomas. 

LIVER TRANSPLANTATION

Intraoperative US is use ful in cadaveric liver trans plan ta -
tions, in which the doc u men ta tion of ves sel patency and
eval u a tion of anas to mo ses may be re quired. Intraoperative
US is also help ful when there is in ad ver tent in jury to the
hepatic ar ter ies, in clud ing dis sec tion, or when in ter po si tion
grafts are used to bridge re cip i ent and do nor ves sels.
Intraoperative US guid ance is usu ally re quired dur ing the
har vest ing phase of adult rightlobe split-liver trans plan ta -
tion, to help iden tify the rel a tively avascular re sec tion plane 
1–2 cm to the right of the mid dle hepatic vein. For these
pro ce dures, intraoperative US is also used to de pict and lo -
cal ize the intrahepatic lo ca tion of hepatic veins that drain
seg ments V and VIII and to lo cal ize and char ac ter ize any
ac ces sory hepatic veins that may re quire the cre ation of
sep a rate anas to mo ses dur ing im plan ta tion. In an im planted
cadaveric liver, a throm bus may be iden ti fied in ex cluded
vas cu lar rem nants such as the rem nant vena cava, and the
throm bus may even ex tend into ad ja cent hepatic veins. In
this set ting, intraoperative US is used for guid ance of
thrombectomy (Fig 8).

ADDITIONAL VALUE OF CONTRAST
ENHANCED INTRAOPERATIVE
ULTRASOUND FOR COLORECTAL
LIVER METASTASES

Dur ing sur gery, intraoperative ul tra sound (IOUS) is as so ci -
ated with the high est sen si tiv ity (95-99%) and spec i fic ity
(95-100%) con cern ing the num ber and lo cal iza tion of the
liver le sions and their re la tion with ma jor vas cu lar and
biliar struc tures.1,2,4,6

Multi-slice con trast-en hanced com puted to mog ra phy (CT)
is the most com monly used pre op er a tive stag ing in ves ti ga -
tion in pri mary CRC for de tect ing metastases. The sen si tiv -
ity of CT for CLM is re ported to be 73–85%.9,10 Pre vi -
ously un de tected liver metastases are still di ag nosed at
laparotomy in a sig nif i cant pro por tion of pa tients. How -
ever, metastases are of ten missed at laparotomy, ei ther be -
cause they are too small or too deep to pal pate or be cause
they are lo cated in a liver seg ment in ac ces si ble to view. The 
rou tine use of intraoperative ul tra sound (IOUS) of the liver
dur ing pri mary CRC sur gery is ef fec tive for de tect ing ad di -
tional le sions.11–13 How ever, around 15–20% of pa tients
with a neg a tive IOUS de velop liver metastases within 2
years of followup. [11,13] Al though some of this later dis -
ease may be mi cro scopic at the time of IOUS, it is likely
that some mac ro scopic le sions are missed as a re sult of their 
small size or atyp i cal char ac ter is tics, be cause they mimic
be nign le sions or be cause they are iso-echoic with the
hepatic pa ren chyma and thus in vis i ble. An im ag ing mo dal -
ity with in creased sen si tiv ity and the ca pac ity to dis tin guish 
be nign from ma lig nant with more clar ity (and sim plic ity) is
needed. Con trast agents have long been used to im prove
CT and mag netic res o nance im ag ing (MRI). Con trast-en -
hanced transabdominal ul tra sound is now avail able for rou -
tine use. Data re corded for each le sion in cluded ul tra sound
char ac ter is tics, liver seg ment(s) in volved, a de tailed de -
scrip tion of the re la tion ships of the le sion to an a tom i cal
land marks, an im pres sion as to the be nign ormalignant na -
ture of the le sion and com ments re gard ing cor re la tion with
the CT data. Par tic u lar at ten tion was paid to the clas si cal
three phases of ul tra sound con trast: the ar te rial phase (the
ini tial 30 s); the porto-ve nous phase (30 s to 2 min), and the
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Fig. 7, 8 (7). Image obtained for planning of a
living-related split-liver transplantation shows the
relatively avascular plane between the right and left
lobes of the liver (between segments VII and VIII); the
insertion sites of the middle (MHV) and the right
hepatic veins (RHV) into the vena cava (IVC); and the
location and size of the veins that drain into the middle
hepatic vein from segments V, VII and VIII (arrows).
Intraoperative Us image shows a thrombus located
between the confluence of the middle and right hepatic
veins (small arrows) anteriorly and the recipient vena
cava (large arrow) posteriorly, a finding that is not
unusual in an implanted cadaveric liver. Extension of
the thrombus into adjacent veins was ruled out before
thrombectomy was performed.

Fig. 9. It ilustrates the enhancing pattern of HCC and
normal liver parenchyma. With more arterial supply,
HCC appears hyperechoic in the arterial phase and the



de layed parenchymal phase (2–5 min). The CE-IOUS was
per formed us ing a stan dard me chan i cal in dex of  0.18. The
fre quency of the probe was set at 4.3 MHz in con trast-spe -
cific mode. The en tire scan ning pe riod of 5 min was re -
corded in dig i tal video for mat. The use of MRI with
liver-spe cific con trast also served two clin i cal pur poses.
Firstly, it pro vided a roadmap of the metastases to aid in
treat ment plan ning. Sec ondly, it pro vided a base line from
which to as sess re sponse to che mo ther apy with sub se quent
MRI. Pa tients with out sus pi cious or new stan dard screen -
ing with trans-ab dom i nal ul tra sound at 3 and 6 months with 
se rum carcino-em bry onic an ti gen lev els and a CT scan at 1
year. None of the pre op er a tive stag ing mo dal i ties used in
CRC are as ac cu rate or sen si tive as IOUS of the liver. This
in cludes CT,13,18 pos i tron emis sion to mog ra phy (PET)19
and prob a bly MRI.20,21 One rea son for this is a lack of ul -
tra sound train ing for colorectal sur geons. In our own ex pe -
ri ence, even when a com bined re sec tion is not to be con sid -
ered, an ac cu rate de scrip tion of intraoperative find ings by
the colorectal sur geon is in valu able when con sid er ing cases 
for fu ture liver re sec tion. The con trast agent was SonoVue
(Bracco Im ag ing, Mi lan, It aly) which con sists of sul phur
hexafluoride microbubbles sta bi lized by a phospholipid
shell; 4.8 mL of SonoVue per ex plo ra tion was in jected in -
tra ve nously through a pe riph eral vein. A low me chan i cal
in dex (MI < 0.1) mode was used. All phases of con trast en -
hance ment, in clud ing ar te rial (10-20 s to 25-35 s af ter in -
jec tion), por tal (30-45 s to 120 s) and late parenchymal
(>120 s) phases were re corded and an a lyzed[13]. HCC is
char ac ter ized by ar te rial phase hy per-en hanc ing and wash
out of microbubbles dur ing the por tal and late phase, while
be nign solid le sions are char ac ter ized by per sis tence of
con trast en hance ment dur ing the por tal and late phase[15]. 

SUMMARY

Intraoperative ul tra sound has be come an es sen tial tool for
the sur geon in the field of hepatobiliary sur gery. No pre op -
er a tive study has been able to du pli cate the sen si tiv ity and
spec i fic ity of IOUS in the iden ti fi ca tion of oc cult le sions.
With re cent im prove ments in tech nol ogy, IOUS has now
be come an in dis pens able means of de fin ing the ex tent of
dis ease and re spect abil ity, and pro vid ing a guide to an a -
tomic and nonanatomic hepatic re sec tions and min i mally
in va sive and percutaneous ab la tive tech niques. 
The suc cess of this al ter na tive tech nique for hepatectomies
trans lates into lower mor tal ity rates; mor tal ity rates are up
to 5 times lower us ing ul tra sound guided tech niques than
with tra di tional techniques.
Intraoperative US pro vides cru cial di ag nos tic and stag ing
in for ma tion to the sur geon dur ing sur gery. The tech nique
has a dem on strated pos i tive ef fect on pa tient care, sur gi cal
plan ning, and clin i cal out come. As hepatic sur gi cal pro ce -
dures be come more in no va tive, and with the in creas ingly
fre quent use of metastasectomy, we ex pect an in creased fu -
ture de mand for ac cess to and use of intraoperative US.
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