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Prospective analysis of hepatic resection by three

techniques in 121 patients
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Objective The sim of this sidy was (o evaluate thieo
wehnigues  for liver  mosection:  blunt  dissection,
ultrasonte sepiraor (CLISAY and Ft-culger.,

Methods In & prospeciive sisdy 121 patlents underwent
liver resection The operation dala were analysed
repsrding speed of resection, blood Boss, aransfusian
rarle, liver Bilus elamping time and fissue demage on e
basis o imca of tmnssecna liver surfice,

Resulls Liver resection wilh the Jet-ozter was sipnilicantiy
faster with 4 pescction time al 035 mintom? in

coEnpivisan o blunl dissection (1,57 mindemi®y and
CLISA {0T7 mrinfem2) (p< DO%) imd associaed with
besser blood loss of ¥7.7 mliem2(p< 001} tFan the
cther techaiques (Blunt dissectlon 32,5 mliom?, CUSA
AdA mliemdy

Conclusion The Jet-cutter 2 a promésing new instnument i
liver surpery

Key words' Jet-culting,  uhrssanic mspirnter,  biuni
dissretion. mesection tine, liver resection

Introduction

The imporance of enatomical Buer resection
has increased during last years (1),

To remove the futar with & sufficlent safeny
magin and presenve 3= muech liver tesue  as
possible is the aim in the reseclion of priman liver
necplasms and metastazes of distant primeses.
Reduction of following aspects @5 remuired o
e apemabive resulls,

Blood loss

Rasection time

Intermuption of blood lew in the main wansels
{hepatic amtery and postal wein] o minimise
nomrothernic schemia tine.

Dantage 1o the afferent and aiferent vessel and
bile duets of segments that Follow [ehuring reseclion
of central segments),

Bacause ol discsimination bebasen vascular
stroetures and parenchyma themmal processes such
& leser and high frequency electrocauleny play a
minor role in liver surgeny, Widely used & the
firiger fracture technique first descrbed by Lin in
1958 (2,31 By crushing the parenchyres between
the fingers in arder 1o isolate larner vessals, tha
lvar is divided (4). Surgical instruments such as
small clamos for blunt dissection Erproved this
technique. In last vears advanced fechiics! devicas
have been intoduced. The ulmsonde espimbor
[CUBSA]  has  guined  the most  widespread
acceplance among these (5,8). The Jet-Culter was
develoged recently and allows sehactive cutting of
parenclymatos cogans. A Goguid is pressurized by
2 high pressume pump and is conducted by a high
pressure hose fooa nozle. Here the pressure &
conwerted into kinetic energqy. For jetoutting of

Axcephed for pablication; 25 Nevemibier, [0
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parenchymal facee pressures of 1080 bas and
nozies with & diameter of 0.05-022 mm have boen
emplayed (7-2). The soff liver tissue is washed edf
the more resistant vessel: and bile ducss, The affect
iz similar f0 the one obtained with the CLSA.
Slructures are isolsted and can be Eanssecled
under controlled conditore. The  resubs  of
experimental sludies show equal selactivity but
highar cutting speed whan compered to the CLISA
(M), The study presented hore analysed whather
or Tl these experimental resulis can ba confinmad
in & clinlcal setling.

Material and method

A prospective clinical study was camded oul
between danuany 1990 and December 1993, Tha
shacdy was designed and planned as a randomised
stuchy, but during the course of the study there
ware time pereds when the randomisation was no:
possible because the Jet-Cutter could nod he gsad
This wae due lo technical problems aocuming
pasioperatively  when  the moesle  ohsimueted
irreversibly with clotted blood afler usa, Besauze of
limited supply of parts for the Jet-Cutter prototyge
that was not wet commercially suaileble the delay
uritil replacement of the nozzle arivad was up o
sk weeks, and  this  waiting  poricd  was
unzscapiable for patients schadubed for resection af
maligrant fumars. When the Jel-Cubier was ey
lo use  there. was no  lechnical  failure
mimoperm ek,

With 3 differant mathods of bune dissection,
CUSA and Jat-Cefter, a total of 121 palients
underwent partial hepatic resectiors. All techinigues
were used by O exparienced suigeons frained at our
Instibition by the s surgical principles. Liver hilus
clamping was applied individually depending cn



et al.

[he infraoperative surgical situstion fo prevent
unnecessany liver mchemia.

Ta compare the technigues the following
parameles wene cvaluated: blood loss, spniedd af
reseclicn, ey hilus clamping fime, the meed al
additional methods foe haemorhage conbrol, and
fissue lauma  The comparison of the pammeless
listed sfene bosed an Uk area of the cutting surface
that was micaswned in all resacted specimens.

Several paramatans weT: analysed
procoaratively. Besides, & risk profile assesing the
general operability of the padient lisser @nzyrmees and
liver Function deats were anshsed in detail
Pracporatie T scan of the abdomen  and
whtraseund allewsd an evaluation of the temor size
and imolvement of the liver, fcconding to the
method  decscribed  ty  Okayreoto (11) the
Pasenchymal Hepatic Resection Rate (FHRR] was
caleulated by computer-aasisted measu, rement of
the precperstive CT scans of the abdemen in
patients scheduled for extended lver resections.
[Table 33, The following appliances and msteriak
wore used: Ultrssonic Surgical Aspiraboy "CUSA
System 200" {Caitron, Stamferd €T, USA), et
Culeer 4" (BMTL, Lithack, Germany: 60-30 bar.
noezle 0.1 rmm, elecirolyte solution heated up to
507 © ), frgon beam 'Besmer ONE (Erbe,
Tiikingen, Germany), [nfraned Saphire Coagulatos
SK 250 (NK Oplik, Munich, Gestnany}, fibdin
sealant Tesucol DuieS' {Immuno, Heldelberg.,
Germany), collagen fleece “Lysostypt” (Braun,
Melsungen, Garmany). For each patient wese
antared inle the data collectian:

Parenchymal Hepatic Reseetion Bate (%)

firea ol cutiing surface:_measurement of the
spacimen by pathelogist l::m?].

Blewesd lozs: Volume collected in the suction

pump, sstimated amount absorbed by fowals Jenl).

Blood transfusions: units as documented by the
anesthesiologist (1 unit = 250 ml RBC),

Time meesuramants: liver hilus clamping time,
liver resection time {min)-

Wesght of the resected liver specimen {g).

Laharatony paramelers pre-operatively and on
postoperatlve day 2 and 7 Hemoalehin, SGOT,
SGPT, Prothromzin fest, Bilinein,

Mean (m), Standard desdation (Std. dev),
Linear Regression, Kruskal-Wallis and  Mano-
Whitray Tasls were used for slalistical analyss.

Results

Regarding age o gencer, there wer@ no
significant differences bebwean the palient groups.
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The mean age in e Blunt Disseclion group was
55,1 =137 vaars, in the CUSA group 615 +16.7
vears and in the Jet-Culter group 588 =134
LEars,

The sxlent of hepatic resectlon quantified by
Parerchurmal Hepatic Resection Raie and weight of
the rteseeted  lwer specimen  did  met  differ
significantly between the thres groups (Takle 1)

Metnsteses of colorecial primaries were the
indication  for operaten i (he  majority - of
resections In all oroaps, a dotal of 61,7% for the
endire stuchy population. Other liver fumors were
everly distributed in all groups and less often were
the indication for resection (Table 2] The extent af
hepatic meseclions wes comparable inall theee
groups.

The vesults af  blood  loss,  tansfusion
recuirerments, speed of reseclion and duration of
liwer hilus clamping were cormpared for the three
techmigues an the basis of the anes of ranssected
twer surfaca,

A highly sigrificent linear comelation betwaen
hiood loss and ares of rmnsected lver sudace {p <
.06} was daterted afler pooling the date from all
tezection fechniques. For the det-Cutter the blood
lese per aree of transected Siver surinos was
significantly fower ip < 005) than for the other
e fechniques [Table 4}

The rumber of bleod uniss ansfused per area
of resectlon surface was lower for resections with
the Jet-Cubier than for the other twe techniques
[Teble 4). For the Jet-Cutter the speed aof the
resection defined as reseclion lme per aren of the
resecilon surface was significendly faster than for
tha ather fwo technigues. {p < 041) (Table 45

Liver hilus clarmping was not ahvays recessary
in order iz reduce blocd oss. The overall
percentage of potients notb recaiving ver hilus
clumping wos 35 [ was carled out in 60 % of
blunt dissection, 82 % of CUSA and 63 % of Jai-
Cutting petients. The duration of warm ischemia
due to liver hilus clamping was estimated for all
procedures. A signiflcant shorter duration of hils
clarrping time relative to the size of the resection
surfacs was achioved with the Jet-Cutter when
compared to the other methods (p < 0.0} [Table
45

For additional heemarthage contral on the
resection surlace high frequency electiocauteny was
requlady employed. [f wes alse used to mark the
line of mesection omio the liver susface and
coagulate minos subsapsular vessels,
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Table 1, Waight of resected livar tismue and pamrchymal hepatie resection rate (PHRARImeon s slandard devialion

Techrigue n waight af specimen (g) n PHER |%
Blund diszedion 38 374423877 35 215162
s 30 W2 523749 15 17,34+301
Jet-Culrer 3 8T+ 3871 17 25.0+21.8
Frueskal 'Walls m 5. s 8y
Tahlz 2. Indication for bver resection
Techrique Haemangioma FHH Adenama Echinaoooos HCC Melaslass
Blund dissection 3 3 & 7 10 33
CSA 1 2 2 1 5 1%
det-Culter 2 o 3 1 El 13
Tahiz 3, Liver resection- Tupe of oparation in 121 patienlz
Technique .F-h,.P Remachan Lobactanmy Segmentbeciomy Hamihepateriomg
Bilunt dissection b 4] 20 14
CLEEA, 7 1 20 7
Jet-GGitker g 1 1% 11

Table 4. Mean and Standard Deviatian in bloed lass, hlead
area af resecled Fver surdace

o

ans, Flilus champing timse ard seseclion fime pe

Techrique n Bload loss [ aves [mlicm2] lend trarsfusions anea [Liem |
Blunst dissoctan 1 256 0.0740.04
CLISA 0 Add 2433 OLO 007
Serl-G35dler 30 164 12,9 Q02 + D
=05 . *
Techraque n dam m Ene area [mintmZ] resaclion tme' area fmin'cm?]
Blunt dizaction 61 Dbd=fag LT+ 30
LIS 3 Da2an 37 077 +0,42
Jed-Gutsen a0 035 018 0354015
e L o -
U =1 Und = 250 ml red blood cells R
Table &, Methods for addilional haemarrhaoe conlol
Ikssrrnie dendicis
Tachniqua n Argon beam Indravathosqulasr todil = % ol 0
Bluni dissection &1 5 22 LE]
CLSA an g G 50
Jat-Cubier a0 q 1 19
haresdalic agenis
Techniqua n Hallaganudles Fibrinklaber Iotnl in % of 1
Blurd desecton 61 11 a5 o
CLSA 30 4 26 b3
_aleCutter ) a 1 4
Tabk: 4. Postoperative complications
Techmigue Eikamy listula Blewding Hiepatic dnilurg
Blurt dissestion 2 1 2
CRIGA 1 1 2
del-Goder 1 (1] 1
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When eleciroecagulation wes not sufficient an
Argon beam and Infrared Coagulator were used.
Theny were requived in only 19% of the procedunes
carried oul with the Jet-Cutter cormpaned with oner
A44% in the other two groups (Tabla 5) The
employment of these devices became necassan in
almoet every other case during resectons with the
CUSA. Collagen feece and fibrin sealant were
used al ha end of surgeny in almost all resections
with the CUSA ard Jet-Cutler bo seal the liver
sutface. Afer blunt dissection these measures ware
loge often veed [Tahle 5.

There was no operative or hospital morialit in
{ha sfudy grovp, In 10 patients (100121 pts=8.3%)
posloperative complications cocured. The main
coenplication was bile fistula [n=7) followed b
fiwer faiture [n=3} amd postoperative hasmonhage
in=2] without differences bebasen the theee
groups [Tahle &6].

Mo significant differences betwesn 3 groups
could be defecled regarding the iransaminasaes
SGOT and SGPT, bilinbin level and cosgulabikiy
lasis,

Discussion

Blood los= is &8 majoy protlem in hepatic
resection. ard the substitution of homologous
blead is & poor solution. Besides the transmitiance
of infectious diseases such as hepatitic and HIV i is
assceciated with an increase in postoperalive sepha
complications and possibly & poorer long teom
prognosts  for  oneologic  reasons  (12) A
significantly  higher 2 wear mcunency mbe of
meligrant diseaze for patients with a bloed loss of
more than 3.5 litters during hepatic resection for
coborectal melasiases was reparted by Holm (131

In an atlempt to solse the problem  of
haemorrhiane control sevaral technicuas hawe baen
duveloped, for example lemporary compression af
ke hepatic avens (19] and portal vein, or selective
iranshepatic balloom coslusion of the podal vein
and hepatic artery (15]. The taletance of the liver
to mammothernal charmia (15-90 ming) limils e
duration of lver hilus clamping. Addilionally that
hleeding froem hepatic veins canmat be conlrelled
14,16.17).

Hope for a reduction of blond doss increased
with the infreduction of the CUSA indo liver
surgary,  Sewveral  comparative  clinical  studdies
proved & reduction of klood less during anatomic
liver resection with the CLSA in comparson to
conventlonal techniques [15,15-22).

With the data from our cwn prospective stady
we were nod able to supporl e posithee results
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ahtained with the CUSA In our patients treated
with the CLISA blood loss wes mat kower than in
patients treated with blunt disection. 1t was
hewever significantly  higher than in patients
resected with the det-Cutter (p = (L02). I a repaoct
on 30 liver resections with the Jet-Chtber [23)
Horie found no differences between the Jet-Cuther
and the CUSA with respest to blood loss. From the
same group of imvestigetors Une suppods these
resulls in a geries of 35 patients operated with the
det-Cuatser (9).

Betwesn the Jef-Culler used by Hore or Une
and the one emploged in our serles are several
impostant  differences. They pressurzed a Rl
elecirelyte solutien with & piston pump. The
working pressure rmnged rom 30 o 50 bar and the
moezles emnployed had a dizmeter belween 0015
ared 0.2 mm.  [n contrast, we vsed a pressure of
6{-B0) bar and noesles with a diameter of 0.1 mm.
[n addition, owr culling solulion was heated to
40°C which reduced unwanted foaming and
pesably had a positive influence on the lecal blood
coagulation, The differences poinled out abowe
may explain the differerces in results obtained with
o machine whan compared  bo the bl
disseclion and especially the CUSA techniques
avan though both devices are basically simiar,

Im 85 % of the reseclions by CUSA liver hihas
clanyping was caried out but hat this was the case
in oaly 65 % of the patients treated with the Jat-
Cagtter. This & important when  evaluating the
results oblained wilh respect to blood loss per anea
of rsesection surface with the Jer-Cutter in
compatison to the CUSA, Respecling this the
results oblained with the Jel-Cutter appear even
bather.

The rechuced wse of addificnal technical devices
to aid in haemeshage control also shows the
redustion f blood loss from the resection surdace
in the Jet Cuber group. The drgon beam was
required In 1% % of the n=ecbions in addition to
eleclrocauteny in the group operated with the Jet-
Cuber. [n the groups resected by blunt dissestion
or CUSA e Argon beam and Infraved Cosgulator
hocams necessany in @4 % oand 50 % of Hw
interventions, respectively.  Flerin  sealant  and
collagen  fleece s Jocally active  haemostatic
substances were applied to the resection suface in
the majority of cases in all groups {Table 5]

There are different rsks for the patient nplied
ir the dilferent types of lver reseclions &.9. alypical
resechons,  segmentectomies  and  hemihepa-
tectomies. The demands on the surgical temm
camying out the procedure vary widehy, A resection



of segment 8 can be mome difficult and fime
corsurning  than  a  hemihepatectomy,  The
comparison of pesulls In segmentectombies with
those oblained in lasger or less axlended resections
is therelore Emited. In all groups the tpes af
resections were evenly dishibuted (Tabde 3) and &
linear comelation betwean biood loss and the anes
of fransected liver surfece fo be highly significant
was oblained (p < (LOD1). We took the area of
ransected ter surdace as a basis of comparson for
the paramelens blood loss, speed of resection and
liver hils elamping time. For all of these
pammeters the tesulls obbained with the Jet-Culter
were significanily better than with hlunt dissection
or the CLISA,

To exmmine diferences in the modality or
mesbidity was not the aim of cur study, A larger
sarfes of pattents would have to be operated for
such an analysis. In el groups postoperstive
complication rates wese similar, independent of the
lechmique emploged. In the clinical couma ol
pefients affer the opembion in mespect to bile
leakape, hepatic failure ard postoperative infeciion
rades were not different I:Tabln &),

We ecrsider the Jot-Cutler b be & promdising
raw fnstrument in Frer surgeny. Our study shows
that the use of the Jet-Cutter for liver resection
reduces  cperating time and blood loss  per
resection area signiffcantly compared with Blum
dissaction and CLIEA,
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