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& =1 Table 1 Diagnosis and extent of hepatectomy
BRI O TR RET 5 BE LA HHE L LTOM T T —
REDOREIHICFBENCET LEFEE S HHENT No. | Age| Sex Disease Cirrhosis ht;gzriégc-
FelfE & tc/b. WEOF T2 IBREFTHE, FHNEE, e Mo eice T ‘y‘es‘ o
BEFOERBRECHEE L FECBEL T 5, 2| 44 | m |HCC yes Hr?2
R AFEIR & PR S BEROK X 2Tk h T 3|48 | m |HCC ves Hr2
TREOFERPREIAESENT B LnMBbAT 4|58 | m ﬁg yes Hr2
=~ N SRE= ) e ~ p 5(60 | m yes Hrl
Lévﬂ.LbLHﬁgﬁukwbﬁﬂ%L;éﬁﬁ eillsa t o | 5ec yes HrO
REROFBET 5B MR D, 7154 | ¢ |HCC yes Hr0
S~ IR FURIEOFN{TEREY L UVBE 8|68 | m|GBCa | no Hr2+
TLEREI O\ CERIICER L0 tHRET 5 9 | 60 | m | Cholangiocarcinoma no Hr2
- % ) 10 | 59 | f | Meta | no Hr2
x4 11 | 62 | m | HCC | no Hr2
19894 6 AHH1990F 3 H ¥ CTIREFTRBAHEE 2 4 12 | 60 | m | Meta | no Hr2
BCHIRE S MEAR R R E L, BHEBRE 137 f |GBCa no Hr?
MRaRE O OU, MEERE2 O, EBMATE 2, BEEmp 00 4% m [HCC ‘ mo | Hd
B 16ITH b FRRRE 9 Btk 7 Bl B ER A L T HCC : Hepatocellular carcinoma
\#= (Table 1) GB Ca: carcinoma of gallbladder
= S e Meta : metastasis of sigmoid colon cancer
ChOLDEAYHFBEEREOFEC L Y ITELH Hr0: partial resectionHr] : monosegmentectomy
(n=7) LIEWEE (n=7) w3 B0 RO OFEEE Hr2 : bisegmenctomy Hr2+ : extended bisegmentectomy
<1993 7 A 7 BEESHIRERE BB KW ]
Ti66 HHEHBARKBEEGS AEEAYE 2 A BB TR R MAT B AR S X O BRR TR BRI
= WTEE LT, Fieongd 2 RIBRYIBR A T & ik
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AR O FLTHEOE (oW T B L
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LR RHE AR, FEH T Swan-Ganz catheter
(Opticath catheter 7.5Fr, Abbott Laboratories) ¥
L O'BF#Ik » 7 — 5 A (Opticath catheter 7.5Fr,
Abbott Laboratories) % 35 D 3 D Bk 3 & O FF &Ik
B LT, MR UIBREnC BRI IR O KRS X b Y
PR~ 7 — 7 %A LPIRE (portal venous pres-
sure LIF, PVP &LBEE0) OFIE, PIBRM OEERE X O°
FF&8IR Y 7 — 7 v X b FF&8IRE (hepatic venous pres-
sure DL, HVP & BEE0) OBE & FFégiR Mmoo E M % #
fTlte, LIRS L URFBIIRIC Y » — 7 R EEH
BEW 7 vy b2 4 AMiE (T 201, Transonic
systems inc.) % A U C PRI R & FFEHIR M ik & %

Fig. 1 Schema of measurement
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HE L (Fig. D, Rk bEE#IRMLE,
LBEEIIR 2+ o BRI A BEAR L M3 4 A 547 (ABL 300,
Radiometer, Copenhagen, Denmark) % & 7 L,
cardiac output computer(9520 A, Edwards, Irvine)
AL OB E (Cardiac output LT, CO &
i), MiE Ik AE (Pulumonary wedged pressure L)
T, PWP & B&E0) 3 & 05 B A (Right atrial pressure
LAF, RAP EBEEHBIE Lic, & OBEERE X{DEA
L LRI BB Toem #3¥EE UTHBIE L,

D EoRIEME X b FEIkmitE (Hepatic arterial
flow LIF, HAF LBg30), PIPRMGEE (Portal venous
flow LIF, PVF & B&EC), #HFMLiKE (Total hepatic
blood flow LI, THBF &B&EE), HAF o CO x4
3 SERFEHROMTL) (HAF/CO), PVF D CO
M5 oEE (FRMEL) (PVF/CO), FFEpiREH
(Hepatic arterial resistance LLF, HAR & B&ER), 9
WRIEHL (Portal venous resistance AT, PVR & B&ZD),
Fr B 45 E (Oxygen delivery in the liver Lk
F, HO.delivery & B&E0), FFEARE & E (Hepatic
oxygen consumption 5\ F, HVO, & %), FREE
Et3 (Oxygen extraction ratio in the liver LIF, HO,
ER LEEEL) #EH L7z (Table 2), % 2-FEREEOH
MEw BE- Ml 2 B1T LAk, FFREREoR
TERTT - 1o, T FERE FEKEIL Student’s t test %
v, p<0.05%FFEDD &L L1,

B &

D FUBRNOREENS L CEBREH KT 5 M
TERER L UBRERBEO LK

AT R FEER P IFEEF B L T K
EicHS THEEI (p<0.05){EfE% & - % (Table 3),
FEZER S X VEEEFRC SV CTESOE (Mean

Table 2 Calculation methods of systemic and hepatic hemodynamics and oxygen

metabolism

THBF : HAF+PVF(ml*min~1)

HAR : (mBP—HVP)/HAF(mmHg+ml~!*min~!)

PVR : (PVP—HVP)/PVF(mmHg ml-!*min~!)

HO, delivery : (HAF XCao,+PVF XCpvo,)/100(ml*min~*)

HVO, : [HAF x (Cao, —HHvo,) + PVF X (Cpvo, —CHv0,)]/100(ml*min-*)

HO,ER : HVO,/HO, delivery X100(%)
Cao,=(Sao, X HbX1.34+4+ (Pao, x0.0031) (ml-dl™)
Cpvo,=(Spvo, X Hb X 1.34+ (Ppvo, X0.0031) (mledl™®)
CHvo,=(SHvo, XxHbx1.34+ (PHvo, X0.0031) (ml-dl-")

Sao, : arterial oxygen saturation
Spvo, : oxygen saturation of portal vein

SHvo, : oxygen saturation of hepatic vein

Pa0, : arterial partial pressure of oxygen
Ppvo, : portal venous pressure of oxygen
PHvo, : hepatic venous pressure of oxygen
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Table 3 Liver functional values

Gow | 0 |
Cirrhotic 7 10.143+0.036**

Non-Cirrhotic 7

0.224+0.038**

T, Bil Albumin | HPT

(mg/dD (g/dD (%>
0.90+0.37 | 3.8%0.3 90+25
0.73£0.44 | 4.0£0.4 102:+20

**p<0.01 Cirrhotic v.s. Non-Cirrhotic

HPT : Hepaplastin test

Table 4 Systemic and hepatic hemodynamics in
the patients with or without cirrhosis

Factor L Mean+SD
CO
Cirrhotic | 6.48+2.19 (L+min") | ns
Non-Cirrhotic 4.48+1.01 -
TPR |
Cirrhotic 1,7291550 (dyne+sec-cm%-M-2) 0<0.05
Non-Cirrhotic 2,604+ 621
HAF
Cirrhotic 20181 (mlemin~") s
Non-Cirrhotic 249+131 '
PVF
Cirrhotic 651+276 (ml*min=)
NonCirrhotic | 6894102 e
HAF/CO
Cirrhotic 3.4%1.6 (%) ns
Non-Cirrhotic 0+3. '
PVF/CO | ‘
Cirrhotic 10.0+3.4 %) -
Non-Cirrhotic 16.4+4.9
THBF/CO
Cirrhotic 13.3+3.3 (%> i
Non-Cirrhotic 22.3+6.4 ke
PVR
Cirrhotic 0.0092+0.0039 (mmHg+ml~'*min)

Non-Cirrhotic |0.005910.0033
HO, delivery

Cirrhotic 115.7+27.9 (mlsmin-") | o

Non-Cirrhotic 122.5+29.2 B
HVO,

Cirrhotic 31.4%+12.9 (mlemin~!)

Non-Cirrhotic | 18.3+23.2 "
HO, ER

Cirrhotic 26.8+12.1 %) .

Non-Cirrhotic | 13.6217.1 s

Cirrhotic n=7

Non-Cirrhotic n=7

blood pressure LLF, mBP & B852), PWP i3 68 x%
BDOEMote, Lo LFFEER Tl &8 KM SEs
(Total peripheral resistance LA F, TPR & #&) @
EEREM (p<0.05) & CODHWHANED LA,
hyperdynamic state #£ L Tt 7= (Table 4),

HAF & PVF QBRI E B2 2 D s b o 7 1%,
PIBRMA L (PVF/CO) ¥ X oMyt (THBF/
CO) MFBEERLIFAECEM (p<0.05) TH-1:
(Table 4. PVR A FEEXRD b - 1o FFEERH
REVCEREER LR, -0 HO.delivery,
HVO,, HO,ER XFFB% - #EERMTELAD K
272 (Table 4).

2) FUBRIIRCsT2FNTHES L VBREERL
BREOKEE

FREEZERFIC B T AT SIBR AR 1 35 1 2 FF BhAR I 7
I (HAF/CO) &MpRMuittt (PVE/CO) whHEX%
RBdlehoten, HUBRE PVR 3F B M (p<
0.05) L7z (Table 5). FEBETETIZFFHIBRITHICS
WCPIRMIEEE (PVF/CO) D{ETF (p<0.05) (Table
5) B X URBFLEL (THBF/CO) OET (p<0.05)
RO, FOBRIHEDO PVR 3IEBOLT{LE R I
fehrote. —75 HO, delivery, HVO,, HO,ER i1
HLHFIRIIBICETELTD I -7 (Table
5.

3 LEHEFYBREOFmITEREOE4L

XERIEFIP 2 KIRYIBR 23 061T & hu i NS BB 10
#1cex HAF, PVF ZEA UPIRMA L, B myEtL
ETEM 2 RS, %7z HO delevery D BB KT
(p<0.05) %Eb7=» HO, ER 2 LR L, HVO,iti
HEhT\7# (Table 6),

z B

O BREEOAEE L EESERES Y
LT3, FREMAIEE E LTERNKSE IR
TUVWABEEAALR Ny 75 592 L 2 FEEE
OFIPRMFTEIRE, PIRMKEOET 2R - a0
RETLREVWWET SRR BNE, —HFFEIR, I
BRIL & D S5 BERIE DL RET S h T & - SN EESE
CEFHHMEI I, 20k 5 FEEEOFIEE
BREIIVCEREBRODD EZATHA, BxRFTR
MHCBEEL V2 o b 2 4 2K BEVCCHE
ARk, PINRIMIE 2 % HISE U BF0E 25 5E o0 BRI 4T BhAE o fR 8
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Table 5 Changes of hepatic hemodynamics in the patients with or without

cirrhosis
Cirrhotic(n=T7) | Non-Cirrhotic(n=7)
Factor t
Mean+SD P [ Mean+SD P
Cco (Lemin™?) | (Lemin~")
pre-HXT 6.48+2.19 4.48+1.01
post-HXT 7.00%2.10 ns. | 5.77+1.88 oS
HAF (ml*min~*) (ml*min?)
pre-HXT | 201+81 s 249+131 ns
post-HXT 188+106 - 201+97 o
PVF (ml*min~*) (ml*min~")
pre-HXT 651+276 689+102
post-HXT 5704215 ns 6434154 s
HAF/CO (%) (%)
pre-HXT 3.4+1.6 6.0+£3.4
post-HXT 3.242.3 o 3.4%1.0 ns.
PVF/CO %> %)
pre-HXT 10.0+3.4 16.4+4.9
post-HXT 8.3+2.4 | 11.8+3.6 p<0.05
THBF/CO (%) (%)
pre-HXT 13.3+3.2 22.31x6.4
n.s. p<0.05
post-HXT 11.4+4.4 15.2+3.4
PVR (mmHg-ml~**min) (mmHg mi~**min)
pre-HXT 0.0092+0.0039 0.0059+0.0033
p<0.05 n.s.
post-HXT 0.0131+0.0031 0.0047+0.0046
HO, delivery I (mlemin~*) (ml*min~*)
pre-HXT 116+28 122+29
post-HXT 103455 oS 100+26 s
HVO, (ml*min~?) (ml*min~t)
pre-HXT 31.5+x12.9 18.3+23.2
post-HXT 29.6+17.1 s 14.7410.6 s
HO,ER (%) (%)
pre-HXT 26.8x12.1 13.6%+17.1
post-HXT 28.5+15.4 ns 14.9%9.1 s

pre-HXT : pre-hepatectomy
post-HXT : post-hepatectomy

EIFTBRIROE LR B L,

FREZEE AN 3 T SEEEIES & B L C Bk
M L FROKECIEEEYAD L d 725, Y
PRIFBHGEBRCEMLY & -7, ZhBFEEREGIL
ARSI & Hl U C PIIRESI A < FIRATEREE
AREFLTCVWDZ LRIV OLAHERY L vl
BABMT RO SPFIRAF L MHEEL TV 5 &8
BHTEs,

FFETBR % i PR E £ B @ & - T 43 5 splanch-
nic sequestration®” iz X b itk D LI HEOE TYA
BB EINRTWES, IS5CERMITIII0%L E
ODRFTBRICTHFOREEIRLT% & Xh T
29010 BRI I AR BT SIBRAT R 1 s 1 B IR o

A U T I & R EOPMIIRE LR # X 079
RO EDE TRIFEEOHEL Y b FURELESR
Ehaod, SHLEFUBRNEBETFEREFAILIER
hypodynamic state # 2 L T\ 72 &R XT W 519, F
716 SRR CPIRLFEE S & Ofh OB HE
T APRMEOEE IFUBRBETL TR Y B
HREEL EOFIRG, FEZEHE, HERESARF
BlCcEOERPFEZETH D EBNT519, SEIOK
HTRFUBREOFNEECER LB RDOTRF
FFERACRENPCMBEESEML T3 EE 25
nn, FEZEGTOPIIREILO BB s EEn
RGN EOEMICH L TEFRERS L ehEE
bhdz, ¥RFEEG L IEEEF T OB DMk
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Table 6 Hepatic hemodynamics before and after

lobectomy
Factor Mean+SD P
CO
pre-HXT | 5.39+2.21 (Lemin~")
post-HXT 6.041£2.25 :
HAF
pre-HXT 239+127 (mlemin~)
post-HXT 166+91
PVF
pre-HXT 6821138 (mlemin~")
post-HXT 587183 5
HAF/CO
pre-HXT 5.1%£3.3 (%) i
post- HXT 3.1+2.0 w
PVF/CO
pre-HXT 14.2+5.3 (%)
post-HXT 10.5+3.9 "
THBF/CO
pre-HXT 19.3+7.1 %) ’
post-HXT 13.744.8 [l =
PVR |
pre-HXT 0.0070+0.0037 (mmHgeml-*+min)
post-HXT 0.0076:0.0048 !
HO, delivery
pre-HXT 126+22 (ml*min™")
post-HXT 93+26
HVO,
pre-HXT 24.5+23.0 (mlsmin-?)
post-HXT | 18.8+14.3
HO, ER |
pre-HXT 19.8+18.3 (%)
post-HXT 21.3+15.1
pre-HXT pre-hepatectomy n=10

post-HXT : post-hepatectomy n=10

MFELOBEBHOERIB S I LHEOEMDOE L D
YDTH -1z, FFEIEREH B O T LB EFF YR
RO UFMEEMET L 20 RFBERLED
ETx2Roi, ~AHBENEEITBRRERRC £
R HFBEFIBRBECE TR I ATV,
—MRC AT IRE - BREBLBL LBE, B
RERELY LA ICTHENELH#F IS5, FUKk
#, R EABBYRBCIBFFINELE L SIE
THZRAF DN, ItV F ) TOBEY
BoOWEM, ATP AR OERENET S LidisT
OB EOHF~OBEHEEOB L RBEHFRNOBE
AR D hypoxic ICMEAFEEM A B D, EE L, KB
FF 40 Bk % o 3 7 B BE 3% 1 # 12 hypoxic TH 9,
dobutamine, dopamine %5 L CiFm#iE 2 #n X
L LBEREIFET L L v R L

FPREZERE BV $ 13 5 BT BYRE - BRRTAABIAE & IFU0ER BHEAREE 26% 115

7P, ZhboZ E L YBRANCE VTS, & IC/AE
FERTUIBR R v X BFIM PR & BRI I MERF, #ns w5
EREBENDHS . FURMEFBEE MRS
HESICHERE IR TV B 2 EATRAR T B B,
— ¥ K EFYIER#12 splanchnic sequestration Iz
I OLHEENRD LBRFHREE LTS, 2ok
B4 22 HE L UHEE % hyperdynamic state i2
FeoZ LI X FMTTERE - BRTRBREL RT3
ZEOEAERRIBLTERLY,

SEIOBF 2 LREHBFEL OFMITEHRE, FEEE
EEREIL 2 H O hyperdynamic state 12 X 0 {S{EH
CHERF SN T h ORI FIRER S LR T 57
», FOROMBICEELXLOILERNDLEEZ LR
5.
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Hepatic Hemodynamics, Oxygen Supply and Demand before and after
Hepatectomy in Cirrhotic Patients

Takafumi Itoh, Toshiaki Nonami, Akio Harada, Tsuyoshi Kurokawa, Tsuyoshi Ujita,
Hiroyuki Kobayashi, Motoshi Kainuma*, Yasuhiro Shimada*,
Akimasa Nakao and Hiroshi Takagi
Department of Surgery II and Anesthesiology*, Nagoya University School of Medicine

Hepatic hemodynamic changes after hepatectomy were analyzed with an ultrasonic transit time blood flow
meter in patients with cirrhosis. Seven patients with cirrhosis had a hyperdynamic systemic circulation and a
portal/systemic flow ratio before hepatectomy. Portal resistance increased significantly in cirrhotic patients after
hepatectomy. In 7 patients without cirrhosis portal/systemic flow ratio decreased significantly according to
increase of cardiac output after hepatectomy. In 10 patients received lobectomy, hepatic oxygen delivery decreased
significantly. In conclusion, a hyperdynamic state compensates portal flow in cirrhotic patients whose portal
resistanse is high. Since the portal resistance increases after hepatectomy, portal blood flow should be maintained.
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