AEEEEeHE A4 A23 81

Studies on the Hemodynamic Changes in

Cirrhosis of the Liver

Jung 11 Kim, M.D., Jung Sang Lee, M.D., Chang Soon Koh, M.D.

Dept. of Int. Med., Seoul National Univ. College of Medicine

Seoul, Korea
(Directed by: Prof. Shim Suk Hahn)
Biibig=

I

FREgEE Ol A2 mohBRey B{Lol BASH %

AT RER BRAE WRBHE
<#EE ® W 5 HE>

SR~ ¥R 528

FFREEME B 29 pIol A MR, CHHE R BnifmEe AR MEsd myse BLE B
gaglon chgal 2 BRe 29

1 %y miFEL 37931805 ml & EHECl Wing AL Bekn myEE(G266+1222m) Q #BE kg
¥ mPEEO5 7123 i mDE IR Bl glgivh. MEke ¥ miFR(69. 119 1mDL Bhnste
g e mIEEs miged %, 0 KAnREES 26 417 05ml 2 EHEERC

2. Fiy LEEES 770822652 ml/min = =] ¢lgl.om (L EH(4924+1998 ml/min/M?) L
ByE(96. 2:£34. 2ml/beat), LAEBHERE(62. 3227, 3¢ mI/M?) B HFLLEHABA. 540, 57D E BF i
e ughvh ZRIGIRHL 1664753, 8 dynes sec em™SM2 2 IEH el HAH e A=

3. ¥y BmAFHEL 537+146. 8 ml/min/1. 73M2E IEE WA= BOR A& DY, T creatin-
ine clearance & 66. 728, 0 ml/min/1. 73M?E SHZ3F E TS 29t} filtration fraction & —E3]
grgtort AK#AE Fll4 BWAHE Q. LEHEY BoREE EHNeR Bose At

4 BREHES 2BMeR: FY =& EFHe 3901} creatinine clearance 7} 60 ml/min/1,
T3IMILITFY #3) el Eishs AR 2 EXmiEe] %v fidlA BED BOE 240

5. AERA4A BEY SRS WEEY W, filtration”fraction d ET U LEHES] BHRES
Bl B RAMBRENY LFE aygch

6. FEgmEd A BER BRs 8FRnEe v SR £k dolds & + Adsi=h

7. EgBRfgel vk FFHEEE RS o) F m7E kel EMABIGIL dxln ok Al BIRESE D
ol #wma pialA EmEsglch

8 BmAE kel miE ¥ LHEE Bz ARmRe dsish

Circulatory changes and liver-kidney interrelationship emia, hyponatremia and low urinary sodium associated

cirrhosis of the liver have been extensively studied with severe hepatic failure.?

y many investigators. So-called “hepatorenal syndro- Spontaneous occurrence of renal failure in patients

e” was known for a long time to designate functi-
nal impairment of kidney in the terminal stage of

epato-biliary diseases. It is defined as oliguria, azot-

- in plasma volume®»3%%8 and cardiac output™®

with decompensated liver cirrhosis is well recognized

and has emerged as a separate clinical entity. Changes
9,10)
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Table 1. Clinical findings (29 cases)

Case Sex Age Ascites* Jaundice :;?Z‘:;L ef-;atl}l:_l' ?&la;r:l)y ;I:rax;tur f::il;h
1 F 31 I + - 1 - + - -
2. M 35 IA - + - - - -

"8, M 38 I - — - + - -
4 M 43 HA - -+ - - - -
5. M 52 I - - - - + -
6. F 47 I - - — - - -
7. M 30 IB — — — - + +
8. M 54 1A + — — - - -
9. F 35 HA - — - + - +

10. M 41 KA + — ~ — - -

1L M 38 I — — — - - -

12. F 49 OB — + - + - +

13 M 56 I1A + + — -~ - —

14. M 56 IB - — — + + -

15. M 59 EB + + - - - -

16. M 37 IB + — — + — -

17. F 48 I + — — - — -

18 M 59 1 — — — - — -

19, M 40 HA + — — + - —

20, F 59 IB — — + + + -

21 M 70 IB + — —_ ~ — -

22 M 46 EB — — + - - —

23, M 59 I + + + — - —

24, F 35 I - — - + - -

25. F 37 HA + + - - - —

26. M. 53 EB + — — - — —

27. M 52 1 — — + ~ — —

28. M 65 I - — — + - +

29, F 52 EA — — + + — -

* A: Responsive B: Resistant

are known to associate with renal dysfunction in the
cirrhotics, The kidney from patients with this syndr-
ome functions normally when transplanted into patie-
nts with terminal renal disease,” strongly suggesting
functional nature of the disorder.

Most published studies are concerned with either
plasma volume orJcardiac output separately in correl-
ating renal hemodynamics. Present study is performed
with simyltaneous measyrements of renal hemodyn-
amics and plasma volume as well as cardiac output in
patients with liver cirrhosis. Principles of currently
developed method by double isotope technique with

external monitoring were modified and used in meas-

arements, 112,13, 14,40
Correlations between these hemodynamic changes
and clinical status along with various laboratory results

were also evaluated.
METHODS

This study was performed on 29 subjects hospitalized
at the medical wards of Seoul National University
Hospital. Twenty were males and nine were females,
Their ages ranged from 30 to 70 years. Diagnosis of
liver cirrhosis was confirmed by clinical findings,
laboratory results and liver biopsy. No patients with

primary renal or cardiovascular diseases were included.
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Table 2. Laboratory findings (29 cases)

[ L 2 —_— = ~ £Q —é = ~
AR AR R L IR AT A
S|da | gl<| 5|20 3 |2S|E5| 5 |85 |aE g5 2 | 248 | %

< & G ISEIEE £ |8&|<R|%°| 8 | 48 |&°

A PSPV b ~ 4
L F 31 1 46 33 20| 145 3.10] 12,9 23 4.9 97 132 137} 3:8
2. M 3% | TA 39 66 13| 286 0.64 12.8 2.8 7.8 54 110, 139 4.2
3. M 38 I 47 70 11} 185 1.17) 18.0f 2.7, 4.6 28 101 136] 4.0
4 M 43 | IA 27 56 23] 105 0.62f 3.6/ 21 5.2 20j 115 1400 4.3
5. M 52 H 34 82 10 190| 0.48 13.8 31 6.3 47 78 138 4.0
6. F 47 1 30 83 11 190, 0.39) 124 27 15 14 98 145 4.0
7. M 30 | IB 22 28 32| 125 1.26f 17.7) 3.0 5.9 65 113 135 3.7
8. M 54 | TA 44 65 30 215 1.73] 10.8 2.5 10.8 200 107 136 4.4
9. |/F 3% | MA 23 26 290 175/ 0.91 15.0 22 40 53 94 1390 3.4
10. 7 M 41 DA 38 26 49| 185/ 15.20| 15.8 1.8 8.1 280 106 132t 3.5
11 M 38 I 43 55 13 251} 0.73) 9.4 14 10.2 50 87 140, 3.4
12. F 49 'IB 27 73 9 200, 1.35 16.7] 2.3 147 22, 126 138 4.1
13. M 56 Ia 26 15 22| 125 1.64 117 29 5.0 40 101 139 3.9
4 -1 M 5% | IB 25 30 28 130, 1.17] 9.4 18 29 40 94 135 4.1
15. M 59 |EB| 33 69 25 155 20.60f 4.4 2.8 8.6 78 103 138 4.5
16. M 37 | IB 29 64 70| 160 1.54 4.8 2.8 6.4 54 120, 1321 3.5
17. F 48 I 31 55 12| 150, 1.44 8.1 2.8 3.6 65 84 144 4.0
18, M 59 I 31 90 14 168 1.09 47 30 103 50 110 142 4.4
19. M 40 | MA 27, 50 25| 225 813 20.1f 2.6 3.1 70 105 138 4.2
20. F 59 IB 29 20, 14 120, 1.26) 6.8 27 59 25 84 1400 4.2
21 M 70 IB 28 26 15 165! 1.53 13.8 21 48 74 86, 138 3.5
22. M 46 | IIB 29 26 54 160 0.73 16.8 2.2 4.0 10 102 1300 4.0
23. M 59 I 34 47 15 2100 2.99 12.20 2.8 20.9 74 112, 137, 3.7
24. F 36 1 22, 64 10| 150, 0.48 14.4 3.5 21 22 92 138 3.4
25. F 37 | IA 27 26 321 136, 5.06] 16.8 20 3.6 70 117 141 3.7
26. M 53 | EB 33 73 350 290 3.33 21.6] 2.5 14.6 190 113 138 4.6
27. M 52 I 42 24 16| 216, 0.63 244 2.5/ 10.4 20 121 133 4.5
28. M 65 I 32 26 17 1800 1.17) 9.9 2.2} 4.4 17 95 127, 2.9
29. F 52 | A 25 66 63| 228 1.16| 113 2.2 3.7 28 109 144 3.7

(Table 1 and 2)

Patients were studied before the institution of
diuretc therapy, in the state of clear consciousness,
and with urine amount exceeding 500 ml per day.
Ascites was classified into three grades according to
its degree: grade 1 with none to minimal, grade I
with moderate, and grade H with marked ascites.
Grade 1 and [ were further divided into two groups,
A and B,; the former includes 20 patients responding
to diuretic therapy and the latter consists of 9 with
resistant ascites. Grade I was considered as responsive

group. (Table 1)

Plasma volume, cardiac output and renal plasma
flow were measured as follows.

A collimated scintillation detector was placed over
the precordium and the detector was connected to a
counting ratemeter and a chart recorder which could
be operated at 30 K counting range, time constant of
0. 25 second and chart speed of 12 inch per minute.
After recording the background curve, a dose of 10
uCi of radio-iodinated human serum albumin(RIHSA)
bolus were rapidly injected. The radiocardiogram
obtained by external monitoring was recorded through

the counting ratemeter with chart recorder. (Fig. 1)



84 —ABRERBEOHE  F418 F29% BE 75 1970

At the same time, 5ml of vennus blood was withdr-
awn for calibration to determine blood volume, volume
of dilution as well as to serve as blood background
for renal blood flow determination. After recording
the body backgmupd curve at 30 K counting range,
40 uCi of B'I-sodium ortho-iodohippurate were injec-
ted. The information thus collected was recorded by
the same apparatus. (Fig. 2) Ten minutes following
the radio-hippuran injection, 5ml of venous blood
sample was obtained. The level of radioactiviy expr-
essed as well as the standard for dose calculation was
determined in a well-type scintillation counter.
Calculation was made by the following equations.
Plasma volume

1 m! of Standard activity X 1000

PV=_—=
v 1 ml of plasma activity X 1. 015

Cardiac output

__ _CfXblood volume
co= CavXT

Cf: Equilibration counting rate
Cav: Average counting rate under the
primary curve
T: Total time under primary curve
Renal plasma flow

vD= Standard sample (cpm/m0) X 1000
At (cpm/ml) XHo/Ht

RPF=VDXk
VD: Volume of dilution
k: 0.693/T+ (disappearance constant)
Ht: Height of disappearance curve at 10

400

300-
£
£
~
= 200
=3
o
(5

Recirculation
100
A

15 Min.

lo_20 30 4o Sec.

Fig. 1. Radio-cardiogram.

minutes after Hippuran injection
At: Measured activity of 1ml of plasma
sample at 10 min ater Hippuran
inj ection
Ho: Height of disappearance curve at-
zero time
Normal controls used in this study were derived
from Radio-isotope Clinic, Seoul National University

Hospital.

RESULTS

1. Plasma volume

Plasma volume, blood volume and difference between
blood volume and plasma volume per kg body weight
were measured in 21 cases of liver cirrhosis(Table 3).

Values for the normal controls are shown in Table 4.

The mean plasma volume for the patients (37934
895 ml) is significantly higher than for the controls
(P<0. 0.

The mean plasma volume per kg body weight for
the patients (69. 12-19. 1 ml) shows increased tendency
comparing with the controls (0. 05<<P<0. 1). (Fig. 3).

The mean blood volume for the patients(5266=+
1222 ml) is significantly higher than for the controls
(P<0. 01

The mean blood volume per kg body weight (95.7
+23. 4 1ml) is also increased significantly (p<C0. 01).

The mean difference between blood volume and
plasma volume per kg body weight (26. 4-+7. 05ml) ‘is
in lower limit of normal range.

No definite correlation was found between plasma

volume and .various clinical findings, i.e., esophageal

?

count /min.
g
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1
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Fig. 2. Determination of the disappearance half-time
of radiohippuran by external monitoring.
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é;ae 3. Plasma volume (21 cases)
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Case Sex E\y%:) Wt(kg){ Ascites i PV(ml) PV/kg(ml)| BV(mD |BV/kg(md BV ?Xékg
2. M 35 60 | IA 4,451 74.2 6, 670 111’2 37.0
3. M 38 56 | I 4,854 86. 6 7,171 116.5 29.9
4 M 43 63 | HA 4,355 69.0 5, 650 89. 6 20.6
9. F 35 7 | §A 4,972 100.6 6,203 132.0 31.4

10. M 41 62 | EA 5,073 818 7,500 120.8 39.0
11 M 38 61 | I 3,421 56. 1 5,401 88.5 32.4
12, F 49 46 | OB 4,170 90. 6 5, 410 117.5 26.9
13. M 56 63 | MA 3,406 54.0 4,370 69.3 15.3
14, M 56 55 | IB 2,578 46.7 3,414 62.0 15.3
15. M 59 56 | IB 3,723 66. 4 5,182 92.5 26.1
16. M 37 59 | IB 3,923 66. 4 5,211 88.5 22.1
17. F 48 2|1 2,502 59.5 3,418 81.0 12.5
18. M 59 5 | 1 2,220 40.4 3,328 60.5 20.
22, M 46 62 | ID 3,020 48.7 4,022 64.9 16.2
-23. M 59 61 | I 4,932 80.9 6, 950 114.0 38.1
24, F 36 4 I 5, 457 123.8 6,712 152.5 28.7
25 F 37 54 | HA 3,341 61.8 4,356 80. 6 18.8
- 2. M 53 53 | ED 3,453 65.1 4,801 90. 6 25.5
27. M 52 5 1 3,341 57.5 5, 201 89.7 32.2
28 M 65 50 I 3,330 66.6 5,205 104.5 37. 4
29. F 52 53 | DA 3,132 59. 1 4,415 83.3 24.2
Mean 3,793 69.1 5, 266 95.7 26. 4
S.D. 895 19.1 1,222 23. 41 7.05

T@ 4. Plasma volume in normal controls

PV j PV/kg| BV | BV/kg [Bkvg'P v/
Mean | 2918 | 49.5 | w90 | 72.1 30.8
S.D. 258 | 2.4 | 385 | 7.3 3.6

“varix, splenomegaly, vascular spider, palmar erythema
‘or cardiac murmur. Furthermore, correlation was not
seen between plasma volume and response of ascites
to treatment (Fig. 4).

No definite correlation was found between plasma
volume and liver function, ie., prothrombin time,
BSP, serum bilirubin, serum albumin, thymol turbidity
-and others. (Fig. 12, 13, 14 & 15)

2. Cardiac output

Cardiac output, cardiac index, stroke volume, stroke

‘index, total peripheral resistance and fractional card-

iac index were measured in 20 cases of liver cirrhosis

«(Table 5).

Values for the normal controls are shown in Table
6.

The mean cardiac output for the patients (7708
2652 ml/min) is significantly higher than for the
controls (P<0.01). (Fig. 3)

The mean cardiac index (49241998 ml/min/M2),
stroke volume (96, 2+-34. 2 ml/beat) and stroke index
(62. 3+27. 34 ml/beat/M2) were also
higher than for the controls (P<0.01).

The mean total peripheral resistance (1664+753. 8

significantly

dynes sec cm™M?2) was significantly lower than for
the controls (p<{0. 01).

The mean fractional cariac index(1. 544-0, §77) was
increased significantly (P<C0. 01).

No definite correlation was seen between cardiac
output and various clinical findings, i.e., ascites,
splenomegaly, vascular spider, palmar erythema or
And correlation was not found

cardiac nurmaur.

between cardiac output and response of ascites to
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Table@Cardiac output (20 cases)
7 .3l 2] 8| 4 2 3 3|58
2 | RICRECAP I I 9f 1 gflxd | EX &L |
SlelB1%E|l=g| g | 2|5 | 5|°E "3 af | g5 | -
< ol & /A M E EY 8 &§
2. | M | 3 |9 | 81| 174 1A | 6670 392/ 2250 8| 276 | 3,40| 059
3 | M (3|86 | 16| 1 7,171 | 4,429 | 2°745 37| 45.3 | 2,500 0.62
4 | M | 43| 8 | 70 | 165 | WA | 5650 7,139| 4320| 102| 620 | 1,590| 1.26
9 | F | 35 |76 | 75 | 1.46 | HA | 6,203(10,742 | 7,360 | 143 98.0 825 | 1.73:
10. | M | 41 | 92| 8 | 174 | WA | 7,500 7,449 | 4,275 93| 53.4 | 1,720| 0.99'
1. | M [ 38 [ 9| 7 | 175 | 1 5,401 | 6,255 | 3,572 83| 47.4 | 2,100 116
122 | F | 49 | 76 | 80 | 1.42 | HD | 5410 | 14,901 | 10,498 | 186 | 131.0 639 | 2.76
13. | M |5 |14 | 8 | 1.71 | HA | 4370 | 7,070 | 4,131 831 48.2 | 2,010 162
14 | M | 5 | 9 | 8 | 158 | ID | 3,414 5001 | 3,159 66| 39.9 | 2,422| 147
15 | M | 59 | 80 | 87 | 162 | WB | 5182 7.619 | 4,683 88| 542 | 1,368 1.47
6. | M| € |8 | 8 | 160 | IB | 5211| 9120/ 5701] 102] 637 | 1,122| 175
17. | F | 48 102 | 92 | 135 | 1 3,418 | 8,240 | 6,088 9 | 66.5 | 1,340 242
18, | M | 59 | 8 | 70 | 1.63 | I 3,328 | 5,750 @ 3,519 82| 822 | 1,945| 1.90
22 | M | 46 | 82 | 8 | 1.68 | WB | 4,022| 7,650 4,550 9 | 535 | 1,441 1.90
23 | M | 59 | 8 | 9 | 170 | 1 6,950 | 6,355 | 3,718 70| 411 | 1,805 0.91
2. | F | 36 | & | & | 1.4 | 1 6,712 | 10,519 | 7,274 | 128 | 88.4 92| 1.57
25. | F | 37 | 8 | 73| 151 | WA | 435 | 9,403| 6,220 129| 8.5 | 1,055 | 2.16
2. | M | 53 | 29 | 98 | 1.55 | B | 4,801| 7,767 | 4,998 791 5.0 | L,470| 1.62
27 | M | 52| 80 | 90 | 168 | 1 5,201 | 3,870 | 2,297 43] 256 | 2,780 | 0.75
28. | M |6 | 76|75 | 152 | I 5,205 | 1,1003 | 7,112| 184 | 95.0 844 | 2.14
Mean 7,708 | 4,924 | 96.2 | 628 | 1,664 | 1.54
S.D. 2,652 | 1,908 | 342 | 27.34| 753.8| 0.577

Table(6) Cardiac output in normal controls

: )

| co | a sv] st | TR | FC1
Mean | 5,857 | 3,533 | 79 | 48 | 2,083| 109
S.D. 685 | 414! 9 | 6 354 | 0.18

treatment. (Fig. 4) However, esophageal varix was
demonstrated in 3 cases among 4 (case 9,12, 24 and
28) with cardiac output exceeding 101/min.

No correlation was detected between cardiac output
and liver function, i.e., prothrombin time, BSP, serum
bilirubin, serum albumin, thymol turbidity and others,

3. Renal plasma flow

Renal plasma flow, endogenous creatinine clearance,
filtration fraction, renal fraciion of cardiac outiput
were measured in 28 cases of liver cirrhosis(Table D.

Values for the normal controls are shown in Table
8

The mean renal plasma flow for the patients (537
-+146. 8 ml/min/1. 73 M?) showed normal or decreased
tendency. However, when renal plasma :flow was
compared to 2 groups: one with creatinine clearance
less than 60 ml/min/1. 73 M?, the other with more
than €0 ml/min/1. 73 M?, the mean renal plasma flow
in the former group was significantly lower than:
that in the latter (Fig. 11). (P<0.01)

The mean endogenous creatinine clearance for the
patients (66. 7423. 0 ml/min/1. 73 M?) was significa-
ntly lower than for the controls. (Fig. 3).

Although filtration fraction was variable, it is slightly
lower than normal in most cases. )

The mean renal fraction of cardiac output (11. 4+
6.27%) was relatively decreased. '

No definite correlation could be found between:
renal plasma flow and various clinical findings, i.e.,

ascites in degree, esophageal varix, splenomegaly,.
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@e 7. Renal plasma flow (28 cases)
lelel 181 2] 2 §|3% & O I
s x| S| S £ = 28] g g EE|EE| L | SE| E Sg
&) 0] g g g g %E L‘")E ltoo-. - SE gg [ ES O>S m&_
<A 51 2lTER FPg] T4 e~
1 F 31 1.52 1 1 N 12 0.9151 76| 104 702 | 0.17 962 - —
2. M 35 {174V TA N 16 0.8)44 €5 96 763 | 0.13 1,210 3,920 310
3. M 38 (161} 1 A 14 1.1]36 57 85 4551 0.20 800 | 4,429 18.0
4. M 43 |1.65| A A 13 1.0 | 37 49 75 684 | 0.12 894 | 7,139 11.2
5. M 52 | 1.68| I N 13 1.0|26 77 87 7901 0.11 1,160 — —
6. F 47 1 1.45| 1 N 18 0.9137 62 87 4341 0.20 506 — —
7. M 30 |1.61(1IB N 13 1.2 |35 64 75 385 | 0.19 461 - —
8. M 54 |1.55| T A N 11 0.9]18 36 74 582 | 0.13 932 - —
9. F 35 |1.46 1 MA N 15 0.8 37 58 88 5711 0.16 645 | 10,741 6.0
10. M 41 |1L74 | TA N 20 1.5{23 61 61 45| 0.14 617 | 7,449 83
11 M 38 | 17| 1 N 19 1.3(42 71 83 680 | 0.12 1,307 | 6,265 | 20.8
12. F 49 | 142 | B N 20 1.426 69 92 430 | 0.21 884 | 14,901 5.9
13. M 5 [1.71| DA N 16 1.3 (33 48 81 675 0.12 900 | 7,070 | 12.7
14. M 56 |1.38| IB N 17 1.3 27 58 63 452 1 0.14 525 | 5,001 10.5
15. M 59 |162| 0B N 13 1420 — 92 542 | 0.17 759 | 7,619 | 10.0
16. M 37 |1.60j IB N 19 1.2 17 57 69 5701 0.12 720 i 9,120 7.9
17. F 48 11.351 I N 20 0.9151 80 67 7151 0.09 798 | 8,240 9.7
18. M 59 | 163 | I N 15 1.0{21 48 82 582 | 0.14 800 | 5,750 | 13.9
19. M 40 | 164 | HA N 15 0.8]35 51 52 498 | 0.11 466 — —
20. F 59 |1.67| 1B N 48 36|31 54 43 248 | 0.18 336 — —
21 M 70 11.63| I B N 46 20} 6 31 10 334 0.03 438 — —
22. M 46 | 1.68| IB N 42 1.9715 30 29 293 0.10 376 | 7,650 4.9
23. M 59 1170 1 N 1 L3|— — 47 672 | 0.07 1,000 | 6,325 15.8
24. F 36 |1.451 I N 12 1.1 32 61 47 419 011 494 | 1,0519] 4.7
25. F 37 151 HA A 37 1.7(16 22 54 590 | 0.09 670 | 9,403 7.1
26. M 53 | 155 0B N 17 1.3 — 32 31 480 | 0.06 641 | 7,767 8.3
27. M 52 | 1.68 | 1 N | 30 1.3 17 45 57 338 | 0.17 567 | 3,870 | 14.6
28. M 65 [1.56] 1 A 18 1.6 |14 49 38 712 | 0.09 823 | 11,003 74
Mean 20.2 1 130 66. 7 537 | 0.18 745 11. 4
S.D. 23.0| 146.8 | 0.043 237 6. 27
T@ 8. Renal plasma flow in normal controls time, BSP, blood ammonia, serum bilirubin, serum

\ Cer RPF RFCO
Mean 121 582 18. 8
S.D. 16 60 2.5

vascular spider,palmar erythema or cardiac murmur.
Renal plasma flow is definitely decreased in resistant
ascites group. (P<{0.01) (Fig. 4)
There was no specific correlation between renal

plasma flow and liver function,

i.e., prothrombin

albumin, thymol turbidity and others

Among 4 cases (case 3,4, 25 and 28) with abnormal
urinary microscopic findings, renal plasma flow was
decreased in only one.

Blood urea nitrogen and serum creatinine were
elevated in 5 cases (case 20,21, 22, 25 and 27), among
these creatinine clearance was less than 60 ml/min/
1.73M? in all and renal plasma flow was markedly
reduced in all but one cases. PSP clearance was also

abnormal in 4 out of 5 of these cases. Serum electr-
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Fig. 4 PV, CO & RPF and ascites
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-olytes were markedly diminished in only one case (case

28), whose renal plasma flow was within normal
‘range, however, PSP and endogenous creatinine clea-
rance revealed abnormal values in this case.

4. Correlation of renal plasma flow with plasma
‘volume or cardiac output

There were no definite correlations between renal
plasma flow and plasma volume; renal plasma flow
and cardiac output;, and plasma volume and cardiac
-output (Fig. 5, 6 & 7).

No correlation was found between creatinine clear-
.ance and plasma volume or cardiac output(Fig. 9 &
10).

No Definite correlation was found between renal

‘plasma flow and creatinine clearance (Fig. 8).
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Fig. 5. PV vs CO
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Fig. 6. PV vs RPF
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DISCUSSION

Plasma volume has been known to be increased in:
patients with liver cirrhosis.»%%5%® Increase in total
blood volume in cirrhosis of the liver is primarily the
results of expanded plasma volume with red cell mass
remaining unchanged.!®

Increased plasma volume and normal red cell mass
were confirmed in our study. However, plasma volume
calculated by -body weight showed only incressing
tendency and this might reflect additive effect of
ascites to lean body weight, although Maddrey et al
concluded both values were valid when plasma volume
was calculated by either actual or ideal body weight.®

Clinical findings .including response of ascites to
treatment had no correlation, nor liver function, in.
regards to plasma volume in cirrhosis in the present
observation. On the other hand, splenomegaly, colla-
terals on the abdominal walls and esophagel varices,
? cyanosis and esophageal varices,® varix alone,1®
portal hypertension with splenomegaly,!” low serum,
albumin® and evidence of portal hypertension,® were.:
assumed to be associated with increased plasma vol-
ume, _

Precise mechanisms for the elevated plasma volume
were not known, but several factors have been sugg-
ested. Portal vein obstructions and the increased size
of the collateral vascular bed required to handle the
portal circulation with splanchnic and splenic seques-
tration of fluid were primarily responsible for the
elevated plasma volume.»!6:® Existence of a correla-
tion between wedged hepatic venous pressure and the
plasma volume have been found,'® while the pressure
was normal in some other observation.® Elevated
splenic pressure is more constant findings comparable:
to expanded plasma volume in cirrhosis than elevated
wedged hepatic venous pressure.® Splenomegaly asso-
ciated with portal hypertension was found to correlate:
with plasma expansion.®1?” while Kimber reported no-
correlation between these findings.1®

Following the removal of enlarged spleen in patients:
with liver cirrhosis, decrease in plasma volume resu-

Ited.1” It has been postulated that an abnormal protein
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or macr omolecule produced by the spleen is responsible
for increased plasma volume.!® Recent observations
suggested that portal hypertensidn is a main factor
for elevated plasma volume seen in liver cirrhosis
and a direct mechanical effect of portal venous flow
is responsible for the elevation. They also found that
a definite fall in plasma volume in eight out of twelve
patients with portal hypertension studied before and
after a portacaval shunt.®

Arteriovenous shunt may be involved in plasma
volume elevation” or renal sodium retention with
resultant increase of extracellular fluid is a possible
cause of plasma volume expansion in cirrhosis.®’ Gen-
eralized abnormal vasodilation of the vessels of the
body is considered as another possible mechanism.®

Cardiac otput as well as cardiac index is increased
in most patients with cirrhosis of the liver.»5®
Presence of high cardiac output in cirrhosis is confi-
rmed in our study.

Total vascular peripheral resistance is decreased in
cirrhosis because of low mean blood pressure,?® which
is similar to our results.

No correlation between increased cardiac output
and ascites, jaundice or edema have been found.?2®
Cardiac output tends to be higher when patients are
more severely il,1® and it returns to normal after
clinical improvement.” Thus, liver failure is an esse-
ntial factor in high cardiac output.

Clinical findings including response of ascites to
treatment and liver function had no correlation with
cardiac output except that esophageal varices were
present in patients with high cardiac output in our

observation.

Exact mechanism for elevated cardiac output in
cirrhosis is unclear. Functional peripheral vascular
shunting,” and peripheral vasodilatation by vasoactive
substance,'® were suggested. Increased cardiac output
is also seen in chronic anemia, however in this situ-
ation, hematocrit is usually below 20 percent?” and
hemoglobin below 7 gm per dL?? Nutritional defecie-
ncy, especially of thiamine, is thought to be related
with high cardiac output in cirrhosis.?

Many investigators demonstrated the development
of spontaneous renal failure in patients with advanced

liver cirrhosis. No known specific renal lesions which

correlate with functional impairment of the kidneys
are described.2%2425  Ascites, water and electrolyte
disturbance with associated renal circulatory dysfunc-
tion are invariable signs of the cirrhotics in terminal
stage.

The causes of renal failure in cirrhosis have been:
sought by many investigators. Disturbed renal perfu-
sion,® increased renal vascular resistance,?® autonomic:
interrelationship between hepatic and renal circulation,
2D artrio-venous shunting,?® and toxic substances
elaborated or incompletely metabolized by injured
liver,® were suggested for explanation. All of these
varied opinions suggest functional, rather than organic,
nature of the disorder. Recently, it has been shown
that survival and functional activity of isolated rat
kidney is prolonged when it is perfused with an
isolated liver, suggesting that normal liver function
may be essential to maintain normal kidney function.?®
Moreover, Koppel et al proved that renal failure in
cirrhosis is functional and potentially reversible.? They
transplanted kidneys from cirrhotic patients with renal
failure into patients with end-stage kidney disease
with success. And it was concluded that the transpl-
anted kidneys regain normal function either because
they are removed from the deleterious environment
of hepatic failure or because an essential biologic:
requirement for normal renal function is provided by
the normal liver of the recipients.

Studies by many authors have shown a reduction in
renal plasma flow in patients with advanced cirrhosis.
accompanied by renal failure,5932,28,30

In our study, renal plasma flow is either normal
or reduced. It was defintely decreased in these patients.
with signs of azotemia, namely, increased blood urea
nitrogen level and decreased endogenous creatinine:
clearances.

Exact mechanism of reduced renal circulation is:
unknown. Several possible causes of decrease of renal:
plasma flow have been suggested. Increased renal
vascular resistance® may be an -etiological factor,
particularly that of afferent arterioles, with redistrib-
ution of blood within the kidney?® Reduced renal

extraction of PAH?, increased renal vein pressure

due to ascites?®, arterial hypotension, which is seen

only in the terminal phase of cirrhosis,?® and reflex
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renz! vasoconstriction,*” have been suggested. Recently
Barnardo et al found that infusion of dopamine caused
increase in renal plasma flow, possibly due 1o iowering
of renal vascular resistance.3?

Recent observations postulated that renal ischemia
is secondafy to renal cortical vasoconstirction with
increased medullary blood flow evidenced by reduction
in renal extraction of PAH.®® This, at least, is not
caused by increased sympathertic nervous system
activity, since infusion of phentolamine into renal
artery causes no alteration in renal hemodynamics.*®

Plasma renin levels are higher in group with renal
failure*” and increased plasma renin activity is the
result, rather than cause, of renal failure in cirrhosis. #?

Endogenous creatinine clearance is usually decreased
in liver cirrhosis,?»%%3 a5 confirmed in present
study.

Filtration fraction in our patients revealed variable,
but slightly lowered value. It is low, especially in the
«cases with low glomerular filtration rate in cirrhotics,
28) consitent with our results. On the other hand, it
has been reported as elevated,?® and variable but not
always elevated.®

Renal tubular function is observed as intact by many
authors.?%%39 In our series phenolsulfonphthalein
-excretion in most cases appeared to be normal

Correlations of clinical findings and liver function,
-except for ascites, to renal plasma flow are not con-
sistent in present observation.

It has been noted that reduced renal plasma flow
is seen mostly in the patients with ascites not respon-
ding to diuretics,® and that renal clearances are usually
normal in many cases without ascites or with respo-
nsive ascites.3® And severe hepatic dysfunction and
resistant ascites again are thought to be related to
reduced renal circulation.?®

Recent observation by Klingler et al emphasized
discrepancies between renal function and clinical feat-
ures.'®

Renal plasma flow in resistant ascites group is defin-
itely decreased in our study suggesting response of
-ascites to treatment to consider as an important Para-
meter in evaluating renal function of cirrhotic patients.

Urinary findings and elecrolytes are not remarkable

in present study, although hyponatremia and hyperk-

alemia?%:2® gre associated with renal dysfunction in
cirrhosis.

Elevated blood urea nitrogen in our series was acc"
ompanied by low creatinine clearance, disturbed PSP
excretion and inconsistent changes in renal plasma
flow. And there was no significant correlation of
renal plasma flow to endogenous creatinine clearance
in author’s observation.

From the clinical studies by several authors of renal
failure in cirrhotics; several important findings have
been pointed out. Renal failure developes rapidly, and
bears grave prognosis.?»?® OQOiguria is usually seen
only at the terminal stage.?® Renal failure is imminent
and it supervenes prior to the onset of azotemia®™ or
renal insufficiency.?® Recovery from renal failure is
clearly related to improvement in hepatic function.
23,26

Decreased effective blood volume is responsible for
reduced renal plasma flow,¥ and this is supported by
the fact that when a large amount of fluid is removed,
renal failure developes often in cirrhosis. However,
expansion of plasma volume does not result in impr-
ovement of glomerular filtration or renal plasma flow,
$ and there is no correlation between plasma volume
and renal circulatory function., although in some
instances‘ plasma volume expansion results in transient
ameriolation of renal hemodynamics.?%3%”

Diversion of greater than normal portion of cardiac
output to sites other than kidneys suggested by redu-
ced renal fraction of cardiac output.%?® Consistent
with this observation are diminished peripheral vasc-
ular resistance,” and increased blood flow to skin and
muscle.® Elevated cardiac output is observed in
cirrhosis with normal,'¥ increased,® or reduced®®
renal plasma flow. Thus, there is no correlation betw-
een cardiac oulput and renal plasma flow as well as
glomerular filtration rate'®

Cardiac output is increased in cirrhotics mainly
with elevated plasma volume.?

In our present observation, there are no definite
correlation between renal hemodynamics and plasma
volume or cardiac output, although relative decrease
in renal fraction of cardiac output and increased
fractional cardiac index were seen.

As to our present observation it is suggested that



—J.L Kim, et al.: Studies on the Hemodynamic Changes in Cirrhosis of the Liver— 95

impairment of hemodynamics, systemic and renal,
-exists in the presence of apparently normal renal fun-
-ction and hepatic reserve. And changes in renal hem-

-0dynamics are at least not directly related to systemic
hemodynamic alterations.

SUMMARY

Cardiac output, plasma volume and renal plasma
flow were determined to evaluate hemodynamic cha-
-nges in 29 patients with cirrhosis of the liver.

The results obtained were as follows.

1. The mean plasma volume was 3793895 ml and
it was significantly higher than the norma! controls.
"The mean blosd volume (526641222 ml) and blood
‘volume per kg bady weight (95.7+23 41 m1) were
-also increased significantly. The mean plasma volume
par kg body weight (69. 1+19. 1 ml) showed increased
‘tendency and the mean difference between blood vol-
amne and plasma volume per kg body weight (26. 44
7.05ml) was in lower limit of normal range.

2. The mean cardiac output 'was 77082652 ml/
min and it was significantly increased. The mean
scardiac index (4924+:1998 ml/min/M?), stroke volume
(95. 2+34. 2 ml/beat), stroke index (62. 3+-27. 34 ml/
-beat/M?) and fractional cardiac index (1. 54+ 0.577)
were also increased significantly. The mean total
‘peripheral resistance was 16644-753. 8 dynes sec em™®

M? ani it was significantly lower than the
controls.

normal

3. The mean renal plasma flow was 537--146.8
ml/min/1. 73 M? and it was normal to decreased ten-
dency. The mean endogenous creatinine clearance
(66. 7+23. 0 ml/min/1. 73 M?) was significantly decre-
-ased. Filtration fraction was variable, but it was
slightly lower than normal in most cases. The mean
renal fraction of cardiac output (11. 4+6.27%) was
relatively decreased.

4. Although renal plasma flow was normal or
-decveased in general, it was definitely diminished in
‘patients with creatinine clearance less than 60 ml/min/
1.73 M?, resistant ascites, and signs of azotemia (ele
vated BUN and serum creatinine).

5. Diminished glomrular filtration rate with low

diltration fraction and decreassd renal fraction of

cardiac output observed strongly supported increased
renal afferent arteriolar resistance.

6. Renal circulatory impairment preceded azotemia
or oroliguria in cirrhosis.

7. Clinical findigns and liver function were not
correlated with hemodynamic changes, except for
esophageal varices associated with high cardiac output
obsedved. '

8. No definite correlation of renal hemodynamics

with plasma volume or cardiac output was found.
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