
RENAL FAILURE IN LAENNEC'S CIRRHOSIS. II.
SIMULTANEOUS DETERMINATION OF CARDIAC OUTPUT AND
RENAL HEMODYNAMICS

Ruben G. Lancestremere, … , Frederick J. O'brien, Solomon Papper

J Clin Invest. 1962;41(10):1922-1927. https://doi.org/10.1172/JCI104649.

Research Article

Find the latest version:

https://jci.me/104649/pdf

http://www.jci.org
http://www.jci.org/41/10?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI104649
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/104649/pdf
https://jci.me/104649/pdf?utm_content=qrcode


Journal of Clinical Investigation
Vol. 41, No. 10, 1962

RENALFAILURE IN LAENNEC'S CIRRHOSIS. II. SIMULTANEOUS
DETERMINATIONOF CARDIAC OUTPUTANDRENAL

HEMODYNAMICS*

BY RUBENG. LANCESTREMEREtPAUL L. DAVIDSON, LAURENCEE. EARLEY,
FREDERICKJ. O'BRIEN, AND SOLOMONPAPPERt

(From the Medical Service and the Research Laboratory, Boston VA Hospital; the Depart-
ments of Medicine, Boston University and Tufts University Schools of Medicine, Boston,

Mass.; and the Medical College of Virginia, Richmond, Va.)

(Submitted for publication May 12, 1962; accepted June 28, 1962)

A number of observations in patients with
Laennec's cirrhosis dying with renal failure-one
of the conditions sometimes included in the term
"hepatorenal syndrome"-suggest that the ob-
served oliguria and nitrogen retention may be
secondary to impaired renal perfusion rather than
to any lesion of the renal parenchyma. First, re-
nal failure may develop with great rapidity. In
several instances, normal glomerular filtration rate
(GFR) had been demonstrated months, weeks,
and even days before the development of renal fail-
ure (1). Second, renal failure may occur in pa-
tients with cirrhosis after mild gastrointestinal
bleeding, not severe enough to produce significant
change in hematocrit, or after abdominal para-
centesis, even when only five liters of fluid are re-
moved (1-3). Minimal bleeding and paracente-
sis both may result in a decrease in the effective
blood volume (1, 4). A third observation sug-
gesting a circulatory mechanism of renal failure
in cirrhosis is the modest reduction in systemic
blood pressure that almost always accompanies
the development of renal failure (1). Fourth,
the concentration of the urine is generally well
maintained early in the course of renal failure and
may remain up to three times the concentration of
plasma until death (1). Fifth, the concentration
of sodium in the urine is low, generally less than
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10 mEqper L (5), an observation consistent with
decreased renal perfusion (6), and in contrast to
that in the urine in acute tubular necrosis, where
the concentration of sodium is usually higher than
60 mEq per L (7). Sixth, some patients with
cirrhosis in renal failure respond to the adminis-
tration of certain pressor drugs with an increase
in renal excretion of total solutes, sodium and po-
tassium as well as a larger volume of more dilute
urine (8). Finally, the histologic appearance of
the kidney fails to show any consistent lesion of
proved functional significance (1, 9).

In view of these observations it was considered
desirable to determine cardiac output (CO) and
renal hemodynamics simultaneously in patients
with decompensated cirrhosis and renal failure.

The study demonstrates that the reduced renal
hemodynamics observed in certain patients with
Laennec's cirrhosis cannot be attributed to a low
CO.

METHODS

Studies were performed in seven male patients with
Laennec's cirrhosis with clearances of inulin (CIN) or
endogenous creatinine (CCR) less than 60 ml per minute.
In addition, thirteen patients, twelve male and one fe-
male (I.W.), with decompensated cirrhosis and CIN or
CCR greater than 70 ml per minute were studied. One
patient, W.F., was studied when CIN was normal and on
a subsequent occasion when he had developed renal fail-
ure. All patients had a history of alcoholism. All had
marked ascites, and many had edema of the legs. The
diagnosis of cirrhosis was made on the basis of clinical
and laboratory findings, and in some instances the diag-
nosis was confirmed by autopsy. In no patient was there
evidence of antecedent renal disease, or any apparent
cause, other than cirrhosis, of acute renal disease. In
addition, there was no evidence of heart disease.

Patients were studied in the morning hours, at rest,
in the recumbent position with a pillow under the head,
and with an indwelling catheter placed in the bladder.
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A water load of 20 to 25 ml per kg of body weight
was given either by mouth as tap water, or intravenously
as 4 per cent hexose in water. The water lost as urine
or insensibly during the study was replaced either orally
or intravenously. After the urine flow became stable,
CIN or CCR and clearance of para-aminohippurate (CPAI)
were determined according to standard procedure (10).
Immediately thereafter, CO was determined with a di-
lution technique (11) using as an indicator 5 mg of
Evans blue dye, T-1824, or 5 ,uc of radio-iodinated hu-
man serum albumin, RISA. Multiple samples of blood
were obtained from an indwelling Cournand needle placed
in the brachial or femoral arteries opposite the site of
the injection. In Patient I.W., cardiac output was de-
termined by the direct Fick method. Neither the results
of the renal clearances nor the results of CO were cor-

rected for body surface area because of the presence of
marked ascites (12). Creatinine was determined in urine
by the Peters modification of the Folin method (13) and
in serum by the method of Hare (14). Serum and urine
were analyzed for inulin by the method of Young and
Raisz (15), and for para-aminohippurate by the method
of Goldring and Chasis (16). Evans blue was measured
in a Beckman DU spectrophotometer, and radio-iodinated
human serum albumin with a well scintillation counter.

RESULTS

Patients with CIN or COR less than 60 ml per
minute (Group A). The concentration of bili-
rubin in the serum ranged from 1.6 to 32.8 mg

per 100 ml, and systemic blood pressure from
90/60 to 150/80 mmHg (Table I, Group A).
The hematocrit was low in all instances. CIN or

CCRwere between 2 and 57 ml per minute, CPAH
between 8 and 352 ml per minute, and the effective
renal blood flow (ERBF), calculated as CPAH/
1 - hematocrit, between 12 and 451 ml per min-
ute. The filtration fraction (FF), CIN/CPAH,
ranged from 12 to 25 per cent. COwas found to
range from 5.4 to 9.9 L per minute. In all pa-

tients except W.G., CO was greater than 7.0 L
per minute, and in three cases was greater than
9.0 L per minute. As a consequence of this ele-
vated COand the reduced ERBF, the renal frac-
tion of the cardiac output (RFCO), calculated as

ERBF/CO, was low, ranging between 0.1 and
7.5 per cent.

TABLE I

Cardiac output and renal hemodynamics in patients with decompensated Laennec's cirrhosis*

Blood Hema-
Patient Age pressure tocrit CIN CPAH ERBF FF CO RFCO

:years mmHg % ml/min ml/min ml/min % L/min %
Group A
W.S. 44 92/64 34 2 8 12 25 8.7t 0.1
O.O. 65 110/60 33 12t 9.9§
W.C. 3/ 2/59 55 150/80 29 31 203 286 15 8.1§ 3.5

3/13/59 121/72 22 42 352 451 12 9.8§ 4.6
P.N. 40 128/60 24 45t 7.1§
R.C. 60 112/60 29 47 244 344 19 9.7§ 3.5
W.G. 47 90/60 35 48 264 406 18 5.4§ 7.5
A.B. 64 118/60 34 57 260 394 22 7.4 5.5

Group B
J.K. 69 165/65 38 73 520 839 14 6.1t 13.7
J.R. 58 130/80 28 75t 8.7§
J. L. 70 104/60 36 81 381 595 21 8.9§ 6.7
M.K. 63 138/86 39 95 320 525 30 5.7§ 9.2
I.W. 51 120/80 28 112 490 680 23 5.111 13.3
J.Ba. 50 130/76 36 121 618 966 20 9.5§ 10.2
A.C. 55 170/110 32 130 540 794 24 10.8§ 7.4
W.B. 71 110/80 22 130t 8.9§
W.M. 46 123/77 33 150 875 1306 17 13.Ot 10.0
S.H. 45 105/70 34 151 711 1077 21 6.9§ 12.2
E.L. 56 112/60 31 168 642 930 26 10.8§ 8.6
J.Br. 44 148/85 33 225 15.0t

* Abbreviations: CIN = inulin clearance, CPAH = para-aminohippurate clearance, ERBF = effective renal blood
flow, calculated as (CpAH/1-hematocrit), FF = filtration fraction (CIN/CPAH), CO = cardiac output, and RFCO=
renal fraction of cardiac output (ERBF/CO).

t Endogenous creatinine clearance.
t With radio-iodinated human serum albumin, RISA.
§ With Evans blue dye, T-1824.

By direct Fick method.
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FIG. 1. CARDIACOUTPUTANDGLOMERULARFILTRATION RATE (GFR) IN PATIENTS WITH DECOMPENSATEDLAENNEC'S
CIRRHOSIS. Note the coexistence of reduced inulin (CIN) or creatinine (CR) clearances with an elevated cardiac
output.

Thus these patients, with marked reduction in
renal hemodynamics, in general had an elevated
CO (Figures 1 and 2).

Patients math CIN or CcR greater than 70 ml
per minute (Group B). The concentration of
bilirubin in the serum ranged from 0.2 to 12.0 mg
per 100 ml, and systemic blood pressure from
104/60 to 170/110 mmHg (Table I, Group B).

The hematocrit was comparable to that of the
previous group. CIN or CCRwere between 73 and
225 ml per minute, CPAHbetween 320 and 875 ml
per minute, the calculated ERBF between 525
and 1306 ml per minute, and FF between 17 and
30%o. Only four patients of this group had a CO
lower than 7.0 L per minute, whereas five had CO
greater than 9.0 L per minute. The calculated

TABLE II

Changes in cardiac output and renal hemodynamics in W.F., a 53-year-old man
with decompensated Laennec's cirrhosis*

Blood Hema-
Date pressure tocrit CIN CPAH ERBF FF CO RFCO

mmHg % ml/min Ml/min ml/min % Limin %
10/24/58 110/70 31 114 417 604 27 6.9 8.8
5/22/59 100/58 37 9 40 63 22 10.0 0.6
6/ 4/59 100/42 34 14 43 65 33 9.5 0.7

* Abbreviations as in Table I.
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FIG. 2. CARDIAC OUTPUT AND PARA-AMINOHIPPURATECLEARANCE (CPAH) IN PATIENTS WITH DECOM-
PENSATED LAENNECS CIRRHOSIS. Note the coexistence of reduced CPAH with elevated cardiac output.

RFCOwas also low in these patients and ranged
between 6.7 and 13.3 per cent. Elevated COwas

therefore observed among patients who exhibited
a broad range of renal hemodynamics (see Fig-
ures 1 and 2).

Patient W.F. This patient was studied on two
occasions 7 months apart. During his first hos-
pitalization, his CIN was 114 ml per minute, CPAH
417 ml per minute, and CO 6.9 L per minute
(Table II). On his terminal hospital admission,
he appeared more severely ill, was more jaun-
diced, and had a reduction in systemic blood pres-

sure. He had oliguria, his CIN was 9 to 14 ml
per minute, CPAH40 to 43 ml per minute, and CO
9.5 to 10.0 L per minute.

DISCUSSION

An elevated CO was observed in patients with
a broad range of renal hemodynamics. The find-
ings indicate that the diminished glomerular fil-
tration rate (GFR) and renal plasma flow (RPF)
found in some patients with decompensated

Laennec's cirrhosis may occur in the presence of
an elevated CO. It is therefore apparent that the
reduction in renal perfusion observed in these pa-
tients cannot be attributed to a low CO.

COhas been found elevated in one-third of the
patients with cirrhosis studied by Kowalski and
Abelmann (17), an observation confirmed by
others (18). No correlation has been found be-
tween the elevated COand the presence of ascites,
edema, or jaundice (17, 18). Although chronic
anemia may be associated with an elevated CO
when the hematocrit falls below 20 per cent (19),
anemia of such degree was not observed in these
patients and therefore cannot satisfactorily ex-

plain the elevation in CO. Since in most instances
the mean arterial blood pressure is not elevated,
the calculated total vascular peripheral resistance
is low (17). Although the precise mechanism pro-
ducing the reduction in total vascular peripheral
resistance and the elevation in CO is not known,
there is evidence suggestive of functional periph-
eral shunting (17, 18). Indeed, the circulation in
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certain patients with cirrhosis partly resembles
that in other hyperkinetic states, such as thyro-
toxicosis, chronic anemia, beriberi, and those
occurring with arteriovenous fistulas (18, 20).
In these conditions, as well as in the patients of
the present study, renal hemodynamics are vari-
able and do not follow a consistent pattern. In-
deed, an elevated CO may occur in the presence
of a normal (21-23), reduced (24), and some-
times elevated (25) RPF. The precise relation-
ship between both parameters has been not ade-
quately defined in these conditions. Although
this study does not clarify this relationship fur-
ther, at least three possibilities deserve considera-
tion in patients with cirrhosis and renal failure.
First, it is possible that the reduced renal hemo-
dynamics and the elevated COare unrelated phe-
nomena.' Second, it is also possible that the same
mechanism that produces a decrease in total vas-
cular peripheral resistance and an increase in CO
may also produce a separate, direct effect on tihe
renal circulation. Third, it is conceivable that the
decreased renal perfusion in cirrhosis is secondary
to a redistribution of blood to areas of decreased
resistance. The last possbiility has a counterpart
in the experimentally produced acute arteriove-
nous fistula in the dog. When the fistula was
opened, a decrease in RPF occurred (27). Nev-
ertheless, the experimental situation is not entirely
comparable, since in the dog GFRvaried incon-
sistently and FF was always elevated (27),
whereas in the present study FF varied within a
broad range and was not always elevated. Fur-
thermore, Epstein, Post, and McDowell demon-
strated in patients with arteriovenous fistulas that
occlusion did not produce consistent and signifi-
cant changes in renal hemodynamics (21).

Since in the present study catheterization of the
renal vein was not performed and extraction ra-
tios of the para-aminohippurate were not meas-
ured, CPAH may underestimate RPF in patients
with reduced renal hemodynamics (28). Indeed,
CPAH may underestimate the directly measured
RPF even if the extraction ratio is determined
from analysis of the blood entering and leaving an

1 Although a low CO was not observed in the present
study in patients with decreased renal hemodynamics,
Tyler, Jeffries, and Wilder recently reported seven pa-
tients with cirrhosis and marked reduction in renal blood
flow, some of whom have a low CO (26).

isolated, perfused kidney (28). The same limi-
tations apply to other parameters derived from
CPAH, e.g., FF, ERBF, and RFCO.

Although the inverse relationship between CO
and renal hemodynamics observed in W.F. (see
Table II) is of interest, more observations will
be required before it can be interpreted.

SUMMARY

Cardiac output (CO) and the clearances of
inulin (CIN) or endogenous creatinine (CCR) and
para-aminohippurate (CPAH) were determined si-
multaneously in seven patients with decompen-
sated Laennec's cirrhosis and a CIN or CCR less
than 60 ml per minute. Another thirteen decom-
pensated cirrhotics with a CIN or CCRgreater than
70 ml per minute were studied in the same manner.
COwas generally elevated in patients with a broad
range of renal hemodynamics. The findings also
indicated that the diminished glomerular filtra-
tion rate and renal plasma flow found in some
patients with cirrhosis may occur in the presence
of an increased CO. Therefore, the decreased
renal perfusion observed in certain patients with
cirrhosis cannot be attributed to a low cardiac
output.
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