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Volumetric, Hemodynamic, and Excretory Characteristics
of the Liver in Acromegaly *

RUDOLFPREISIG,t THOMASQ. MORRIS, JOYCEC. SHAVER,t AND
NICHOLASP. CHRISTY §

(From the Department of Medicine, Col-umibia University College of Physicians & Surgeons,
and the Presbyterian Hospital, New York, N. Y.)

Comprehensive autopsy studies (1, 2) have dis-
closed that enlargement of the viscera, including
the heart, lungs, kidneys, pancreas, adrenals, and
particularly the liver, is a prominent and consistent
feature of acromegaly. The detailed structural
changes responsible for visceromegaly in patients
with this disease are poorly understood. Studies
of the functional alterations of the hypertrophied
organs are few and have been focused almost ex-
clusively on the kidneys. Increased renal plasma
flow, glomerular filtration rate, and proximal tu-
bular functions have been demonstrated (3-5).
It seemed reasonable, therefore, to expect that
blood flow and excretory function of the liver
might also be augmented.

Precise appraisal of liver size by clinical ex-
amination alone is difficult; furthermore, evalua-
tion of hepatic hyperfunction cannot be made with
routine liver function tests. The introduction of
methods for measurement of splanchnic blood flow
and volume (6, 7) and for estimation of sulfo-
bromophthalein (BSP) kinetics (8, 9) has made
quantitative determination of hepatic function
possible. Correlation of function with hepatic
size is feasible owing to the development of tech-
niques for quantification of "liver volume" (10).

The results of such studies, carried out in 11 pa-
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tients with acromegaly, are reported in this paper.
The data confirm the presence of hepatomegaly,
demonstrate a marked increase in hepatic excre-
tory capacity for BSP, and suggest a relative
reduction in hepatic parenchymal perfusion.

Methods

The subjects of this study were 11 patients (6 men, 5
women) with classical features of acromegaly. Their
ages ranged from 41 to 66 years. All patients were am-
bulatory, and all were admitted to the Presbyterian Hos-
pital for the sole purpose of this study. All patients
were studied on an air-cushioned fluoroscopy table after
an overnight fast.

Procedures
Estimation of hepatic blood flow (EHBF). Catheteriza-

tion of a right hepatic vein was performed under fluoro-
scopic control, with a number eight Cournand or Lehman
catheter. An indwelling polyethylene catheter I placed
in a vein of the opposite arm served as infusion site.
Arterial blood samples were obtained through a Cour-
nand needle, which had been inserted percutaneously
into a brachial artery.

To determine EHBF witb the dye dilution and extrac-
tion technique, we prepared indocyanine green (ICG) 2
for infusion by adding the dye to a 0.6 g per 100 ml solu-
tion of human serum albumin 3 in normal saline. Such
a mixture was shown to be stable for at least 1 week.
After a priming dose of 20 mg ICG, the dye was in-
fused intravenously at a constant rate (Sigmamotor
pump) of approximately 0.015 mg per minute per kg of
body weight. After a 30-minute period of equilibration,
alternating arterial and hepatic venous blood samples
were obtained at 5-minute intervals.

Estimation of splanchnic blood volume (SBV). SBV
was measured by the regional dilution technique (7).
After preliminary blockade of the thyroid gland with 500
mg of potassium iodide, 15 to 20 ,uc of "I-labeled human
serum albumin (RISA) was injected intravenously.
Immediately thereafter continuous* aspiration of arterial

1 Deseret Intracath no. 17, C. R. Bard, Inc., Murray
Hill, N. J.

2 Hynson, Westcott and Dunning, Baltimore, Md.
3 Cutter Laboratories, Berkeley, Calif.
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and hepatic blood was performed at the rate of 1 ml per
10 seconds for a total period of 200 seconds. Initially
after 80 seconds, and subsequently at 30-second intervals,
the contents of the aspirating syringes were rapidly emp-
tied through a three-way stopcock into separate centri-
fuge tubes. To compensate for catheter delay, we did
arterial sampling through an identical cardiac catheter.

Determination of BSP transport maximum (Tm) and
storage capacity (S). BSP was infused intravenously
at differing but constant rates during two successive pe-
riods. Approximately 0.3 to 0.5 mg BSP per kg body
weight in 0.9%o saline was administered during the first
phase, with progressive elevation in the plasma level.
After a period of 30 minutes to permit equilibration and
the establishment of a constant rate of change in the
BSP plasma level, four arterial blood samples were ob-
tained at accurately timed 5-minute intervals. During
the second phase, four blood samples were collected simi-
larly after 30 minutes of equilibration; the amount of
BSP infused was now approximately 30 to 40% of the
initial rate, resulting in a steadily falling plasma con-
centration.

Determination of plasma volume (PV). In all pa-
tients, plasma volume was determined with RISA. The
radioactivity of a plasma sample, taken 10 minutes after
intravenous injection of the tracer, was compared with
that of a sample of the inj ected material diluted to a
known volume (with addition of sufficient plasma to
prevent adsorption to glass).

Measurement of wedged hepatic venous pressure
(WHVP). With the catheter advanced deeply into a
right hepatic vein, WHVPwas measured with a Statham
gauge and a Sanborn recording apparatus (zero refer-
ence plane at the right atrium).

Hepatic photoscans. Frontal and lateral hepatic photo-
scans were obtained in seven patients and in six normal
volunteers with a Magnascan 4 apparatus after intra-
venous injection of 1 ,uc of radioactive gold ("9Au) per
pound of body weight.

Sequence of studies. Whenever hemodynamic studies
were carried out, determination of BSP Tm and S was
performed 24 to 48 hours earlier. In the seven patients
who underwent hepatic venous catheterization, the stud-
ies were made in the following sequence: estimation of
EHBF, determination of SBV, measurement of WHVP,
and estimation of PV. At each step, immediately before
the injection of a tracer, a blood sample was obtained
to permit correction for blank radioactivity. The total
amount of blood withdrawn for hemodynamic studies did
not exceed 125 ml.

Analytical methods

BSP concentrations in plasma were measured in an
automated spectrophotometer 5 at 580 mu after appropri-
ate dilution with an isotonic phosphate buffer (pH 6.9;
250 mOsmper L) and alkalinization with 0.2 ml 20%

4 Picker Nuclear Division, Picker X-Ray Corp., White
Plains, N. Y.

5 Research Specialties Co., Richmond, Calif.

potassium hydroxide. The optical density of a similarly
treated "blank," obtained before infusion of BSP, was
subtracted. BSP concentrations in the infusions were
measured similarly after appropriate aqueous dilution
and alkalinization.

Concentrations of ICG in plasma were determined in
undiluted samples, maintained at a constant temperature
of 250 C, and read in a Beckman DU spectrophotometer
at 810 mA. After subtraction of a plasma blank collected
before the start of the ICG infusion, the concentration of
the dye was read from a standard line, with the known
dye dilutions prepared in pooled human serum. Pooled
serum was also used for appropriate dilution of the infu-
sion mixture.

Arterial and hepatic venous oxygen content was meas-
ured in blood samples by the method of Van Slyke and
Neill (11). Serum bilirubin, serum alkaline phospha-
tase, serum glutamic oxaloacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT), and serum
protein electrophoresis were carried out in the routine
clinical laboratory by standard methods.

Computations

Calculation of EHBF was made according to the for-
mula: EHBF= (I +AP PV) /(a-hv) X 1/(1-Hct)
milliliters per minute, where I = infusion rate for ICG
in milligrams per minute; AP = rate of change of arterial
plasma concentration of ICG in milligrams per milliliter
per minute; PV= plasma volume in milliliters; and a =

arterial and hv = hepatic venous plasma concentration of
ICG in milligrams per milliliter; and Hct =hematocrit.

SBV was computed with the formula SBV= [(A - V)
X teq X EHBF]/Aeq milliliters (7), where A = mean ar-
terial radioactivity during the equilibration time (teq) in
counts per minute per milliliter; V = mean hepatic ve-
nous radioactivity during teq in counts per minute per
milliliter; teq = equilibration time in seconds; EHBF=
hepatic blood flow in milliliters per second; and Aeq =

arterial plasma radioactivity at equilibrium in counts per
minute per milliliter.

Mean splanchnic circulation time was calculated from
the values for SBV and EHBF.

BSP Tm and S were computed by solution of simul-
taneous equations for the two infusion periods (I, II) on
the basis of the following equation: I, II = Tm+ AP,, II
(PV + S) (8, 12), where II,,, are the BSP infusion
rates (milligrams per minute), AP,, II are the changes
in plasma BSP concentration (milligrams per 100 ml per
minute), and PV is the plasma volume in hundreds of
milliliters.

Computation of liver volume was carried out according
to the method of Walk (10), with the following modi-
fications: lateral (A), antero-posterior (B), and vertical
(C) diameters (Figure 1) were measured on frontal
and lateral hepatic photoscans. According to the liver
configuration, 3.55 was used as index for the normal,
3.75 for the flat border, and 3.25 for the blunt border, and
liver volume was calculated from the formulation:
(A X B X C)/index units. Thus, it was not possible
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ANTERIOR POSTERIOR

LATERAL SCAN
FIG. 1. SCHEMATIC REPRESENTATION OF WALK'S ES-

SENTIAL DIAMETERS FOR ESTIMATION OF LIVER VOLUMEAS

APPLIED TO HEPATIC PHOTOSCANS. A, lateral; B, antero-
posterior; and C, vertical.

to compare the results to Walk's normal values. Instead,
liver volume was determined in six normal volunteers
chosen for similar body size (mean surface area 1.96 m2
as compared with 2.05 m2 in the acromegalic patients).

Results
Clinical pattern. Although selection of patients

with unmistakable features of acromegaly, all of
whom had received external radiation therapy to
the pituitary region, might have been expected to
result in a relatively uniform study group, the
data summarized in Table I present a pattern of
considerable diversity. The ages of the 11 pa-

tients ranged from 41 to 66 years, their body
weights from 57 to 98 kg, and the "duration" of
the illness (dated from confirmation of diagnosis)
varied from 2 to 28 years. Overt diabetes mellitus
was present in five, but two others (Le. and Ph.)
showed diabetic glucose tolerance tests. In the
eight in whom serum growth hormone concentra-
tion was measured by radioimmunoassay,6 no cor-
relation was evident between serum growth hor-
mone level and duration of illness or presence of
diabetes mellitus. Although serum protein-bound
iodine (PBI) was normal in all, thyroidal abnor-
malities were present in 5 of the 11 patients at one

time or another (as evidenced by a history of
subtotal thyroidectomy or the finding of thyroidal
enlargement on physical examination). Three pa-
tients gave a history of previous subtotal gastrec-
tomy for duodenal ulcer. One of these (Ha.)
also had a parathyroid adenoma. No patient was

receiving endocrine replacement therapy, except
for St. and Fr., who were taking insulin and tol-
butamide, respectively.

This variability in the clinical manifestations of
acromegaly was in contrast to the relatively uni-
form changes in size, excretory capacity, and cir-
culatory pattern of the liver.

Liver size. Calculation of liver volume, based
on measurements of lateral, posteroanterior, and

6 Weare indebted to Drs. Selna Kaplan and Melvin M.
Grumbach of the Dept. of Pediatrics for performing the
serum growth hormone determinations.

TABLE I

Clinical data in 11 patients with acromegaly

Radia- Sellar
Year of tion to enlarge-

diag- pitu- ment Diabetes Serum
Name Sex Age Weight nosis itary (X ray) mellitus GH* Remarks

years kg mjg/ml
St. M 55 97.7 1963 + + + 3.4 Thyroid enlarged; liver palpable
Le. M 42 93.3 1947 + + Abnormal 10.0 Gastrectomy in 1963; thyroidectomy

GTTt in 1957
Ha. M 41 93.2 1959 + + + 20.0 Gastrectomy in 1962; parathyroid

adenoma removed in 1965
Di. M 56 91.8 1962 + + + 1.0
Ro. M 45 91.8 1961 + + 0 140.0
Ba. M 66 84.2 1940 + 0 0
Pi. F 62 91.4 1959 + + + Thyroidectomy in 1927 and 1959
Fr. F 61 84.5 1937 + + + 1.9
Na. F 44 84.2 1956 + + 0 50.0 Thyroidectomy in 1960
Sw. F 54 62.0 1938 + + 0
Ph. F 43 56.8 1954 + + Abnormal 7.0 Thyroid enlarged

GTT

* GH = fasting serum growth hormone concentration by radioimmunoassay, normal value <5 mjug per ml.
1 GTT = glucose tolerance test.
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TABLE II

"Liver volume" and splanchnic hemodynamics in acromegaly

Indocyanine green
Wedged

Plasma Hepatic Estimated hepatic Arteriohepatic Splanchnic Splanchnic Total Splanchnic
Liver concen- extraction hepatic venous venous oxygen mean circu- blood blood total blood Hema-

Name volume tration ratio blood flow pressure difference lation time volume volume volume) 100 tocrit

U mg/100 ml % mi/min mm/Hg vol/100 ml sec ml ml % %
St. 2,120 0.21 54 1,710 7 32.7 870 5,470 15.9 39
Le. 1,480 0.08 82 1,770 4.7 45.9 1,360 6,550 20.8 37
Ha. 1,590 0.14 91 1,700 9 5.3 33.4 940 6,860 13.7 37
Di. 1,240 0.14 80 1,590 9 3.5 33.8 900 6,030 14.9 41
Ba. 1,870 0.14 87 1,640 7 5.7 36.6 1,000 5,890 17.0 40
Na. 1,930 0.10 72 2,080 6 4.4 34.6 1,100 4,890 22.5 36
Ph. 1,010 0.15 84 1,100 4.070 35

Mean 1,610 79 1,660 8 4.7 36.2 1,030 17.5

Mean
normal 1,050 (6)* 63 (4) 1,530 (91) 8 3.8 (27) 39.9 (5) 1,020 19.1 (10)
value

SD 150 300 0.71 5.8 300 3.8

References
for normal (See text) (13) (14) (15) (14) (16) (15) (15)
values

* Numbers in parentheses on this line represent number of subjects on which the normal mean is based.
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ACROMEGALlsC.

FIG. 2. REPRESENTATIVEFRONTAL AND LATERAL HEPATIC PHOTOSCANSOBTAINED FROM

NORMALAND ACROMEGALICSUBJECTS. Predominant enlargement in the "vertical" axis
(see Figure 1) is evident in the lateral scan of the acromegalic.
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vertical diameter of hepatic photoscans (Figure 1)
and corrected for hepatic configuration with the
factors derived from Walk's studies (10), yielded
an average value of 1,610 U in the seven patients,
as compared with a mean of 1,050 U in six vol-
unteers of similar size (Table II). \Vith two ex-
ceptions (Di. and Ph.), all values were in excess
of 1,350 U (normal mean plus 2 SD). Thus, liver
size was increased roughly one and one-half times
above normal (Figure 2), a relationship that re-
mains essentially unchanged when the values are
corrected for body surface area ("relative liver
volume"). In only one of the patients so studied
(St.) was the liver enlarged to palpation. This
tendency of the liver to enlarge in what Walk re-
fers to as the "vertical" axis-thus escaping clini-
cal detection as hepatomegaly-is evident in Fig-
ure 2, in which typical hepatic photoscans from an
acromegalic subject are compared with those of a
normal volunteer of similar body size. No ab-
normal extrahepatic uptake of 198Au was observed.

Splanchnic hemodynamics. Hepatic blood flow
was measured in seven patients (Table II). The
values obtained ranged from 1,100 to 2,080 ml per
minute, with a mean of 1,660 ml per minute, which
is well within normal limits (normal: 1,530 ± 300
ml per minute, BSP method) (14). The hepatic
extraction for ICG varied from 54 to 91%, av-
eraging 79%a in the entire group. With the excep-
tion of St., the values were above 63%o, the re-
ported normal mean value for comparable plasma
levels of ICG (13). Since the values for blood
flow were within normal limits, and since plasma
concentrations were never excessively high (Table
II), the observed increase in ICG extraction must
be due to increased uptake by the liver (whether
because of increased hepatic functional mass or
enhanced uptake-), to decreased velocity of blood
flow, or to both.

In keeping with this interpretation are the re-
sults of hepatic arteriovenous oxygen differences
(a-hv 02), studied on five occasions. The values
ranged from 4.4 to 5.7 vol per 100 mil and were
on the average increased by 256X% (normal: 3.8 ±
SD 0.71 vol per 100 ml) (14). When computed
in terms of total splanchnic oxygen uptake, this
increase became even more prominent (83, 90, 56,
94, and 92 vol per minute in Le., Ha., Di., Ba., and
Na., respectively, compared with the normal of
67 ± SD 17 vol per minute) (14).

SBV was measured in six patients; the values
of 870 to 1,360 ml (or from 14 to 23%o of the total
blood volume) clustered closely about the normal
mean of 1,030 ± SD 300 ml (or 19.1 ± SD 3.8%,
respectively) (15). In general, the values for
SBV were well correlated with the splanchnic
mean circulation time, which ranged from 32.7 to
45.9 seconds (Table II).

WVHVP,determined in five subjects, was within
normal limits (Table II), as were arterial blood
pressure and total blood volume in all patients.

Routine liver function tests. All the biochemical
tests, including serum bilirubin (range 0.2 to 0.7
mg per 100 ml, normal mean 0.5 + SD 0.3), se-
rum alkaline phosphatase (range 2 to 12 King-
Armstrong units, normal mean 6 + SD 2), SGOT,
SGPT, and serum electrophoresis, gave normal
results.

BSP storage capacity and transport maximum.
BSP S ranged from 37 to 78 mg per mg per 100
ml (mean 51, normal value 51 + SD 12) in the
women, and from 47 to 127 mg per mg per 100
ml (mean 74, normal value 69 ± SD 17) in the
men (Figure 3). These values were within nor-
mal limits in both groups (12). Only in Ha. was
the value for S slightly above the normal range,
as defined by the normal mean plus 2 SD. Thus,
it is evident that S does not parallel the increase
in liver size in acromegalic patients.

By contrast, Tm, like liver volume, was mark-
edly augmented in each patient and was on the
average doubled in both sexes. The mean value
was 17.6 mg per minute (normal 9.6 ± SD 1.9)

MALE FEMALE

mg/mg%

120

80

NORMAL ACROMEGALIC NORMAL ACROMEGALIC

(28) (I 6)
FIG. 3. SULFOBROMOPIITIIALEIN (BSP) RELATIVE

STORAGE CAPACITY IN MTALE AND FEMALE ACROMEGALIC
PATIENTS (SOLID BARS). Mean normal values (+ 2 SD)
are depicted by the open bars (12).
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MALE

NORMAL

(2 8)

ACROME GALIC

FEMALE

mg/min

20

1 6

1 2

NORMAL ACROMEGALIC

(I 6)

FIG. 4. BSP TRANSPORTMAXIMUMN1IN MAILE AND FE-

MALE ACROMEGALICSUBJECTS (SOLID BARS). Mean nor-
mal values (± 2 SD) are shown by the open bars (12).

for the mlales, 13.5 mg per minute (normal 7.2
SD 1.9) for the females, ranging from 13.3 to
23.9 and 12.0 to 15.1 nmg per minute in the two
groups, respectively (Figure 4). Witilin the
groups of men and women there was no evidence
of correlation between BSP Tm and body size,
nor did liver volume (seven patients) correlate
with Tm, except in a general way. The women,

however, were on the average smaller than the
meil, and both S and Til differed significantly be-
tween the two sexes. This observation is in keep-
ing with the results obtained in normal subjects
(12). One cannot be certain whether the differ-
ence is related to sex or to body size.

Discussion

The studies reported in this paper provide evi-
dlence that the acronlegalic liver is characterized
by an increase in size, a distinct circulatory pat-
tern, and a uniform functional change in the face
of a imarked diversity of clinical findings. The
mechanisms that produce these changes are ob-
scure. Excessive secretion of pituitary growth
hormone is generally considered to be the major
factor in the pathogenesis of acronlegaly, although
precise correlation of serum growtll horillone value
with clinical "activity" of the disease is by no
illeaIls establisiled. Furtilernlore, it is not known
that the increase in circulatillg growtll hormione

is directly or solely responsible for the visceral
enlargement. Whereas autopsy studies attest con-
vincingly to the presence of hepatic enlargement,
discovery of hepatomegaly on clinical examination
may he rather difficult. This was certainly true
in the present series of patients. The liver was
enlarged by palpation in only one, whereas tun-
equivocal evidence for hepatomegaly was obtained
in five of seven patients studied with photoscan-
ning. \With the aid of this technique, it was also
possible to quantify the hepatic enlargement. Com-
parison of the calculated values for liver volume
with those obtained in normal volunteers disclosed
a substantial increase in hepatic size (one and
one-half times, On the average). In the absence
of pretreatment photoscans, it is not possible to
assess the precise relation between liver size and
radiation treatment to the pituitary. One can
state, however, that hepatomegaly is observed af-
ter such treatment.
The structural changes responsible for hepatic

enlargement are not well defined. Pathologists
who have studied visceromegaly in acromegalic
subjects have not been able to decide whether hy-
pertrophy of individual cells, hyperplasia, or both
are responsible (17). In addition, intercellular
edema has been implicated as a result of examina-
tion of tissue obtained from experimental animals
treated with growth hormone (18). Information
on rate of growth of vascular, parenchymal, and
connective tissue components is altogether lacking.

From a correlative study of renal structure and
function in a single acromegalic patient, Gersh-
berg, Heinemann, and Stumpf were able to dem-
onstrate that glomerular and proximal tubular
functions were increased, although not in pro-
portion to organ weight; changes in the function
of the distal tubules, hoxvever, were not detectable
(5). In view of these disparate findings for indi-
vidual renal functions one might anticipate that
the enlarged acromegalic liver is characterized by
changes that differ in their effects upon parenchy-
mal, biliary (or excretory), and circulatory func-
tions. This hypothesis wvas confirmied by meas-
urement of BSP A, an index of the functional Ile-
patocellular ilass, and of BSP Tm, an index of
biliary function. \Whereas storage capacity was
well within normal linlits, mean transfer maxi-
mum was increased tw ofold. This pattern was
quite lilnifornmi ill spite of the considerable variation
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in liver size. The lack of correlation between liver
volume and BSP S suggests that the increment in
hepatic mass is not primarily due to hyperplasia
of "normal" parenchymal tissue. Such an assump-
tion would also imply that, in the strict classical
sense, hypertrophy rather than hyperplasia of
hepatocytes is present and that this results in a
marked augmentation of their excretory capacity,
since for the data as a whole BSP Tm was in-
creased roughly in proportion to liver size. Al-
ternatively, one might assume that the parenchy-
mal increment is made up predominately of "ex-
cretory cells." Although there is no evidence for
heterogeneity among hepatocytes in terms of
"storage" and "biliary transfer" of dyes or other
materials, a complete dissociation of hepatocellu-
lar and excretory function is known to exist in
patients with, for example, Dubin-Johnson syn-
drome (9). In the absence of hepatic enlarge-
ment, uptake of BSP is normal in that disorder,
but biliary excretion is virtually nonexistent. It
seems reasonable, therefore, to consider the pos-
sibility that in acromegaly the selective increase in
biliary BSP excretion is not primarily related to
changes in liver size, but rather is due to altera-
tions in enzymatic processes within the hepato-
cytes. In keeping with such a hypothesis is the
fact that BSP is largely conjugated in the liver
with glutathione (19), a process catalyzed pre-
sumably by a specific enzyme (20). Although it
is established that conjugation is not essential to
biliary excretion, the possibility cannot be excluded
that conjugation in some way facilitates biliary
transfer of the dye (21). Hence, an increase in
the maximal excretory rate might be due to aug-
mented enzymatic activity. Clearly, further stud-
ies of biliary transfer of materials such as rose
bengal or indocyanine green, which are not al-
tered by the liver cell, may help to elucidate this
point.

A question should also be raised concerning the
interpretation of the abnormal values for BSPTm.
Although the method of determination is based
upon the postulate that the equation I = Tm+
AP (PV + S) describes all factors determining
kinetics of the infused dye, it is well known that
small amounts of BSP escape into urine and ex-
tracellular fluid. Normally, these losses are so
small that they can be disregarded. Although
urinary BSP output was less than 1% of the in-

fused amount in patients reported here, movement
into the extracellular fluid compartment, which
is known to be expanded in acromegalics (3),
could not be quantified. If such escape of dye
had been markedly increased, however, it should
have resulted in falsely high values for both S and
Tm. It seems reasonable to conclude, therefore,
that the pattern of S and Tm can be ascribed to
the hepatic changes alone.

Characterization of the hepatic hemodynamics
did not provide an explanation for this "excretory
gigantism." Uniformly normal values for hepatic
blood flows and splanchnic blood volumes were
observed, in spite of the considerable variability
among patients and in contrast to the findings of
increased renal blood flow in acromegaly (3-5).
Maintenance of a normal hepatic circulatory pat-
tern implies, however, a relative reduction in tis-
sue perfusion, which is proportional to the incre-
ment in hepatic mass. Such an interpretation is
further substantiated by the mean increase of ap-
proximately 25% in a-hv °2 The increment ob-
served in the extraction of ICG may similarly re-
flect changes in perfusion as well as alterations
in cellular function. Whether the apparent rela-
tionship between increases in liver volume and
splanchnic oxygen consumption (computed as
the product of EHBF and a-hv 02) implies that
the hepatomegaly is to a large extent due to ex-
pansion of the oxygen-consuming cell mass, or
whether the perfused tissue consumes oxygen at a
rate greater than normal cannot be stated. It
should be pointed out that a-hv °2 reflects uptake
of oxygen by extrahepatic splanchnic viscera as
well as the liver, so that the increase in oxygen
consumption may be at least in part due to aug-
mented extrahepatic uptake.

Of particular interest is the fact that hyper-
trophy of cellular constituents, if this occurs, does
not appear to encroach upon intrahepatic vascular
pathways. Since wedged hepatic venous pressure
was normal, resistance to at least hepatic venous
outflow was unaffected. Although there was no
evidence of portal hypertension in these patients,
any effects of changes in portal venular resistance
upon EHBF might be so small that they could
easily remain undetected with the present meth-
ods employed for measurement of hepatic blood
flow (15). Nevertheless, the finding of a nor-
mal splanchnic blood volume suggests that the
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splanchnomegaly is associated with a relative re-
duction in the volume of actively circulating blood
in the splanchnic bed.

Clearly, further work is needed to define the
development of these functional alterations. Fi-
nally, definition of the excretory fate of natural
substances, such as bilirubin, bile acids, and other
steroid compounds normally handled by mnecha-
nisms similar to those involved in BSP excretion
may further elucidate the function of the liver in
acromegaly, and studies of this kind may provide
further insight into the role of the liver in
homeostasis.

Summary

Hepatic parenchymal and biliary functions were
assessed in 11 patients with clinical features of
acromegaly by determination of storage capacity
(S) and transfer maximum (Tm) for sulfobro-
mophthalein (BSP). In spite of considerable
clinical diversity, BSP Tmwas increased in every
patient, averaging 17.6 mg per minute (normal
9.6 + SD 1.9) in the 6 men, and 13.5 mg per
minute (normal 7.2 ± SD 1.9) in the 5 women.
BSP S was within normal limits. Although
"liver volume," calculated from measurements of
hepatic photoscans, was augmented by approxi-
mately 50% in 5 of 7 patients, splanchnic blood
flow (EHBF, dye dilution and extraction tech-
nique) and volume (regional dilution technique)
remained entirely normal. This, together with
increased hepatic extraction for indocyanine green
(mean 79%c, as compared with the normal of 63%)
and oxygen, suggests a relative reduction in tissue
perfusion that is proportional to the increment in
hepatic mass.

The mechanisms responsible for the augmented
excretory capacity for BSP remain obscure.
Changes in enzymatic processes within parenchy-
mal cells are considered a possible explanation.
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