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Il ABSTRACT PRIMARY CARE PHYSICIANS and specialists

Liver biopsy has been used to diagnose chronic liver dis-
ease and to assess the degree of hepatic inflammation
and fibrosis. However, it is an invasive test with many
possible complications and the potential for sampling er-
ror. Noninvasive tests are increasingly precise in identify-
ing the cause of many cases of liver disease and even the
amount of liver injury (fibrosis). This review discusses the
role of noninvasive tests to diagnose liver disease and to
assess hepatic fibrosis and cirrhosis.

l KEY POINTS

Liver biopsy remains an important tool in the evaluation
and management of liver disease.

The role of liver biopsy for diagnosis of chronic liver dis-
ease has diminished, owing to accurate blood tests and
imaging studies.

Noninvasive tests for assessing the degree of hepatic
fibrosis are showing more promise and may further re-
duce the need for liver biopsy. Elastography, in particular,
shows promise in measuring hepatic fibrosis.

Liver biopsy is still needed if laboratory testing and imag-
ing studies are inconclusive.
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alike often encounter patients with chron-
ic liver disease. Fortunately, these days we need
to resort to liver biopsy less often than in the
past.

The purpose of this review is to provide a
critical assessment of the growing number of
noninvasive tests available for diagnosing liver
disease and assessing hepatic fibrosis, and to
discuss the implications of these advances re-
lated to the indications for needle liver biopsy.

B WHEN IS LIVER BIOPSY USEFUL?

In diagnosis
Needle liver biopsy for diagnosis remains im-
portant in cases of:

Diagnostic uncertainty (eg, in patients
with atypical features)

Coexisting disorders (eg, human immu-
nodeficiency virus [HIV] and hepatitis C virus
infection, or alcoholic liver disease and hepa-
titis C)

An overlapping syndrome (eg, primary
biliary cirrhosis with autoimmune hepatitis).

Fatty liver. Needle liver biopsy can distin-
guish between benign steatosis and progressive
steatohepatitis in a patient with a fatty liver
found on imaging, subject to the limitations of
sampling error.

Because fatty liver disease is common and
proven treatments are few, no consensus has
emerged about which patients with suspected
fatty liver disease should undergo needle biop-
sy. Many specialists eschew needle biopsy and
treat the underlying risk factors of metabolic
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syndrome, reserving biopsy for patients with
findings that raise the concern of cirrhosis.

Hereditary disorders, eg, hemochromato-
sis, alpha-1 antitrypsin deficiency, and Wilson
disease.

In management
Periodic needle biopsy is also valuable in the
management of a few diseases.

In autoimmune hepatitis, monitoring the
plasma cell score on liver biopsy may help pre-
dict relapse when a physician is considering
reducing or discontinuing immunosuppressive
therapy.!

After liver transplantation, a liver biopsy
is highly valuable to assess for rejection and
the presence and intensity of disease recur-
rence.

@ PROBLEMS WITH LIVER BIOPSY

Liver biopsy is invasive and can cause signifi-
cant complications. Nearly 30% of patients
report having substantial pain after liver biop-
sy, and some experience serious complications
such as pneumothorax, bleeding, or puncture
of the biliary tree. In rare cases, patients die of
bleeding.

Furthermore, hepatic pathology, particu-
larly fibrosis, is not always uniformly distrib-
uted. Surgical wedge biopsy provides adequate
tissue volume to overcome this problem.
Needle biopsy, on the other hand, provides
a much smaller volume of tissue (1/50,000 of
the total mass of the liver).?

As examples of the resulting sampling er-
rors that can occur, consider the two most
common chronic liver diseases: hepatitis C
and fatty liver disease.

Regev et al* performed laparoscopically
guided biopsy of the right and left hepatic
lobes in a series of 124 patients with chronic
hepatitis C. Biopsy samples from the right and
left lobes differed in the intensity of inflam-
mation in 24.2% of cases, and in the intensity
of fibrosis in 33.1%. Differences of more than
one grade of inflammation or stage of fibrosis
were uncommon. However, in 14.5%, cir-
rhosis was diagnosed in one lobe but not the
other.

In a study in patients with nonalcoholic
fatty liver disease, Ratziu et al®> found that
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none of the features characteristic of nonalco-
holic steatohepatitis were highly concordant
in paired liver biopsies. Clearly, needle liver
biopsy is far from an ideal test.

Increasingly, liver diseases can be diag-
nosed precisely with laboratory tests, imaging
studies, or both. Thus, needle liver biopsy is
playing a lesser role in diagnosis.

B ADVANCES IN NONINVASIVE DIAGNOSIS
OF LIVER DISEASE

Over the past 30 years, substantial strides have
been made in our ability to make certain diag-
noses through noninvasive means.

Blood tests can be used to diagnose viral
hepatitis A, B, and C and many cases of he-
mochromatosis and primary biliary cirrhosis.
For a detailed discussion of how blood tests
are used in diagnosing liver diseases, see www.
clevelandclinicmeded.com/medicalpubs/
diseasemanagement/hepatology/guide-to-
common-liver-tests/.

Imaging studies. Primary sclerosing chol-
angitis can be diagnosed with an imaging
study, ie, magnetic resonance cholangiopan-
creatography (MRCP) or endoscopic retro-
grade cholangiopancreatography (ERCP).
The value of needle biopsy in these patients
is limited to assessing the degree of fibrosis to
help with management of the disease and, less
often, to discovering other liver pathologies.®

Most benign space-occupying liver lesions,
both cystic and solid, can be fully character-
ized by imaging, especially in patients who
have no underlying chronic liver disease, and
no biopsy is needed. Whether biopsy should
be performed to investigate liver lesions de-
pends on the clinical scenario; the topic is
beyond the scope of this paper but has been
reviewed in detail by Rockey et al.?

I CAN NONINVASIVE TESTS DETECT
HEPATIC FIBROSIS?

Fibrosis, an accumulation of extracellular
matrix, can develop in chronic liver disease.
FIGURE 1 shows the typical stages and distribu-
tion.”

Cirrhosis (stage 4 fibrosis) results in nodu-
lar transformation of the liver and impedance
of portal blood flow, setting the stage for por-
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B How liver fibrosis progresses to cirrhosis
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Stage 0 (normal). No fibrosis surrounds the
portal triads, ie, the groupings of portal veins,
hepatic arteries, and bile ducts in the lobules
of the liver.
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Stage 2 (periportal fibrosis). Fibers begin to
extend into the periportal space, but do not

connect any portal area to any other.
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Stage 1 (portal fibrosis). Fibrous connective
tissue (indicated in white) surrounds the portal
triads but is limited to these areas.
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Stage 3 (septal fibrosis). Fibrous connective

tissue now links neighboring portal triads and

begins to extend to the central veins and to
distort the shape of the lobules.

Stage 4 (cirrhosis). Most portal areas
are now connected by fibrous tissue,
and some portal areas and central veins
are also connected. Hepatocyte clus-
ters are now completely surrounded

! by fibrous tissue, producing cirrhotic

., nodules.
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FIGURE 1. BASED ON INFORMATION CONTAINED IN BATTS KP, LUDWIG J. CHRONIC HEAPTITIS. AN UPDATE ON TERMINOLOGY AND REPORTING. AM J SURG PATHOL 1995; 19:1409-1417.
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tal hypertension and its sequelae. Knowing
whether cirrhosis is present is important in
subsequent management.

In advanced cases, cirrhosis is associated
with typical clinical manifestations and labo-
ratory and radiographic findings. In such cases,
needle biopsy will add little. However, in most
cases, particularly early in the course, clinical,
laboratory, and radiologic correlates of cirrho-
sis are absent. In one study of patients with
hepatitis C, 27% had cirrhosis, but in only a
small number would cirrhosis have been ap-
parent from clinical signs and laboratory and
imaging studies.®

Since a major contemporary role for liver
biopsy is in assessing the degree of fibrosis, it is
reasonable to ask if newer noninvasive means
are available to estimate hepatic fibrosis. The
remainder of this review focuses on assessing
our increasing ability to stage the degree of fi-
brosis (including the presence or absence of
cirrhosis) by noninvasive means.

Clinical features point to cirrhosis,

but not earlier fibrosis

Clinical manifestations help point to the di-
agnosis of cirrhosis but not to earlier stages of
fibrosis.

For example, if a patient is known to have
liver disease, the findings of ascites, spleno-
megaly, or asterixis mean that cirrhosis is
highly probable. Similarly, hypersplenism
(splenomegaly with a decrease in circulating
blood cells but a normal to hyperactive bone
marrow) in a patient with liver test abnormal-
ities almost always represents portal hyperten-
sion due to cirrhosis, although other, nonhe-
patic causes are possible, such as congestive
heart failure and constrictive pericarditis.

These features generally emerge late in the
course of cirrhosis. The absence of such stig-
mata certainly does not preclude the presence
of cirrhosis. Thus, these clinical signs have a
high positive predictive value but a low nega-
tive predictive value, making them insuffi-
cient by themselves to diagnose or stage liver
disease.

Laboratory tests are of limited value

in assessing the degree of fibrosis

Standard liver tests are of limited value in as-
sessing the degree of fibrosis.
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Usual laboratory tests. At one end of the
spectrum, anemia, thrombocytopenia, and
leukopenia in the presence of liver disease
correlate with cirthosis. At the other end, a
serum ferritin concentration of less than 1,000
mg/mL in a patient with hemochromatosis
and no confounding features such as hepatitis
C, HIV infection, or heavy alcohol use strong-
ly predicts that the patient does not have sig-
nificant hepatic fibrosis.®

Bilirubin elevation is a late finding in cir-
rhosis, but in cholestatic diseases bilirubin
may be elevated before cirrhosis occurs.

Albumin is made exclusively in the liver,
and its concentration falls as liver function
worsens with progressive cirrhosis.

The prothrombin time increases as the liv-
er loses its ability to synthesize clotting factors
in cirrhosis. Coagulopathy correlates with the
degree of liver disease.

Hyponatremia due to impaired ability to
excrete free water is seen in patients with cir-
rhosis and ascites.

In summary, the usual laboratory tests re-
lated to liver disease are imprecise and, when
abnormal, often indicate not just the presence
of cirrhosis, but impending or actual decom-
pensation.

Newer serologic markers, alone or in
combination, have been proposed as aids in
determining the degree of fibrosis or cirrhosis
in the liver. Direct markers of fibrosis measure
the turnover or metabolism of extracellular
matrix. Indirect markers of fibrosis reflect al-
terations in hepatic function (see below).

Parkes et al’ reviewed 10 different panels
of serum markers of hepatic fibrosis in chronic
hepatitis C. Only 35% of patients had fibro-
sis adequately ruled in or ruled out by these
panels, and the stage of fibrosis could not be
adequately determined.

These serologic markers have not been val-
idated in other chronic liver diseases or in liver
disease due to multiple causes. Thus, although
they show promise for use by the general inter-
nist, they need to be validated in patients with
disease and in normal reference populations
before they are ready for “prime time.”

Direct serologic markers of fibrosis
Direct serologic markers of fibrosis include
those associated with matrix deposition—eg,
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procollagen type III amino-terminal peptide
(P3NP), type I and IV collagens, laminin,
hyaluronic acid, and chondrex.

P3NP is the most widely studied marker of
hepatic fibrosis. It is elevated in both acute and
chronic liver diseases; serum levels reflect the
histologic stage of hepatic fibrosis in various
chronic liver diseases, including alcoholic, vi-
ral, and primary biliary cirrhosis.!'>'? Successful
treatment of autoimmune hepatitis has been
shown to lead to reductions of P3NP levels.!®

Other direct markers of fibrosis are those
associated with matrix degradation, ie, matrix
metalloproteinases 2 and 3 (MMP-2, MMP-
3) and tissue inhibitors of metalloproteinases
1 and 2 (TIMP-1, TIMP-2). Levels of MMP-2
proenzymes and active enzymes are increased
in liver disease, but studies are inconsistent in
correlating serum levels of MMP-2 to the de-
gree of hepatic fibrosis.'*!> These tests are not
commercially available, and the components
are not readily available in most clinical labo-
ratories.

Indirect serologic markers of fibrosis
Some indirect markers are readily available:
The AST:ALT ratio. The normal ratio of
aspartate aminotransferase (AST) to alanine
aminotransferase (ALT) is approximately 0.8.
A ratio greater than 1.0 provides evidence of
cirrthosis. However, findings have been incon-
sistent.
The AST:platelet ratio index (APRI), a
commonly used index, is calculated by the fol-
lowing formula:

(AST [ upper limit of normal for AST) x 100
platelet count (x 10°/L).

In studies of hepatitis C and hepatitis C-
HIV, the APRI has shown a sensitivity of 37%
to 80% and a specificity of 45% to 98%, depend-
ing on the cutoff value and whether a diagnosis
of severe fibrosis or cirrhosis was being tested.!¢"”
These sensitivities and specificities are disap-
pointing and do not provide information equal
to that provided by needle liver biopsy in most
patients with chronic liver disease.

The combination of prothrombin, gamma
glutamyl, and apolipoprotein Al levels (PGA
index) has been validated in patients with many
types of chronic liver disease, and its accuracy
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for detecting cirrhosis is highest (66%—-72%) in
patients with alcoholic liver disease.”®*!

FibroIndex uses the platelet count, AST
level, and gamma globulin level to detect sig-
nificant fibrosis in chronic hepatitis C, but its
accuracy has yet to be validated.?

The FIB-4 index is based on four indepen-
dent predictors of fibrosis, ie, age, the platelet
count, AST level, and ALT level. It has shown
good accuracy for detecting advanced fibrosis
in two studies in patients with hepatitis C.2*

Fibrometer (based on the platelet count;
the prothrombin index; the levels of AST,
alfa-2 macroglobulin, hyaluronate, and blood
urea nitrogen; and age) predicted fibrosis well
in chronic viral hepatitis.?>*

Fibrotest and Fibrosure are proprietary
commercial tests available in many labora-
tories. They employ a mathematical formula
to predict fibrosis (characterized as mild, sig-
nificant, or indeterminate) using the levels
of alpha-2 macroglobulin, alpha-2 globulin,
gamma globulin, apolipoprotein Al, gamma
glutamyl transferase, and total bilirubin. For
detecting significant fibrosis, these tests are re-
ported to have a sensitivity of about 75% and
a specificity of 85%."%

ActiTest incorporates the ALT level into
the Fibrotest to reflect liver fibrosis and necro-
inflammatory activity.

A meta-analysis showed that Fibrotest and
ActiTest could be reliable alternatives to liver
biopsy in patients with chronic hepatitis C.*°
The area under the receiver operator charac-
teristic curve for the diagnosis of significant
fibrosis ranged from 0.73 to 0.87; for the diag-
nosis of significant histologic activity it ranged
from 0.75 to 0.86. Fibrotest had a negative pre-
dictive value for excluding significant fibrosis
of 91% with a cutoff of 0.31. ActiTest’s nega-
tive predictive value for excluding significant
necrosis was 85% with a cutoff of 0.36. None of
these serum tests have become part of standard
of practice for diagnosing fibrosis or cirrhosis.

The Sequential Algorithm for Fibrosis
Evaluation (SAFE) combines the APRI and
Fibrotest-Fibrosure tests in a sequential fash-
ion to test for fibrosis and cirrhosis. In a large
multicenter study’! validating this algorithm
to detect significant fibrosis (stage F2 or great-
er by the FO-F4 METAVIR scoring system??),
its accuracy was 90.1%, the area under the re-

VOLUME 77 e NUMBER 8

Standard
imaging
tests have

a low negative
predictive value
for cirrhosis

AUGUST 2010

523



Ultrasound
elastography
is not yet
approved in
the United
States

524 CLEVELAND CLINIC JOURNAL OF MEDICINE

NONINVASIVE LIVER TESTS

Magnetic resonance elastography
for detecting hepatic fibrosis

0 5

FIGURE 2. Magnetic resonance elastog-
raphy uses a vibrating device to induce
shear waves in internal organs, which are
detected by a modified magnetic reso-
nance imaging machine. In this color-coded
image, areas toward the red end of the
spectrum are stiffer and therefore contain
more fibrosis than areas toward the violet
end of the spectrum.

FROM TALAWALKAR JA. ELASTOGRAPHY FOR DETECTING HEPATIC FIBROSIS:
OPTIONS AND CONSIDERATIONS. GASTROENTEROLOGY 2008; 135:299-302;
USED WITH PERMISSION FROM THE AMERICAN GASTROENTEROLOGICAL
SOCIETY; WWW.SCIENCEDIRECT.COM/SCIENCE/JOURNAL/00165085.
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ceiver operating characteristic curve was 0.89
(95% CI 0.87-0.90), and it reduced the num-
ber of liver biopsies needed by 46.5%. When
the algorithm was used to detect cirrhosis, its
accuracy was 92.5%, the area under the curve
was 0.92 (95% CI 0.89-0.94), and it reduced
the number of liver biopsies needed by 81.5%.

Another algorithm was developed to si-
multaneously detect significant fibrosis and
cirrhosis. It had a 97.4% accuracy, but 64% of
patients still required a liver biopsy.”!

SAFE algorithms have the potential to re-
duce the number of needle biopsies needed to
assess the degree of hepatic fibrosis.

I CONVENTIONAL IMAGING STUDIES
ARE NOT SENSITIVE FOR FIBROSIS

Standard imaging studies often show findings
of cirrhosis but are not particularly sensitive,
with a low negative predictive value.
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Ultrasonography can show a small, nod-
ular liver in advanced cirrhosis, but surface
nodularity or increased echogenicity can be
seen in hepatic steatosis as well as in cirrhosis.
In one study,” ultrasonography identified dif-
fuse parenchymal disease but could not reli-
ably distinguish fat from fibrosis or diagnose
cirrhosis.

Often, in cirrhosis, the right lobe of the
liver is atrophied and the caudate or left lobes
are hypertrophied. Efforts to use the ratio of the
widths of the lobes to diagnose cirrhosis have
shown varying performance characterstics.’**

One study of the splenic artery pulsatility
index has shown this to be an accurate predic-
tor of cirrhosis.*®

Computed tomography provides informa-
tion similar to that of ultrasonography, and
it can identify complications of cirrhosis, in-
cluding portal hypertension and ascites. On
the other hand, it costs more and it exposes
the patient to radiation and contrast media.

B ELASTOGRAPHY, A PROMISING TEST

Hepatic elastography, a method for estimating
liver stiffness, is an exciting recent develop-
ment in the noninvasive measurement of he-
patic fibrosis. Currently, elastography can be
accomplished by ultrasound or magnetic reso-
nance.

Ultrasound elastography

The FibroScan device (EchoSens, Paris,
France) uses a mild-amplitude, low-frequency
(50-Hz) vibration transmitted through the
liver.’” It induces an elastic shear wave that is
detected by pulse-echo ultrasonography as the
wave propagates through the organ.

The velocity of the wave correlates with
tissue stiffness: the wave travels faster through
denser, fibrotic tissue.*®*’

Ultrasound elastography (also called tran-
sient elastography) can sample a much larger
area than liver biopsy can, providing a better
understanding of the entire hepatic paren-
chyma.* Moreover, it can be repeated often
without risk. This device is in widespread use
in many parts of the world, but it is not yet ap-
proved in the United States.

A meta-analysis of 50 studies assessed the
overall performance of ultrasound elastogra-
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phy for diagnosing liver fibrosis.** The areas

under the receiver operating characteristic

curve were as follows:

e For significant fibrosis: 0.84 (95% CI
0.82-0.86)

e For severe fibrosis: 0.89 (95% CI 0.88-

0.91)

e For cirrhosis: 0.94 (95% CI 0.93-0.95).

The type of underlying liver disease in-
fluenced the diagnosis of significant fibrosis,
which was diagnosed most consistently in pa-
tients with hepatitis C. The authors conclud-
ed that ultrasound elastography had excellent
diagnostic accuracy for diagnosing cirrhosis
irrespective of the underlying liver disease,
while the diagnosis of significant fibrosis had
higher variation, which was dependent on the
underlying liver disease.

A meta-analysis of nine studies* showed
ultrasound elastography to have a sensitivity
of 87% (95% CI 84%-90%) and a specificity
of 91% (95% CI 89%-92%) for the diagnosis
of cirrhosis. In seven of the nine studies, it di-
agnosed stage I to IV fibrosis with 70% sensi-
tivity (95% CI 67%—73%) and 84% specific-
ity (95% CI 80%—88%).

Limitations. Ultrasound elastography is less
effective in obese patients, as the adipose tissue
attenuates the elastic wave, and it has not been
reliable in patients with acute viral hepatitis.*
Male sex, body mass index greater than 30, and
metabolic syndrome seem to increase liver stiff-
ness, thus limiting the use of this test.*

Until more data are available, the ultimate
value of ultrasound elastography in reducing
the number of liver biopsies needed remains
unknown. However, this test shows potential
as a reliable and noninvasive way to assess the
degree of fibrosis in patients with liver disease.

Magnetic resonance elastography
Magnetic resonance elastography appears
more promising than ultrasound elastography
(rGure 2).°2°" The technique used is similar to
that used in ultrasound elastography in that it
uses a vibration device to induce a shear wave
in the liver. However, in this case, the wave
is detected by a modified magnetic resonance
imaging machine, and a color-coded image is
generated that depicts the wave velocity, and
hence stiffness, throughout the organ.
Studies have shown a magnetic resonance

Three tests for hepatic fibrosis
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FIGURE 3. Median values and interquartile ranges (box
plots) of values on magnetic elastography, (top), ultra-
sound elastography, (middle), and the aspartate:platelet
ratio index (APRI) (bottom) for each METAVIR fibrosis
stage in 96 patients with chronic liver disease. Crosses
represent mean values, and error bars indicate the smallest
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the 25th and 75th percentiles. Outliers are represented as
individual points. In the bottom graph, one outlier has not
been represented in the F4 group to maintain the clarity
of the graph.

REPRINTED FROM HUWART L, SEMPOUX C, VICAUT E, ET AL. MAGNETIC RESONANCE ELASTOGRA-
PHY FOR THE NONINVASIVE STAGING OF LIVER FIBROSIS. GASTROENTEROLOGY 2008; 135:32-40;
USED WITH PERMISSION FROM THE AMERICAN GASTROENTEROLOGICAL SOCIETY;
WWW.SCIENCEDIRECT.COM/SCIENCE/JOURNAL/00165085.
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scoring system that distinguishes Child-Pugh
grade A cirrhosis from other grades to be 93%
sensitive and 82% specific.®

In a recent direct comparison,* the sepa-
ration of values for varying stages of fibrosis
was poor with the APRI index, fair with ul-
trasound elastography, and very good with
magnetic resonance elastography (FIGURE 3).
Indeed, in magnetic resonance elastography, a
value greater than 4.46 kPa indicates cirrhosis
(and a value less than 4.13 indicates no cir-
rthosis) with a high degree of likelihood, and
a value less than 2.84 appears to exclude the
likelihood of significant fibrosis. These find-
ings need to be confirmed, and assurance is
needed that the test performs accurately across
all liver disease states.

Cost may limit the use of magnetic reso-
nance elastography, and some patients may
be unable to tolerate the procedure because
of claustrophobia. It seems clear, though, that
this test currently has the most promise in re-
ducing the need for liver biopsy for grading
the severity of hepatic fibrosis.

I WHERE ARE WE NOW?

The importance of liver biopsy in arriving at a
diagnosis of diffuse parenchymal liver disease is
being diminished by accurate blood testing strat-
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Chairperson Medicine Institute

The Cleveland Clinic is seeking applicants for Chairperson of our Medicine
Insritute. The Chair reparts directly 1o the Chief of Seaff. This is a major physi-
clan leadership and adménistrative position. The Medicine Institute is one of 23

clinical institutes and includes over 130 physicians within 5 deparoments:

General Internal Medicine (with a section of geriatrics), Hospital Medicine,

Infectious Disease, Famnily Medicine and Community Internal Medicine as well a8
the Invernal Medicine Residency Program. Physicians are located on the
Cheveland Clinic main campus and 27 regional sites and 3 community hospitals,
The successful candidate will be a respected experienced dlinician with superior
leadership and administrative skills, with appropriste academic background ta
qualify a3 an Assockae or full Professor of Medicine at the Cleveland Clinic
Lerner College of Medicine of Case Western Reserve Liniversity, The ideal can-
didate will have experience in the outpatient and inpatient clinical setting as well
a3 an understanding of current health care policy issues and reimburserment
The Cleveland Chinic is a not-for-profic mulispecialty academic medical center
that integrates clinical and hospéital care with research and education. VW pro-
vide ongoing primary and specialty medical care 1o patients in the local and
regional areas, as well a5 national and international consultations for patients
with comples medical problems.

Interested candidares should send their CV with a better of interest o
Brian F Mandell, MD PhD
Chairman, Medicine Institute Search Committes
Cleveland Clinle MAIL-10
#500 Euclid Avenue
Cleveland,Ohic 44195
mandelbi@ccl.org
or apply online weww.clevelandelinic.jobs

The melting-pot culture thar has helped establish Cleveland as a vibrant and ver-
satile metropolitn area adds a unique flair to the Westyle here, The Cleveland
area is a very comfortable and affordable plice to live with a variety of available
activities, excellent school systems, and a great place 1o raise a family,
Cleweland Clinde is an equal oppormunity empleyer and is committed o inoreas-
ing the diversity of its faculty, It welcomes nominations of and applications from
women and members of minarity groups, as well as others who would bring
additional dirvensions to its research, teaching, and clinical mizsions,
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