
Case report 

Nonhomogeneous copper 
distribution in primary 
biliary cirrhosis 

Considerable at tention has been focused recently 
upon tissue copper levels in patients with primary 
biliary cirrhosis (PBC). Elevated hepatic copper 

William D. Carey, M.D. levels in PBC were first demonstrated by neutron 

Department of Gastroenterology activation studies of tissue obtained at surgery or 
postmortem.1 Six patients with PBC had copper 
levels 30 times normal. These observations were 
corroborated by others.2"5 There is little information 
regarding homogeneity of the distribution of copper 
in the liver, al though the available evidence sug-
gests that there are no major regional hepatic dif-
ferences in PBC.3 A case of PBC has recently been 
encountered in which regional differences in he-
patic copper concentration have been documented. 
T h e copper level was elevated in the area of the 
liver that was most abnormal morphologically and 
histologically. 

Case report 

A 44-year-old black woman was examined at the 
Cleveland Clinic for the first time in September 1977. 
Her chief complaint was intermittent swelling of both 
hands for 3 months. She also noted some hard crusted 
lesions on the volar aspect of the distal and proximal 
phalanges and on the tips of the fingers. She described a 
color change associated with a burning sensation when 
her hands were exposed to cold. She denied esophageal 
symptoms, pruritus, or constitutional symptoms. 
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Her height was 164 cm (65.6 inches); 
weight, 58.5 kg (128.7 pounds); pulse rate, 
80 and regular; and blood pressure, 130/78 
mm Hg. The general examination revealed 
a healthy woman. The skin abnormalities 
were limited to the hands; there were several 
pitting ulcers of the fingertips and the skin 
was dry. There was no atrophy. There were 
also small, hard subcutaneous densities on 
both thumbs, which were suspected to con-
tain calcium. Examination of the heart, 
lungs, and abdomen was normal; pulses were 
normal; neurologic examination was nor-
mal. 

The following laboratory studies were 
either negative or normal: serum calcium, 
inorganic phosphorus, glucose, blood urea 
nitrogen (BUN), uric acid, total protein, al-
bumin, lactic dehydrogenase (LDH), white 
blood cell count, hemoglobin, red blood cell 
indices, urinalysis, platelet count, prothrom-
bin time, serum protein electrophoresis, C lq 
level, antinuclear factor, serology, and urine 
porphyrin screen. Abnormal results were a 
cholesterol of 300 mg/dl (upper limit of 
normal, 240 mg/dl); bilirubin, 1.3 mg/dl; 
alkaline phosphatase, 1100 mU/ml (upper 
limit of normal, 85 mU/ml); 5' nucleotidase, 
5.5 units/dl (normal, 0 to .16 units/dl); se-
rum glutamic oxaloacetic transaminase 
(SGOT), 55 mU/ml (upper limit of normal, 
40 mU/ml); serum glutamic pyruvic trans-
aminase (SGPT), 63 mU/ml (upper limit of 
normal, 42 mU/ml); smooth muscle anti-
body positive in a titer of 1:10 and antimi-
tochondrial antibody, positive in a titer of 1: 
160. Quantitative immunoglobulins re-
vealed an IgG of 1500 mg/dl (normal); IgA, 
530 mg/dl (increased); IgM, 265 mg/dl 
(slightly increased). The urine copper level 
was normal, although the ceruloplasmin was 
slightly elevated at 40 mg/dl (normal, 20 to 
35 mg/dl). The serum copper was 164 fig/dl 
(normal, 85 to 155 fig/dl). 

A liver-spleen scan was normal. An oral 
cholecystogram revealed suboptimal visual-
ization of the gallbladder; an ultrasound 
examination of the gallbladder was normal. 
An intravenous cholangiogram showed bile 
ducts of normal size. A cineesophagogram 
showed no changes of progressive systemic 
sclerosis involving the esophagus. 

The patient had manifestations of CRST 
syndrome (calcinosis, Raynaud's sclerodac-
tyly, telangiectasia) and the liver tests and 
copper studies were suggestive of PBC. A 
liver biopsy was performed. Several cores of 
tissue were obtained and a total length of 2 
cm was available for staining (hematoxylin 
and eosin). Further tissue was obtained for 
qualitative copper stain and for quantitative 
copper levels. Light microscopy was normal 
except possibly for a slight decrease in the 
number of bile ducts (Fig. I). The quantita-
tive copper was 25 ¡ig/g of dry weight (nor-
mal, <50 jttg/g of dry weight).* 

Despite the relatively normal liver histol-
ogy and quantitative copper, it was felt that 
the patient should have further studies of the 
liver. Accordingly, a peritoneoscopy was per-
formed 2 months after the original biopsy. 
The liver appeared normal, except for the 
presence of several nodules 2 to 4 mm in 
diameter, redder than the surrounding par-
enchyma. These nodules were located pri-
marily along the inferior aspect of the liver, 
a considerable distance from the area where 
the percutaneous biopsy had been obtained. 
Biopsies were obtained from the affected 
areas. Light microscopy showed extensive 
portal triaditis with some spread to the he-
patic parenchyma (Fig. 2). There was exten-
sive portal fibrosis and a reduction in the 
bile duct in the portal area. The specimen 
was thought to be compatible with primary 
biliary cirrhosis. The quantitative copper 
value was 118 jtig/g of dry weight. 

The patient was believed to meet the 
histologic and biochemical criteria for PBC. 
She was given D-penicillamine, and toler-
ated the medicine well for 9 months; no 
symptoms of liver disease have developed. 
The standard liver tests remain essentially 
unchanged after 9 months of therapy, except 
for a slight reduction in the alkaline phos-
phatase value. 

Discussion 

T h e association between C R S T syn-
drome and PBC has been established.6 

* Tissue copper studies performed in the laboratory of Dr. 
I. Sternlieb, Albert Einstein College of Medicine, Bronx, 
New York. 
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Fig. 1. (top) N o r m a l a rch i t ec tu re is preserved (Masson s ta in , X64). (bo t tom) Bile duc t s , r educed in n u m b e r , 
a r e present (arrows) a n d are not s u r r o u n d e d by i n f l a m m a t o r y response. C o p p e r level is n o r m a l (Masson 
s ta in , XI60) . 
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Fig. 2. (top) W i d e b a n d s of fibrosis a n d i n f l a m m a t o r y cells suggestive of cirrhosis (Masson s ta in , X64). 
(bo t tom) N o bile duc t s a re seen in any of the fibrotic areas. C o p p e r level is e leva ted (Masson s ta in , X160). 
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Additional factors suggesting that PBC 
might be an au to immune disease in-
clude the frequent occurrence of certain 
serum antibodies,7 abnormal cell-me-
diated immunity, circulating immune 
complexes, and abnormalities in the 
complement system.8 T h e interrelation-
ship between the immune defects and 
abnormalities of copper metabolism in 
PBC is not clear. 

Liver biopsy is essential in establish-
ing the diagnosis of PBC, al though the 
clinical features and associated abnor-
mal laboratory findings are often 
suggestive. T h e histopathology is com-
plex in that the disease passes through 
four stages.9 Percutaneous biopsies, be-
cause of the small volume of tissue re-
trieved, may not contain sufficient num-
bers of portal areas for the pathologist 
to make definitive statements regarding 
abnormalities of the bile ductules either 
qualitatively or quantitatively. More-
over, percutaneous biopsies may be in-
sufficient for the diagnosis of cirrhosis in 
up to 60% of cases in which cirrhosis has 
been proved to exist.10,11 T h e superiority 
of laparoscopy for establishing the pres-
ence of cirrhosis has been demon-
strated.11 In our patient the two biopsy 
specimens were clearly divergent with 
regard to the presence and degree of 
inflammation and fibrosis. 

Hepat ic copper concentrations are 
greatly elevated in most patients with 
PBC.12 T h e mean value is similar to 
that of Wilson's disease. Copper also 
accumulates in the renal cortex and 
spleen. Unlike Wilson's disease, copper 
does not accumulate in the brain.3 Ad-
ditionally, the ceruloplasmin levels, 
nearly always low in Wilson's disease, 
are usually elevated in PBC. These fea-
tures plus clinical and s tandard bio-
chemical parameters usually provide 
the clinician with enough information 
to differentiate between PBC and Wil-

son's disease. More difficult may be the 
differentiation between PBC and 
chronic active hepatitis,13 where occa-
sionally clinical and serologic markers 
are of no help, and a therapeutic trial is 
the only diagnostic approach available. 

An equivocal liver biopsy and a nor-
mal hepatic copper level may dissuade 
the physician from accepting the diag-
nosis of PBC. This case should serve as 
a reminder that a percutaneous biopsy 
may not provide representative tissue 
either for histologic study or for deter-
mination of copper levels. A review of 
other series suggests that our case is not 
unique. For example, Deering et al12 

found that two of 45 patients (4%) had 
normal hepat ic copper levels at the pre-
treatment assessment. Are these true 
normal copper levels or does this reflect 
sampling error? Smallwood et al2 

showed little sampling variation of cop-
per levels in two normal patients and 
substantial variation in at least one of 
three cirrhotic livers tested. They spec-
ulated that this variation of copper lev-
els in different tissue specimens from the 
same liver is due either to uneven distri-
bution of copper in the parenchyma or 
to the varying amounts of fibrous tissue 
present in each sample. In a larger 
study, Fleming et al3 reported liver cop-
per levels in multiple random biopsies 
in 48 patients, eight of whom had PBC. 
They found only modest variations in 
copper distribution (a coefficient of var-
iation of 6% to 36%) and concluded that 
a single liver biopsy reliably reflects he-
patic copper stores. It is reasonable to 
infer that the patients in this postmor-
tem study had advanced disease. After 
years of defective copper excretion, the 
distribution of copper may become ho-
mogeneous, even though at an early 
stage it may not have been so. 

Analysis of two series12,14 of patients 
with PBC is consistent with the notion 
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that an uneven distribution of copper 
may occur. Of the placebo-treated pa-
tients in the Mayo series,12 the hepatic 
copper showed no change over the 
course of one year. However, eight of 17 
patients had less hepatic copper, and 
two of these eight had substantially less 
(a reduction of more than 100 / ig/g of 
dry weight) even though no specific 
therapy was given. Although these pa-
tients were placed on a low-copper diet, 
it seems unlikely that this maneuver 
alone accounts for the observed fall in 
tissue copper. Similarly, J a in et al14 re-
ported that in two of seven placebo-
treated PBC patients, tissue copper lev-
els were greatly reduced after 12 
months. In one case the reduction in 
liver copper was 1000 jUg/g of dry weight 
liver. Six of 19 patients treated with D-
penicillamine at the Mayo Clinic had 
higher copper levels in the biopsy speci-
men done after a year of t reatment. 
Advancing disease, noncompliance with 
medication, and heterogeneity of dis-
eases called PBC may help to explain 
the unexpected rise in hepatic copper; 
but , again, nonuniform distribution of 
copper early in the disease may explain 
the paradoxical rise observed. 

Summary 

A case of PBC is reported in which 
the initial percutaneous biopsy and 
quanti tat ive tissue copper determina-
tions failed to support the diagnosis of 
PBC. At laparoscopy the liver was in-
volved focally with a nodular process. 
Biopsy specimens and copper levels 
from these involved nodules were highly 
suggestive of PBC. T h e occasional oc-
currence of nonhomogeneous distribu-
tion of copper in the liver in PBC seems 
likely. T h e relevant literature is re-
viewed. Several biopsies, preferably 
done at laparoscopy, should be consid-
ered in patients in whom biopsy mate-

rial obtained percutaneously does not 
support PBC suspected clinically. Fur-
ther studies of sampling error in early 
PBC are warranted. 
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