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Abstract
Objectives-To describe the frequency,
extent, and nature of microvascular
lesions in patients with scleroderma by
means of capillaroscopy and capillaro-
scopically guided nail fold biopsy, and to
determine the diagnostic value of the two
methods and the pathophysiological signi-
ficance ofthe lesions described.
Methods-A cohort study was made of 24
consecutive patients with scleroderma and
10 healthy controls, using standardised
clinical, serological, capillaroscopic, and
histological (nail fold biopsy) techniques.
Results-Al patients with scleroderma
had distinct lesions of the microvascular
system. Capillaroscopy revealed more
than 90% ofthe patients to have the typical
scleroderma pattern. Histologically, these
changes most frequently consisted of
splitting of the basal lamina, broadening
ofthe perivascular connective tissue, peri-
vascular round cell infiltrations, and
immunoglobulin deposits (each in 60-75%
ofthe patients) . Electron microscopy was
the most sensitive method of histological
emination, detecting abnormalities in
87-5% of patients; with light microscopy
and immunohistochemical techniques,
abnormalities were revealed less fre-
quently (83.3% and 75%, respectively). In
contrast, normal findings were observed
in most of the healthy controls: capillar-
oscopy = 90%; histology = 80%.
Conclusions-Microvascular lesions are a
predominant feature in scleroderma and
seem to have a central pathogenetic role in
the disease. Capillaroscopy is able to
identify this microangiopathy non-
invasively, and capillaroscopically guided
nail fold biopsy can detect the frequency
and nature of the underlying ultrastruc-
tural changes. This may therefore be a
useful tool in describing the pathogenetic
role of the microvascular system in
scleroderma.

(Ann Rheum Dis 1996; 55: 305-310)

Scleroderma or systemic sclerosis is a connec-
tive tissue disease that can affect almost all
organ systems: those most frequently affected
are the skin, lung, gastrointestinal tract, joints
and muscles, and to a lesser extent the heart
and kidneys.'1 At present, it is classified as an
autoimmune disease,' but the aetiology of the
condition remains unclear. Immunological
processes have an important pathogenetic role

that involves small vessels, particularly the
vessel wall and the surrounding tissue of the
capillaries. A chronic inflammatory process
leads to an increasing fibrosis of these vessels
and the perivascular connective tissue.' 9

Morphological abnormalities of nail fold
capillaries have been detected in many connec-
tive tissue diseases by means of intravital
capillaroscopy."l'3 A microangiopathic pattern
of high specificity and frequency has been
identified in scleroderma: the so called sclero-
derma pattern, that shows a rather inhomo-
geneous, often segmental or regional distri-
bution. Today, capillaroscopy is a standard
procedure in the diagnosis of scleroderma and
is regarded as one of the most useful diagnostic
tools in the early stages of the disease.'4 '5

In order to understand the pathogenetic
implications of the microvascular abnor-
malities seen with capillaroscopy it is important
to analyse the underlying histopathological
changes but, to date, histopathological data
have been acquired rather unsystematically,
and few studies have been performed using
electron microscopy.'6`9 Because of the very
inconsistent involvement of the microvessels,
biopsy findings in patients with scleroderma
have been disappointing; in particular, the
inconsistency has led to a high number of false
negative results in specimens taken from
macroscopically unchanged skin. Comparative
studies of biopsy specimens from different
regions of the body in patients with suspected
scleroderma have shown the best results for
biopsy specimens taken from the nail fold.'6
To avoid false negative biopsy results and

increase the accuracy of diagnoses based on
biopsy, we have combined capillaroscopy and
nail fold biopsy in a 'capillaroscopically guided
nail fold biopsy' technique, taking biopsy
specimens from regions with capillaro-
scopically identified abnormal microvessels in
patients with scleroderma, and from healthy
control subjects.

Patients and methods
PATIENTS
We studied 24 patients with scleroderma (two
men, 22 women; mean age 46-6 (range 29-77)
years) and 10 healthy controls subjects (one
man, nine women; mean age 45 9 (range
27-72) years). The study was approved by the
local ethics committee, and informed consent
was obtained from all subjects. The diagnosis of
scleroderma was made according to the criteria
of LeRoy et al,2 and patients having diffuse
scleroderma (general involvement of the skin,
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intense involvement of inner organs, rapid pro-
gression) were differentiated from those having
acrally limited scleroderma (acrally limited
involvement of the skin, minor or no involve-
ment of inner organs, slow progression).

Erythrocyte sedimentation rate (ESR), C
reactive protein (CRP) and antinuclear anti-

( t bodies (ANA)-including their fluorescent
pattern and, in positive cases, their antigenic
specificities (for example anticentromere,
Ro(SS-A))-were examined in the patients

4i >; - and healthy controls.

CAPILLAROSCOPY
Capillaroscopic examination (magnifications
X290 and x 560) was performed according to
a modification of the technique described by
Maricq.0 We examined the nail fold regions of
all fingers of both hands (excluding the

re 1 Nailfold capillaroscopy-regular pattern: hairpin shaped capillaries. thumbs), and categorised the results into four
different groups:
1) Regular pattern: hairpin shaped capillary
loops; regular capillary diameters and density;
no dystrophies (fig 1).
2) Functional microangiopathy: narrowing of the

J& arterial limb of the capillary loop and dilatation
of the venous limb; homogeneous capillary
texture; regular capillary density.
3) Minor dystrophies: bushy, convoluted, or
coiled capillaries; micro-bleedings; perivascular
oedema; inhomogeneous capillary texture (fig 2).
4) Scleroderma pattern: macrocapillaries (loop
width > 100 gm), avascular fields, or both;
capillaries scarce (<8/mm) (fig 3).

NAIL FOLD BIOPSY
A nail fold area containing the greatest number
of morphologically abnormal capillaries was
marked with a dermoscript pencil under micro-
scopic control. Using the technique described
by Schnitzler et al 2' a local anaesthetic (1%

re 2 Nailfold capillaroscopy-minor dystrophies: bushy or coiled capillaries as a sign lignocaine, without adrenaline) was applied
flammatory microangiopathy. proximal to the marked region. The specimen

(approximately 3 X 5 mm) was then obtained
from the edge of the nail fold; great care was
taken not to damage the nail plate during this
procedure. The specimen was cut into two
pieces of similar size. Finally, the region of the

t biopsy was compressed for a short time and,
after disinfection, a dressing was applied.

HISTOLOGY
Examination of biopsy specimens was per-
formed by light microscopy, immunohisto-

- : = chemistry, and electron microscopy. For light
p _microscopy, the specimens were put into
a--formalin, embedded in paraplast and later
-_- _ stained with haematoxylin and eosin. The

pieces were cut in a way that allowed assess-
ment of the epidermis, the papillary dermis,
and the horizontal dermis. The immuno-
histochemical examinations were carried out with
commercial antibodies against complement C3
and IgG, using the peroxidase-antiperoxidase
method. The location and extent of deposits of

ire 3 Nailfold capillaroscopy-scleroderma pattern: macrocapillaries, avascularfields, IgG and complement C3 were examined. For
oth, as a sign of microangiopathy in scleroderma. electron microscopy, the specimens were set in
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Table 1 Microangiopathy in scleroderma: frequency ofabnormal and normalfindings in
the capiUaroscopic and histopatholgical examinations

Capillaroscopy

Scleroderma Minor Functional Regular
pattern dystrophies microangiopathy pattern
(%) ()/0 (%) (/o)

Scleroderma 95-8 33 3 8-3 -

(n = 24)
Controls - 10 0 - 90 0
(n = 10)

Histology

Light Immuno- Electron No abnormalities
microscopy histochemistry microscopy in any method
(%/) (%) (%) (%)

Scleroderma 83-3 75.0 87-5 4-2
(n = 24)
Controls 10 0 10 0 10 0 80-0
(n = 10)

Table 2 Frequency and nature of the main histopathologicalfeatures in scleroderma (n = 24)

Technique Feature Frequency
(%/)

Light microscopy: Broadening/increased amount of connective tissue 75 0
Perivascular round cell infiltrations 70-8
Perivascular oedema 37-5

Immunohistology: Enhanced perivascular and vessel wall deposits of C3 66-7
Enhanced perivascular and vessel wall deposits of IgG 62-5

Electron microscopy: Broadening and splitting of basal lamina 66-7
Broadening/increased amount of connective tissue 62-5
Fibroblasts and mast cells 45-8
Perivascular oedema 41 7
Perivascular deposits of amorphic material 25
Narrowing of capillary lumina 16-7

glutaraldehyde, embedded in Epon, and later
polymerised. The epidermis was cut in such a
way that the dermal papilla could be assessed
in cross section. The correct orientation was
checked by a semimicrosection. The speci-
mens were identified using a Zeiss EM 109 and
photographed.

- -A..

1%

Ge

-kzk 44

_s: .

Results
There were no serious complications relating
to the biopsy procedure itself or wound
healing. As the procedure of granulation can
start from three sides, wound healing is very
fast: after a few months the biopsy region is
virtually unidentifiable.

CLINICAL FINDINGS AND LABORATORY TESTS

Eight patients had diffuse scleroderma with
substantial involvement of lung, heart, and
kidney. Sixteen patients showed the acrally
limited form. The diagnosis was made at the
time of our examination in all but five patients.
The patient with the longest duration of
disease had had scleroderma for seven years.
All patients showed involvement of the skin to
a variable extent, and all but three had
Raynaud's syndrome.

Laboratory tests revealed 66-7% of the
patients to have an increased ESR, while only
37-5% had increased CRP. Positive ANA were
found in 91 7% of patients, and in 79-2% the
ANA titre was greater than 100.

History, clinical, and laboratory examin-
ations of the healthy controls revealed signs of
neither a macro or microangiopathy, nor a
rheumatic disease.

CAPILLAROSCOPY
Table 1 summarises the findings. All but three
patients (87-5%) had a typical scleroderma
pattern. In two patients it was not possible to
differentiate unequivocally between a sclero-
derma pattern and functional microangio-
pathy. In one patient we found no scleroderma
pattern, but minor dystrophies. In addition to
the scleroderma pattern, seven patients showed
distinct signs of minor dystrophies. We failed
to demonstrate normal capillaroscopy in any
patient with scleroderma.
Nine of the 10 healthy controls had no

abnormalities of capillaroscopy. One subject
had a single bushy capillary (minor dystrophy)
on three of eight fingers examined (table 1).
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Figure 4 Nailfold biopsy-light micros
vascular conglomerate (arrows) in the de
Horizontal bar represents 50 pm.

HISTOLOGY

-*- Tables 1 and 2 summarise the findings. In light
*aumicroscopy, 83-3% of the patients exhibited

pathological features, most frequently peri-
vascular round cell infiltrations and increased
amounts of connective tissue (fig 4). In electron
microscopy, signs of microangiopathy were
found in 21 patients (87-5%). The main
features were broadening and splitting of the

7. ,L-basal lamina, an increased amount of connec-
tive tissue, perivascular oedema, and increased
numbers of mast cells and fibroblasts (fig 5).
Immunohistochemically, 7/5% of the patients

( -. 5 showed increased deposits of complement C3,
IgG, or both, in the vessel wall and in the
perivascular region (fig 6). Signs of microangio-
pathy were consistently observed by all three
methods of histological examination in 70.8%
of the patients. In two patients, abnormalities

copy: infiltration of inflammatory cells along a . .
ormal horizontal stratum. Haematoxylin and eosin. were evdent i only one of the histological

examinations. One patient had completely
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Figure 5 Nailfold biopsy-electron microscopy: broadening and splitting into multiple layers (arrows) of the basal lamina.
Horizontal bar represents 1 um.

normal results from all the histological tests; this
was the patient in whom nail fold microscopy
did not reveal a scleroderma pattern.

In eight of the 10 healthy control subjects,
we found no abnormalities with all three
methods of histological examination. In one
healthy person, round cell infiltrations were
observed by light microscopy. Another showed
moderate histopathological abnormalities in
immunohistochemistry and electron micro-
scopy: this was the person showing minor

* i~~~~~~~~~~~~~~~i

dystrophies in capillaroscopy. One year later
this subject presented with an increased ESR
and arthralgia. To date it has not been possible
to make an unequivocal classification of his
collagen tissue or rheumatic disease.

Discussion
In scleroderma, identification of the micro-
angiopathy is very important, both for making
the diagnosis and, especially, for making that
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Figure 6 Nailfold biopsy-immunohistochemistry: immunoglobulin deposits, both perivascular (arrowheads) and in
single cells (arrow). IgG-peroxidase-antiperoxidase. Horizontal bar represents 50 pm.
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diagnosis early. 1 14 22-24 In this study, we were
able to show that, as examined by intravital
capillaroscopy, more than 90% of patients with
scleroderma had morphological abnormalities
of the nail fold capillaries (scleroderma
pattern). Furthermore, in biopsy specimens
from regions containing morphologically ab-
normal capillaries, histopathological changes
in capillaries and perivascular areas were also
found in more than 90% of the patients. The
most striking histopathological features were
broadening and splitting of the basal lamina
(electron microscopy), increased deposits of
complement C3 and IgG in the vessel wall and
the perivascular area (immunohistochemistry),
and perivascular round cell infiltrations and
oedema formation (light microscopy).

In contrast, none of the healthy controls
showed a scleroderma pattern or histopatho-
logical abnormalities of the vessels consistently
by all three of the histological methods. The
particular case of a healthy control in whom we
found abnormalities in capillaroscopy and
histology, and who later developed a connective
tissue disease, demonstrates that capillar-
oscopic and histological examination may serve
as useful tools in the early diagnosis of vas-
culitis. These results agree with prospective
studies that found capillaroscopic abnormalities
occurring some years before clinical symptoms
of a collagen tissue disease had developed
(though no histological data were given).'3
Our results underline the outstanding

diagnostic value of capillaroscopic examination
in scleroderma. Regarding the frequency of
capillary abnormalities, our findings agree with
those of former studies.12 1' The histopatho-
logical results confirm the importance of the
capillaroscopically demonstrated scleroderma
pattern described by Maricq.'2 Recognition of
the development of this scleroderma pattern is
always based on ultrastructural (histopatho-
logically confirmed) changes, which could be
identified in our study as (immunologically)
induced changes in the vessel wall and the
perivascular tissue.
There are few data available concerning

histological abnormalities of capillaries in
collagen vascular diseases. Among the relevant
studies, some of the histopathological abnor-
malities that we observed have been described:
changes of the basal lamina,'9 25 enhanced
deposits of immunoglobulins in the vessel
wall,'6 26 27 and perivascular round cell infil-
trations.22 28 The disappointing histopatho-
logical results formerly obtained for connective
tissue diseases may be attributable to the site
from which the biopsy specimen was taken. In
the present study, by taking specimens from
regions containing morphologically abnormal
capillaries, we increased the diagnostic
accuracy and decreased the number of false
negative biopsy results, compared with former
studies. 19 26-28 Comparative studies of different
sites of biopsy in the same individual have
shown the superiority of nail fold biopsy,
particularly with respect to abnormalities ofthe
basal lamina and immunoglobulin deposits.'6
Because we performed capillaroscopically guided
nail fold biopsy, we found considerably more

histopathological abnormalities than had been
observed in studies in which biopsy specimens
were taken blindly,25 29 and consequently were
able to define in precise detail the frequency,
nature, and diagnostic value of the histological
changes.
The histopathological changes seen in

scleroderma are not strictly specific for the
microangiopathy, however. Similar histopatho-
logical changes have also been found in lupus
erythematosus, mixed connective tissue
disease, dermatomyositis, and diabetes.3033
There seems to be a partially uniform reaction
of the tissue to what are probably different
pathogenetic mechanisms.
The processes of cellular infiltration and

immunoglobulin deposition in the vessel wall
lead to a leakage of the endothelial barrier. By
demonstrating the splitting of the basal lamina,
we were able to disclose the morphological
(ultrastructural) correlate of the increased capil-
lary permeability, which we observed capil-
laroscopically (perivascular oedema, micro-
bleedings). The increased sodium fluorescein
extravasation in patients with scleroderma34 and
diabetes35 also has its histomorphological basis
in these ultrastructural changes of the basal
lamina.

In conclusion, our study has demonstrated
the nature and frequency of capillaroscopic
and histopathological changes in scleroderma.
Because it makes possible the identification of
microangiopathy, the technique of capil-
laroscopy (more so than histology) is of major
diagnostic importance even in the early stage
of this disease. Histology is able to reveal the
underlying ultrastructural changes in detail.
Round cell infiltrations, broadening of the
connective tissue layer, oedema formation,
splitting and broadening of the basal lamina,
and deposits of complement C3 and IgG are
frequently visible, and suggest an immuno-
logical nature of the microangiopathy, which
obviously has an essential role in the patho-
genesis of scleroderma.
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