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Sequential nailfold capillary microscopy in
scleroderma and related disorders
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SUMMARY Sequential nailfold capillary microscopy was carried out monthly for seven months in
seven patients (four with scleroderma, one with dermatomyositis, one with mixed connective
tissue disease, and one with limited connective tissue disease). Progressive enlargement of some
capillary loops was observed, with a number becoming obliterated, leaving avascular areas.
Extravasation from capillaries usually preceded capillary loss. These observations have shown
the progressive nature of the nailfold capillary abnormalities associated with these disorders and
suggest that capillary enlargement is the result of injury, rather than compensation for capillary
loss.

A characteristic pattern of nailfold capillary abnor-
malities is seen in most patients with scleroderma
(SD), dermatomyositis (DM), and mixed connective
tissue disease (MCTD). - These abnormalities typi-
cally comprise enlarged capillary loops and areas of
avascularity, but may also include bushy capillaries
and disorganisation of the normal regular pattern of
capillaries. The extent of avascular change has been
correlated with disease duration.4 5 Although this
would suggest that the capillary changes are progres-
sive, previous studies have not primarily addressed
this question. In this paper we describe the sequen-
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tial microscopic changes observed by low power
microscopy in the nailfold capillaries of patients with
SD and related disorders.

Patients and methods

PATI ENTS
Seven patients attending the rheumatic diseases
unit, Dunedin Hospital, Dunedin, New Zealand,
were studied. The diagnostic groups included four
with SD, one with DM, one with MCTD, and one

with a limited connective tissue disease syndrome
(LCTD).6 Diagnosis of SD was based on the
American Rheumatism Association criteria.7 The
clinical characteristics of the patients are summar-

ised in Table 1.

Table I Clinical chlaracteristics anid niailfold capillarv changes in paietits with scleroderma and related disorders

Patienit Age Sev Diagnosis Duiration1 of Skiti chiatnges' Meani No of Meatn
No (Years) RaYnaud's etilarged avascular

phenoinen loops per score per
(Years) digit digitt

4(0 F SD 8 + 8-5 1-5
68 F SD + + 5 1-5

3 50 M SD () + + 1-6 0-9
4 61 M SD 8 ++ 0 0
5 *56 F DM 7 + 4.9 1-9
6 39 M MCTD 1( + 6-3 1-5
7 34 F LCTD 2 Nil 2 0.5
* +=sclerodactyls. ++ =proximal scierodcrma.
iSemiquantitatisv asscssmcnt.
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54 Wong, Highton, Palmer

NAILFOLD CAPILLARY MICROSCOPY
In each patient the nailfolds of all eight fingers
(excluding the thumbs) were examined under a
Zeiss DRC stereomicroscope after application of a
drop of immersion oil. Photography was carried out
with a Nikon FE single lens reflex camera body and
Agfa ortho 25 professional black and white film.
The final magnification on the negative was six times

and all prints were examined at a final magnification
of 42 times. Microscopy was carried out in each
patient at monthly intervals from April to October
1986 (southern hemisphere-autumn, winter, and
spring). The highest official mean day temperature
for the Dunedin city area during the period of study
was 13-3°C and the highest recorded temperature
was 26-4°C (April). The lowest mean day tempera-
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Fig. 1 (a) Normal nailfold
capillary pattern in a control
subject. (b) Classic pattern of
enlarged loops and avascular areas
in the patient with DM (No 5).
Note the advanced giant loop
formation, avascular areas (double
arrows), and extravasates (single
arrows).
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ture was 6 8°C and the lowest recorded was -2-5°C
(August). In two patients (Nos 5 and 7) additional
microscopy was carried out weekly for three weeks
during September (early spring).

Nailfold photographs were carefully examined for
enlarged loops and avascular areas by the semiquan-
titative method of assessment described by Lee et
al.4 Photographs of each digit were arranged in
sequence and analysed for changes with time.
Capillary loop changes were said to have taken place
only if they were observed in at least two separate
sequential photographs of satisfactory technical
quality and were agreed upon by all three authors.
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Fig. 2 Sequential microvascular changes at intervals of
eight weeks in the patient with DM (No 5). The capillary
bed as a whole has changed considerably during the
observation period with a changing pattern ofextravasate.
(a) An enlarged capillary loop (arrow) with two adjacent
normal sized capillaries to the immediate left.
(b) Progressive enlargement oftwo of these '9ops (arrow).
(c) The initial enlarged loop has become .a -"ated leaving
an avascular area, but a remnant is visible (a )w) which is
probably a thrombosed and occluded segmenL. Further
loops to the left have become enlarged.
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Results

Three of the four patients with SD had typical
capillary abnormalities consisting of enlarged loops
and avascular areas. The changes associated with
patients with DM and MCTD were similar (Fig. 1).
The patient with LCTD had enlarged capillaries and
avascular areas consistent with the SD pattern,
though these abnormalities were not as marked as in
the patients with SD. The remaining patient with SD
did not have enlarged loops or avascular areas but
had prominent subpapillary plexuses in most nail-
folds. The -mean number of enlarged loops and

(b)

(a)

Fig. 3 Loss and redevelopment ofgiant loops in the patient
with DM (No 5). Three capillary loops which remained
unchanged through the period ofobservation are indicated
by a barfor reference. (a) Two grossly enlarged capillaries
(left) which had remained the same sizeforfour months.
(b) Two weeks later both loops have become obliterated
with the appearance ofextravasations distally in the cuticle.
(c) The reappearance ofgiant loops after a further interval
oftwo months. Note that these appear to have developed
from vessels lying deeply to the most distal capillary array
visible in (b).
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(a) (b)
Fig. 4 Example ofa non-enlarged capillary loop lost within four weeks in the patient with MCTD (No 6). (a) Non-
enlarged capillary loop (arrow). (b) Loop obliterated with three separate extravasations in alignment distally (arrow). Acute
capillary enlargement during the intervening four week period cannot be excluded.

Fig. 5 Intermittent and
synchronous extravasation in the
patient with MCTD (No 6).
Extravasations in the cuticle
showing both transverse and
longitudinal disposition of
extravasates indicative of
intermittent and synchronous

'> ' >- leakagefrom multiple capillary
* ^ loops. Note the alignment of the

4 capillary loops and corresponding
extravasates.
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58 Wong, Highton, Palmer

avascular scores for each patient are shown in
Table 1.

Progressive enlargement of both normal sized
capillaries and capillaries already enlarged at the
beginning of the study was observed (Fig. 2). A
number of capillaries that showed progressive
enlargement finally became obliterated, leaving
typical avascular areas (Fig. 2). Some enlarged
capillaries remained the same size for some months
before becoming obliterated (Fig. 3). Although non-
enlarged capillaries were occasionally lost, this
occurred infrequently (Fig. 4). This process of
progressive enlargement followed by loss of capil-
laries was observed in three patients, one each with
SD, DM, and MCTD (patient Nos 1, 5, and 6).

Fig..6 Progressive loss ofa capillary loop associated with
multiple sequential extravasates in the patient with DM
(No 5). (a) Extravasation from an enlarged loop
(white arrow). (b) Recurring episodes ofextravasation as

this loop is obliterated through afurtherfour weeks.
(c) Loss ofthe capillary after anotherfour weeks.
Immediately to the left of the capillary loop that is lost is a
loop which progressively enlarges through this series
(black arrows) and which was also subsequently lost
(not shown). Two further loops have enlarged in mid-field.

I
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Another prominent feature was evidence of recur-
rent episodes of extravasation from capillary loops,
seen as deposits lying within the nail cuticle im-
mediately distal to the involved capillary. Distal
migration of the deposits, followed by further
episodes of extravasation, sometimes gave rise to a
'beaded' appearance (Figs 4, 5, and 6). In some
cases extravasation from multiple independent capil-
lary loops led to rows of beaded extravasates which
sometimes fused to form transverse lines in the
cuticle (Fig. 5). Extravasations were more fre-
quently associated with enlarged capillaries than
with those of normal size.

Loss of a capillary loop was often heralded by
episodes of extravasation (Fig. 6). When loss of a
capillary did occur without extravasation having
been visible in direct apposition to the involved
loop, evidence of an earlier episode of extravasation
could usually be found in the nailfold cuticle distal to
the site from which the capillary had been lost (Figs
3 and 4). Most episodes of extravasation, however,
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were not associated with capillary obliteration
during the period of observation.

Deformities of capillaries producing a bushy
appearance were also seen. In one instance, one
capillary loop in a group of four developed a bushy
appearance. This was associated with recurrent
episodes of extravasation from the three adjacent
capillaries terminating in their loss, leaving the
remaining capillary loop altered to a bushy form
(Fig. 7).
Discussion

The presence of enlarged nailfold capillaries in SD
was noted more than 60 years ago by Brown and
O'Leary, who suggested that these enlarged loops
'may be a pathologic state related to the fibrotic
changes in the corium, that is, back pressure
effects'.8 They thought that the enlarged capillaries
were less likely to represent simple hypertrophy,
though Redisch et al and Rouen et al subsequently

½1

(a) (b)
Fig. 7 Bush formation in the patient with DM (No 5). (a) Single loop (vertical arrow) flanked on the right by three other
loops with associated extravasates (oblique arrows). (b) Two months later the single loop hasformed a bush (vertical arrow)
and the extravasating loops have been lost (oblique arrows).
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favoured the idea that the capillary loops enlarge to
compensate for the loss of other capillaries.9 10 Our
study has shown that capillary loops often enlarge
before becoming obliterated, and that enlarged
loops are more prone both to extravasations and loss
than are non-enlarged loops. This suggests that
capillary enlargement is a consequence of capillary
injury. If enlarged capillaries do represent a com-
pensatory mechanism, our findings might be ex-
plained by postulating that 'hypertrophied' loops are
more prone to damage than non-enlarged loops. We
did, however, also observe numbers of enlarged
capillaries, including giant loops, which remained
unchanged without extravasation or loss during the
whole study period despite adjacent enlarged loops
undergoing further sequential changes. Thus we
favour the view that capillary enlargement is most
likely the result of mural damage.

Capillary loops that finally underwent obliteration
usually appeared to first leak extravasate.
Thompson et al found a correlation between the
degree of capillary loss and the amount of plasma
protein deposited in the involved nailfold cuticles
and suggested that 'a portion of escaped plasma
proteins may come from capillaries being des-
troyed'. Our observations support this view.

Extravasation presumably reflects a stage in
progressive damage to the capillary wall which may
culminate in capillary loss. The common longitudi-
nal beaded appearance of the extravasations sug-
gests that extravasation often occurs episodically
from particular capillaries. Extravasations aligned in
horizontal rows within the cuticle can best be
explained by synchronous episodes of extravasation
from multiple capillaries. Such waves of damage
could arise from endogenous events such as showers
of immune complexes depositing in the microcir-
culation, episodic exposure to an endothelial cell
cytotoxin, or exogenous events such as recurrent
exposure to cold. A correlation has been found
between nailfold capillary abnormalities and the
level of circulating immune complexes as measured
by an indirect granulocyte phagocytosis test, but not
by a Clq binding assay or polyethylene glycol
precipitation. 13
The sequential changes in nailfold capillary

abnormalities that we observed, however, were in
patients whose disease was in other respects stable.
Furthermore, others have not found any correlation
between the extent of organ involvement and
nailfold capillary abnormalities.2 4 5 Therefore, it
seems unlikely that factors related to the systemic
disease are alone responsible for the observed
nailfold changes. In a rat model of microvascular
inflammation and superimposed cold injury, Kulka
observed in sequence, venular dilatation, extravasa-

tion from venules and capillaries, thrombosis and
occlusion, and finally, vascular obliteration.14 This
series of events is remarkably similar to those we
have observed, including loop obliteration. Kulka
suggested that thrombosis could be brought about
by stasis secondary to vascular dilatation and in-
creased blood viscosity due to excessive capillary
leakage. Our observation that episodes of extravasa-
tion precede capillary loss is compatible with this
hypothesis. It seems that a likely explanation for the
sequential changes we observed in the affected
nailfold capillaries could be the effect of cold injury,
or other exogenous events, superimposed upon
endogenous vascular injury.
The presence of bushy capillaries has been attri-

buted to budding of capillaries in attempted
revascularisation.4 Our observation of the evolution
of a bush after the loss of three adjacent capillary
loops is consistent with this view.
Maricq and Spencer-Green et al have stated that

nailfold capillary abnormalities are stable and do not
change with time. 15 16 We observed sequential
changes at intervals of no more than a month. These
may have been the result of undertaking our study
during the colder winter months, though the lowest
day temperature recorded during the period of
observation was just -2-5°C. Further sequential
studies in patients with early disease carried out
during the warmer as well as the colder months may
help determine the importance of environmental
temperature. We have not attempted to differen-
tiate between the disorders studied on the basis of
these time related changes, but future work might
well be addressed to this aspect.
We conclude from our study that enlarged nail-

fold capillary loops in SD and related disorders
occur as a result of injury, and not as a compen-
satory mechanism as has been previously suggested.
The vasculopathy is overtly progressive within
relatively short time spans, and avascular areas
result when damaged capillaries become obliterated.
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Arthritis Foundation of New Zealand. Financial support was
provided by the Medical Research Council ofNew Zealand and the
Arthritis Foundation of New Zealand.
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