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Digital Amputation in Systemic Sclerosis: Prevalence
and Clinical Associations. A Retrospective Longitudinal
Study 
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ABSTRACT. Objective. To evaluate the prevalence of digital necrosis requiring surgical amputation in a single-cen-
ter group of patients with systemic sclerosis (SSc) and to compare the characteristics of patients with
and those without this severe complication.
Methods. We reviewed the medical records of 188 patients with SSc [162 women, 26 men, mean age
59.2 yrs, mean disease duration 8.0 yrs, mean time from onset of Raynaud’s phenomenon (RP) 11.7 yrs,
median followup duration 92 mo] enrolled in the Rheumatology Unit since 2004. Demographic and
clinical features were collected, as well as the presence of the typical risk factors for atherosclerosis.
Results. Nine patients (4.8%) underwent partial or total surgical digital amputation because of necrotic
process; all these patients except 1 had a long history of multiple and persisting digital ulcers. All 9
patients had concomitant large-vessel involvement. Comparison of cases with and without digital
amputation showed that this complication was associated with older age, long history of RP, long dis-
ease duration, presence of anticentromere antibody, and coexistence of peripheral artery disease and
hypercholesterolemia.
Discussion. We noted that 4.8% of patients with SSc underwent digital amputation. Our retrospective
analysis suggests that peripheral artery disease is strongly associated with digital amputation. The pre-
ventive strategy for digital ulcers and amputation associated with SSc should include an extensive diag-
nostic and preventive investigation for peripheral atherosclerosis. (First Release June 15 2012;  
J Rheumatol 2012;39:1648–53; doi:10.3899/jrheum.111506)
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Systemic sclerosis (SSc) is a chronic autoimmune disease of
unknown etiology characterized by widespread microvascular
damage, immunologic abnormalities, skin fibrosis, and vis-
ceral involvement. The clinical picture is heterogeneous;
some manifestations are due to the fibrotic process, e.g., skin
sclerosis, lung fibrosis, myocardial involvement, joint con-
tractures, and tendon friction rubs; others are caused by
microvascular injury, e.g., Raynaud’s phenomenon (RP), dig-
ital ulcers and digital necrosis, scleroderma renal crisis, pul-
monary arterial hypertension (PAH), telangiectasias, and
watermelon stomach. 

Digital ulcers affect about half of patients during the dis-

ease course1,2,3 and occur in about 30% of patients every
year4. Digital ulcers have a negative effect on quality of life;
they cause local pain and functional impairment and may pre-
dispose to severe complications such as soft-tissue infections,
osteomyelitis, and gangrene5. In the Pittsburgh database,
about 11% of patients underwent amputation or experienced
gangrene6. Harrison, et al reported digital amputation in 15
out of 101 patients with SSc (15%)7. A French study estimat-
ed an incidence of finger amputation of 1.2% per year among
subjects with a history of digital ulcers, or globally, 4 out of
103 patients (3.9%)3. A study comparing bosentan to placebo
in the prevention of digital ulcers (RAPIDS-2) reported digi-
tal amputation in 1% to 2% of patients per year8.

The aim of our retrospective single-center study was to
evaluate the prevalence of digital necrosis requiring amputa-
tion in SSc and to compare the characteristics of patients with
and those without this severe vascular complication.

MATERIALS AND METHODS
Study population. In September 2011 we reviewed the medical records of 188
patients with SSc followed in the Rheumatology Unit since 2004.

All patients fulfilled the American College of Rheumatology criteria for
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the diagnosis of SSc9. The distinction between limited and diffuse cutaneous
SSc was made according to the criteria of LeRoy, et al10.

All patients underwent examination and laboratory evaluation including
antinuclear antibody (ANA) and antiextractable nuclear antigen antibody
detection by indirect immunofluorescence on HEp-2 cells and ELISA
method, respectively. Skin involvement was assessed by modified Rodnan
skin score (mRSS)11.

Patients underwent the following investigations: chest radiograph; pul-
monary function test with diffusing capacity for carbon monoxide adjusted to
hemoglobin (DLCO); Doppler echocardiogram to estimate systolic pul-
monary artery pressure (sPAP) and nailfold videocapillaroscopy (NVC); the
microvascular alterations were classified into 3 different patterns: early,
active, and late, according to Cutolo, et al12.

Right heart catheterization was performed in cases of dyspnea of
unknown origin or when estimated sPAP was > 40 mm Hg or DLCO < 50%
predicted, in patients without pulmonary fibrosis. Diagnosis of PAH was
made when mean PAP at rest was ≥ 25 mm Hg in the presence of normal cap-
illary wedge pressure. Pulmonary fibrosis was diagnosed by high-resolution
computed tomography. Digital ulcers were defined as ischemic ulcers located
at the digit tip; ulcers overlying a bony prominence at the site of joint con-
tractions were not considered.

Digital necrosis was recorded in cases of extensive and prolonged
ischemic phenomena with significant tissue loss requiring amputation of 1 or
more phalanges.

Comorbidities such as diabetes mellitus, hypercholesterolemia, hyperten-
sion, overweight/obesity, and peripheral arterial disease were recorded, as
well as smoking habits. Diabetes mellitus, hypercholesterolemia, and hyper-
tension were defined according to international criteria13,14,15; patients were
classified as having hypercholesterolemia if total cholesterol value exceeded
200 mg/dl while not taking statins15. Overweight was defined as body mass
index (BMI) > 25 kg/m2 and obesity as BMI > 30 kg/m2. Smoking history
was considered positive in cases of current or past smoking habit.

Peripheral arterial disease was suspected in cases of reduction or absence
of arterial pulses at the limbs that was confirmed by echo color Doppler
sonography investigation.

Patients were receiving a wide variety of drugs including vasodilators,
immunosuppressants, low-dose prednisone, aspirin, statins, and H2-receptor
antagonists.

All investigations were performed at University Hospital of Verona as
part of routine diagnostic procedures applied to patients with scleroderma.
Written informed consent was obtained from all participants and registered at
the local ethics committee.
Statistics. Statistical analysis was performed using SPSS 17.0 (SPSS Inc.,
Chicago, IL, USA). Distributions of skewed continuous variables (i.e. age,
SSc duration, duration from RP onset, skin involvement evaluated by mRSS)
were expressed as geometric mean ± SD after logarithmic transformation.
Duration of followup was reported as median with interquartile range (IQR).
Categorical variables were expressed as absolute numbers. For categorical
variables, statistical analysis was carried out using Fisher’s exact test or
chi-square test where appropriate. In studying peripheral artery diseases we
added 0.5 to all cells according to the Cochrane Collaboration Handbook16,
because the OR cannot be calculated if there is “zero” in one box; indeed,
there was no patient who had undergone digital amputation in the absence of
peripheral artery disease.

Differences between groups were analyzed by ANOVA and
Kolmogorov-Smirnov test for continuous and ordinal variables, respectively.
Prediction factors for surgical digital amputation were investigated using a
multivariate logistic regression model. A Kaplan-Meier curve was created for
the first episode of digital amputation.

RESULTS
The study population included 188 patients: 162 women and
26 men. The mean age was 59.2 ± 1.2 years, mean disease
duration 8.0 ± 2.3 years, mean duration from onset of RP 11.7

± 2.2 years, and the median followup duration 92 months
(IQR 7–177). Clinical and demographic characteristics of the
SSc population are shown in Table 1.

One hundred fifty-six patients are currently being fol-
lowed; 19 patients had died and 13 cases were lost to fol-
lowup. Sixty-four patients (34.0%) reported a history of 1 or
more digital ulcers.

Nine patients (4.8%) underwent partial or total surgical
amputation of 1 or more fingers or toes because of digital
necrosis; all but 1 had a long history of multiple and persist-
ent digital ulcers. Figure 1 shows the Kaplan-Meier curve for
the first episode of digital amputation.

All the patients who required digital amputation were
women; anti-Scl70 antibodies were positive in 1 subject, anti-
centromere antibodies (ACA) were detected in 8 patients. The
diffuse disease pattern was present in 3 cases. Four patients
underwent amputation of 1 or more toes and 3 underwent
amputation of 1 or more fingers; 2 patients had either toes or
fingers amputated. Six patients had multiple digital amputa-
tions and 3 presented a single episode. After the loss of multi-
ple toes, 2 patients underwent amputation of both legs.

Table 1. Demographic and clinical characteristics of the 188 patients with
systemic sclerosis. Values are mean ± SD after logarithmic transformation,
or number (%).

Characteristic

Age, yrs, mean (SD) 59.2 (1.2)
Sex, men/women, n (%) 26/162 (13.8/86.2)
Disease duration, yrs, mean (SD) 8.0 (2.3)
Duration from RP onset, yrs, mean (SD) 11.7 (2.2)
mRSS, mean (SD) 8.7 (1.7)
Disease pattern, n (%)

Diffuse 65 (34.6)
Limited 123 (65.4)

Autoantibody pattern, n (%)
ACA-positive 100 (53.2)
Anti-Scl70-positive 58 (30.9)
ANA-positive (absent ACA and anti-Scl70) 30 (16.0)

NVC pattern, 160 cases, n (%)
Normal/aspecific 11 (5.9)
Early 34 (18.9)
Active 68 (36.2)
Late 47 (25)

Previous or present history of digital ulcers, n (%) 64 (34.0)
Digital amputation, n (%) 9 (4.8)
Peripheral arterial disease involving upper limbs, n (%) 1 (0.5)
Peripheral arterial disease involving lower limbs, n (%) 12 (6.4)
Hypercholesterolemia, n (%) 89 (47.3)
Hypertension, n (%) 58 (30.9)
Diabetes, n (%) 8 (4.3)
Smoking habit, n (%) 38 (20.2)
Overweight/obese, n (%) 56 (29.8)
Pulmonary fibrosis, n (%) 51 (27.1)
Pulmonary artery hypertension, n (%)_ 11 (5.9)

RP: Raynaud’s phenomenon; mRSS: modified Rodnan skin score; ACA:
anticentromere antibodies; anti-Scl70: anti-Scl70 antibodies; ANA: anti -
nuclear antibodies; NVC: nailfold videocapillaroscopy.
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The annual incidence of digital necrosis requiring the
amputation of 1 or more fingers or 1 or more toes was 1.19 per
100 patient-years.

During the followup the patients received a wide variety of
treatments; almost all patients had been given oral and/or
intravenous vasodilators both before and after digital amputa-
tion. Only 2 patients were receiving cyclic iloprost infusion
before developing the first episode of digital necrosis requir-
ing amputation: 1 underwent amputation of 1 toe soon after
starting iloprost treatment, the other after prolonged iloprost
administration. Five patients were cyclically treated with ilo-
prost after 1 or more digital amputation; 3 of these patients
presented with a relapse of digital necrosis involving toes
even during iloprost therapy. The majority of digital amputa-
tions occurred when bosentan had not yet been licensed for
prevention of digital ulcers in SSc; therefore none of the
patients was receiving the drug at the time of the first digital
necrosis. Subsequently, 2 patients were given bosentan. One
of them, with concomitant severe atherosclerosis, was treated
with the drug after toe amputation, but the treatment did not
prevent the occurrence of new digital ulcers and the patient
died soon after with a bowel infarction. The second patient
discontinued bosentan because of the appearance of leg
edema. Another patient was not given bosentan for concomi-
tant hepatopathy.

A reduction/absence of 1 or more arterial pulses at the
lower limbs was observed in 8 out of the 9 subjects who
underwent digital amputation; echo color Doppler sonography
evaluation revealed atherosclerotic plaques with multiple arte-
rial stenosis and/or occlusions. In 4 cases the peripheral artery
disease was also documented by angiography and treated with

angioplasty, with partial or transitory benefit. All patients
exhibited 1 or more cardiovascular risk factors. Hyper -
cholesterolemia was observed in all the cases, while high
blood pressure, smoking history, and obesity were recorded in
5 cases, 1 case, and 1 case, respectively. None of these
patients had diabetes.

In the ninth patient, who lost 3 fingers of the right hand, no
cardiovascular risk factors were documented, but angiography
showed occlusion of the ulnar artery and stenosis of the radi-
al artery at the same side without evidence of atherosclerotic
plaques. 

The comparison of patients with and those without digital
amputations showed that those who developed this severe
complication were older (70.0 ± 1.0 vs 58.7 ± 1.2 years,
respectively; p = 0.040 by ANOVA), had longer duration of
RP (29.2 ± 1.5 vs 11.2 ± 2.1 years; p = 0.001 by ANOVA), and
had longer disease duration (18.9 ± 1.6 vs 7.6 ± 2.5 years; p =
0.002 by ANOVA). Digital amputations were significantly
associated with peripheral artery diseases (p < 0.001 by Fisher
exact test; OR 352, 95% CI 37.5–3305) and hypercholes-
terolemia (p = 0.014 by Fisher exact test; OR 9.67, 95% CI
1.18–79.0). These data are reported in Table 2.

We divided the patients with SSc into 2 subgroups based
on the autoantibody profile, i.e., subjects with positivity for
ACA and patients with positivity for anti-Scl70 or ANA in the
absence of SSc-associated autoantibodies. The positivity for
ACA was significantly associated with digit amputation (p =
0.038 by Fisher exact test).

There was no association between digital amputation and
the following variables: sex, mRSS, limited or diffuse dis-
ease pattern, NVC patterns, lung fibrosis, PAH, smoking

Figure 1. Kaplan-Meier curve for the first episode of digital amputation. 

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


1651Caramaschi, et al: Digital amputation in SSc

history, concomitant diabetes, hypertension, or overweight/
obesity.

Multivariate logistic regression models were applied to the
following variables: age, time from onset of RP, disease dura-
tion, hypercholesterolemia, and autoantibody pattern (ACA
positivity vs anti-Scl70 antibody or ANA positivity). Time
from RP onset turned out to be the variable independently
associated with digit amputation (p < 0.01). Because there
was no patient who had undergone digital amputation in the
absence of concomitant peripheral artery disease, this variable
could not be included in the analysis. 

DISCUSSION
We investigated the role of risk factors for digital necrosis
requiring amputation, one of the most severe complications of
SSc disease. Severe digital vasculopathy has a negative effect
on quality of life and self-image, may cause pain and disabil-
ity, and requires frequent and prolonged hospital admission
for treatment with intravenous vasodilators like prostacyclin,
oral and parenteral antibiotics, and opioid analgesia, or for
digital sympathectomy, digital amputation, or other surgical
interventions5,6. The burden for the community is very high
considering direct costs together with indirect costs because
of absence from work.

Digital necrosis requiring amputation is commonly preced-
ed by recurrent ischemic digital ulcers, which were observed
in one-third of the cases in our population. This proportion is
lower than previously reported1,2,3 and this might be due to
the large use of iloprost in cases of severe RP17.

The prevalence of digital amputation in our population was
similar to that observed in a French study3 and lower than that
reported by others6,7,18; these discrepancies can be explained
by the large heterogeneity of the study populations regarding
ethnic origin, different length of followup, and the therapeutic
approach.

We have demonstrated that patients who required digital
amputation suffered from a concomitant peripheral artery dis-
ease. Eight patients had concomitant atherosclerosis, with evi-
dence of multiple plaques of the lower limb arteries. The ninth
case did not show evidence of atherosclerosis, cardiovascular
risk factors, or Buerger’s disease. Involvement of the ulnar
artery in this patient was similar to that observed by Stafford,
et al19. Interestingly, they reported wall thickening and lumen
narrowing of the ulnar artery in a cohort of SSc patients with
an unexpected higher incidence compared to controls matched
for age, sex, and cardiovascular risk factors. The same group
also reported a case of SSc with concomitant large-vessel
involvement in which histologic examination of the ulnar

Table 2. Characteristics of systemic sclerosis (SSc) patients with or without digital necrosis requiring amputa-
tion. Values are mean ± SD after logarithmic transformation, or number (%).

Characteristic With Digital Without Digital p
Amputation, Amputation,

n = 9 n = 179

Age, yrs, mean (SD) 70.0 (1.0) 58.7 (1.2) 0.040*
Male, n (%) 0 26 (14.5) NS**
Disease duration, yrs, mean (SD) 18.9 (1.6) 7.6 (2.3) 0.002*
Duration from RP onset, yrs, mean (SD) 29.2 (1.5) 11.2 (2.1) 0.001*
mRSS, mean (SD) 9.8 (1.3) 8.6 (1.8) NS*
SSc subset, n (%)

Limited 6 (66.6) 117 (65.4) NS**
Diffuse 3 (33.3) 62 (34.6)

Autoantibody pattern, n (%)
ACA-positive 8 (88.9) 92 (51.4) 0.038**
ACA-negative 1 (11.1) 87 (48.6)

NVC pattern, 160 cases, n (%)
Normal/aspecific 0 11 (7.2)
Early 0 34 (22.2) NS***
Active 3 (42.9) 65 (42.5)
Late 4 (57.1) 43 (28.1)

Peripheral arterial disease, n (%) 9 (100) 4 (2.2) < 0.001**
Hypercholesterolemia, n (%) 8 (88.9) 81 (45.3) 0.014**
Hypertension, n (%) 5 (55.6) 53 (29.6) NS**
Diabetes, n (%) 0 8 (4.5) NS**
Smoking habits, n (%) 1 (11.1) 37 (20.7) NS**
Overweight/obesity, n (%) 1 (11.1) 55 (30.7) NS**
Pulmonary fibrosis, n (%) 1 (11.1) 50 (27.9) NS**
Pulmonary artery hypertension, n (%) 0 11 (6.1) NS**

* ANOVA; ** Fisher’s exact test; *** chi-square test. RP: Raynaud’s phenomenon; mRSS: modified Rodnan
skin score; ACA: anticentromere antibodies; anti-Scl70: anti-Scl70 antibodies;  NVC: nailfold videocapil-
laroscopy; NS: nonsignificant.
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artery showed medial thickening with circumferential luminal
narrowing and occlusion by acellular material. The authors
concluded that ulnar arteriopathy in the absence of athero-
sclerosis and Buerger’s disease may represent a clinical fea-
ture of SSc20.

A recent metaanalysis showed an increased incidence of
atherosclerosis in SSc; robust data were reported regarding
carotid intima-media thickness and reduced flow-mediated
vasodilation21. The increased incidence of atherosclerosis in
SSc may be related to multiple factors, such as hyperhomo-
cysteinemia22, high levels of oxidized low-density lipoprotein
antibodies23, high level of lipoprotein(a)24, and presence of
abnormally functioning proinflammatory high-density
lipoprotein25. Moreover, inflammatory involvement of the
large-vessel wall26 might contribute to the development of
atherosclerosis. There is a growing body of evidence concern-
ing the association between atherosclerosis and other systemic
autoimmune diseases such as rheumatoid arthritis27 and sys-
temic lupus erythematosus28.

The co-occurrence of large-vessel involvement and the
typical SSc microvasculopathy observed in our patients with
SSc who underwent digital amputation likely exceeds the
compensation capacity of the peripheral circulation, thus
favoring severe vascular complications. Nihtyanova, et al, in
agreement with our observations, identified concomitant ath-
erosclerosis and Buerger’s disease as risk factors for severe
digital vasculopathy in SSc5. The involvement of large vessels
in SSc associated with digital or limb amputation has been
reported by others19,20,26.

In our study, digital amputation was associated with hyper-
cholesterolemia; this observation may further support the use
of statins in SSc. Statins are known to have pleiotropic effects;
it has been reported that in SSc these drugs are able to increase
the number of circulating endothelial progenitors29, which
might counteract insufficient vascular repair due to defective
vasculogenesis. Moreover, statins decrease the markers of
endothelial injury/dysfunction30,31. From a clinical viewpoint,
atorvastatin has been shown to reduce the incidence of new
digital ulcers32 and ameliorate RP29,32.

We did not observe a correlation between smoking habits
and digital amputation, but this might be due to the low preva-
lence of smokers in our cohort. Tobacco use, in fact, was pre-
viously identified as one of the risk factors for digital ulcers in
a subgroup of SSc cases cyclically treated with iloprost infu-
sions17. A study regarding cigarette smoking habit and digital
vascular disease in SSc showed that current smokers were
more frequently admitted to hospital for intravenous vasodila-
tor therapy and had more digital debridements compared to
never-smokers; digital amputations were more frequent in
current smokers, but this data did not achieve statistical sig-
nificance7. The SSc database of the Royal Free Hospital,
London, UK, showed that patients with persistent digital
ulcers are more likely to be current smokers than those with-
out1, but this observation is in contrast with others3,18.

The incidence of digital gangrenous lesions in the
Pittsburgh University SSc cohort increased with the time
elapsed since the development of digital ulcers. Moreover,
digital gangrene leading to amputation developed in the sub-
set of patients with persistent digital ulcers1, and this was in
agreement with our observations. In addition, our experience
showed that digital loss was independently associated with a
prolonged duration of RP, confirming that longstanding
repeated hypoperfusion negatively interferes with tissue
trophism, thus favoring digital necrosis.

Digital amputation was also associated with positivity for
ACA; this result is in agreement with a report by Wigley, et
al18 in 98 subjects, 20.4% of whom experienced 1 or multiple
digit losses. In this latter study digital amputation did not
appear to be associated with other variables such as age,
smoking status, disease duration, and time from RP onset18.
To our knowledge, however, no relationship between digital
tip gangrene and pattern of SSc-associated autoantibodies has
been reported elsewhere33.

We did not observe a correlation between digital amputa-
tion and NVC pattern, likely because of the low number of
cases; a larger cohort of patients might identify a positive cor-
relation with this pattern, which in our study was more repre-
sented among patients who experienced the complication. 

A limitation of our study is its retrospective design. Digital
amputation, the main clinical characteristic analyzed, could
not be underestimated for its obvious clinical impact. In addi-
tion, echo color Doppler of upper and lower limbs was not
performed in all cases but only when it was considered clini-
cally relevant; therefore we do not know the prevalence of
peripheral artery disease among the patients with SSc who did
not have digital amputation. Moreover, the small number of
SSc patients with digital amputation may have led to underes-
timation of the risk factors for this severe complication; a
prospective multicenter study would be useful to confirm our
results.

Our experience clearly shows that concomitant involve-
ment of large vessels is a strong risk factor for digital ampu-
tation in patients with SSc; atherosclerosis was the cause of
the concomitant peripheral artery disease in the majority of
patients in the presence of abnormal cholesterol levels. These
data may further support the use of statins in SSc. Additional
risk factors for amputation were the history of multiple and
persistent digital ulcers, prolonged duration of RP, and the
presence of ACA. These findings may assist identification of
patients for whom powerful and protracted vasodilator thera-
py may be recommended.
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