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Abstract

Epidemiology, clinical presentation, and outcomes for digital gangrene in connective tissue disorders (CTD) remain under-
reported from tropical countries like India. In this series, we aimed to explore the clinical profile and outcomes of patients
who presented with digital gangrene and a diagnosis of CTD. Hospital-based longitudinal observational study. Patients with
digital gangrene and underlying diagnosis of CTD presenting to our tertiary-care centre in Jodhpur, India between1® January
2018 and 31 June 2021 were included. Clinical outcomes including mortality, limb outcomes, functional status and other
systemic involvement were assessed. Of the 312 patients registered in the rheumatology clinic during this period, 22 (7%)
patients were found to satisfy the inclusion criteria. Mean age was 46 years and 90% were females. The most common under-
lying diagnosis was Mixed connective tissue disorder (MCTD). Digital gangrene was the presenting symptom in 13 (60%)
patients. Half of the patients received only corticosteroids as immunosuppression. Two died due to systemic complications.
Complete resolution occurred in 17 (85%), autoamputation in 3, and infection requiring surgical drainage in one patient. All
surviving patients reported good functional limb outcome on 6 months follow-up. MCTD is an important cause of digital
gangrene in rheumatology practice. In patients presenting with digital gangrene, an active search for an underlying CTD
is imperative, as this could result in timely initiation of appropriate limb-saving therapy. Corticosteroids alone with rapid
tapering may be an appropriate option to consider in the initial management of digital gangrene in CTD.

Key Points

® Mixed connective tissue disorder is an important cause of digital gangrene in rheumatology practice in western India.

e [n patients presenting with digital gangrene, an active search for an underlying connective tissue disorder is imperative, as this could result
in timely initiation of appropriate therapy and can prove limb saving.

e Corticosteroids alone with rapid tapering may be an appropriate option to consider in the initial management of digital gangrene in connec-
tive tissue disorders.

Keywords Critical-limb ischemia - Mixed connective tissue disorder - Raynaud’s phenomenon - Systemic lupus
erythematosus - UIRNP

Background

Digital gangrene has been described as a complication of
several connective tissue disorders (CTDs) including sys-
temic sclerosis, antiphospholipid antibody syndrome (APS)
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and systemic lupus erythematosus (SLE). Digital gan-
grene may result in a significant morbidity with limitation
of functional activity progressing to long-term disability.
Prevalence of digital gangrene is estimated to be 8 to 9% in
systemic sclerosis and around 2-5% in SLE [1-4]. Multiple
mechanisms including small-vessel vasculitis, vasospasm,
premature atherosclerosis, and hypercoagulability have
been used to explain the mechanism of digital gangrene in
CTDs [5]. Due to multiple underlying mechanisms and lim-
ited studies, the optimal management of digital gangrene in
CTDs remains uncertain. While the role of anticoagulation
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in APS syndrome and vasodilators like dihydropyridine cal-
cium channel inhibitors such as nifedipine and nitric oxide
synthase inhibitors in vasospasm-related ulcers in systemic
sclerosis are somewhat defined, the role of immunosuppres-
sion for small vessel vasculitis remains to be established [6].
In this series, we aimed to describe the clinical profile, risk
factors and outcomes of adult patients who presented with
CTD-associated digital gangrene in a 4-year period to our
centre in India.

Design and methods

The study was designed as a hospital-based ambispective
clinical study of all adults (> 18 years) who presented to
the Department of Medicine (inpatients and outpatients)
and outpatients rheumatology clinic service between 1%
January 2018 and 31% June 2021 with digital gangrene and
a diagnosis of connective tissue disease. Ethical approval
was obtained from the institute ethics committee (AIIMS/
IEC/2020/3070). Records of these patients were accessed
using the hospital information system and discharge details.
Data regarding demographic details (age, gender, address),
diagnosis, relevant investigations, interventions, and out-
comes were collected using standard data collection sheets.
The patients were contacted telephonically for consent and
requested to come for physical follow-up wherein written
informed consent was obtained, and clinical details col-
lected. Data was entered in Microsoft excel spreadsheets,
descriptive statistics are presented as mean with standard
deviation in case of continuous variables and median with
interquartile range in case of categorical variables.

Results
Demographic details and limb involvement

Twenty-two patients of 312 (7%) were identified fitting the
inclusion criteria in the study period. Mean age of the patients
was 46.6 years. In 13 (59%) patients, digital gangrene was
the initial clinical clue that culminated in a diagnosis of CTD
while the rest of the patients were already diagnosed with
an underlying rheumatological condition. Of the 22, 7 had
gangrene involving only upper limbs, 7 involving only lower
limbs while 8 had gangrene involving both fingers and toes.
Digital gangrene was preceded by Raynaud’s phenomenon
in 15 patients. Table 1 summarises the clinical profile and
outcomes in CTD-associated digital gangrene. Figures 1 and
2 depict the various presentations of digital gangrene.

@ Springer

Underlying diagnosis

The most common underlying CTD diagnosis was MCTD
(n=7). MCTD was diagnosed in all patients with Kahn’s
or Alacron-Segovia’s criteria. Other underlying diagnosis
included SLE (n=4), systemic sclerosis (n=3), Rheumatoid
arthritis (RA) (n=2), primary antiphospholipid syndrome
(APS) (n=2) and ANCA-associated vasculitis (n=1). One
patient presented at 20 weeks of gestation with lower limb
gangrene, with history of similar episode in past pregnancy.
She had positive Antinuclear Antibody (ANA) twice sepa-
rated by a period of 3 years and hence was diagnosed as
undifferentiated connective tissue disorder (UCTD, criteria
in Appendix 1).

Two patients had clinical and laboratory features of vas-
culitis but did not qualify the diagnostic criteria of any of the
vasculitis, hence were classified as possible undifferentiated
vasculitis syndromes.

Antibody profile

On assessment of the autoantibody profile, ANA was
detected in 63% (n=14) followed by anti-UIRNP (n=10)
and anti-Ro 40% (n=9). Other antibodies included lupus
anticoagulant (n=3), p-ANCA (n=2) and anti Scl-70
(n=13) while in 2 patients, no autoantibodies were detected
(Table 1).

Systemic involvement

Patients were also screened for systemic involvement. Pul-
monary manifestations were found to be present in more
than half of the patients (n=13). Most common among these
was interstitial lung disease (n=9), and pulmonary arterial
hypertension (n=4). One patient had diffuse alveolar hem-
orrhage and one was receiving continuation phase of antitu-
bercular therapy for pulmonary tuberculosis.

Renal involvement was present only in 3 patients, one
presented with pulmonary-renal syndrome and evolved into
CKD requiring haemodialysis. The other 2 patients were
diagnosed with SLE with lupus nephritis.

Musculoskeletal and skin involvement: Myositis was
present in 3 patients in our series (with MCTD). Synovitis
was present in 6 while 3 patients had findings suggestive of
erosive arthritis. Three patients had presented with acute
cutaneous flare of lupus (malar rash) and one with livedo
reticularis respectively while others did not have any der-
matological manifestations.



3545

Clinical Rheumatology (2022) 41:3543-3549

oprw
POIOA0IDY -eydsoydo[o£)) ‘sproraig HVd ON +VNV QI Jomo] SILIY)IE PIOJRWNOY 81
A1 ‘SLB[NONAI OPAAI]
“BOOIS STIIATIOUN[UOD0TRISY de[IoA0 STSOIS[OS OTWIISAS
pandxg 9JEXaN0YJoW ‘SPIOIAS ‘uouswouayd s pneukey SOX VNV yog  Im SHUYY projewnayy  [§ L1
oprur urdrjorpIes -nue ‘g/-[0S deprono
PaIoA039Y -eydsoydoydh) ‘sprorelg HVd SR nuy dNYI0 BUVY ‘YNV Wog  ALOIN-SISOI9[s Olwalskg 8] 91
uoneinduwre [eJoIN HVd ‘snuownaud SISOI9[OS
ULIE 139 JO AIOISIY SNOTAQIJ Jre[ouaydodk A ‘SproIdlg AnanisussiodAHq — Q11 SOX oy Nuy ‘vNV ylog OrweIsAg snoauein) asnyrq S ST
[1RJON
PoIoA0OIY JrejouaydookA ‘sproIalg dISN-ATI SOX 0L-1oS nuy ‘oy-nuy  quip roddn SISOIQ[OS JTWRISAS  (OF al
sajeqelp ¢ odAy,
PRI2A0OYY uone[ndeodnuy  ‘sso[ Aoueudaid Juarmody ON juen3eoonue sndng ylog SdvV LY €1
PAIAA0OTY uone[nseoonuy sproidls LLV uo g, Areuowrng ON juenSeoonue sndn]  quI| JomoT] SdV  9¢ 1
[eJojN  sndnj snosueind ‘SHIS0IS 108
Pa10A003y  de[oudydooky ‘sproialg ‘a1 ‘swiydou sndnr $9A N dN¥IN UV YNV quipseddn IS 66 11
oprw
PoIoA0OIY -eydsoydoroA) ‘sproiolg snuyre ‘spuydou sndn SOX B DUV pPuB OY-NUY ‘VYNV ylog IS 1€ 01
4assS
sndn] snosueno ‘sisoq ‘YSS nuy ‘9uenseoonue
PRISA0IY uone[nseodNUE ‘SPIOIR)S  -WOIY) AI9)Ie [BIqL) JOLIIUY ON  sndn[ ‘YNQSP DUV ‘VNV  qQUI[ JoMO SAV UM g1S  +¢ 6
oy nuy soIp
PaIoA0I9Y SpIoIal§ QUON ON ANMIN YNV ‘VONV-d  quijremo]  -noser YONV-d s g1S  6¢ 8
Pa10A000Y SpIoIg SITAOUAS ON ANMIN DUy ‘“+ VYNV quifteddn ALON LS L
[NRJOIN SIIIAOUAS ‘UOuQ 0L-19S
POISA0IDY ejouaydook A SpIoIoIS -wouayd s, pneukey ‘qI SOX nuy ‘ANYIN DUy ‘YNV  quipzddp dLDIN 89 9
oy
2194009y splo1ag sn1AoukS ‘Hvd SOA DUV dNYIN DUV YNV quipieddn ALOW S S
uouo
PaI2A0IY SpIoI91§ -woudyd s pneukey] ‘qTI SOA ANYIN DUV ‘YNV QUi JomoT] dlDIN ¢§ 4
USelI Je[ew ‘SIIIAOUAS
PRISA0IY SpI0IIS ‘uouswouayd s, pneukey SOX oY DUV ‘dNYIN DUV QI Jomo| AIDN ST 9
(snisoAur 10J)
POIOA0OY  QIEXamoyjaul pue SPIOIdS 7T ‘SDIAOUAS ‘STIISOAIN SOX oy nuy INYI1N Buy  quipseddn dALDON 8¢ 4
snneday
QUNWIWIOINY ‘STIIAOUAS
sundoryiezy ‘mejowr ‘syIsoAwr ‘uouswouayd
Pa10A000Y a1e[oudydodk Al spro1alg s.preukey ‘dIN-a’1l SOX dNNEIN oy pog dLOW  1¢ I
uou? Juaidue3
-wouayd qQuI[ JoMO]
woonQ PAATDAI JUSWAT U SUOTIR)SJIURW OTWIIISAS S, pneukey SaIpoquuUy /xaddn stsouderq 98y ON IS

sowo0ojno juaned pue sonsLIR)ORIRYD AI0jRIOqR] ‘[RIIUI) | d|qel

pringer

A's



3546

Clinical Rheumatology (2022) 41:3543-3549

Table 1 (continued)
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Recovered

p-ANCA, ANA Yes Raynaud’s phenomenon, Steroids

Both

ANCA vasculitis

70

19

Hypothyroidism

Steroids, Mycophenolate CKD STAGE V ON MHD,

Diffuse Alveolar hemor-

No

None

Both

Undifferentiated vasculitis

29

20

Expired

Mofetil

rhage

With Pulmonary renal

syndrome
Undifferentiated Vasculitis

Recovered

Yes ILD, MRSA palmar abscess Steroids

None

Upper limb

48
25

21

Steroids but discontinued in Progression of gangrene to

None

Yes

ANA

Undifferentiated CTD Lower limb

22

involve all 5 digits of both

feet Amputation of toe

done

4 weeks

ANA, Antinuclear antibody; ANCA, Antineutrophil cytoplasmic antibody; APS, Antiphospholipid syndrome; CKD, Chronic kidney disease; CTD, connective tissue disorder; ILD, Interstitial

lung disease; MHD, Maintenance hemodialysis; MCTD, Mixed connective tissue disorder; MRSA, Methicillin resistant staphylococcus aureus; NSIP, non-specific interstitial pneumonia; PAH,

pulmonary artery hypertension; UIP, usual interstitial pneumonia

Management

All patients received supportive therapy with maximum tol-
erated doses of nifedipine and 75 mg of aspirin. All patients
also received immunosuppressive therapy with pulse meth-
ylprednisolone followed by oral prednisolone at a dose of
1 mg/kg with weekly tapering at 10 mg/week at the time
of diagnosis of digital gangrene. One patient with RA was
previously on methotrexate and steroids, the former was con-
tinued while dose of the latter was increased. Patients who
were diagnosed with primary APS received anticoagulation
additionally. There was complete cessation of gangrenous
extension within 6 weeks in all our patients, without surgi-
cal intervention or limb loss. On subsequent follow-up, 12
of our patients required additional immune suppression in
lines of mycophenolate mofetil (n=6), cyclophosphamide
(n=3), methotrexate (n=2) and azathioprine (n=1).

Outcomes

One patient with undifferentiated vasculitis (patient 20)
developed diffuse alveolar hemorrhage and succumbed to
the disease 6 months after presenting with digital gangrene.
This patient had digital gangrene concurrently at the time
of diagnosis of rapidly progressive renal failure which later
progressed to chronic kidney disease.

Patient 17 with rheumatoid vasculitis was readmitted with
recurrence of digital gangrene at 1 year, and was planned for
intravenous cyclophosphamide, but she developed sudden
cardiac arrest and expired during hospital stay.

Follow-up and complications

On long-term follow-up in a rheumatology clinic, we
observed complete resolution of digital gangrene in 17 of
our patients (85%), autoamputation in 3 patients and sur-
gical amputation in one. One patient developed soft tissue
infection of the gangrenous digit 3 months after the diagno-
sis of gangrene with Methicillin Sensitive Staphylococcus
aureus isolated from the same. She improved with incision
and drainage and systemic antibiotics. One patient included
in the series with MCTD had presented with acute febrile
illness and was diagnosed with COVID-19 pneumonitis
(mild severity). Patient 22 delivered a healthy term infant but
declined immunosuppressive therapy with steroids or other
drugs. Her gangrene worsened involving bilateral lower
limbs and she had to undergo toe amputation in the left leg
3 months post-partum. All surviving patients reported good
functional status and limb outcomes at 6 months follow-up.
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Fig.1 A Swollen fingers in mixed connective tissue disorders with
digital gangrene over tip of 4. digit in the right hand. B and C Skin
thickening and digital gangrene in a patient with systemic sclerosis.

Discussion

Digital gangrene has been described in association with
CTDs, with a varied prevalence of 1% in SLE to 8.9% in
systemic sclerosis [2, 4]. In our setting, the hospital-based
prevalence was 5.3%. For the 22 patients, with digital gan-
grene during a 4-year period, the mean age was 46 years,
which was higher than the previously reported mean age of
30-35 years [1-3].

The most common underlying diagnosis in our case series
was MCTD (n=7), in contrast to previous studies which
place systemic sclerosis as the most common contributor to
digital gangrene. The idea of a “mixed connective tissue dis-
order” (MCTD) was introduced in 1969 by Sharp et al., and
gangrene has been reported in MCTD as early as 1975 [7].
MCTD is characterized as a rare disorder, with an estimated
prevalence of 6.4 per 1,00,000 population in the USA [8, 9],
no data exists for the Indian population, with highest preva-
lence reported by Lawrence et al. in 2007 with their data of

Hyperpigmentation in the right hand and digital ulcers over thumb C.
D and E Digital gangrene involving lower limb in a patient with RA-
systemic sclerosis overlap. Ankle swelling right > left

16 MCTD patients among a cohort of 441 patients with CTD
[10]. The actual prevalence of digital gangrene in MCTD
remains unknown. Therefore, as new data is emerging from
the developing world, it appears that the clinical character-
istics and distribution of digital gangrene are different from
western cohorts with MCTD and SLE being the commonly
associated disorders rather than systemic sclerosis [10-12].
A cohort of lupus patients from India estimated the preva-
lence of digital gangrene in SLE as 5% [13] notably higher
than previous data ranging from 0.6 to 1.2% suggesting that
digital gangrene maybe commoner in South Asian region.
Our prevalence of 7% among all connective tissue disorders
(including rheumatoid arthritis) is similar to this.

Unlike previous case reports where gangrene was reported
independent of disease flares, all 4 of our SLE patients had
presented with signs of acute flare, with lupus nephritis and
or acute cutaneous lupus suggesting that vasculitic activity
might be the predominant mechanism in gangrene in these
patients. Raynaud’s phenomenon preceded digital gangrene
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Fig.2 A Digital gangrene over great toe in a patient with APS, B Digital gangrene with ulcer over index finger in a patient with MCTD, C

MCTD with digital gangrene over right index finger, puffy fingers

in 15 of our patients, commonly in those diagnosed with
MCTD (n=6) and systemic sclerosis (n=3).

Digital gangrene was the initial presenting symptom in
12 of our patients, 4 of whom were diagnosed with MCTD,
2 each with SLE and primary APS and one systemic scle-
rosis and ANCA vasculitis respectively. We wish to high-
light the importance of screening and thorough evaluation
of young patients who present with digital gangrene require
any underlying for CTD for early initiation of immune sup-
pression which can prevent limb and organ threatening
complications. We encountered 3 patients whose diagnosis
remained elusive after extensive investigations and were
hence classified as “Undifferentiated CTD”; similar findings
were reported by Ravi et al. in a case report [14].

Though no specific antibody profile has been previously
implicated in digital gangrene, 40% of our patients had
significant UIRNP titres since MCTD was the commonest
underlying diagnosis. Additionally, we found that anti-Ro
was also detected in 35% with differing underlying diagnosis
of SLE (n=3), MCTD (rn=2) and Systemic sclerosis (n=2).
Whether Anti-Ro positivity predisposes to development of
digital gangrene, its role in the disease pathogenesis or as
a biomarker of association can serve as grounds for further
research.

Fifty-five percent of patients with gangrene had an
underlying pulmonary disease, the commonest being Inter-
stitial lung disease. This was followed by musculoskeletal
(n=06) and renal involvement (n=3). So far, no data exists

@ Springer

regarding an increased predisposition to any organ involve-
ment in patients with digital gangrene in CTD. We propose
to preserve a low threshold to screen for pulmonary involve-
ment in patients with CTD-associated digital gangrene.

Digital ulcers which are considered as a continuum with
digital gangrene have been most widely studied in systemic
sclerosis, with existing guidelines proposed by EULAR in
2016 for its management [15]. Based on a meta-analysis of 4
trials, intravenous iloprost has been found to be beneficial in
healing digital ulcers; however, it had no role in their preven-
tion [16]. On the contrary, PDE-5 inhibitors have been found
to be effective in healing as well as preventing new digital
ulcers while endothelin antagonists have been recommended
only in those cases refractory to therapy [15, 16]. No clear
guidelines exist for the use of immunosuppressive agents in
CTD-associated digital gangrene till date.

Although the benefits for immunosuppression in digital
gangrene is uncertain, most centres prefer to offer some
immunomodulatory therapy in view of small vessel vas-
culitis as the underlying mechanism [1, 13]. All patients
in our study series received steroids as first line therapy in
the absence of contraindications. We wish to highlight that
except for two patients in our study (RA-CREST overlap and
Systemic sclerosis- MCTD overlap), none of our patients
required additional immune-suppression for digital gangrene
per se. However, 3 of our patients concurrently received
immunosuppressive agents in the form of cyclophosphamide
or mycophenolate mofetil for their systemic manifestations.
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This was in stark contrast to all previous reports, wherein
the protocol was to initiate cyclophosphamide along with
steroids as first line agent [4, 11, 13]. Other agents of choice
in previous reports included rituximab and IV prostanoids
in refractory cases [1, 12]. Only one surgical intervention
was required in our series (for MSSA abscess) while rates
of surgical amputation were significantly higher in previous
studies, like 44% in the lupus cohort [4].

We infer from our experience that corticosteroids may
prove an effective first line agent in CTD associated with
digital gangrene. Further immunosuppressive agents may
be reserved for systemic and life-threatening manifestations
of the underlying disease or progressive digital gangrene.
As this study included a limited number of patients, there
is an unmet need for randomized controlled trials exploring
the role of immunosuppressive agents in CTD-associated
digital gangrene to standardize the treatment protocols in
such patients.

Conclusion

In conclusion, the most common underlying diagnosis for
hose presenting with digital gangrene in CTDs in our set-
tings is MCTD while age of presentation is older adults. This
diverges from previous reports and hence clinicians need
to be aware of this epidemiological aspect while managing
CTD-associated gangrene. Also, in patients presenting with
digital gangrene, an active search for an underlying vasculi-
tis or connective tissue disorder is imperative as this could
result in timely initiation of appropriate therapy and can
prove limb saving. Corticosteroids alone with rapid tapering
may be an option to consider in the management of digital
gangrene in CTD, conserving further immune suppression
for life-threatening systemic manifestations. Further follow-
up and larger studies are required to confirm this observa-
tion. We suggest that all patients with CTD-associated gan-
grene need to be screened for systemic involvement early.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10067-022-06265-1.
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