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     Abbreviations 

   ACE    Angiotensin converting enzyme   
  ARBs    Angiotensin receptor blockers   
  cAMP    Adenosine monophosphate   
  CCBs    Calcium channel blockers   
  cGMP    cyclic guanosine monophosphate   
  DU    Digital ulcers   
  ET-1    Endothelin-1   
  ET A     Endothelin-1 A receptor   
  ET B     Endothelin-1 B receptor   
  ETRA    Endothelin receptor antagonists   
  FDA    Food drug administration   
  HHS    Hypothenar hammer syndrome   
  MCTD    Mixed connective tissue disease   
  PAH    Pulmonary artery hypertension   
  RCT    Randomized controlled trials   
  RP    Raynaud’s phenomenon   
  SLE    Systemic lupus erythematosus   
  SSc    Systemic sclerosis   
  SSRI    Selective serotonin reuptake inhibitors   
  WHO    World Health Organization   

          Key Points 

     1.    Digital ulcers are denuded areas with a defi ned 
border, loss of epithelialization, and loss of 
epidermis and dermis that typically occur at 
the distal aspects of the digits.   

   2.    Digital Ulcers are the consequence of tissue 
ischemia secondary to a variety of diseases 
that cause injury to peripheral arteries   

   3.    Ischemic digital ulcers are a consequence of 
multiple factors including ischemia–reper-
fusion injury with oxidative stress from 
recurrent vasospasm, thrombosis, and loss 
of vascular integrity from arterial disease.   

   4.    Both non-drug and drug therapy need to spe-
cifi cally address the underlying cause of the 
vascular disease whenever possible.   

   5.    Hydrocolloid membranes used as a dressing 
after cleansing can provide protection from 
repeated trauma and also accelerate DU heal-
ing and reduce pain   

   6.    Pharmacologic agents used to treat RP either 
alone or in combination can prevent DU since 
ischemia–reperfusion injury contributes to the 
development of ischemic DU [also see 
Chap.   20    ]   

   7.    Vasoactive drugs including endothelin receptor 
antagonists, phosphodiesterase inhibitors, pros-
taglandins, and statins may prevent the develop-
ment of new DU in patients with scleroderma.   

   8.    Digital sympathectomy is favored over proxi-
mal upper limb sympathectomy in treating 
distal circulatory problems.   
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   9.    Critical digital ischemia is a digit-threatening 
event requiring emergency care to immedi-
ately defi ne the underlying cause and to begin 
appropriate vascular therapy.      

    Introduction 

 Digital ischemia is the reduction in digital perfu-
sion associated with impaired tissue viability that 
can frequently result in digital pitting scars, digi-
tal ulcers (DU), loss of digital pulp, and if severe, 
gangrene requiring amputation. Ulceration from 
digital ischemia typically occurs at the distal 
aspects of the digits, at or distal to the proximal 
interphalangeal joints [ 1 ]. Because the manage-
ment of digital ischemia varies depending on the 
etiology, it is important to be familiar with the 
differential diagnosis (see Table  21.1 ).

       Connective Tissue Diseases 

 Connective tissue diseases are chronic autoim-
mune diseases that can result in infl ammation and 
vascular pathology. In one study of 50 patients 
with digital ischemia, connective tissue disease 
was the predominant underlying disease, associ-
ated with 38 % of cases [ 2 ]. Forms of connective 
tissue disease that can present with digital ulcers 
include systemic sclerosis (SSc), systemic lupus 
erythematosus (SLE), and mixed connective tis-
sue disease (MCTD) [ 2 ]. Digital ulcers and isch-
emia can occur in up to 50 % of SSc patients over 
the course of their disease [ 3 ]. Although clearly 
less common than in SSc, the exact incidence and 
prevalence of digital ischemia are currently 
unknown in SLE and MCTD patients [ 4 ,  5 ]. SSc 
is characterized by cutaneous and visceral fi bro-
sis, in addition to vascular disease that involves 
the arterioles and arteries of the peripheral circu-
lation [ 1 ]. Histologically, the digital arteries in 
patients with SSc are characterized by intimal 
hyperplastic or fi brotic proliferation, resulting in 
extensive luminal narrowing (Fig.  21.1 ) [ 6 ,  7 ]. 
Digital artery thrombosis can also occur, further 
compromising the peripheral circulation, leading 

to both chronic and acute episodes of digital isch-
emia [ 8 ]. The majority of studies on the manage-
ment of digital ulcers and ischemia summarized 
below have included patients with SSc.

       Vasculitis 

 Vasculitis occurs when there is infl ammation and 
fi brinoid necrosis of blood vessel walls [ 9 ,  10 ]. 
This leads to vessel destruction and subsequent 
hemorrhagic and ischemic damage [ 11 ]. In addi-
tion to affecting the larger blood vessels, infl am-
mation can occur in arterioles, venules, and 

   Table 21.1    Digital ulcer differential diagnosis   

 Differential diagnosis  Characterization 

 Connective tissue 
diseases 

 Digital artery fi brosis and 
hyperplasia leading to vascular 
occlusion.   Scleroderma  

  Systemic lupus 
erythematosus  
  Mixed connective 
tissue disease  

 Vasculitis  Infl ammation and fi brinoid 
necrosis of vascular walls. 

 Arteriopathies  Insidious widespread arterial 
disease. Particularly within the 
retinal, cerebral, coronary, 
pulmonary, and renal 
circulations in addition to the 
limbs and digits. 

 Occupational diseases  Embolization to digital arteries 
resulting from constant force 
or pressure to the ulnar artery. 

 Paraneoplastic 
syndrome 

 Rapid ischemic onset due to 
impaired anticoagulant and 
fi brolytic pathways in the 
presence of cancer. 

 Steal phenomenon 
after vascular access 
shunts 

 Abnormal blood fl ow after 
radial artery shunt placement. 
Frequently accompanied by 
numbness and parathesia. 

 Iatrogenic after radial 
artery cannulation 

 Partial or complete vascular 
occlusion from indwelling 
catheters. 

 Septic shock  Decreased peripheral tissue 
perfusion after severe 
infection. 

 Anatomic variants  Abnormal vascular fl ow due to 
abnormal arterial anatomy. 
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capillaries. However, digital ischemia typically 
occurs in association with large or medium vessel 
vasculitis. Primary vasculitides that can be asso-
ciated with digital ischemia include giant cell 
arteritis or Takayasu’s arteritis which affect large 
vessels; polyarteritis nodosa which affects 
medium vessels; and anti-neutrophilic cytoplas-
mic antibody (ANCA)-associated vasculitis, 
cryoglobulinemic vasculitis, and connective tis-
sue disease-associated vasculitis which can affect 
small and medium sized blood vessels [ 12 ].  

    Arteriopathies 

 The most common cause of peripheral vascular 
disease is obstructive atherosclerosis of the 
extremities. Atherosclerosis is considered to 
involve an infl ammatory component which may 
be in part immune-mediated [ 13 ]. Traditional 
risk factors are well known including age, gen-
der, family history, diabetes mellitus, hyperten-
sion, hyperlipidemia, cigarette smoking, and 
obesity with metabolic syndrome [ 14 ,  15 ]. 

Atherosclerotic plaque can cause stenosis or 
occlude peripheral vessels causing claudication 
with physical activity or it can cause cutaneous 
ulceration. Thrombosis, embolism, and vascular 
dissection are complications that can cause digi-
tal ulcers or peripheral skin ulcerations. In 
patients with other vascular diseases, underlying 
larger vessel atherosclerosis is a common com-
plicating factor that must be appreciated and 
addressed. The prevalence of atherosclerotic car-
diovascular disease has been found to be higher 
in patients with SSc than in the general popula-
tion [ 15 ,  16 ]. Although the exact mechanisms are 
unknown, this increased rate may be secondary 
to the chronic infl ammation, altered lipid profi les 
and function, development of autoantibodies, and 
vascular dysfunction found in SSc [ 15 ]. 

 Fibromuscular dysplasia (FMD) is a systemic 
arterial disease that is noninfl ammatory and 
nonatherosclerotic [ 17 ]. FMD has an unknown 
etiology but has been suggested to be due to 
hormonal, mechanical or genetic causes [ 17 ,  18 ]. 
It typically affects the renal and carotid arteries, 
but can also affect the small arterial beds where it 

  Fig. 21.1    Digital artery from a patient who has SSc (ampu-
tation specimen) showing marked intimal hyperplasia and 
almost complete occlusion of the lumen (Reproduced with 

permission from: Herrick, A. (2008). “Diagnosis and man-
agement of scleroderma peripheral vascular disease.” 
Rheumatic Disease Clinics of North America 34(1): 89–114)       
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manifests as lesions in the middle or distal 
arterial segments. Although uncommon, case 
studies have reported digital ischemia in patients 
with brachial artery FMD [ 19 – 21 ]. FMD pre-
dominantly presents in young female adults who 
are suffering from renal hypertension [ 18 ]. 

 Degos disease (also called malignant atrophic 
papulosis) is a rare condition that can be purely 
cutaneous (small, white, and fi rm papules), or 
that can present as a systemic variant with cuta-
neous manifestations [ 22 ]. The pathogenesis is 
unknown [ 22 – 25 ]. The systemic variant has a 
high morbidity and can affect the nervous, oph-
thalmological, gastrointestinal, cardiothoracic, 
and hepatorenal systems. It has been suggested 
that the skin lesions of Degos disease are second-
ary to the slow occlusion of deeper arterioles 
[ 25 ], which can ultimately cause digital ischemia. 
Histologic fi ndings in one small study noted that 
all patients with Degos syndrome had varying 
degrees of lymphocyte-mediated necrotizing 
vasculitis [ 24 ].  

    Occupational Diseases [See 
Chap.   9    ] 

 Blunt or penetrating injury can lead to vascular 
trauma and complications of digital ulcerations. 
Hypothenar hammer syndrome (HHS) is a 
condition resulting from constant pressure or 
vibrational force to the ulnar artery. Embolization 
to digital arteries from the injured ulnar artery 
can cause unilateral fi nger ischemia [ 26 ]. 
Occupations that require repetitive movement in 
which the palm is used as a hammer, such as 
carpenters, machinists, and mechanics, are most 
susceptible to digital ischemia related to injury of 
the ulnar artery [ 26 – 28 ]. The incidence of HHS 
in these occupations is estimated to be 14 % [ 29 ]. 
Symptoms associated with HHS range from mild 
pain or cold sensitivity to digital gangrene. It has 
been suggested that individuals who develop 
HHS may have a preexisting abnormality of their 
ulnar artery, making it more susceptible to digital 
artery embolization from traumatic injury [ 26 ]. 
Identifying HHS can be diffi cult, and it is believed 

to be underdiagnosed [ 30 ]. A thorough patient 
history for occupation, hobbies, and previous 
hand trauma is important to properly diagnose 
the disease [ 31 ].  

    Paraneoplastic Syndrome 

 Malignant disease can be associated with digital 
ischemia, and has been reported with a variety of 
cancers including those of the kidney, ovary, 
colon, and pancreas [ 32 – 34 ]. Although digital 
ischemia as a paraneoplastic syndrome has been 
reported in a number of case studies, the preva-
lence is unknown [ 32 ,  35 – 37 ]. Factors that may 
contribute to cancer-related ischemia include 
tumor cell infi ltration, impaired blood fl ow due to 
hyperviscosity, an increase in circulating coagu-
lant factors, and impaired anticoagulant and 
fi brinolytic pathways. Tumor antigen–antibody 
immune complexes can also cause arterial micro-
vascular thrombosis [ 38 ]. Generally, onset is 
sudden and can be rapidly progressive [ 32 ]. In 
some cases, symptoms reduce after therapy for 
the primary tumor [ 39 – 41 ].  

    Steal Phenomenon After Vascular 
Access Shunts 

 If a patient has recently received shunt place-
ment, steal phenomenon should be considered as 
a possible mechanism for digital ischemia. 
Placement of upper limb arteriovenous accesses 
for hemodialysis has been reported to induce 
hand ischemia in 1.6–8 % of hemodialysis 
patients [ 42 – 44 ]. With vascular steal, extremity 
ischemia can occur when signifi cant arterial 
blood fl ow is shunted directly into the venous 
outfl ow of an arteriovenous fi stula or graft but a 
portion of the collateral fl ow to the distal extrem-
ity is taken by the access [ 43 ]. Vascular steal can 
range in intensity. In mild cases, onset is insidi-
ous and can be delayed by a few days to a few 
months. Symptoms include numbness and pares-
thesia of one or more fi ngers. Pain, stiffness, and 
swelling of the fi ngers may also occur [ 42 ]. In 
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severe cases, there is progressive numbness and 
pain, accompanied by reduced sensation, isch-
emic ulcers, and dry gangrene of the fi ngers [ 42 , 
 44 ]. Confi rmation of the diagnosis is made with 
digital plethysmography/pulse volume record-
ings that document digital pressures less than 
50 mmHg and augmentation of the pulse wave 
with fi stula compression [ 42 ].  

    Iatrogenic After Radial Artery 
Cannulation 

 Although an uncommon complication, ischemic 
damage from radial artery cannulation may occur 
[ 45 ,  46 ]. Radial artery cannulation is a procedure 
that allows precise measurement of blood 
 pressure, blood gases, arterial pulse contour, and 
cardiac output, and is particularly useful when 
managing critically ill patients and individuals 
who will be undergoing major surgery. However, 
indwelling catheters have been reported to create 
partial or complete vascular occlusion that results 
in ischemia and at times gangrene of a digit or 
hand. Autoimmune diseases, vasospastic condi-
tions such as Raynaud’s phenomenon (RP), 
severe arteriosclerosis or ischemic disease, and 
thrombotic tendency have all been identifi ed as 
risk factors for cannulation complications [ 46 ].  

    Septic Shock 

 Septic shock occurs when the systemic response 
to infection leads to hypotension and organ dys-
function [ 47 ]. Septic shock is characterized by 
decreased peripheral tissue perfusion, abnormal 
cellular metabolism, and misdistribution of blood 
fl ow due to vessel constriction, all of which can 
lead to digital ischemia [ 48 ].  

    Anatomic Variants 

 Abnormal anatomic structures may infl uence 
the occurrence of digital ischemia. Variations in 
the arterial anatomy of the upper extremities 
are found in as many as 24 % of patients and are 

most common in the radial or ulnar artery [ 49 , 
 50 ]. Anatomic variation can be observed by 
arteriogram. Anatomic arterial contribution to 
abnormal blood fl ow should be assessed prior 
to determining the best therapy for digital 
ulceration [ 50 ].  

    Digital Ulcers 

    Defi nition 

 Digital ulcers (DU) are denuded areas with a 
defi ned border, loss of epithelialization, and loss 
of epidermis and dermis [ 51 ]. DU do not include 
fi ssures (Fig.  21.2 ) or paronychia (Fig.  21.3 ). DU 
can be related to ischemic causes, from severe 
recurrent vasospasm related to RP and underlying 
vascular pathology. Other contributing factors 
include trauma or underlying calcinosis 
(Fig.  21.4 ). They typically present as painful sores 
on the fi ngers or toes (Fig.  21.5 ), but can also 
occur over the interphalangeal joints of the hands, 
or other extensor surfaces (Fig.  21.6 ) [ 52 ]. DU 
can also be partially or completely covered with 
crust, hyperkeratosis, or fi brin. Chronic ulcers can 
progress to gangrene, loss of distal tissue, or 
become infected and lead to osteomyelitis [ 52 ].

           Pathophysiology 

 Ischemic DU are a consequence of multiple 
 factors. Although the vasospasm associated with 
RP is reversible, recurrent and prolonged 
 episodes may contribute to ischemic damage to 
distal tissues. In addition, vascular injury can 
result in endothelial dysfunction and abnormal 
vascular reactivity. For example, increased levels 
of vasoconstrictors (endothelin-1) and decreased 
levels of vasodilators (nitric oxide and prosta-
glandin) are thought to lead to decreased perfu-
sion of the digits in patients with SSc. Finally, the 
lumen of digital arteries in patients with SSc is 
compromised due to thrombosis [ 51 ] and fi brosis 
of the intimal layer [ 53 ]. Progressive occlusion of 
arteries from thrombosis can occur in other dis-
eases associated with DU.  
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  Fig. 21.2    ( a ) Dryness, scaling, and fi ssuring of the fi n-
gers from dehydration related to obliteration of adnexal 
structures; ( b ) Fissure of the skin on distal fi nger       

  Fig. 21.3    Chronic paronychia is common due to loss of a 
functional barrier at the nail fold       

    Prevention and Treatment of DU 

 Although treatment with a variety of vasodilators 
has been shown to be effective in managing RP, 
DU remain a serious complication for many 
patients, and a uniform effective therapy is 
lacking [ 53 ]. Below, we will address non- 
pharmacologic and pharmacologic therapies tar-
geted to treat DU, as well as surgical options. It is 
important to note that most of the clinical trials 
investigating agents used to prevent or heal DU 
have been done in patients with SSc. Therefore, 
the benefi t or not of a given agent in other vascu-
lar diseases causing DU is unclear. It is also 
important to address the underlying cause of the 
vascular disease with specifi c therapy if possible. 
For example, active vasculitis may need cortico-
steroids or immunosuppressive therapy to control 
the infl ammatory component of the vascular 
insult.  

    Non-pharmacologic Therapy 

 The management of DU includes non pharmaco-
logical modalities, including the avoidance of all 
inciting factors such as cold exposure, emotional 
distress, smoking, repeated trauma of hands, and 
some drugs [ 54 ], specifi cally pharmacologic vaso-
constrictors such as smoking, cocaine, and sympa-
thomimetics [ 55 ]. In patients with scleroderma 
(SSc), physical therapy is important in improving 
joint contractures of the digits where abnormal 
skin stretched over an immobile joint often leads 
to a trauma-induced DU [ 1 ] (Fig.  21.7 ).

   Keeping the affected area clean is of utmost 
importance to promote healing and prevent infec-
tion. Also, patients should minimize trauma to 
their digits as much as possible. Hydrocolloid 
membranes such as Duoderm can provide protec-
tion from repeated trauma and also accelerate 
DU healing and reduce pain [ 56 ]. These dress-
ings decrease oxygen tension and preserve mois-
ture over the damaged area, promoting growth of 
granulation tissue and the epidermal and dermal 
layers of the skin [ 1 ]. Duoderm is a polyurethane 
fi lm coated with a strong adhesive that protects 
skin from bacteria and serves as a barrier against 
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further injury. We use the following approach for 
the application of Duoderm. First, we recom-
mend cleaning the area over the ulcer with hydro-
gen peroxide 3 % or an antibacterial soap, drying, 
and covering with antibacterial ointment, being 
careful not to get the greasy ointment where the 
adhesive will be placed. Duoderm should be cut 
approximately 1/2–1 in. beyond the wound’s 
margin and applied to the wound after peeling off 
the adhesive. Tape may be used around the edges 
of the dressing to aid keeping it in place. The 
Duoderm dressing should be changed and 
cleaned every third day, or sooner if the dressing 
is oozing a lot of fl uid. 

 The removal of damaged tissue can be helpful 
in improving the healing potential of remaining 
tissue [ 57 ]. Debridement can be performed if the 
DU appears to be superfi cial and there is no deep 

infection or exposed bone [ 58 ]. Surgical debride-
ment may be indicated for deeper lesions [see 
Chap.   22    ].  

    Pharmacologic Therapies 

    Optimization of Raynaud’s 
Phenomenon (RP) Therapy 
 We often use pharmacologic agents to treat RP 
either alone or in combination for the treatment 
and prevention of DU since RP contributes to the 

  Fig. 21.4    ( a ) Ulceration over fi rst fi ngertip related to the presence of calcinosis, ( b ) X-ray showing subcutaneous 
calcinosis in fi ngertip       

  Fig. 21.5    Ulceration at fi ngertips       

  Fig. 21.6    Ulceration over the right third distal interpha-
langeal joint with overlying crust       
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development of ischemic DU, and the majority of 
validated outcome measures used in DU clinical 
trials are borrowed from studies of RP [ 1 ,  59 ]. We 
will focus on treatments that have shown some 
effi cacy specifi cally for DU. Please refer to 
Chap.   15     for details on RP management. 

  Calcium channel blockers  ( CCBs ): CCBs are 
moderately effective in the treatment of RP, reduc-
ing the severity of attacks by 35 % in secondary 
RP [ 60 ] and by 33 % in primary RP [ 61 ]. In addi-
tion, one study demonstrated a signifi cant reduc-
tion in the number of DU compared to baseline 
after 16 weeks of nifedipine, as compared to intra-
venous infusions of iloprost, but without change in 
hand temperature or digital microcirculatory blood 
fl ow [ 62 ]. Another study compared nifedipine to 
placebo in the treatment of RP [ 63 ] and found no 
statistically signifi cant difference in the prevention 
of new DU; however, the trial was underpowered 
since few new ulcers developed [ 64 ]. CCBs may 
potentially be useful as “background” therapy in 
patients with DU, and most randomized controlled 
trials (RCT) for DU permit CCB use at stable 
doses throughout the studies [ 52 ]. 

  Alpha-adrenergic inhibitors : Two RCT showed 
that prazosin is more effective than placebo in the 
treatment of RP secondary to SSc [ 65 ] and one 
observational study found that terazosin reduced 
the number, intensity and duration of vasospastic 
attacks to the hands in patients with idiopathic 

and secondary RP [ 66 ]. However, although they 
may reduce RP, alpha-adrenergic blockers have 
not been directly studied for DU treatment [ 59 ]. 

  Angiotensin converting enzyme  ( ACE )- inhibitors 
and angiotensin receptor blockers  ( ARBs ): 
Similarly, ACE-inhibitors and ARBs have lim-
ited benefi t in the treatment of RP secondary to 
SSc, but studies evaluating their effects on DU 
are lacking [ 1 ]. One multicenter, randomized, 
double blind, placebo controlled study included 
210 patients with limited scleroderma or with 
RP and the presence of SSc-specifi c antinuclear 
antibodies. This study found that quinapril 
80 mg/day, or the maximum tolerated dosage, 
did not affect the occurrence of new DU or the 
frequency or severity of RP episodes over a 
3-year follow-up period [ 67 ]. 

  Nitroglycerin ointment or patches : Nitrates are 
used in topical, sublingual, or oral formulations, 
as adjunctive therapy in the treatment of RP and 
DU in SSc [ 1 ], but there is no evidence support-
ing their role in DU healing [ 54 ]. One double 
blind, placebo-controlled, randomized trial 
showed that a short-acting topical nitroglycerin 
gel was more effective than placebo for the treat-
ment of RP but did not prevent new DU [ 68 ]. 

  Selective serotonin reuptake inhibitors (SSRI) : 
A small study of 26 patients with primary and 
27 patients with secondary RP suggested that 

  Fig. 21.7    ( a ) A traumatic ulcer over the proximal pharyngeal joint in the middle fi nger, ( b ) A traumatic ulcer over the 
proximal pharyngeal joint in the ring fi nger       
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SSRI are more effective than nifedipine in 
reducing the frequency and severity of RP, par-
ticularly in female patients and those with pri-
mary RP [ 69 ]. However, no studies have 
evaluated the effect of SSRI on the treatment 
and prevention of DU [ 59 ].  

    Other Vasoactive Drugs 

 Endothelin-1 receptor antagonists
Endothelin receptor antagonists (ETRA) are a 
class of pulmonary arterial hypertension (PAH)-
specifi c drugs that block the interaction of 
Endothelin-1 (ET-1) with its receptors (ET A  and 
ET B ) interfering with its vasoconstrictive effects 
[ 70 ]. ET A  receptors are located on vascular 
smooth muscle cells and primarily mediate vaso-
constriction while ET B  receptors are located on 
endothelial cells mediating vasodilatation by 
release of nitric oxide and prostanoids, and also 
on smooth muscle cells mediating vasoconstric-
tion [ 71 ]. ET-1 is also noted to promote cell 
growth and proliferation and thus can also medi-
ate vascular and tissue fi brosis and remodeling. 

 Bosentan
The dual endothelin-1 receptor antagonist bosen-
tan has been shown to prevent the development of 
new SSc-related DU in two randomized, double-
blind controlled clinical trials [ 53 ,  72 ]. In the 
RAPIDS-1 trial, which included 122 patients 
with SSc, bosentan 62.5 mg twice daily for 
4 weeks and thereafter 125 mg twice daily 
reduced the occurrence of new ulcers by 48 % 
after 16 weeks of treatment, particularly in 
patients with diffuse skin involvement, non- 
smokers, and patients with a high burden of 
DU. A slight trend toward slower healing was 
observed in patients treated with bosentan, but 
this did not reach statistical signifi cance. 
RAPIDS-2, which enrolled 188 patients with 
SSc, confi rmed the results of the previous 
RAPIDS-1 trial: 24 weeks of bosentan therapy 
was associated with a reduction in the number of 
new DU compared to placebo, but did not lead to 
more rapid ulcer healing. The most common side 
effect among patients treated with bosentan was 
elevation of liver enzymes, which was reported in 

11.4–12.5 % of patients treated in clinical trials 
[ 64 ]; thus its use requires monthly liver function 
test monitoring. The FDA approved bosentan in 
the USA in November 2001 for the treatment of 
WHO functional class III/IV PAH, and in 2009 
for the treatment of WHO functional class II 
PAH, while the EU approved it for PAH in May 
2002. In June 2007, the EU extended the indica-
tion for bosentan as a therapy to reduce the num-
ber of new DU in patients with SSc and ongoing 
DU disease [ 70 ]. 

  Ambrisentan 
Although evaluated in only a small number of 
patients, this ET A  selective ETRA showed a 
reduction in the total number of DU in two open-
label studies [ 73 ,  74 ]. In the fi rst one, six patients 
with SSc with DU unresponsive to bosentan were 
treated with 5 mg daily of ambrisentan for 
24 weeks. The recruited patients continued to 
receive intravenous therapy with prostanoids. 
Ambrisentan led to a reduction in baseline num-
ber of DU per patient with no appearance of new 
lesions [ 73 ]. In the second study, up to 10 mg 
daily as tolerated of ambrisentan signifi cantly 
decreased DU burden and mean maximum diam-
eter of lesions after 24 weeks of therapy in 20 
patients with SSc. Ambrisentan did not prevent 
the incidence of new DU and no patients devel-
oped elevated transaminases, but 75 % experi-
enced peripheral edema [ 74 ]. Ambrisentan does 
not require monthly liver function test monitor-
ing, is given once daily, and two doses are avail-
able (5 and 10 mg). It is approved for the therapy 
of SSc-associated PAH in the USA, but has not 
been evaluated in RCT for the prevention and 
treatment of DU. 

  Macitentan 
Macitentan is a dual endothelin- receptor antago-
nist, developed by modifying the structure of 
bosentan to increase effi cacy and safety. 
Macitentan was FDA-approved for the treatment 
of WHO functional class II-IV PAH in October 
2013 at a dose of 10 mg once daily. Liver enzyme 
abnormalities occurred in a similar percentage of 
patients receiving placebo and macitentan in the 
PAH trial, but higher percentages of patients in 
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the two macitentan groups had nasopharyngitis, 
headache, and anemia [ 75 ]. There are two ongo-
ing multicenter randomized double- blind pla-
cebo controlled parallel group studies aimed to 
evaluate the effectiveness of macitentan in the 
prevention of new DU at 16 weeks. Although pre-
liminary data analysis led to the early termination 
of these trials due to a lack of effi cacy over pla-
cebo, results of fi nal analyses are pending. 

  Phosphodiesterase inhibitors 
By inhibiting the hydrolysis of cyclic guano-
sine monophosphate (cGMP), agents in this 
class increase cGMP levels, with consequent 
vasodilatory,  antiproliferative, and pro-apoptotic 
effects that may reverse pulmonary artery 
remodeling. Studies have suggested these 
agents may have a role in the treatment and 
 prevention of DU, but solid evidence is lacking. 
Common side effects of these medications 
include headaches, dizziness, dyspepsia, and 
nasal congestion. 

  Sildenafi l 
One open uncontrolled study of 16 patients with 
SSc treated with maximally tolerated doses of 
sildenafi l (mean 114 mg daily for mean 
5.2 months), and concomitant vasodilators and 
platelet inhibitors showed a signifi cant decrease 
in the total number of DU. However, nine patients 
developed 12 new DU despite sildenafi l therapy 
[ 76 ]. One double-blind placebo- controlled study, 
which did not measure DU outcomes, included 
57 patients with limited cutaneous SSc and 
showed that 100 mg once daily for 3 days fol-
lowed by 200 mg once daily for 25 days of 
modifi ed-release sildenafi l reduced RP frequency 
and was well tolerated [ 77 ]. 

  Tadalafi l 
One study concluded that tadalafi l as add-on 
therapy may contribute to DU prevention and 
healing. 24 patients with SSc or mixed connec-
tive tissue disease were treated with 20 mg of 
tadalafi l every other day or placebo for 6 weeks 
and then crossed over, with concomitant 
vasodilators (CCBs, ACE-inhibitors, and ARBs) 
and platelet inhibitors. All 24-fi ngertip ulcers 

healed during tadalafi l compared to 3 of 13 
during placebo treatment. Tadalafi l also signifi -
cantly prevented the appearance of new DU (1 
during tadalafi l treatment versus 13 during pla-
cebo) [ 78 ]. However, another randomized, 
double- blind, placebo-controlled, crossover 
study of 39 women with RP secondary to SSc 
receiving 20 mg of tadalafi l daily or placebo for a 
period of 4 weeks showed that tadalafi l lacked 
effi cacy as a treatment for RP. There were too few 
DU in this study population to analyze the role of 
tadalafi l in DU healing or prevention [ 79 ].  

    Prostacyclins 
 Prostacyclins are potent pulmonary and systemic 
vasodilators that also inhibit platelet adhesion 
and aggregation, and smooth muscle cell prolif-
eration in the blood vessels [ 59 ,  80 ]. Common 
side effects of these medications include hypo-
tension, dizziness, headache, fl ushing, jaw pain, 
and gastrointestinal symptoms [ 81 ]. 

  Oral Prostanoids 
Overall, oral forms of prostanoids have not 
shown benefi t in the treatment of DU. In one 
meta-analysis [ 64 ], none of the following studies 
showed a statistically signifi cant difference in 
DU healing individually or in pooled analyses, 
and side effects were more common in subjects 
who received oral prostanoids compared to the 
placebo subjects. 

  Iloprost 
Although no studies have evaluated the effects of 
oral iloprost on DU, one study showed that oral 
iloprost at a dose of 50 mcg twice daily did not 
signifi cantly improve RP compared to placebo 
[ 82 ]. Higher doses of oral iloprost may be more 
effective for the treatment of RP and potentially 
DU, but with increased side effects that may limit 
tolerability [ 59 ]. 

  Beraprost 
In a study of 107 patients with SSc, the oral pros-
tacyclin analog beraprost sodium at a dose of 
60 μg three times daily, showed a trend towards 
fewer new DU compared to placebo [ 83 ]: 48 % 
of patients had new ulcers in the beraprost group 
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versus 59 % in the placebo group ( p  = 0.325), but 
this has not been confi rmed in further studies. 

  Cisaprost 
Cisaprost, another oral prostacyclin analog 
showed a trend for minimal improvement in effi -
cacy when given orally at a dose of 2.5 or 5 μg 
three times daily for the treatment of RP second-
ary to SSc. This 4-month randomized, double-
blind, placebo-controlled study involving 49 
patients found that there were not statistically 
signifi cant differences in the median change from 
baseline in the total number and duration of 
attacks, the number of painful attacks and the 
average severity of attacks between the three 
groups. However, cisaprost given at 5 μg three 
times daily produced a greater decrease in sever-
ity of RP at week 2 ( p  = 0.02). There were no 
signifi cant changes in the number of active DU 
throughout the study between the three groups, 
but only fi ve patients had DU at the time of 
enrollment [ 84 ]. 

  Treprostinil 
A study of 148 subjects with DU showed that the 
administration of the oral prostacyclin analog 
treprostinil as a sustained-release osmotic tablet 
up to 16 mg twice daily for 20 weeks did not 
result in a statistically signifi cant reduction in net 
ulcer burden when compared to placebo [ 85 ]. 

  Systemic prostanoids 
Prostanoids delivered systemically, either by 
intravenous or subcutaneous administration, 
appear to be more effective for the treatment of 
DU than oral formulations likely related to 
better absorption. Intravenous prostanoids, in 
particular iloprost, are approved in the EU and 
recommended for the treatment of DU in patients 
with SSc [ 86 ]. 

  Intravenous iloprost 
Intravenous iloprost (0.5–2 ng/kg per minute for 
3–5 consecutive days) signifi cantly improved DU 
healing, particularly for ischemic digital tip 
ulcers, in comparison with placebo in two RCT 
including 35 and 131 SSc patients, respectively 
[ 87 ,  88 ]. A third small RCT including 17 patients 

treated over the course of 4 months with monthly 
3-h intravenous infusion of 0.5–2.0 ng/kg/min of 
iloprost or placebo did not fi nd statistically sig-
nifi cant differences [ 89 ]. In addition, two RCT 
comparing intravenous iloprost to oral nifedipine 
for the treatment of RP showed a benefi cial 
effect on DU healing in both groups, but the 
number of patients with DU was small [ 62 ,  90 ]. 
The fi rst one included 23 patients with SSc-
related RP and the mean number of digital lesions 
was reduced with iloprost from 3.5 to 0.6 and 
with nifedipine from 4.3 to 1.4 after 16 weeks. 
The second study included 46 patients with 
SSc-related RP, 17 patients had DU at entry into 
the study. Among these, all the patients treated 
with nifedipine (3/3) and 12 out of 14 of those 
treated with iloprost decreased the number of DU 
after 12 months. In contrast, one meta-analysis 
showed that intravenous iloprost was benefi cial 
for the prevention of new DU, but did not affect 
DU healing [ 64 ]. Long-term low-dose iloprost 
(0.5 ng/kg per minute) has been shown to be 
equally effective and less harmful than high-dose 
(2 ng/kg per minute) when given for 21 days, 
with both regimes reducing DU in 70 % of treated 
patients [ 91 ]. There is currently no generally 
accepted dosage scheme for the administration of 
iloprost [ 92 ]. We recommend the use of 0.5–2 ng/
kg per minute for 3–5 consecutive days, then 
reassessing response for additional infusions. 

  Intravenous epoprostenol 
In one study that did not report effects on healing 
of existing ulcers, intravenous epoprostenol 
administered continuously for severe SSc-
related pulmonary arterial hypertension tended 
to reduce the number of new DU when compare 
to conventional therapy [ 93 ]. Although not FDA 
approved for the treatment and prevention of 
DU, epoprostenol could potentially be used in a 
similar fashion to intravenous iloprost for the 
management of DU and digital ischemia. 

  Subcutaneous Treprostinil 
Treprostinil is a prostacyclin analog that is 
currently approved for the treatment of PAH in 
subcutaneous, intravenous, and oral formulations. 
In one small study, subcutaneous treprostinil was 

21 Management of Digital Ischemia



350

effective in both the healing and prevention of 
DU in patients with SSc [ 94 ]. However, only 5 of 
12 patients were able to tolerate the medication 
due to severe injection site pain. Intravenous 
treprostinil has not been evaluated for the treat-
ment of DU. 

  Anti-platelet Agents : Although a double blind con-
trolled study of aspirin in combination with dipyri-
damole showed no benefi t on RP or DU compared 
to placebo [ 95 ], 81 mg of aspirin daily is often pre-
scribed for patients who do not have a contraindi-
cation, keeping in mind that patients with SSc often 
have gastrointestinal involvement and are at 
increased risk of side effects [ 96 ]. Cilostazol and its 
metabolites are inhibitors of phosphodiesterase III 
that increase cyclic adenosine monophosphate 
(cAMP) levels leading to reversible inhibition of 
platelet aggregation, vasodilation, and inhibition of 
vascular smooth muscle cell proliferation [ 97 ]. 
Pentoxifylline reduces blood viscosity and 
improves peripheral tissue oxygenation presum-
ably through enhanced blood fl ow increasing leu-
kocyte and erythrocyte deformability and 
decreasing neutrophil adhesion/activation [ 98 ]. A 
systematic review and network meta-analysis of 
26 RCTs evaluated the effi cacy and tolerability of 
cilostazol and pentoxifylline in patients with inter-
mittent claudication due to peripheral arterial dis-
ease and found that cilostazol increased maximum 
and pain-free walking distance with minimal seri-
ous adverse events [ 99 ]. Although there is biologic 
rationale to use these agents for the treatment of 
DU, there is currently no strong evidence support-
ing their use for this indication. One small study of 
11 females with primary RP treated with pentoxi-
fylline 400 mg tid for 2 months showed photople-
thysmographic improvement of peripheral blood 
fl ow and decrease in duration and frequency of 
attacks [ 100 ]. 

  Statins : Extensive research suggests that the clin-
ical benefi ts of statins are related to an improve-
ment in vascular function and inhibition of 
smooth muscle proliferation [ 101 ], a reduction in 
blood thrombogenicity, anti-infl ammatory prop-
erties, and immunomodulatory actions [ 102 ]. 

One single study involving 84 SSc patients 
showed that 12 weeks of atorvastatin therapy 
reduced RP and prevented new DU in compari-
son to placebo, without statistically signifi cant 
differences in DU healing [ 102 ]. 

  Botulinum toxin : The local administration of bot-
ulinum neurotoxin type A is thought to increase 
blood fl ow as a result of arteriolar vasodilation 
through sympathetic blockade [ 103 ]. One study 
of 26 patients found that the use of botulinum 
toxin type A (BTX-A) injection in patients with 
recalcitrant ischemia resolved pain in 75 % of 
patients; improved color in 57 % of patients, and 
improved transcutaneous oxygen saturation in 
56 % of patients. A single treatment with BTX-A 
resulted in improvement 89 % of the time [ 104 ]. 
A recent review article [ 105 ] summarized the 
fi ndings from four published studies [ 104 ,  106 –
 108 ] of patients treated with botulinum neuro-
toxin A. All patients had overall improvement in 
pain as well as decrease in frequency and severity 
of vasospastic attacks and healing of DU. Current 
problems are the lack of a standardized injection 
site and dose, in addition to complications that 
include pain at the site of injection and transient 
intrinsic hand muscle weakness [ 104 ]. Further 
and longer-term evaluation is necessary to better 
defi ne the role of botulinum toxin in DU treat-
ment [ 96 ]. 

  Topical Vitamin E : Vitamin E is believed to be 
the most important naturally occurring non- 
enzymatic, lipid-soluble antioxidative agent in 
human tissue, with also antiaggregant and mild 
vasodilating capabilities. It may both reduce the 
ischemic damage of reperfusion and stimulate 
the growth and stabilization of granulation tissue, 
as well as reepithelialization. In one single study, 
the application of topical vitamin E reduced time 
of healing of DU and was associated with a 
faster resolution of pain, with a signifi cant reduc-
tion of costs [ 109 ]. 

 More aggressive treatment may be necessary 
if conservative medical treatment is ineffective in 
treating digital ischemia. These include sympa-
thectomy, surgery, and amputation.  
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    Sympathectomy: [Also see Chap.   22    ] 
  Chemical sympathectomy : While more com-
monly performed for lower limb complications, 
upper limb chemical sympathectomy can provide 
relief and healing. Lidocaine or bupivacaine digi-
tal blocks have also been reported as effective in 
immediately decreasing pain [ 110 ,  111 ]. 
However, chemical sympathectomy can be com-
plicated by neuritis and surgical sympathectomy 
may be favored [ 112 ,  113 ]. 

  Surgical sympathectomy : Because of the rela-
tionship between blood fl ow and vessel radius, a 
small change in the vessel radius can impart a 
large effect on blood fl ow. Surgical sympathec-
tomy is a procedure in which at least one sympa-
thetic ganglion is removed. Eliminating 
sympathetic innervation creates a corresponding 
dilatation of blood vessels [ 114 ]. Sympathectomy 
may prevent the need for digital amputation if 
performed early enough [ 114 ]. Both cervical and 
digital sympathectomy can be useful in managing 
digital ischemia; however, cervical sympathec-
tomy has been found to have limited results [ 115 , 
 116 ]. Cervical sympathectomy involves blocking 
the sympathetic chain/ganglia in the lower cervi-
cal and upper thoracic region [ 117 ]. Patients with 
connective tissue disease, such as SSc, may only 
temporarily respond to sympathetic ablation, 
while digital sympathectomy to treat RP associ-
ated with occupational diseases typically results 
in longer lasting effects [ 28 ,  114 ]. It has been 
suggested that the success of cervical sympathec-
tomy in digital ischemia is limited due to the fact 
that the brachial plexus does not receive its com-
municating rami exclusively from the cervicotho-
racic sympathetic trunk [ 57 ]. In a study of eight 
patients with SSc receiving cervical sympathec-
tomy, four (50 %) patients experienced reduction 
of pain for 1–2 years, one patient had relief of 
symptoms for 10 years, while three (38 %) 
patients received no symptomatic relief [ 57 ]. 

 Digital sympathectomy including the ulnar 
artery and the radial artery with its dorsal branch 
at the wrist level has been found to more success-
ful than cervical sympathectomy in interrupting 
sympathetic supply to the digital arteries [ 118 ]. 
Distal sympathectomy has been favored over 
proximal upper limb sympathectomy in treating 

distal circulatory problems [ 115 ]. Distal digital 
sympathectomy entails stripping the adventitia 
from the superfi cial palmar arch, the radial digital 
artery to the index fi nger, the common digital 
artery, and the ulnar and radial digital arteries to 
the second, third, and fourth web spaces and the 
ulnar digital artery to the little fi nger at the level 
of the web spaces [ 2 ,  119 ]. 

 The effi cacy of digital sympathectomy is 
determined by assessing hand pain relief and DU 
healing, and more objectively by assessing post-
operative pulse volume recordings in comparison 
to preoperative values [ 2 ]. At our center, digital 
sympathectomy was performed on 26 hands in 17 
patients with SSc, resulting in improved pain in 
92 % and healed DU in 88 % of patients (unpub-
lished data). However, the results of surgical sym-
pathectomy for the treatment of RP and DU are 
not always prolonged [ 118 ,  120 ]. Relapse has 
been attributed to incomplete denervation, regen-
eration of autonomic nerve fi bers, and reorganiza-
tion and activation of alternative pathways [ 118 ]. 
A study of sympathectomy outcomes in 22 patients 
with SSc reported fewer ulcers, faster ulcer heal-
ing, and decreased pain in 18 (82 %) of patients 
that persisted for a mean of 46 months [ 121 ].  

    Surgery: [See Also Chap. MMM] 
  Vascular reconstruction : Patients with persistent 
pain and multiple DU may be good candidates 
for vascular reconstruction. This option may be 
considered if chemical or surgical sympathec-
tomy is unable to control symptoms [ 122 ]. 
Suboptimal fi ngertip perfusion and digital arte-
rial occlusive disease may be signs for patients to 
undergo vascular reconstruction [ 123 ]. The best 
candidates for this procedure are those who show 
satisfactory distal runoff by visualization of the 
common digital arteries on angiography and if 
there is satisfactory backfl ow from the common 
digital arteries [ 2 ]. The reconstruction procedure 
creates a new palmar arch in which an interposi-
tion vein graft is anastomosed end to end to the 
distal radial or ulnar artery, and the common digi-
tal arteries are anastomosed end to side to the 
graft [ 2 ]. Vascular reconstruction has been able to 
signifi cantly improve digital temperatures and 
microvascular perfusion, in addition to upper 
extremity function [ 124 ,  125 ]. 
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  Amputation : In cases where digital infection 
and necrosis is recurrent, conservative amputa-
tions can be useful in preserving fi ngertip length 
[ 28 ]. Moreover, fi ngertip amputation can some-
times be the only defi nitive solution for relieving 
the excruciating pain experienced by patients 
[ 57 ]. Wet gangrene or osteomyelitis of a phalanx 
can serve as indications for amputation. In the 
case of dry gangrene, auto-amputation is pre-
ferred in order to preserve the maximal amount 
of tissue [ 40 ,  126 ].  

    Supporting Therapy 
  Antibiotics for infections : An antibiotic should be 
prescribed if there is any suspicion of superin-
fection of DU, as indicated by spreading ery-
thema around the lesion or evidence of purulent 
drainage [ 96 ]. We recommend oral antibiotics 
with good coverage for streptococci and methi-
cillin sensitive staphylococci, such as cephalexin, 
dicloxacillin, or clindamycin. If there is purulent 
drainage, we recommend empirically covering 
for methicillin resistant staphylococcus with 
trimethoprim–sulfamethoxazole or clindamycin, 
after obtaining cultures. Antibiotics can then be 
changed based on the sensitivity results. 
Persistent infections can spread to underlying 
bone and cause osteomyelitis, requiring pro-
longed courses of intravenous antibiotics [ 1 ]. In 
such cases, we recommend consultation with 
Infectious Disease specialists for comanagement 
in determining the best antibiotic coverage and 
length of therapy. 

  Pain medications : DU are exquisitely painful. 
Acetaminophen and nonsteroidal anti- 
infl ammatory agents can help, however narcotics 
may be necessary for adequate pain control. 
Tramadol is an effective oral analgesic that is not 
a controlled substance and can be used at doses 
of up to 100 mg every 6 h. Topical lidocaine can 
relieve pain, but its local effect on cutaneous 
blood fl ow is complex with evidence for both 
vasoconstriction and vasodilation [ 127 ]. In our 
opinion its overall benefi t outweighs the risk. 
Referral to a Pain Clinic for management of nar-
cotic medications is often helpful.    

    Critical Digital Ischemia 

    Defi nition 

 Critical digital ischemia is the sustained reduction 
in digital perfusion with resultant impaired tissue 
viability [ 128 ]. It is a digit-threatening event 
[ 55 ], may cause severe pain and well- demarcated 
persistent cyanosis or pallor with surrounding 
hyperemia [ 129 ]. Although it occurs much less 
frequently than DU [ 96 ], it is always a medical 
emergency since it may progress to digital loss 
[ 7 ]. One single-center, retrospective, longitudinal 
study of 103 patients with SSc (of whom 46 had 
history of DU) found that 68 % of patients had 
critical fi nger ischemia at least once over a 
12-year period of follow-up [ 130 ]. However, in a 
cohort of 1,168 patients with SSc followed for an 
18-month period, only 19 patients (1.6 %) devel-
oped critical ischemia [ 128 ].  

    Diagnosis 

  Clinical evaluation : It is crucial to assess for per-
sistent cyanosis or pallor, increased pain, loss of 
epithelium, or gangrene, to examine peripheral 
pulses, and in patients with SSc, to look for capil-
lary dilatation, hemorrhage, and dropout since 
progression of these nailfold capillaroscopic 
changes predicts the development of digital isch-
emia [ 131 ]. If pulses are weak or nonpalpable, an 
arterial Doppler should be performed. All patients 
should undergo laboratory analysis for the 
 presence of antiphospholipid antibodies (lupus 
anticoagulant, anti-cardiolipin, and anti-beta2-
glycoprotein I antibodies) and consider evalua-
tion for other prothrombotic states. 

  Imaging : [See Chaps.   13     and   14    ] Imaging is espe-
cially indicated to identify lesions amenable to 
angioplasty or surgery. Conventional angiogra-
phy is still considered the gold standard to visual-
ize compromised arteries [ 51 ] but is invasive, 
and involves high radiation and contrast load. 
Advances in magnetic resonance angiography 
(MRA) and computed tomography (CT) 
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angiography may replace the need of invasive 
diagnostic tools [ 132 ], but these are still investi-
gational techniques [ 133 ,  134 ]. 

  Treatment : Digital critical ischemia requires an 
aggressive approach to control symptoms and 
prevent digital loss. 

  Hospitalization : As this is considered a medical 
emergency, hospitalization and bed rest is useful 
to expedite interventions, provide warm environ-
mental temperature and appropriate pain control, 
and decrease trauma and activity of the involved 
limb [ 51 ]. 

  Analgesics : As pain due to critical digital isch-
emia is extremely intense, appropriate pain con-
trol is essential. Opioids are often needed. Local 
anesthetic blocks with lidocaine or bupivacaine 
without epinephrine and temporary chemical 
sympathetic block in patients that will undergo 
sympathectomy may also be helpful [ 55 ].  

    Optimizing Vasodilator Treatment 

  Short-acting CCBs : Oral calcium channel block-
ers should be titrated to the maximum tolerated 
dose [ 51 ], and maintained once the acute episode 
has passed [ 96 ]. 

  Intravenous prostanoids : Intravenous iloprost or 
epoprostenol at doses of 0.5–2 ng/kg/min, admin-
istered daily during 6 h through a peripheral 
line for 1–3 days should be considered [ 55 ]. 
Intravenous iloprost has been shown to reduce 
both the frequency and severity of ischemic 
attacks and to improve DU healing; epoprostenol 
has been shown to prevent the development of 
new DU [ 87 ,  88 ,  93 ]. Further studies are neces-
sary to defi ne the optimal dose and length of 
treatment with intravenous prostanoids for criti-
cal digital ischemia.  

    Treating Procoagulant Tendency 

 In some patients with SSc arterial thromboses 
have been found in digital arteries from amputa-

tion specimens [ 135 ]. Although there are no 
studies supporting this approach, low-dose aspi-
rin and short-term anticoagulation with unfrac-
tionated or low molecular weight heparin are 
recommended for patients with rapidly advanc-
ing ischemic tissue who do not have contraindi-
cations. Of note, gastric antral vascular ectasia 
(GAVE) can affect up to one fourth of SSc 
patients and therefore anticoagulation might not 
be appropriate for all patients [ 136 ]. Chronic 
anticoagulation is not recommended unless a 
hypercoagulable state is defi ned. However, the 
exact duration of anticoagulation for digital isch-
emia also has not been studied. One study has 
demonstrated the benefi t of low-molecular- 
weight heparin for symptomatic improvement in 
primary and secondary RP [ 137 ]. Thrombolytic 
therapy (e.g., with tissue plasminogen activator) 
may be helpful in selected patients with a new 
thrombotic or embolic event [ 138 – 140 ] In one 
randomized, placebo-controlled study urokinase 
improved capillaroscopic fi ndings and promoted 
DU healing in patients with SSc [ 141 ]. New anti-
thrombin agents such as direct thrombin inhibi-
tors (argatroban, inogatran, efegatran, hirudin, 
and bivalirudin) have not been studied and con-
trolled clinical trials would be necessary to deter-
mine if there is a role for these agents in the 
treatment of critical digital ischemia. 

  Sympathectomy : Similar to chronic digital isch-
emia, sympathectomy is a reasonable option for 
patients suffering from acute critical digital 
ischemia.  

    Hand Vascular Surgery 

  Debridement of necrotic tissue : An embolectomy 
may be performed to remove lodged emboli that 
are blocking blood fl ow [ 2 ,  142 ,  143 ]. 
Microvascular hand surgery should be done as 
soon as possible after the onset of symptoms to 
optimize results [ 142 ,  143 ]. 

  Amputation : Because of the accelerated progres-
sion of critical digital ischemia, the digits may be 
unable to be saved and amputation may be 
required [ 143 ].   
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    Author Recommendations (Fig.  21.8 ) 

    DU are associated with substantial pain, disabil-
ity, and complications. We recommend preventa-
tive measures such as smoking cessation, 
avoidance of cold, stress, and trauma in all 
patients. 

 If a patient does not have existing ulcers, we 
consider aspirin 81 mg daily (for all patients who 
do not have a contraindication) and aggressive 
treatment of RP primarily with CCB (nifedipine 
10–30 mg tid-qid, amlodipine 2.5–10 mg qd). 
Adjunctive therapy for RP might include ARB 
(losartan 50 mg bid), or SSRI (usually Lexapro 
10–20 mg daily). In patients with history of DU 
in addition we recommend considering the 
adjunctive use of statins, PDE5-inhibitors, or 
ET-receptor blockers for the prevention of DU. 

 In patients with 1–2 active ulcers, we use 
hydrocolloid occlusion if the locations are ame-
nable to such treatment; pain medications; 
wound care; and medical therapy typically with 
PDE5- inhibitors and ET-receptor blockers. In 
case of infection we add antibiotics as described 
above. For patients with refractory, progressive 

ulcers or multiple severe DU, our approach may 
include the use of prostacyclins, anticoagulants, 
cilostazol or pentoxifylline, and narcotics. We 
refer a signifi cant proportion of patients with 
problematic DU for digital sympathectomy or 
revascularization. 

 In patients with acute critical ischemia we rec-
ommend hospitalization, anticoagulation and 
high dose vasodilator therapy with intravenous 
prostacyclins. We typically initiate therapy at 
0.5–2 ng/kg per minute for 3–5 consecutive days 
then consider additional days of infusion or 
higher dosing if necessary. We also refer for con-
sideration of surgical sympathectomy or vascular 
reconstruction while the patients are in the hospi-
tal. Surgical debridement or amputation may be 
necessary in some cases.  

    Conclusion 

 Digital ischemia is associated with substantial 
pain, disability, and complications. Clinicians 
should have a proactive approach to manage-
ment including non-pharmacologic therapies, 

  Fig. 21.8    Algorithm for the treatment and prevention of 
digital ulcers in systemic sclerosis. (Modifi ed with permis-
sion forms from: Chung L. Therapeutic options for digital 
ulcers in patients with systemic sclerosis. JDDG. 2007 Jun; 
5(6):460–5). * All patients should be educated to avoid cold, 
stress, trauma, and nicotine. Aspirin 81 mg daily should be 
considered for all patients who do not have a contraindica-

tion. ACE-inhibitors and ARBs should be used as adjunctive 
therapy. DU = digital ulcers; RP = Raynaud’s phenomenon; 
CCB = calcium channel blockers; ACE = angiotensin con-
verting enzyme; ARB = angiotensin II receptor blocker; 
SSRI = selective serotonin reuptake inhibitor; ASA = aspirin; 
PDE5 = phosphodiesterase-5; ET = endothelin; OTC = over 
the counter; IV = intravenous; SQ = subcutaneous       
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pharmacologic therapies and collaboration with 
surgeons, as debridement and sympathectomy 
may help to preserve a digit. Presumably, optimi-
zation of RP therapy should be helpful in the pre-
vention and healing of DU by improving blood 
fl ow to the digits, although many of these medi-
cations have not been specifi cally evaluated for 
the treatment of DU. Oral forms of prostanoids 
have not shown benefi t in the treatment of DU 
while prostanoids delivered systemically appear 
to be more effective. Other key recent advances 
include the promising use of endothelin-1 receptor 
antagonists. Early intervention will likely lead to 
better outcomes in patients suffering from digital 
ischemia. In severe cases, hand surgery is an 
appropriate and effective intervention that can 
provide rapid pain relief and improve vascular 
perfusion.     
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