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Abstract
Peripheral arterial disease (PAD) refers to partial or complete occlusion of the 
peripheral vessels of the upper and lower limbs. It usually occurs as part of 
systemic atherosclerosis in the coronary and cerebral arteries. The prevalence of 
PAD is expected to continue to increase in the foreseeable future owing to the rise 
in the occurrence of its major risk factors. Nonhealing ulcers, limb amputation and 
physical disability are some of its major complications. Diabetes mellitus (DM) 
remains a major risk for PAD, with DM patients having more than two-fold 
increased prevalence of PAD compared with the general population. The clinical 
presentation in people with DM also differs slightly from that in the general 
population. In addition, PAD in DM may lead to diabetic foot ulcers (DFUs), 
which precipitate hyperglycaemic emergencies and result in increased hospital 
admissions, reduced quality of life, and mortality. Despite the epidemiological 
and clinical importance of PAD, it remains largely under diagnosed and hence 
undertreated, possibly because it is largely asymptomatic. Emphasis has been 
placed on neuropathy as a cause of DFUs, however PAD is equally important. 
This review examines the epidemiology, pathophysiology and diagnosis of lower 
limb PAD in people with diabetes and relates these to the general population. It 
also highlights recent innovations in the management of PAD.

Key Words: Diabetes; Peripheral arterial disease; Diabetic foot ulcers; Lower limb 
complications
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Core Tip: Peripheral arterial disease (PAD) is a major cause of nonhealing ulcers, lower 
limb amputation and mortality, especially in people with diabetes. The ominous 
association between PAD and diabetic foot disease is largely under-reported. Hence, it 
is under diagnosed and undertreated. This article reviews the impact of PAD in 
diabetes, its traditional and non-traditional risk factors, and pathophysiology, and 
examines some recent innovations in its management.

Citation: Soyoye DO, Abiodun OO, Ikem RT, Kolawole BA, Akintomide AO. Diabetes and 
peripheral artery disease: A review. World J Diabetes 2021; 12(6): 827-838
URL: https://www.wjgnet.com/1948-9358/full/v12/i6/827.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i6.827

INTRODUCTION
Diabetes mellitus (DM) continues to assume pandemic proportions, affecting people 
across various socioeconomic groups in developed and developing nations. Globally, 
close to a half billion people are living with diabetes and it is expected to increase by 
more than 50% in the next 25 years[1]. The myriad of chronic complications attrib-
utable to the disease results in enormous physical, mental, and economic burdens. The 
complications are mainly vascular and lead to diabetes-specific microvascular sequelae 
in the retina, nerves and the glomerulus. Others are atherosclerotic macrovascular 
pathology in the brain, heart and lower limbs[2].

Lower extremity complications are common, showing a rising trend in many 
regions of the world and affecting about 131 million people worldwide, with an 
estimated global prevalence of 1.8%[3]. They significantly impact morbidity and 
mortality in people with DM, sometimes leading to leg ulcers and amputations, which 
are generally characterized by physical disability, reduced productivity and emotional 
disturbances. Although much emphasis has been laid on neuropathy as a cause, an 
equally important contributor to the occurrence of leg ulcers and amputations is 
peripheral arterial disease (PAD)[2,4-6]. Consequently, PAD is under-diagnosed and 
hence, may be undertreated.

PAD denotes a complete or partial occlusion of one or more of the noncardiac, non-
intracranial, peripheral arteries of the upper and lower limbs, which may lead to 
reduced blood flow or tissue loss[7]. It usually results from atherosclerosis of the 
vessel wall, but may also arise as a result of embolism, thrombosis, fibromuscular 
dysplasia, or vasculitis[7]. Atherosclerotic PAD may be a pointer to systemic athero-
sclerosis in non-peripheral intra-cerebral and coronary arteries. In DM, the arteries of 
the lower limbs are the ones that are mostly involved; and most often the distal 
arteries, especially the dorsalis pedis artery[8]. This review discusses the 
pathophysiology of atherosclerotic PAD of the lower limbs, its epidemiology in DM, 
and its treatment. It also highlights recent advances in its management.

EPIDEMIOLOGY OF PAD IN DIABETES
The prevalence of PAD depends on the diagnostic measurement employed, cut-off 
values of the test, the limb assessed and the population studied[9]. It has been assessed 
using the presence of intermittent claudication (IC), palpation of the vessels of the 
lower limbs, and measurement of the ankle-brachial index (ABI). Prevalence generally 
increases with advancing age, irrespective of the measurement utilized. IC, the main 
symptom attributable to PAD, occurred in about 1.5% of the cohorts in the 
Framingham Heart Study. In all age groups, the rate in men was double that in 
women[10]. Also, in the Rotterdam study involving the elderly population, IC was 
reported by 1.6% of the participants, but the prevalence of PAD defined by an ABI < 
0.9 in either leg was 19.1% in the same cohort[11]. The prevalence in men was higher 
in both studies. The rates of PAD using IC is generally lower compared with those 
obtained using ABI[11-13].

https://www.wjgnet.com/1948-9358/full/v12/i6/827.htm
https://dx.doi.org/10.4239/wjd.v12.i6.827
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In community studies, the prevalence of PAD using ABI differs with the population, 
cut-off value, ankle vessel and the leg used, with values ranging from 4.3% to 9.0% in 
the general population[14,15]. In a systemic review assessing community-based 
studies of the global prevalence of PAD (using ABI ≤ 0.9) and its risk factors, 
prevalence differed based on the region studied and sex. It was higher among men in 
high-income countries, and in women in low- and middle-income countries[16]. 
Certain factors affect the accurate assessment of PAD in people with diabetes. PAD is 
often asymptomatic; the presence of peripheral neuropathy, which is a common 
complication of DM. may distort pain perception, and the presence of IC and absence 
of peripheral pulses are inadequate diagnostic indicators[8].

In hospital-based studies, PAD is two- to seven-fold more prevalent in people with 
diabetes than it is in those without it, with rates between 9% and 55% in people with 
diabetes[5,17-19]. In a national survey involving about 3000 adult Americans 40 years 
of age and above, PAD was two times more prevalent in people with diabetes 
compared with the general population[20]. Also, a systematic review of studies 
comparing PAD in diabetics and nondiabetics reported that PAD ranged between 20% 
and 50% in those with diabetes, compared with 10% and 26% in those without 
diabetes[21]. Also, as seen in the general population, the prevalence of PAD differed 
depending on the diagnostic method used (IC, palpation of vessels or ABI)[19].

Lower limb amputation resulting from foot ulcers is a major cause of disability, 
especially in diabetic patients. Patients with foot ulcers are more likely to present with 
PAD than those without ulcers, with the attendant increased mortality and lower limb 
amputations in those patient cohorts[22-25].

RISK FACTORS FOR PAD
The major risk factors for PAD such as DM, hypertension, smoking and hyperlip-
idaemia also contribute to coronary heart disease (CHD) and cerebrovascular disease 
(CVD). However, the influence exerted by those risks on vascular diseases is different
[26-28]. In a recent systemic review that assessed community-based studies for global 
prevalence and risk factors of PAD, DM ranked next to smoking among the major 
risks and hypertension and hypercholesterolaemia followed[16,29]. In the National 
Health and Nutrition Examination Survey, cigarette smoking and DM were also the 
most significant risk factors for PAD, with a odds ratios of 4.5 and 2.7, respectively[14].

In other community-based studies, diabetes also ranked high as a risk factor for the 
occurrence and progression of PAD along with other traditional risks such as age, 
smoking, hypertension, hypercholesterolaemia and low kidney function)[11-13,30,31]. 
It hiked the rates of lower extremity amputation, hospital stay, and mortality[21,22,
26]. While the major risk factors for PAD in people without DM remain significant 
even with it, other associations have also been identified in DM. They include longer 
duration of DM, high glycated haemoglobin (HBA1c) level, abdominal obesity, male 
sex and neuropathy[18,19,22,32].

The traditional risk factors do not fully explain the development of atherosclerosis 
in the peripheral or other vascular beds. Inflammation, abnormalities in haemostasis 
and blood viscosity are known to contribute to the evolution and propagation of 
atherosclerosis, and their markers have been studied[33-35]. High-sensitivity C-
reactive protein, hyperuricaemia, and hyperhomocysteinaemia are some of the non-
traditional risk factors associated with PAD in the general population and in people 
with DM[18,19,36-38].

PATHOPHYSIOLOGY
The central pathophysiological theme of PAD in DM is the process of atherosclerosis. 
It begins with atherogenesis, and progresses to the eventual obstruction and reduction 
of blood flow. In what is known as subclinical atherosclerosis, the pathological 
changes may predate the diagnosis of impaired fasting glucose and DM[39]. The 
changes are the same as those observed in other vascular beds in patients with DM. 
Several pathogenetic mechanisms have been identified in the initiation of athero-
sclerosis, including endothelial dysfunction, inflammation, platelet aggregation and 
vascular smooth muscle cell (VSMC) dysfunction[40]. Figure 1 shows a schematic 
representation of these factors and how they lead to PAD.
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Figure 1 Schematic representation of the pathophysiology of peripheral arterial disease in diabetes mellitus. Pathogenetic processes and their 
mechanisms are shown in black and white type, respectively. AGEs: Advanced glycation end products; DM: Diabetes mellitus; NO: Nitric oxide; PAD: Peripheral 
arterial disease; PAI-1: Plasminogen activator inhibitor-1; ROS: Reactive oxygen species; TGF-β: Transforming growth factor-beta; VSMC: Vascular smooth muscle 
cell.

Dysfunction of the vascular endothelium is the hallmark of atherosclerosis in DM, 
and it arises from a variety of inter-related pathogenetic factors. First, chronic 
hyperglycaemia activates the dormant polyol pathway. That results in increased 
oxidative stress from reactive oxygen species, caused by the consumption of cofactor 
nicotinamide adenine dinucleotide phosphate and reduced glutathione[41,42]. Chronic 
hyperglycaemia also causes the production of advanced glycation end products, which 
results in the elaboration of inflammatory cytokines and growth factors that cause 
vascular injury[42]. In addition, hyperglycaemia induces the activation of protein 
kinase C, which has various effects on gene expression. Protein kinase C is responsible 
for the activation of the nuclear factor κB, a transcription factor that activates a variety 
of proinflammatory genes[42,43]. The resultant effect is a reduction in the production 
of nitric oxide (NO), which is a potent vasodilator; transforming growth factor (TGF)-β 
and plasminogen activator inhibitor (PAI)-1. The production of the vasoconstrictor 
endothelin-1 is increased. NO reduces inflammation by modulating leucocyte-vascular 
wall interaction and inhibiting VSMC migration and platelet activation[40]. Those 
abnormalities in the absence of NO, result in increased endothelial permeability, 
leucocyte chemotaxis, adhesion and migration into the intima, thus causing inflam-
mation. There is also low-density lipoprotein (LDL) migration into the intima where it 
is oxidized within monocytes to form foam cells, which are the earliest precursor of 
atheroma formation.

Endothelial injury and hyperglycaemia are activators of platelet adhesion, activation 
and aggregation. With hyperglycaemia, glucose uptake by platelets is left unchecked, 
resulting in platelet activation and increased oxidative stress through the release of 
reactive oxygen species[40]. Also, hyperglycaemia is associated with abnormalities of 
coagulation such as the decreased concentration of antithrombin and protein C, 
impaired fibrinolytic function and excess production of PAI-1[40]. Platelet activation 
and aggregation are therefore important elements in the development of athero-
sclerosis.

Hyperglycaemia is also associated with VSMC dysfunction through the effects of 
endothelial injury and intima inflammation. Proinflammatory mediators such as 
platelet-derived growth factors (PDGFs), vascular endothelial growth factors, and 
cytokines released in the inflammatory milieu of the intima result in VSMC migration 
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and proliferation. The combination of VSMC and endothelial foam cells subsequently 
results in the development of fatty streaks that become remodelled into an athero-
matous plaque. The plaque is the result of collagen production and an extracellular 
matrix by VSMC through the mediating effects of PDGF and TGF-β[40,44]. The 
increasing size of the atheromatous plaque, which causes obstruction and reduction of 
blood flow, is the hallmark of atherosclerosis as seen in PAD and other vascular beds 
in DM patients.

DIAGNOSTIC EVALUATION
History and physical examination
History taking in all DM patients should entail asking for risk factors for PAD, such as 
hypertension, dyslipidaemia, cigarette smoking, obesity and the duration of DM. 
Patients who have been diabetic for more than 10 years are more prone to the risk of 
PAD[19,31,45]. Similarly, longer duration of, and exposure to higher levels of the other 
factors (hypertension, dyslipidaemia, smoking, obesity) potentiates the risk of PAD
[31]. History taking should also focus on the presence of other macrovascular complic-
ations such as CVD and CHD because they are equivalents. Symptoms of PAD include 
IC in about 10% of patients; pain at rest, which is indicative of critical limb ischaemia, 
and about 50% of patients will be asymptomatic[46]. Examiners should search for 
differentials of PAD such as pseudo-claudication in spinal stenosis, peripheral 
neuropathy, nerve root compression, deep venous thrombosis, vasculitis and musculo-
skeletal causes such as arthritis[46]. Examination may reveal features of ischaemia 
such as dependent rubor, elevated pallor, and shiny and hairless skin. Also, peripheral 
pulses such as the femoral, popliteal, posterior tibial and dorsalis pedis arteries may be 
reduced. Some patients may present with trophic skin changes and gangrene.

ABI
The ABI is a sensitive and specific screening tool for PAD. It has a sensitivity of 90% 
and specificity of 98% in detecting PAD[47]. The European Society of Cardiology 
(ESC), and American Heart Association recommend the use of ABI to screen for PAD 
in all diabetics older than 50 years of age. Others include diabetics younger than 50 
years of age with a DM duration of more than 10 years or with other risk factors for 
PAD such as smoking, hypertension, dyslipidaemia and PAD equivalents[45,48]. An 
ABI of < 0.9 is indicative of PAD, and is associated with a 2- to 4 -fold increase in 
mortality[45]. An ABI of > 1.3 is indicative of poorly compressible vessels resulting 
from vascular calcification, which is also associated with an increased risk of mortality 
and amputation (Table 1)[40].

Duplex ultrasound
Duplex ultrasound is a combination of conventional and doppler ultrasonography. It 
is indicated as a first-line imaging method to detect the site and extent of severity of 
vascular lesions[45].

Computed tomography and magnetic resonance angiography
Angiography is indicated in patients with planned revascularization to guide optimal 
revascularization strategies. Computed tomography angiography is non-invasive, 
widely available, and has a high resolution. The disadvantages include exposure to 
irradiation, use of iodinated contrast agents and contrast nephrotoxicity, particularly 
in patients with chronic kidney disease (CKD)[45]. Magnetic resonance angiography 
has the advantage of being acceptable in mild to moderate CKD, with higher soft-
tissue resolution. It is limited by frequent motion artefacts, claustrophobia, severe 
CKD, and in patients with magnetic resonance imaging noncompliant pacemakers or 
implantable cardioverter defibrillators[45].

TREATMENT
The management of PAD in DM includes symptomatic control and reduction of the 
risk of cardiovascular (CV) events. Management includes CV risk factor treatment and 
lifestyle modifications such as regular physical exercise, promotion of a healthy diet, 
weight reduction and smoking cessation. If medical management fails because of 
disabling symptoms or in the presence of chronic life-threatening ischaemia, then 
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Table 1 Interpretation of ankle-brachial index

Ankle-brachial index Interpretation

< 0.4 Severe obstruction

0.4-0.69 Moderate obstruction

0.7-0.90 Mild obstruction

0.91-1.30 Normal

> 1.30 Poorly compressible

revascularization is indicated.

Exercise
Regular physical activity improves claudication distance in PAD. It also improves 
quality of life and reduces the risk of CV disease, which often accompanies PAD[49,
50]. Home-based walking exercise is recommended for a minimum of 30 min, at least 3 
d of the week[49]. Randomized controlled trials of 493 patients with PAD showed that 
home-based walking exercise improved walking ability in patients and also improved 
6-min walk more than supervised treadmill exercise[51].

Statins
High-intensity statin therapy is recommended for all patients with PAD[52,53]. 
Observational and randomized clinical studies have shown that statin therapy reduced 
all-cause mortality and CV events in patients with PAD. The goal is to reduce LDL 
cholesterol (LDL-C) to < 1.8 mmol/L (70 mg/dL) or to reduce it by ≥ 50% if baseline 
values are 1.8-3.5 mmol/L (70-135 mg/dL)[45]. In statin-benefit groups such as PAD, 
ezetimibe is a reasonable and beneficial addition if LDL-C remains > 1.8 mmol/L (70 
mg/dL) with maximally tolerated statin therapy[45,54]. If LDL-C remains > 1.8 
mmol/L (70 mg/dL) on statins and ezetimibe, the addition of evolocumab, a 
monoclonal antibody that inhibits proprotein convertase subtilisin/kexin type 9 is 
reasonable and beneficial to reduce CV events[45,55].

Antiplatelet therapy
Single antiplatelet therapy is indicated in all patients with symptomatic PAD and in 
those who have had revascularization[45]. Antiplatelet agents are effective in 
preventing limb-related and CV events[56]. A post hoc analysis of the CAPRIE 
(Clopidogrel vs Aspirin in Patients at Risk of Ischaemic Events) trial in 6452 patients 
with clinical lower extremity artery disease (LEAD) showed that at 3 years, clopidogrel 
was superior with significant reductions in CV mortality [hazard ratio (HR) 0.76 
(95%CI: 0.64-0.91)] and major adverse cardiovascular events HR 0.78 (95%CI: 0.65-
0.93)][57]. A similar benefit was seen in the subgroup of LEAD patients with DM[57]. 
In the randomized EUCLID (Effects of Ticagrelor and Clopidogrel in Patients with 
Peripheral Artery Disease) trial, ticagrelor did not show any difference compared to 
clopidogrel[58]. Clopidogrel is therefore the recommended antiplatelet drug in 
symptomatic PAD.

Vasodilators
Cilostazol, an oral phosphodiesterase type III inhibitor is useful in managing IC. It 
inhibits platelet aggregation and causes vasodilation. Randomized controlled trials 
have shown improved walking distance and quality of life with the use of cilostazol
[59]. However, it has been suggested that improvement in walking distance is mild to 
moderate, with great variability.

Glycaemic control
There are no randomized controlled trials with arms comparing intensive or standard 
arm glucose lowering in those with DM and PAD. However, there is evidence that 
glucose control is associated with a reduction in microvascular and macrovascular 
complications. In type 1 DM, the DCCT (Diabetes Control and Complications Trial) 
showed a reduction in CV events in the intensive arm compared with the standard 
arm, both with long-term follow-up[60]. With long-term follow-up, intensive control 
showed a 57% reduction in nonfatal myocardial infarction (MI), stroke, CV death, as 
well as some reduction in all-cause mortality[61]. However, in type 2 DM, evidence of 
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the benefit of intensive lowering of glycaemia was not as compelling. There is a need, 
therefore, for a general goal of a glycated haemoglobin level of < 7%, while individu-
alizing the goal of treatment for each patient’s characteristics[62].

In the UKPDS (United Kingdom Prospective Diabetic Study), short-term follow-up 
did not show a significant benefit in the reduction of CV events of combined fatal and 
nonfatal MI, sudden death (P = 0.052) and stroke[63]. However, after 10 years of 
follow-up, patients in the intensive glycaemia control arm showed significant 
reductions in MI and all-cause mortality[63]. The short-term and long-term results of 
the UKPDS are contradicted by those of ACCORD (Action to Control Cardiovascular 
Risk in Diabetes) trial, the ADVANCE (Action in Diabetes and Vascular Disease: 
Preterax and Diamicron MR Controlled Evaluation) trial and the VADT (Veterans 
Affairs Diabetic Trial[64]. In those trials, short-term follow-up of 3.5 to 5.6 years did 
not show any reduction in CV events in those in the intensive arm. Long-term follow-
up in the ADVANCE trial showed no evidence of CV benefit or harm[65]. In the 
ACCORD trial, the glycaemic control comparison was stopped early because of 
increased mortality in the intensive (1.41% per year) compared with the standard 
(1.14% per year) treatment arms [HR 1.22 (95%CI: 1.01-1.46)]. But the long-term follow-
up at 10 years in the VADT showed a reduction in CV events in the intensive arm[66,
67]. In those three trials, the patients had high CV risks, longer DM duration, and were 
relatively older than patients in UKPDS. Also, severe hypoglycaemia was more likely 
in the intensive arms, hence the importance of individualizing control for those groups 
of patients to reduce the high risk of CV events and mortality because of 
hypoglycaemia.

Blood pressure control
The ESC/European Society of Hypertension recommends that systolic blood pressure 
(SBP) be targeted to < 130 mmHg and that the diastolic blood pressure should < 80 
mmHg and that the SBP should not be < 120 mmHg in patients with DM[68]. This is 
supported by evidence from the ONTARGET (Ongoing Telmisartan Alone and in 
Combination with Ramipril Global Endpoint Trial) and ACCORD trials showing an 
overall reduction in CV events with intensive SBP lowering to < 130 mmHg[69,70]. 
Diuretics, calcium channel blockers, angiotensin-converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ARBs), and beta-blockers can all be used in 
PAD. However, the HOPE (Heart Outcomes Prevention) and ONTARGET studies 
have shown that ACEIs and ARBs reduce CV events in PAD and should therefore be 
considered in treating patients with PAD and hypertension with or without DM[69,
71]. Care should be taken with the use of beta-blockers in patients with chronic limb-
threatening ischaemia[68].

Revascularization
Revascularization is indicated if claudication impairs quality of life after the failure of 
exercise therapy and pharmacotherapy in patients whose general condition allows 
invasive treatment. Strategies include endovascular therapy, open surgery, or a 
combination of the two. Endovascular therapy is generally recommended for short (< 
25 cm) occlusive lesions, and in those with high surgical risk. It includes balloon 
dilation (angioplasty), stents, and atherectomy[72]. Open surgery is recommended for 
patients with long (≥ 25 cm) lesions who are young and fit[45].

RECENT INNOVATIONS IN THE MANAGEMENT OF PAD
Endovascular therapy has continued to evolve with the modification and development 
of new technologies, including drug-eluting stents, self-expanding stents, cutting 
balloons (CBs), and cryoplasty balloons. Other interventions are focal pressure 
balloons and drug-coated balloons (DCBs). These reduce post-treatment cell prolif-
eration or restenosis, thereby improving patency, and new atherectomy systems, 
especially for calcified lesions[72-74]. CBs and cryoplasty balloons are modifications of 
standard percutaneous transluminal angioplasty (PTA). PTA is done by placing a wire 
within the artery beyond the target lesion and then expanding the inserted balloon 
with appropriate pressure. That leads to fracture of the lesion and stretching of the 
arterial wall[73]. Cryoplasty balloons induce an inflammatory response and dilate 
plaques by utilizing a combination of hypothermia and pressure. DCBs inhibit 
hyperplasia by including medication (usually paclitaxel) after performing a standard 
PTA[73].
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Lithoplasty (Shockwave Medical) is an atherectomy device that combines a balloon 
angioplasty catheter with sound waves that break up calcifications that otherwise 
would not be broken with the use of DCBs and stents[74]. The Pantheris Lumivascular 
Atherectomy System (Avinger, Inc.) is a directional atherectomy system that includes 
optical coherence tomography. It utilizes light to provide three-dimensional visual 
guidance rather than two-dimensional X-ray images with fluoroscopy. It aids better 
navigation for removal of plaque, reduces damage to the artery and may reduce 
exposure to radiation from fluoroscopic imaging procedures[74].

CONCLUSION
DM is a major risk for PAD, resulting in increased morbidity and mortality. Morbidity 
is characterized by an increased risk of other cardiovascular complications, increased 
hospital admissions, disability from leg ulcers and amputation, reduced productivity 
and reduced quality of life.

Early detection of PAD in diabetic patients at risk is imperative to reduce morbidity 
and mortality. At-risk diabetics include older patients, those with a DM duration 
longer than 10 years, high HBA1c, obesity and neuropathy. The ABI is a highly 
sensitive and specific simple tool to screen for PAD in DM. It is also valuable as a 
follow-up tool, and also for stratifying CV risk[45].

Prevention of CV events and symptom control in symptomatic patients are the 
paramount pillars of the treatment of PAD in DM. They should include treatment of 
CV risk factors, and treatment of PAD, including pharmacological and nonpharmaco-
logical interventions and revascularization if medical treatment fails.

Open surgery used to be the mainstay of revascularization, endovascular therapy 
has however evolved recently to improve outcomes, with the development of new 
innovations, such as the DES, CBs, self-expanding stents, and cryoplasty balloons. 
More studies are needed to evaluate quality of life and wound healing using these 
newer endovascular modalities and to compare surgical and endovascular revascular-
ization in symptomatic patients[45].
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