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ABSTRACT 

Chronic limb-threatening ischemia (CLTI) is an advanced form of peripheral vascular disease with 
high rates of morbidity and mortality. Patients often present with claudication, impaired walking, and 
ischemic pain. Screening for CLTI and peripheral arterial disease is recommended with ankle-brachial 
indexing. To prevent progression to CLTI, family medicine physicians can intervene with lifestyle 
modification of hyperlipidemia, obesity, smoking, and encouraging well-rounded high-fiber diets. OMT 
can be useful in increasing lower-extremity circulation and collateral-vessel development. If refractive to 
optimized medical management and lifestyle modification, surgical intervention is required. Regardless 
of intervention, CLTI maintains a high rate of morbidity and mortality, with halting progression being 
the primary objective.
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INTRODUCTION
Peripheral arterial disease (PAD) is a manifestation of systemic 
atherosclerosis affecting >230 million people worldwide.1 PAD is a 
disease in which patients have plaque disturbances in their arteries 
that can cause blockages, be asymptomatic, cause claudication, 
or in 11% of cases, progress to chronic limb-threatening ischemia 
(CLTI).2 Risk factors for PAD include hyperlipidemia, hypertension, 
and diabetes, as well as modifiable lifestyle risk factors such as 
smoking, poor diet, obesity, and lack of physical activity.1 Lower-
extremity PAD symptoms may include intermittent claudication, 
which is defined by cramping, fatigue, or discomfort in the 
calf muscles brought on by physical activity and relieved with 
rest. Many patients with PAD may not experience these classic 
symptoms3; as such, other symptoms should be investigated in 
patient history such as impaired walking function and ischemic 
pain at rest, as these could be indicative of more advanced 
disease.4 Diagnosis and classification of PAD are recommended 
via noninvasive ankle-brachial index (ABI) testing.4 

Those in the asymptomatic and claudication categories of PAD 
should first be treated with risk-factor modification and claudication 
medical therapy including exercise.5 Invasive procedures in 
the asymptomatic and claudicant stages can complicate the 
disease and cause progression. Caution should be exercised in 
intervening in a patient who has PAD in the claudicant stage.6 

Once PAD progresses to CLTI, vascular surgeons or other qualified 
specialists can intervene with revascularization techniques, open 
bypass, minimally invasive methods, amputation, or palliative 
care.7

Chronic limb-threatening ischemia (CLTI), by definition, is PAD in 
addition to rest pain, gangrene, or a lower-limb ulceration greater 
than 2 weeks’ duration.7 Identifying patients with CLTI is important 
because early intervention can affect quality of life, need for 
amputation, mortality, and prevention. The 2020 Global Vascular 
Guidelines aim to improve treatment decisions for patients with 
CLTI.6 The previous model for treating CLTI was based purely 
on ischemia due to atherosclerosis.8 It is important to note that 
only those with CLTI, not those who are asymptomatic or have 
claudication, are classified in this algorithm.

A multimodality approach including preventative medical 
therapy, appropriate physical exam, objective testing, and CLTI 
classification determines surgical treatment (Figure 1). Surgical 
treatment for CLTI includes a possible endovascular approach 
or open bypass repair. Recently, the BASIL29 and BEST-CLTI10 
studies reported differing best surgical approaches to CLTI: one 
study reported bypass as most favorable; the other indicated an  
endovascular-first approach. In addition, palliative care can be 
offered. The criteria to determine best therapy are largely based 
on staging using the Wound, Ischemia, and foot infection (WIFi) 

clinical stage.11



13Brotman, Goodwin, Abidi, Collins                                                                                                                         Chronic limb-threatening ischemia

Classification
While surgical treatment for CLTI continues to evolve and 
is determined by the vascular surgeon, this new system of 
classification, similar to TNM [tumor, node, metastasis can be 
helpful in guiding the family practitioner in relaying the severity 
of disease and risk for amputation.7 In addition, earlier referral 
and medical management are prudent for limb salvage, once the 
diagnosis of CLTI is suspected.12 In 2014, the Society for Vascular 
Surgery proposed the WIfi classification system. This system is 
used to determine methodology of treatment and also need for 
revascularization, as well as for identifying those who are not 
eligible for revascularization.11 The wound is classified according 
to size, depth, and severity. Ischemia is scored based on ABI, along 
with toe-pressure indices. The last criterion measured is the extent 
of foot infection based on perfusion, extent, depth, infection, and 
sensation (PEDIS), as well as Infectious Diseases Society of America 
(IDSA) diabetic foot classification systems.13 Based on the scores, 
a stage is defined as 1-4, with a risk of amputation assigned and 
a revascularization benefit score.11 Amputation risk increases with 
severity of infection, ischemia, and wound, rather than solely on 
the level of atherosclerotic disease.

History Taking

To appropriately manage patients with signs and symptoms of 
CLTI, a thorough history should be taken. Risk factors should 
be assessed and treated appropriately, including conditions 
such as hyperlipidemia, hypertension, diabetes, coronary artery 
disease, and chronic kidney disease. History also includes lifestyle 
risk factors such as smoking and physical inactivity. Lack of 
treatment for these factors increases mortality rates and risk for 
a cardiovascular event.

Physical Exam and Testing

Vascular examination for PAD should include palpation of pulses, 
auscultation for bruits, and inspection of the legs and feet. Lower-
extremity pulses are assessed and rated as follows: 0, absent; 1, 
diminished; 2, normal; or 3, bounding. Physical exam findings 
suggestive of PAD include abnormal pulses, vascular bruits, 
nonhealing wounds, gangrene, and elevation pallor/dependent 
rubor.4 The distinction between CLTI and other forms of PAD on 
physical exam is the extent of pain or tissue loss, among other 
identifiable factors including length of onset. What distinguishes 
CLTI from other forms of PAD are nonhealing wounds, gangrene, 
and rest pain. Once a patient is identified as having CLTI, they are 
staged to determine which treatment is best. 

Based on outcomes for staging CLTI, it is important to delineate 
on physical exam neuropathy, wound characteristics, evidence 
of infection, and vascular pulse exam. Ordering both ABIs and 
toe-pressures for high-risk patients is indicated. The reasoning 
for toe-pressure indices in addition to ABIs is that patients with 
diabetes mellitus or end-stage renal disease may have falsely 
elevated ABIs, and disease is better identified with toe pressures.14 
Toe pressures <30 mmHg and ABIs <0.4 are indicative of  
severe disease.11

For patients with diabetes, additional examination for loss of 
vibration with a tuning fork should be performed, as they are at 
higher risk for tissue loss, even if asymptomatic.15 Attention to hair 
loss, muscle atrophy, cap refill time, and temperature of skin are 
also important.

Lifestyle Modifications

Modification of risk factors should be included in the treatment 
plan for all patients with PAD and CLTI, as a healthy lifestyle has 
been associated with risk reduction among these patient groups.16 
Diets high in fiber have been associated with reduced risk from 
PAD.17 In patients with symptomatic PAD, smoking cessation can 
reduce the risk of CTLI, amputation, and death.1 Exercise therapy 
can be a highly effective way to improve function in patients  
with PAD.1

Medical Management

Medical management can include antiplatelet agents, lipid-
lowering agents, antihypertensives, glucose control, and lifestyle 
modifications. The goal of medical management is to protect the 
limb but also to prevent cardiovascular and neurovascular com-
plications. Rivaroxaban has shown to lower incidence of acute 
limb ischemia, major amputation for vascular causes, myocardial 
infarction, ischemic stroke, or death from cardiovascular causes 
than aspirin alone.17 In addition, ticlopidine, dipyridamole, and 
clopidogrel, may be more effective than aspirin.7 There is level 1 
evidence that a statin should be included in the treatment plan 
as a lipid-lowering agent. PCSK9 inhibitors such as evolocumab 
have also shown promise.18 Glucose control with metformin as a 
first-line agent is recommended. Additional agents can be added. 
Sodium-glucose co-transporter 2 (SGLT-2) inhibitors for glucose 
control should be used with caution due to their unknown effect 

FIGURE 1:

Decision making for CLTI treatment7  
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on limb salvage. (Though the black box warning for canagliflozin 
has been lifted).19 

Osteopathic Management 

OMT is a noninvasive preventative intervention that enhances 
the body’s natural healing mechanisms, such as promoting 
lymphatic drainage and increasing vascular perfusion.20 Blood-
flow dynamics is a potential determining factor in PAD, vascular 
claudication, and CLTI. Blood circulation in fascial tissue has 
been noted to be critical in maintaining biomechanical and 
nociceptive homeostasis.21 A randomized controlled trial by 
Brandl et al. investigated the immediate effects of myofascial 
release treatment on lumbar microcirculation. Using ultrasound 
to measure blood flow, they noted an increase of 31.6% in blood 
flow in their experimental patients vs a vast decrease in blood flow 
in the placebo group.21 A similar study by O-Yurvati et al. noted 
a decrease in central volume and improvement in peripheral 
circulation following postoperative OMT in patients who had 
undergone coronary artery bypass graft surgery (CABG).22 Of 
note, a study by Lombardini et al. examined endothelial function 
in 15 participants with intermediate claudication receiving OMT 
vs 15 intermediate claudication patients matched for age, sex, 
and medical treatment. They discerned that the OMT group had 
increased brachial-flow–mediated vasodilation, and ABI, which 
were consistent in decreased claudication from the beginning of 
the study till the end.23 Although OMT has been widely described 
for its use in musculoskeletal pain, its approach has also been 
noted to restore autonomic tone and physiologic function, 
as well as improve blood circulation and immune response.24 

These findings suggest OMT is a safe and viable adjunct for 
pharmaceutical and surgical therapies in the treatment of PAD. 

Surgical Management/Technique

The BEST-CLI trial determined that bypass was superior for those 
patients with CLTI who had an adequate saphenous.25 In bypass 
surgery below the inguinal ligament, an incision is made from a 
point of adequate blood supply to a point past the blockage to 
another vessel with adequate outflow.

To access the femoral artery, which many times has adequate 
inflow, an incision is made at the level of the groin to dissect out 
the femoral artery, or sometimes at the level of the popliteal 
artery. A tunneler is then used to create a passage for the 
saphenous vein bypass. Finally, an incision is made distally at a 
vessel that then has continuous flow to the foot:  popliteal artery, 
peroneal artery, anterior tibial artery, posterior tibial artery, or 
dorsalis pedis artery.

A tunneler to pass the bypass conduit is used from the distal area 
of anastomosis to the proximal vessel. In this case, an above-knee 
bypass graft to the femoral region is being performed to bypass 
a blockage between the two points. The above-knee popliteal is 
the site of the distal anastomosis. More distal areas can also be 
the site of an anastomosis including below the knee, on the area 
above the medial malleolus to reach the posterior tibial artery, 
and on the lateral aspect of the lower limb. An area on the anterior 

aspect of the distal leg would allow for a bypass to the anterior 
tibial artery. The peroneal artery can be reached with an incision 
medially or laterally on the lower aspect of the leg.

Other therapies well known for treatment of CLTI are endovascular 
methods (Figure 2). The BASIL2 trial concluded that the best 
endovascular treatment first revascularization strategy had better 
amputation-free survival over open surgeries.9

Implications

Regardless of intervention, the 5-year outcome for CLTI is poor. 
Approximately half of the patients enrolled in the BASIL trial had 
died by 5 years after randomization.9 As noted in the BASIL trial, 
this disease develops over many years. In this trial, around 20% 
of patients noted they were still smoking, 70% had diabetes, and 
90% had extensive tissue loss.9 Regardless of the interventions for 
CLTI, prevention with lifestyle interventions and timely referral 
by primary care are opportunities to prevent future morbidity  
and mortality.

CONCLUSION
Regardless of intervention, morbidity and mortality for CLTI is 
poor. Halting disease progression through lifestyle intervention 
should be the primary goal of the family practice physician. 
Osteopathic manipulative medicine could be used as a potential 
adjunctive treatment modality to encourage circulation and 
collateral vessel growth. Optimized medical management with 
antiplatelet agents, lipid-lowering agents, antihypertensives, and 
glucose control can assist in slowing disease progression. Once a 
diagnosis of CLTI is made, vascular surgery should be consulted 
and preparations for bypass surgery made.

FIGURE 2:

Endo-occlusion repair



15Brotman, Goodwin, Abidi, Collins                                                                                                                       Chronic limb-threatening ischemia

REFERENCES

1. Bonaca MP, Hamburg NM, Creager MA. Contemporary medical 
management of peripheral artery disease. Circ Res. 2021;128(12):1868–
1884. doi:10.1161/CIRCRESAHA.121.318258

2. Kwong M, Rajasekar G, Utter GH, Nuño M, Mell MW. Updated estimates 
for the burden of chronic limb-threatening ischemia in the Medicare 
population. J Vasc Surg. 2023;77(6):1760–1775. doi:10.1016/j.
jvs.2023.01.200

3. Firnhaber JM, Powell CS. Lower extremity peripheral artery disease: 
diagnosis and treatment [published correction appears in Am Fam 
Physician. 2019 Jul 15;100(2):74]. Am Fam Physician. 2019;99(6):362–
369.

4. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC 
guideline on the management of patients with lower extremity peripheral 
artery disease: a report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines. Circulation. 
2017;135:e726–e779. doi: 10.1161/CIR.0000000000000471

5. Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society consensus for 
the management of peripheral arterial disease (TASC II). J Vasc Surg. 
2007;45(suppl S):S5–S67. doi: 10.1016/j.jvs.2006.12.037

6. Hicks CW, Holscher CM, Wang P, Black JH III, Abularrage CJ, Makary MA. 
Overuse of early peripheral vascular interventions for claudication. J Vasc 
Surg. 2020;71(1):121–130.e1. doi: 10.1016/j.jvs.2019.05.005

7. Conte MS, Bradbury AW, Kolh P, et al. Global vascular guidelines on the 
management of chronic limb-threatening ischemia [published correction 
appears in J Vasc Surg. 2019;70(2):662]. J Vasc Surg. 2019;69(6S):3S–
125S.e40. doi: 10.1016/j.jvs.2019.02.016

8. Wijnand JGJ, Zarkowsky D, Wu B, et al. The Global Limb Anatomic 
Staging System (GLASS) for CLTI: improving inter-observer agreement. J 
Clin Med. 2021;10(16):3454. doi: 10.3390/jcm10163454

9. Bradbury AW, Moakes CA, Popplewell M, et al. A vein bypass first 
versus a best endovascular treatment first revascularisation strategy 
for patients with chronic limb threatening ischaemia who required 
an infra-popliteal, with or without an additional more proximal 
infra-inguinal revascularisation procedure to restore limb perfusion 
(BASIL-2): an open-label, randomised, multicentre, phase 3 trial. Lancet. 
2023;401(10390):1798–1809. doi: 10.1016/S0140-6736(23)00462-2

10. Farber A, Menard MT, Conte MS, et al. Surgery or endovascular therapy 
for chronic limb-threatening ischemia. N Engl J Med. 2022;387(25):2305–
2316. doi: 10.1056/NEJMoa2207899

11. Mills JL Sr, Conte MS, Armstrong DG, et al. The Society for Vascular 
Surgery Lower Extremity Threatened Limb Classification System: risk 
stratification based on wound, ischemia, and foot infection (WIfI). J Vasc 
Surg. 2014;59(1):220–34.e342. doi: 10.1016/j.jvs.2013.08.003

12. Takahara M, Iida O, Ohura N, Soga Y, Yamaoka T, Azuma N. Injury 
precipitating tissue loss and time to referral to a vascular center in 
patients with chronic limb-threatening ischemia. J Atheroscler Thromb. 
2023;30(3):287–298. doi: 10.5551/jat.63593

13. de Oliveira Cerqueira L, Duarte EG, de Souza Barros A, Cerqueira JR, de 
Araujo WJB.   WIfI classification: the Society for Vascular Surgery lower 
extremity threatened limb classification system, a literature review. J Vasc 
Bras. 2020;19:e20190070. doi: 10.1590/1677-5449.190070

14. Laivuori M, Hakovirta H, Kauhanen P, et al. Toe pressure should be part 
of a vascular surgeon's first-line investigation in the assessment of lower 
extremity artery disease and cardiovascular risk of a patient. J Vasc Surg. 
2021;73(2):641–649.e3. doi: 10.1016/j.jvs.2020.06.104

15. O’Brien T, Karem J. An initial evaluation of a proof-of-concept 128-Hz 
electronic tuning fork in the detection of peripheral neuropathy. J Am 
Podiatr Med Assoc. 2014;104(2):134–140. doi: 10.7547/0003-0538-
104.2.134

16. López-Laguna N, Martínez-González MA, Toledo E, et al. Risk of 
peripheral artery disease according to a healthy lifestyle score: The 
PREDIMED study. Atherosclerosis. 2018;275:133–140. doi: 10.1016/j.
atherosclerosis.2018.05.049

17. Kulezic A, Bergwall S, Fatemi S, et al. Healthy diet and fiber intake are 
associated with decreased risk of incident symptomatic peripheral artery 
disease - a prospective cohort study. Vasc Med. 2019;24(6):511–518. doi: 
10.1177/1358863X19867393

18. Sato Y, Uzui H, Morishita T, et al. Effects of PCSK9 inhibitor on favorable 
limb outcomes in patients with chronic limb-threatening ischemia. J 
Atheroscler Thromb. 2021;28(7):754–765. doi: 10.5551/jat.57653

19. Center for Drug Evaluation and Research. FDA removes boxed 
warning for type 2 diabetes medicine canagliflozin. U.S. Food and Drug 
Administration. August 26, 2020. Accessed August 9, 2023. https://www.
fda.gov/drugs/drug-safety-and-availability/fda-removes-boxed-warning-
about-risk-leg-and-foot-amputations-diabetes-medicine-canagliflozin 

20. Roberts A, Harris K, Outen B, et al. Osteopathic manipulative medicine: a 
brief review of the hands-on treatment approaches and their therapeutic 
uses. Medicines (Basel). 2022;9(5):33. doi: 10.3390/medicines9050033

21. Brandl A, Egner C, Reer R, Schmidt T, Schleip R. Immediate effects of 
myofascial release treatment on lumbar microcirculation: a randomized, 
placebo-controlled trial. J Clin Med. 2023;12(4):1248. doi: 10.3390/
jcm12041248

22. O-Yurvati AH, Carnes MS, Clearfield MB, Stoll ST, McConathy WJ. 
Hemodynamic effects of osteopathic manipulative treatment immediately 
after coronary artery bypass graft surgery. J Am Osteopath Assoc. 
2005;105(10):475–481.

23. Lombardini R, Marchesi S, Collebrusco L, et al. The use of osteopathic 
manipulative treatment as adjuvant therapy in patients with peripheral 
arterial disease. Man Ther. 2009;14(4):439–443. doi: 10.1016/j.
math.2008.08.002

24. Levy VJ, Holt CT, Haskins AE. Osteopathic manipulative medicine 
consultations for hospitalized patients. J Am Osteopath Assoc. 
2019;119(5):299–306. doi: 10.7556/jaoa.2019.051

25. Menard MT, Farber A, Assmann SF, et al. Design and rationale of the 
best endovascular versus best surgical therapy for patients with critical 
limb ischemia (BEST-CLI) trial. J Am Heart Assoc. 2016;5(7):e003219. doi: 
10.1161/JAHA.116.003219




