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Patients with symptomatic peripheral arterial disease (PAD) 
are at high risk of cardiovascular death due to coexistent 
coronary artery disease (CAD).1 Mortality is particularly 

high in patients with critical limb ischemia (CLI), with reported 
mortality rates of 20% within 6 months of diagnosis and greater 
than 50% at 5 years.2-3 Patients with PAD have reduced exercise 
capacity and often have no symptoms of anginal chest pain to 
prompt cardiac diagnostic testing. Although it is well known that 
patients undergoing surgical or interventional treatments for PAD 
are at increased risk of postoperative myocardial infarction and 
death, preoperative cardiac testing is recommended only if results 
have the potential to alter the treatment plan.4 Thus, the extent of 
functionally significant CAD in patients without cardiac symp-
toms who undergo treatment for PAD is largely unknown, leaving 
them at risk for early and late cardiovascular death.

A newly introduced noninvasive diagnostic modality, coronary 
CT angiography (CTA)-derived fractional flow reserve (FFR

CT
), 

provides a unified anatomic and functional assessment of coronary 
artery disease, which can reliably identify ischemia-producing 
coronary lesions.5 It accurately reflects invasively measured frac-
tional flow reserve (FFR)6 and can help to guide patient man-
agement decisions.7-9 Coronary CTA and FFR

CT
 analysis is now 

being used in the United States, Europe, Canada, and Japan to 
evaluate patients with stable chest pain and to select patients with 
evidence of coronary ischemia for invasive coronary angiography 
and coronary revascularization. 

 The first report of the use of coronary CTA and FFR
CT

 for 
preoperative assessment of patients with PAD revealed a high 
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Figure 1. Case example of a patient with critical limb ischemia 
and right femoral pseudoaneurysm  after multiple revasculariza-
tions seen on computed tomography angiography images.
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prevalence of asymptomatic (silent) coronary ischemia in patients 
with CLI who were admitted for lower extremity revasculariza-
tion.10 Among 54 CLI patients with no cardiac history of symp-
toms of coronary ischemia, 37 patients (69%) were found to have 
one or more ischemia-producing coronary stenoses.10 This was 
an unexpected finding that highlighted the severity of coronary 
disease and the need for coronary care of this patient population. 
This case report outlines the management of a patient with severe 
combined coronary and peripheral ischemia. 

CASE REPORT
A 77-year-old man with a history of smoking, hypertension, 

and PAD was admitted to the hospital with 3-week history of 
ischemic rest pain in the right foot and a painful, pulsating mass 
in the right groin. Past history included a right femoropopliteal 
saphenous vein bypass for limiting claudication 4 years ago, as 
well as a left iliofemoral bypass 3 years ago. The patient’s femo-
ropopliteal bypass became occluded 2 years ago, at which time a 
right iliofemoral bypass was performed. The patient had limited 
exercise tolerance and had no cardiac history, with no chest 
pain symptoms or shortness of breath. An aortic/peripheral CT 
angiogram revealed patent iliofemoral bypasses bilaterally, a right 
femoral pseudoaneurysm, and bilateral superficial femoral artery 
(SFA) occlusions (Figure 1). Right ankle-brachial index (ABI) 
was 0.48 and left ABI was 0.51. Preoperative assessment in the 
hospital included routine blood testing and a normal resting elec-
trocardiogram. Preanesthesia evaluation confirmed the absence of 
cardiac symptoms or significant cardiopulmonary findings with 

clearance for scheduled vascular surgery. The patient was then 
invited to participate in a prospective study of anatomic-functional 
assessment of CAD with CTA-FFR

CT
, signed informed con-

sent, and underwent standard coronary CT angiography with 
β-blockers for heart rate control and nitroglycerine for coronary 
dilation. Coronary CTA data were sent for computational analysis 
to HeartFlow, Inc, Redwood City, California, for FFR

CT
 analy-

sis. Results of both CTA and FFR
CT

 were available to treating 
physicians prior to the scheduled surgery.

Coronary CTA revealed extensive coronary calcification with 
Agatston score 1623, <50% stenosis of the left anterior descend-
ing coronary artery (LAD), 75% stenosis of the right coronary 
artery (RCA), and 80% stenosis of the left circumflex coronary 
artery (LCx) with distal occlusion. FFR

CT
 analysis revealed severe 

3-vessel coronary ischemia with computed FFR
CT

 in the LAD 
0.64, in the RCA O.61, and in the LCx 0.72 with distal occlusion 
(Figure 2). These results were provided to the treating physi-
cians with guidance on the patient’s management provided by the 
Vascular Team, which consisted of vascular surgery, cardiology, 
anesthesiology, and cardiac surgery clincians. 

In view of the patient’s pressing clinical symptoms of peripheral 
ischemia and symptomatic femoral pseudoaneurysm, the patient 
underwent vascular surgery as scheduled under spinal anesthesia 
with β-blockade and close cardiac monitoring. The femoral pseu-
doaneurysm was resected and femoral endarterectomy and pro-
fundaplasty were performed. The patient was stable throughout 
the procedure, had no cardiac complications, and was relieved of 
ischemic rest pain. He recovered from surgery uneventfully and 
was discharged on the 7th postoperative day on antiplatelet medi-

Figure 2. Coronary computed tomography angiography (CTA) demonstrated 80% right coronary artery (RCA) stenosis, <50% 
stenosis of the left anterior descending coronary artery (LAD), 75% stenosis of the right coronary artery (RCA) and 80% stenosis 
of the left circumflex coronary artery (LCx) with distal occlusion with extensive calcification, and the total Agatston score was 1623. 
FFRCT analysis showed  FFRCT in the LAD 0.64, in the RCA O.61 and in the LCx 0.72 with distal occlusion.
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cation (aspirin and clopidogrel bisulfate), β-blockers, ivabradine, 
atorvastatin, and antihypertensive medication (Presteram). 

Two weeks after the procedure, the patient underwent diag-
nostic coronary angiography, which confirmed the presence of 
left main stenosis, 70% LAD stenosis, 80% RCA stenosis, and 
left circumflex stenosis and occlusion (Figure 3). The patient 
had no symptoms of peripheral ischemia and no symptoms of 
coronary ischemia. One month later, the patient underwent elec-
tive coronary artery bypass with left internal mammary artery to 
LAD, right internal mammary artery to LCx and saphenous vein 
bypass to the RCA. The patient had an uneventful postoperative 
recovery and was continued on optimum medical therapy. One 
year later, he is free of rest pain, has nonlimiting long-distance 
claudication, has no chest pain, and feels well. 

DISCUSSION 
The finding of significant coronary artery disease in this patient 

comes as no surprise, as it is well known that 50% to 70% of 
patients undergoing peripheral vascular surgery have evidence 
of significant CAD by preoperative coronary angiography.11 
Despite the well-known risk of perioperative cardiac compli-
cations and reduced long-term survival in patients undergoing 
vascular surgery,12 routine preoperative cardiac assessment is not 
recommended since prospective randomized trials have shown 
no survival benefit from coronary revascularization.13 Thus, most 

peripheral vascular revascularization procedures are performed 
with specific knowledge regarding the status of coronary artery 
disease in patients without cardiac symptoms. 

What is unique about this case is the unexpected finding of 
severe, silent coronary ischemia in this patient, requiring limb 
salvage surgery. This came about as a result of the patient’s partici-
pation in a prospective clinical study of a new cardiac diagnostic 
modality, noninvasive fractional flow reserve (FFR

CT
), which 

can reliably identify the presence of ischemia-producing coro-
nary stenosis.6, 10 FFR

CT
 analysis revealed severe 3-vessel coronary 

ischemia with FFR
CT

 in the LAD 0.64, RCA 0.61, and LCx 
0.72 and presented the treating physicians with the question of 
how best to manage this patient’s clinically demanding peripheral 
vascular disease in the presence of severe, asymptomatic (silent) 
coronary ischemia. 

The need for prompt treatment for the patient’s peripheral 
vascular disease was clear. The patient’s ischemic rest pain placed 
him at risk of gangrene and limb loss, and this was compounded 
by the presence of a painful and tender femoral pseudoaneurysm, 
rupture of which would precipitate an emergent situation with 
attendant high mortality. At the same time, the patient had severe 
3-vessel coronary ischemia with very low FFR

CT
 values in each 

vessel, putting the patient at high risk for a coronary event or 
sudden death. The increased risk for patients with 3-vessel and 
left main disease is well known, and the adverse consequences 
of silent myocardial ischemia are well documented.14 Prospective 
clinical trials have shown the benefit of coronary revasculariza-
tion of patients with stable chest pain and coronary ischemia by 
invasive FFR measurement15-16 with an increased risk of death 
and myocardial ischemia in those with silent coronary ischemia.17 

Furthermore, the prognostic importance of the severity or depth 
of coronary ischemia as determined by invasively measured FFR 
value is well documented.18 A meta-analysis of outcome studies 
in relation to FFR values has shown that cardiac risk is inversely 
related to the FFR value such that the lower the FFR value below 
0.80, the higher the risk of adverse cardiac events, with high cardiac 
event rates for patients with FFR below 0.70.18 For patients with 
chest pain symptoms, cardiac risk in relation to the FFR value 
is a continuum, and the lower the FFR value below 0.80, the 
higher the risk of adverse cardiac events, with high cardiac event 
rates for patients with FFR below 0.70.18 Patients with CLI have 
been shown to have a high prevalence (69%) of asymptomatic 
ischemia-producing stenosis by FFR

CT
 analysis with severe isch-

emia (FFR
CT

 ≤ 0.70) in 43% of patients.10 This patient falls into 
the high-risk, severe coronary ischemia category, but randomized 
clinical trials have shown no clear survival benefit of coronary 
revascularization prior to elective vascular surgery procedures.19 
Thus, following cardiology consultation and risk/benefit discus-
sion with the patient, the scheduled vascular surgery procedure 
was carried out as planned with close cardiac and hemodynamic 
monitoring with no cardiac complications. 

Surviving the stress of major vascular surgery without cardiac 
events is often taken as evidence of lack of significant coronary 
disease. Indeed, this patient had already survived 3 prior vascular 
surgery operations in the past 4 years without cardiac complica-

Figure 3. Diagnostic coronary angiography confirmed the 
presence of left main stenosis, 70% LAD stenosis, 80% 
RCA stenosis and left circumflex stenosis and occlusion. Red 
arrows show corresponding to FFRCT blood flow reductions 
found in angiography. 
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tions. Now that he had survived yet another peripheral revascu-
larization procedure, was it safe to assume his coronary risk was 
low or should coronary revascularization be considered? The 
natural history of medically treated hemodynamically significant 
coronary stenosis in patients with stable coronary disease in the 
FAME 2 study has recently been reported.20 Among patients with 
coronary stenoses and FFR ≤ 0.80, the rate of death, myocardial 
ischemia, or need for coronary revascularization over a 2-year 
period was 39%.21 A meta-analysis of FFR studies reporting patient 
outcomes demonstrated a continuous relationship between the 
numeric FFR value and subsequent outcomes, with lower FFR 
values indicating worse outcomes and the higher the FFR value 
the better the outcome.18 The dose-response relationship between 
the actual FFR value and clinical outcome medical therapy has 
been confirmed by Barbato et al.22 Thus, patients with very low 
FFR will have the greatest benefit of revascularization.18 This 
patient, with 3-vessel coronary ischemia with very low FFR

CT
 

values of 0.6-0.7, would be expected to have a 2-year major ad-
verse coronary event rate in the range of 50% and could expect 
to derive great benefit from revascularization.23

Accordingly, the patient underwent elective, postoperative 
coronary angiography that confirmed the findings of the FFR

CT
  

analysis. Because of the severity and multiplicity of lesions, the 
patient was scheduled for elective coronary bypass surgery, which 
was performed 6 weeks after the vascular surgery operation. The 
patient recovered uneventfully and at 1-year follow up is well with 
no chest symptoms and nonlimiting long-distance claudication. 
This favorable patient outcome is encouraging and demonstrates 
the benefit of a Vascular Team approach to the management of 
patients with complex multisite atherosclerosis as recommended 
in the 2017 ESC-ESVS guidelines for the treatment of patients 
with peripheral vascular disease.24 While this patient underwent 
peripheral vascular repair followed by elective coronary revas-
cularization, other patients may be best treated with prevascular 
surgery, coronary revascularization, or medical therapy alone. 
The value of CTA-FFR

CT
 in decision making and treatment 

planning has been demonstrated in patients with suspected coro-
nary disease7, 25,26 and should now be evaluated in patients with 
peripheral vascular disease.

CONCLUSION
In patients with CLI needing surgery, preoperative evaluation 

with coronary CTA and FFRCT may reveal the presence of se-
vere, unsuspected coronary ischemia. This information may help 
guide treatment planning and patient management. The rationale 
of initial treatment with peripheral vascular surgery followed 
by elective coronary artery bypass surgery and favorable 1-year 
outcome is described. Further studies are needed to better define 
the role of coronary CTA and FFRCT in preoperative evaluation 
of patients with peripheral vascular disease. n

Disclosure: The authors have completed and returned the ICMJE Form 
for Disclosure of Potential Conflicts of Interest. The authors report no 
conflicts of interest regarding the content herein.

Manuscript submitted January 1, 2019; accepted January 3, 2019.
Address for correspondence: Dainis Krievins, MD, PhD The Uni-

versity of Latvia, Pauls Stradins Clinical University Hospital, Riga, 
Latvia, Email dainiskk@yahoo.com

REFERENCES
1. Golomb BA, Dang TT, Criqui MH. Peripheral arterial disease: 

morbidity and mortality implications. Circulation. 2006;114(7):688-
699.

2. 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). pii: e003219.

3. Criqui, MH, Langer RD, Fronek A, et al. Mortality over a period 
of 10 years in patients with peripheral arterial disease. N Engl J 
Med. 1992;326 (6):381-386.

4. Kristensen SD, Knuut J, Saraste A, et al. 2014 ESC/ESA guidelines 
on non-cardiac surgery: cardiovascular assessment and manage-
ment: The Joint Task Force on non-cardiac surgery: cardiovascular 
assessment and management of the European Society of Cardiol-
ogy (ESC) and the European Society of Anaesthesiology (ESA). 
Eur J Anaesthesiol. 2014;31(10):517-573.

5. Taylor CA, Fonte TA, Min JK. Computational fluid dynamics ap-
plied to cardiac computed tomography for noninvasive quantifica-
tion of fractional flow reserve: scientific basis. J Am Coll Cardiol. 
2013;61(22):2233-2241.

6. Norgaard BL, Leipsic J, Gaur S, et al. Diagnostic performance 
of noninvasive fractional flow reserve derived from coronary 
computed tomography angiography in suspected coronary artery 
disease: the NXT trial (Analysis of Coronary Blood Flow Using 
CT Angiography: Next Steps). J Am Coll Cardiol. 2014;63(12): 
1145-1155.

7. Curzen NP, Nolan J, Zaman AG, Norgaard BL, Rajani R. Does 
the routine availability of ct-derived ffr influence management 
of patients with stable chest pain compared to CT Angiography 
alone?: The FFRCT RIPCORD Study. JACC. Cardiovasc Imaging. 
2016;9(10):1188-1194.

8. Douglas PS, Pontone G, Hlatky MA, et al. Clinical outcomes of 
fractional flow reserve by computed tomographic angiography-
guided diagnostic strategies vs. usual care in patients with sus-
pected coronary artery disease: the prospective longitudinal trial of 
FFR(CT): outcome and resource impacts study. Eur Heart J. 2015; 
36(47):3359-3367.

9. Collet C, Miyazaki Y, Ryan N, et al. Fractional flow reserve de-
rived from computed tomographic angiography in patients with 
multivessel CAD. J Am Coll Cardiol. 2018;71(24):2756-2769.

10. Krievins D, Zellans E, Erglis A, et al. High prevalence of asymp-
tomatic ischemia-producing coronary stenosis in patients with 
critical limb ischemia: anatomic and functional assessment with 
coronary CT-derived fractional flow reserve (FFRCT). Vascular 
Disease Management. 2018;15(9):E96-E101.

11. Hur DJ, Kizilgul M, Aung WW, Roussillon KC, Keeley EC. Fre-
quency of coronary artery disease in patients undergoing periph-
eral artery disease surgery. Am J Cardiol. 2012;110(5):736-740.

12. Simons JP, Bari, DT, Goodney PP, et al. The effect of postoperative 
myocardial ischemia on long-term survival after vascular surgery. J 
Vasc Surg. 2013;58(6):1600-1608.

13. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/
AHA guideline on perioperative cardiovascular evaluation and 
management of patients undergoing noncardiac surgery: a report 
of the American College of Cardiology/American Heart Associa-
tion Task Force on practice guidelines. J Am Coll Cardiol. 2014;64 
(22):e77-e137.

14. Conti CR, Bavry AA, Petersen JW. Silent ischemia: clinical rel-
evance. Journal of the American College of Cardiology 2012, 59 



CASE REPORT

 Vascular Disease Management®   Volume 16, No. 2, February 2019   E7 

(5), 435-441.
15. Pijls NH, Fearon WF, Tonino PA, et al. Fractional flow reserve 

versus angiography for guiding percutaneous coronary interven-
tion in patients with multivessel coronary artery disease: 2-year 
follow-up of the FAME (Fractional Flow Reserve Versus Angiog-
raphy for Multivessel Evaluation) study. J Am Coll Cardiol. 2010;56 
(3):177-184.

16. Xaplanteris P, Fournier S, Pijls NHJ, et al. Five-year outcomes 
with PCI guided by fractional flow reserve. N Engl J Med. 
2018;379(3):250-259.

17. Driessen R, Danad I, Stuijfzand W, et al. Head-to-head compari-
son of FFR-CT against coronary CT angiography and myocardial 
perfusion imaging for the diagnosis of ischaemia. Eur Heart J. 2018; 
39(suppl 1).

18. Johnson NP, Toth GG, Lai D, et al. Prognostic value of fractional 
flow reserve: linking physiologic severity to clinical outcomes. J 
Am Coll Cardiol.2014;64(16):1641-1654.

19. McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery revas-
cularization before elective major vascular surgery. N Engl J Med.  
2004;35127):2795-2804.

20. Ciccarelli G, Barbato E, Toth GG, et al. Angiography versus he-
modynamics to predict the natural history of coronary stenoses. 
Circulation. 2018;137(14):1475-1485.

21. Fournier S, Toth GG, De Bruyne B, et al. Six-year follow-up 
of fractional flow reserve-guided versus angiography-guided 
coronary artery bypass graft surgery. Circ Cardiovasc Interv. 2018;11 
(6):e006368.

22. Barbato E, Toth GG, Johnson NP, et al, A prospective natural his-
tory study of coronary atherosclerosis using fractional flow reserve. 
J Am Coll Cardiol. 2016;68(21):2247-2255.

23. Jeremias A, Kirtane AJ, Stone GW, et al. A test in context: fractional 
flow reserve: accuracy, prognostic implications, and limitations. J 
Am Coll Cardiol. 2017;69(22):2748-2758.

24. Aboyans V, Ricco JB, Bartelink MLEL, et al. 2017 ESC Guidelines 
on the Diagnosis and Treatment of Peripheral Arterial Diseases, 
in collaboration with the European Society for Vascular Surgery 
(ESVS)Document covering atherosclerotic disease of extracranial 
carotid and vertebral, mesenteric, renal, upper and lower extremity 
arteriesEndorsed by: the European Stroke Organization (ESO)The 
Task Force for the Diagnosis and Treatment of Peripheral Arterial 
Diseases of the European Society of Cardiology (ESC) and of 
the European Society for Vascular Surgery (ESVS). Eur Heart J. 
2018;39(9):763-816.

25. Douglas PS, Pontone G., Hlatky MA, et al. Clinical outcomes 
of fractional flow reserve by computed tomographic angiogra-
phy-guided diagnostic strategies vs. usual care in patients with 
suspected coronary artery disease: the prospective longitudinal 
trial of FFRct: outcome and resource impact study. Eur Heart J. 
2015;36(47):3359-3367.

26. Fairbairn TA. Fractional Flow ReserveCT (FFRCT). Eur Heart J. 
2017;38(24):1867-1869.


