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BACKGROUND 

Chronic total occlusion (CTO) is defined as a complete occlusion of the coronary artery without 

blood flow (TIMI 0) in the occluded segment, which lasts longer than 3 months (1). In various 

published series, the prevalence of CTO lesions in patients with coronary artery disease is 

between 20-30% (2-4). In a large Canadian registry with over 16,000 subjects, the prevalence of 

CTO lesions on diagnostic coronary angiography was 18.4% of all angiographically significant 

coronary stenoses (5). 

This coronary lesion group is especially recognized as technically most complex coronary lesion 

subset for percutaneous revascularization. The success of percutaneous revascularization of 

these lesions has been only 60-70% until recently, which is significantly lower than the 

revascularization of non-occlusive lesions, which is successful in as many as 98% of cases (5,6). 

Over the past decade, significant advances have been made in the technology, equipment, and 

techniques of percutaneous revascularization procedures for the treatment of CTOs, which, with 

increasing operator experience, have resulted in procedural success rates of about 90% (7-9). 

The particular functional characteristics of CTO lesions are the existence of collateral blood 

vessels, and smaller or larger amount of viable myocardium in the area of its vascularization. The 

complex interplay of these two factors depends on the overall coronary physiology and influence 

the clinical manifestations in the patient. 

Collaterals are interarterial connections that allow blood flow from the donor artery to the 

vascular territory that belongs to the occluded epicardial artery. In this manner, the integrity of 

the myocardium supplied by the occluded coronary artery can be preserved partially or even 

completely (10). However, although at rest collateral blood flow can provide preservation of the 

viability and even contractile capacity of the myocardium, it is considered that collateral flow 

during exertion is not sufficient in up to 90% of cases (11). 

Collaterals develop in the process of arteriogenesis through the "recruitment" of preformed and 

preexisting interarterial connections, in a process that depends largely on the hemodynamic 

shear stress along the pressure gradient (between the unoccluded and occluded artery) that 

occurs in the case of coronary artery occlusion, and the presence of a viable myocardium is not 

necessary for the development of collaterals (10,12). 

Numerous studies have been published to date that examined the functional parameters of 

occluded (and recanalized) coronary artery microcirculation (10,11,13–18), while data on the 

potential effects of CTO recanalization on collateral flow and collateral donor physiology are 

scarce. In the presence of CTO, if the myocardium in the area of the occluded artery is perfused 

with significant blood flow through the collateral bloodstream, the CTO recanalization and the 

establishment of normal antegrade flow results in a rapid decrease or termination of the 

collateral flow, and decrease flow in the donor artery, which may alter circulatory parameters of 

donor artery itself (e.g. fractional coronary flow reserve - FFR, coronary flow reserve - CFR, etc.). 

Werner and co-workers have elegantly demonstrated that collateral flow provides about 50% of 



the antegrade flow that is established after CTO recanalization (17). The collateral function 

decreases rapidly after opening the CTO, and practically after a little more than 30 minutes after 

the establishment of antegrade flow reaches the lowest level that is maintained even after 24 

hours from the intervention (17,19). It is not yet clear enough and there is insufficient published 

data on the contribution of collateral flow to coronary artery donor physiology. Thus, Werner et 

al showed that the FFR in the artery donating collateral for CTO was 0.82 ± 0.11 in 18 patients 

who did not have angiographically significant stenosis on the donor artery (15). In this way, they 

showed that small angiographic irregularities or mild diffuse coronary disease in the case of large 

coronary flow (caused by developed collateral blood flow) can give a significant drop in pressure 

in the arterial tree near the border defined for the existence of ischemic lesions. Furthermore, 

several cases have been reported in the literature in which there were significant changes in the 

FFR value in the donor artery after successful CTO recanalization, which in some cases led to a 

change in the indication for revascularization by moving from a FFR value <0.80 to values ≥0.80 

(20-24). It is unclear to what extent these cases represent the broader population of CTO patients 

and whether they can be generalized. "Publication bias" where relatively rare occurrences that 

show major changes in the expected direction are more likely to be published than smaller ones 

or changes in the unexpected direction (25, 26). To our knowledge, only two studies to date have 

been published on a large number of patients examining the impact of CTO reanalysis on FFR in 

the non-occluded arteries. In a study of 14 subjects who had a CTO recanalized, 6 of 9 patients 

with initial ischemic FFR in the donor artery experienced a change in FFR to the non-ischemic 

range (FFR before PCI 0.76 ± 0.04 and after PCI 0.86 ± 0.03) (27). Recently, the largest and most 

important study was published with 34 patients examining the impact of CTO recanalization on 

the functional parameters of non-occluded vessels (28). This study confirmed that after 

successful CTO recanalization, there is a modest increase in FFR (0.810 versus 0.782) in the 

collateral donor artery, as well as a reduction in coronary flow therein (28). Recently, a group of 

Japanese authors also proposed an in vitro model to test the effect of collateral flow on the 

circulation of the donor artery and the recipient of the collateral flow, with a complex 

mathematical model and formulas describing the effect of the collateral recipient's blood vessel 

revascularization on the function of the collateral donor blood vessel (29). Non-invasive 

measurement of coronary flow reserve before and after CTO reanalysis has been reported in only 

one study so far, which in a series of 24 patients showed that after successful recanalization of 

the CTO of the right coronary artery, there was an increase in coronary flow reserve (CFR) after 

3 months of intervention ( 2.3 ± 0.3 vs 1.8 ± 0.3; p <0.001), whereas in the immediate 

postprocedural period (within 24h of PCI), the CFR value through the LAD artery did not increase 

(1.8 ± 0.3 vs 1.8 ± 0.2, p = 0.89). 

Previous studies have not sufficiently examined the relationship between collateral flow changes 

after PCI for CTO and changes in functional parameters of the donor artery with the amount of 

viable myocardium and segmental function of the left ventricle after revascularization. Also, the 

association of the phenomenon of coronary theft with the viability and occurrence of inducible 

myocardial ischemia has not been sufficiently investigated. 



 

WORKING HYPOTHESIS 
 

1. Following successful recanalization of chronic total coronary artery occlusion, the 
hemodynamic microcirculatory parameters (CFR, FFR, HMR) in the non-occluded 
(collateral donor) coronary artery will change as compared to the values before the 
procedure. 

2. The magnitude of change in these parameters depends on the size of the collateral 
blood flow to the territory of the occluded coronary artery and the amount of viable 
myocardium in the vascularization zone of the occluded artery. 

 
 
OBJECTIVES OF THE RESEARCH 
 

1. The primary goal of the study is to determine the magnitude and direction of change in 
the functional parameters of microcirculation in collateral donor coronary artery after the 
successful opening of the chronic total occlusion. 

2. The secondary goals of the study are: 
a) determination of the factors on which the change in hemodynamic parameters of the non-

occluded arteries depend, 
b) determining the factors that influence the improvement of segmental kinetics of the left 

ventricle after six months from the recanalization of the occluded artery, 
c) determination of correlation of functional parameters of microcirculation with ischemia, 

viability and segmental kinetics of the left ventricle, 
d) determining the correlation (change) of microcirculatory functional parameters with the 

quality of life determined by the Seattle Angina Questionnaire. 
 
 
STUDY PROTOCOL  
 
A. Data collection before intervention 
In all patients, the following tests will be performed in the period before the intervention: 
- Electrocardiogram, 
- Echocardiographic examination, 
- Stressechocardiographic test, 
- Measurement of coronary flow reserve for collateral donor artery (RCA or LAD) by non-
invasive transthoracic Doppler echocardiography, 
- Scintigraphy (SPECT) for detection of viable myocardium in the CTO area, 
- Seattle Angina Questionnaire 
 
B. Data collection during PCI for CTO 
At the beginning of the procedure, after administration of nitroglycerin intracoronary (200 µg), 
angiography will be performed with optimal visualization of epicardial coronary circulation and 
collateral blood flow to the area vascularized by the occluded artery. Angiographic quantification 
of collateral and collateral flow will be performed according to Rentrop and CC classifications 



(16,30). Quantitative coronary angiography (QCA) will be used to quantify all coronary stenoses 
except CTO, which by definition is 100% stenosis. 
Before the CTO recanalization, after adequate heparinization of the patient (by administration of 
100 IU / kg heparin intravenously), the following functional parameters will be measured in each 
of the two non-occluded coronary arteries using a coronary wire with pressure and flow sensor 
(Combowire; Volcano Corp, San Diego, CA): 
- Basal blood flow velocity 
- Hyperemic blood flow velocity 
- Coronary flow reserve (CFR) 
- Mean blood pressure in the aorta (Pa) and at the sensor position (Pd) 
- Fractional flow reserve (FFR) 
- Hyperemic microvascular resistance (HMR) 
Hyperemia will be caused by the administration of an intravenous infusion of adenosine (140µg / 
kg / min). 
Following this, the CTO will be opened, using standard contemporary strategies and materials. 
After passage of the occlusion with the antegrade wire, a coronary wire with pressure and flow 
sensor will be introduced distally to the occlusion, and hyperemia will be induced by 
administering adenosine intravenously. After measuring the above functional parameters at this 
location, CTO dilatation and stent implantation will be initiated. Successful percutaneous 
coronary intervention (procedural success) is defined as the establishment of TIMI 3 flow with a 
residual stenosis of less than 30% after stent implantation or balloon dilatation. In the case of 
procedural success, the previously described functional parameters will be measured in the 
recovered coronary artery using the coronary wire with pressure and flow sensors when 
administered adenosine intravenously. 
Finally, to evaluate the effect of CTO opening on the physiological parameters of the non-
occluded arteries, all the functional measurements mentioned above will be repeated with the 
same (or closest possible) sensor positions in both non-occluded arteries, as described in detail 
above. 
 
C. Data collection in the procedure 
The following examinations will be performed in all patients who have achieved procedural 
success: 
- Within the first 24 hours of intervention: measurement of coronary flow reserve for LAD and 
RCA artery by non-invasive Doppler echocardiography, 
- 6 months after the intervention: 
- Electrocardiogram 
- Echocardiographic examination 
- Measurement of coronary flow reserve for LAD and RCA artery by non-invasive Doppler 
echocardiography 
- Seattle Angina Questionnaire 
- Information on possible adverse cardiovascular events from intervention to follow-up (MACE) 
- Catheterization of the heart if clinically indicated 
 
 
MEASUREMENT AND DEFINITION 
 



- The procedural success of recanalizing chronic total occlusion.  
Successful percutaneous coronary intervention (procedural success) is defined as the 
establishment of TIMI 3 flow with residual stenosis of less than 30% after stent implantation or 
balloon dilatation. 
- TIMI flow is a scale that semi-quantifies antegrade flow through the coronary artery as follows: 
TIMI 0 - no antegrade flow behind occlusion; TIMI 1 - there is a flow behind the occlusion site 
with incomplete filling of the distal coronary artery; TIMI 2 - slow antegrade flow that 
completely fills the distal artery; TIMI 3 - Normal coronary flow with complete filling of distal 
artery (31). 
- Rentrop classification of collateral flow (30) is a widely used angiographic system that does not 
describe the characteristics of collateral blood vessels themselves, but their effect on filling the 
occluded artery distal to the site of occlusion. There are 4 grades of collateral flow according to 
this classification: Rentrop 0 - no filling of the occluded vessel via collateral blood flow, Rentrop 
1 - filling only the lateral branches of the occluded vessel without filling the main epicardial 
blood vessel, Rentrop 2 - partial filling of the main epicardial blood vessel, and Rentrop 3 - 
completely filling the major epicardial blood vessel. 
- Semi-quantitative classification of collateral vessels (collateral connections) (16): CC0 - no 
continuous connections, CC1 - continuous collateral threadlike connections, CC2 - lateral 
branches (diameter ≥0.4mm). CC3 - Direct connections ≥1mm in diameter. 
- The Seattle Angina Questionnaire is a modern and validated instrument for assessing the 
quality of life in patients with coronary disease (32). This questionnaire is based on five different 
domains that are assessed in patients: physical limitation, anginal stability, anginal frequency, 
treatment satisfaction and disease perception. 
- Myocardial scintigraphy - All patients will have a 740 MBq 99mTc-MIBI myocardial 
scintigraphy given intravenously 10-15 minutes after sublingual administration of 0.5mg 
nitroglycerin (33) before attempting to recanalize the occlusion. The recording will take place 
45-60 minutes after the administration of the radiopharmaceuticals, in a supine position, with a 
single gamma camera equipped with a high-resolution low energy collimator. 64 projections will 
be taken in the 180-degree range (starting from 45 degrees from the right front oblique to 45 
degrees from the left rear position). After the reconstruction of the image, semi-quantification of 
myocardial perfusion and function will be done software. The size and severity of the perfusion 
defect will be calculated based on a 17-segment radiopharmaceutical uptake model and based on 
a guide from the European Nuclear Medicine Association and the European Association of 
Cardiologists for radionuclide imaging of cardiac function (34). The total download score of 
MIBI radiopharmaceuticals (SRS) will be calculated. The size and severity of the perfusion 
defect will also be indicated according to each of the three major vascular territories: anterior 
descendant, circumflex, and right coronary artery. Assessment of regional left ventricular wall 
thickness will be assessed by visual inspection in the Chinese mode of SPECT perfusion images 
(34). The presence of viable myocardium in the infarct zone will be considered as the absorption 
of radiopharmaceuticals ≥55% of normal perfusion, with left-wall wall thickness gain (35–37). 
Also, the left ventricular ejection fraction, end-diastolic volume, and end-systolic volume will be 
evaluated using an automated algorithm (38). 
- Echocardiography - Transthoracic echocardiographic examination will be performed in all 
subjects. All standard echocardiographic sections will be made. Measurements from orthogonal 
apical sections ("two and four cavities") will be used to estimate the global function of the left 
ventricle, with the simulation fraction calculated using the Simpson method. A 17-segment 



model will be used to calculate the wall motion score index of the left ventricular segment, while 
segmental kinetics will be constructed as follows: 1-normal segment kinetics, 2-hypokinesia, 3-
akinesia, and 4- dyskinesia. This score will be calculated by dividing the sum of the mobility 
levels of the individual segments by the total number of visualized segments (39). 
 
Stressechocardiographic test - a submaximal, symptom-limited stress-echocardiographic test on a 
Bruce protocol will be performed in all subjects. Before the test, at the end of each load step, and 
after the test is completed, arterial blood pressure and SF will be measured. The criteria for 
discontinuation of the test are: onset of anginal problems, fatigue, reaching submaximal 
frequency, the onset of ST depression greater than 1 mm, and the onset of hypertensive reaction 
(blood pressure greater than 240/130 mmHg). According to the protocol of the 
stressechocardiographic test, an echocardiographic examination in the left decubital position will 
be done to everyone before and immediately after the test. The test was defined as positive for 
the presence of inducible myocardial ischemia if there was a deterioration of left ventricular 
segmental kinetics at the EHO after the test. 
- Measurement of coronary flow reserve for LAD artery - Transthoracic Doppler 
echocardiographic examination will record blood flow velocities in the LAD artery, at rest and 
after induction of hyperemia by administering adenosine intravenously (0.14 mg/kg/ min). 
Coronary flow reserve will be calculated as the ratio of maximum hyperemic and maximum 
basal flow rate (40). 
- The following invasive functional parameters will be determined for all subjects where 
technically feasible: 
- Basal blood flow velocity 
- Hyperemic blood flow velocity 
- Mean blood pressure in the aorta (Pa) and at the sensor position (Pd) 
- Coronary flow reserve (CFR) 
- Fractional flow reserve (FFR) 
- Hyperemic microvascular resistance (HMR) 
- Procedural complications - All patients will be monitored for the occurrence of periprocedural 
complications, including myocardial infarction, coronary perforation, cardiac tamponade, 
emergency cardiac surgery, complications at the site of vascular access. 
- Adverse cardiovascular events during the follow-up period - All patients will be monitored for 
adverse cardiovascular events during the follow-up period: cardiovascular death, non-fatal 
myocardial infarction, and any recurrent myocardial revascularisation. 
 
 
SAMPLE SIZE 
 
Based on the primary goal of the study, the required number of subjects was calculated according 
to the appropriate formula for Student's t-test for related samples using the following 
assumptions and data from previous published research: statistical power (1-β) = 0.80; statistical 

significance (α) = 0.05; expected change (increase) of coronary flow reserve (CFR) in the donor 

artery after opening of chronic total occlusion of 0.5 (41-43), expected standard deviation for 
invasive Doppler CFR in the reference artery of 0.85 (44). 

𝑛 =
(𝑍

1−
𝛼
2
+ 𝑍1−𝛽)

2 ∙ 𝜎2

𝛿2
=
(1,960 + 0,842)2 ∙ 0.852

0,52
= 22,7 ≈ 23 



The sample size we calculated to be 23 patients, based on the above assumptions. Taking into 
account that the success of the procedure of opening a chronic total occlusion at the Cardiology 
Clinic of the Clinical Center of Serbia is 90% and that 15% of the respondents will be 
unavailable for a six-month follow-up, a total of 30 patients should be included. 
 
STATYSTICAL ANALYSIS 
 
- The following statistical methods will be used for data description: 
Mean, median, standard deviation, interquartile range 
- The following methods of analytical statistics will be used: 
chi-square test, Student's t-test for independent and related samples, correlation, linear 
regression, logistic regression, The ROC curve and C-statistics will be used to determine the cut-
off values. All tests will be realized as two-way. A p-value of <0.05 will be considered 
statistically significant. Data analysis will be done in the SPSS statistical software package 
(version 19 or above). 
 
 References: 

1. Sianos G, Werner GS, Galassi AR, Papafaklis MI, Escaned J, Hildick-Smith D, et al. 
Recanalisation of chronic total coronary occlusions: 2012 consensus document from the EuroCTO 
club. EuroIntervention. 2012 May 15;8(1):139–45. 

2.  Delacrétaz E, Meier B. Therapeutic strategy with total coronary artery occlusions. Am J Cardiol. 
1997 Jan 15;79(2):185–7. 

3.  Christofferson RD, Lehmann KG, Martin G V, Every N, Caldwell JH, Kapadia SR. Effect of 
chronic total coronary occlusion on treatment strategy. Am J Cardiol. 2005 May 1;95(9):1088–91. 

4.  Werner GS, Gitt AK, Zeymer U, Juenger C, Towae F, Wienbergen H, et al. Chronic total coronary 
occlusions in patients with stable angina pectoris: impact on therapy and outcome in present day 
clinical practice. Clin Res Cardiol. 2009 Jul;98(7):435–41. 

5.  Fefer P, Knudtson ML, Cheema AN, Galbraith PD, Osherov AB, Yalonetsky S, et al. Current 
perspectives on coronary chronic total occlusions: the Canadian Multicenter Chronic Total 
Occlusions Registry. J Am Coll Cardiol. 2012 Mar 13;59(11):991–7. 

6.  Rathore S, Matsuo H, Terashima M, Kinoshita Y, Kimura M, Tsuchikane E, et al. Procedural and 
in-hospital outcomes after percutaneous coronary intervention for chronic total occlusions of 
coronary arteries 2002 to 2008: impact of novel guidewire techniques. JACC Cardiovasc Interv. 
2009 Jun;2(6):489–97. 

7.  Saito S. Progress in angioplasty for chronic total occlusions. Catheter Cardiovasc Interv. 2010 Oct 
1;76(4):541–2. 

8.  Saito S. Progress in angioplasty for chronic total occlusions again. Catheter Cardiovasc Interv. 
2010 Nov 15;76(6):850–1. 

9.  Godino C, Sharp ASP, Carlino M, Colombo A. Crossing CTOs-the tips, tricks, and specialist kit 
that can mean the difference between success and failure. Catheter Cardiovasc Interv. 2009 Dec 
1;74(7):1019–46. 

10.  Werner GS. The role of coronary collaterals in chronic total occlusions. Curr Cardiol Rev. 
2014;10(1):57–64. 

11.  Werner GS, Bahrmann P, Mutschke O, Emig U, Betge S, Ferrari M, et al. Determinants of target 
vessel failure in chronic total coronary occlusions after stent implantation. The influence of 
collateral function and coronary hemodynamics. J Am Coll Cardiol. 2003 Jul 16;42(2):219–25. 

12.  Schaper W. Collateral circulation: past and present. Basic Res Cardiol. 2009 Jan;104(1):5–21. 
13.  Werner GS, Surber R, Kuethe F, Emig U, Schwarz G, Bahrmann P, et al. Collaterals and the 



recovery of left ventricular function after recanalization of a chronic total coronary occlusion. Am 
Heart J. 2005;149(1):129–37.  

14.  Werner GS, Surber R, Ferrari M, Fritzenwanger M, Figulla HR. The functional reserve of 
collaterals supplying long-term chronic total coronary occlusions in patients without prior 
myocardial infarction. Eur Heart J. 2006;27(20):2406–12.  

15.  Werner GS, Fritzenwanger M, Prochnau D, Schwarz G, Ferrari M, Aarnoudse W, et al. 
Determinants of Coronary Steal in Chronic Total Coronary Occlusions. Donor Artery, Collateral, 
and Microvascular Resistance. J Am Coll Cardiol. 2006;48(1):51–8.  

16.  Werner GS, Ferrari M, Heinke S, Kuethe F, Surber R, Richartz BM, et al. Angiographic 
assessment of collateral connections in comparison with invasively determined collateral function 
in chronic coronary occlusions. Circulation. 2003 Apr 22;107(15):1972–7. 

17.  Werner GS, Richartz BM, Gastmann O, Ferrari M, Figulla HR. Immediate Changes of Collateral 
Function After Successful Recanalization of Chronic Total Coronary Occlusions. Circulation. 
2000;102(24):2959–65. 

18.  Werner GS, Emig U, Bahrmann P, Ferrari M, Figulla HR. Recovery of impaired microvascular 
function in collateral dependent myocardium after recanalisation of a chronic total coronary 
occlusion. Heart. 2004;90(11):1303–9. 

19.  Zimarino M, Ausiello A, Contegiacomo G, Riccardi I, Renda G, Di Iorio C, et al. Rapid Decline 
of Collateral Circulation Increases Susceptibility to Myocardial Ischemia. The Trade-Off of 
Successful Percutaneous Recanalization of Chronic Total Occlusions. J Am Coll Cardiol. 
2006;48(1):59–65.  

20.  Sachdeva R, Uretsky BF. The effect of CTO recanalization on FFR of the donor artery. Catheter 
Cardiovasc Interv. 2011;77(3):367–9.  

21.  Matsuo H, Kawase Y. Physiological impact of CTO recanalization assessed by coronary pressure 
measurement: A case report. Catheter Cardiovasc Interv. 2013;82(4):459–64.  

22.  Iqbal MB, Shah N, Khan M, Wallis W. Reduction in myocardial perfusion territory and its effect 
on the physiological severity of a coronary stenosis. Circ Cardiovasc Interv. 2010;3(1):89–90.  

23.  Melikian N, Cuisset T, Hamilos M, De Bruyne B. Fractional flow reserve - The influence of the 
collateral circulation. Int J Cardiol. 2009;132(3):e109–10. 

24.  Kurisu S, Mitsuba N, Ishibashi K, Kato Y, Dohi Y, Nishioka K, et al. A Pitfall of Fractional Flow 
Reserve Associated with the Presence of Collateral Circulation. Intern Med. 2011;50(22):2811–3.  

25.  Albrecht J, Meves A, Bigby M. Case reports and case series from Lancet had significant impact on 
medical literature. J Clin Epidemiol. 2005;58(12):1227–32.  

26.  Ladwiniec A, Hoye A. The haemodynamic effects of collateral donation to a chronic total 
occlusion: Implications for patient management. Int J Cardiol. 2015;198:159–66. 

27.  Sachdeva R, Agrawal M, Flynn SE, Werner GS, Uretsky BF. Reversal of ischemia of donor artery 
myocardium after recanalization of a chronic total occlusion. Catheter Cardiovasc Interv. 
2013;82(4).  

28.  Ladwiniec A, Cunnington MS, Rossington J, Mather AN, Alahmar A, Oliver RM, et al. Collateral 
donor artery physiology and the influence of a chronic total occlusion on fractional flow reserve. 
Circ Cardiovasc Interv. 2015;8(4):e002219. 

29.  Watanabe H, Saito N, Matsuo H, Kawase Y, Watanabe S, Bao B, et al. In vitro assessment of 
physiological impact of recipient artery intervention on the contralateral donor artery. Cardiovasc 
Revascularization Med. 2015;16(2):90–100. 

30.  Rentrop KP, Cohen M, Blanke H, Phillips RA. Changes in collateral channel filling immediately 
after controlled coronary artery occlusion by an angioplasty balloon in human subjects. J Am Coll 
Cardiol. 1985 Mar;5(3):587–92. 

31.  The Thrombolysis in Myocardial Infarction (TIMI) trial. Phase I findings. TIMI Study Group. N 
Engl J Med. 1985 Apr 4;312(14):932–6. 

32.  Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M, et al. Development 
and evaluation of the Seattle Angina Questionnaire: a new functional status measure for coronary 



artery disease. J Am Coll Cardiol. 1995 Feb;25(2):333–41. 
33.  Pavlovic S V, Sobic-Saranovic DP, Beleslin BD, Ostojic MC, Nedeljkovic MA, Giga VL, et al. 

One-year follow-up of myocardial perfusion and function evaluated by gated SPECT MIBI in 
patients with earlier myocardial infarction and chronic total occlusion. Nucl Med Commun. 2009 
Jan;30(1):68–75. 

34.  Hesse B, Lindhardt TB, Acampa W, Anagnostopoulos C, Ballinger J, Bax JJ, et al. EANM/ESC 
guidelines for radionuclide imaging of cardiac function. Eur J Nucl Med Mol Imaging. 2008 
Apr;35(4):851–85. 

35.  Gunning MG, Anagnostopoulos C, Davies G, Knight CJ, Pennell DJ, Fox KM, et al. Simultaneous 
assessment of myocardial viability and function for the detection of hibernating myocardium using 
ECG-gated 99Tcm-tetrofosmin emission tomography: a comparison with 201Tl emission 
tomography combined with cine magnetic resonance imaging. Nucl Med Commun. 1999 
Mar;20(3):209–14. 

36.  Wahba FF, Bavelaar-Croon CD, Baur LH, Zwinderman AH, van Roosmalen RP, Pauwels EK, et 
al. Detection of residual wall motion after sustained myocardial infarction by gated 99Tcm-
tetrofosmin SPECT: a comparison with echocardiography. Nucl Med Commun. 2001 
Feb;22(2):175–82. 

37.  Acampa W, Cuocolo A, Petretta M, Bruno A, Castellani M, Finzi A, et al. Tetrofosmin imaging in 
the detection of myocardial viability in patients with previous myocardial infarction: comparison 
with sestamibi and Tl-201 scintigraphy. J Nucl Cardiol. 9(1):33–40. 

38.  Germano G, Kiat H, Kavanagh PB, Moriel M, Mazzanti M, Su HT, et al. Automatic quantification 
of ejection fraction from gated myocardial perfusion SPECT. J Nucl Med. 1995 Nov;36(11):2138–

47. 
39.  Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al. 

Recommendations for chamber quantification: a report from the American Society of 
Echocardiography’s Guidelines and Standards Committee and the Chamber Quantification 

Writing Group, developed in conjunction with the European Association of Echocardiograph. J 
Am Soc Echocardiogr. 2005 Dec;18(12):1440–63. 

40.  Giga V, Dobric M, Beleslin B, Sobic-Saranovic D, Tesic M, Djordjevic-Dikic A, et al. Estimation 
of infarct size using transthoracic Doppler echocardiographic measurement of coronary flow 
reserve in infarct related and reference coronary artery. Int J Cardiol. 2013;168(1):169–75. 

41.  Djordjevic-Dikic A, Beleslin B, Stepanovic J, Giga V, Tesic M, Dobric M, et al. Prediction of 
myocardial functional recovery by noninvasive evaluation of basal and hyperemic coronary flow 
in patients with previous myocardial infarction. J Am Soc Echocardiogr. 2011;24(5):573–81. 

42.  Beleslin B, Ostojic M, Djordjevic-Dikic A, Vukcevic V, Stojkovic S, Nedeljkovic M, et al. The 
value of fractional and coronary flow reserve in predicting myocardial recovery in patients with 
previous myocardial infarction. Eur Heart J. 2008;29(21):2617–24.  

43.  Baykan AO, Kalkan GY, Sahin DY, Elbasan Z, Gur M, Seker T, et al. Coronary flow velocity 
reserve in donor artery and myocardial performance index after successful recanalization of 
chronic total coronary occlusions. J Invasive Cardiol. 2015 Jun;27(6):E75–81. 

44.  Ladwiniec A, Cunnington MS, Rossington J, Thackray S, Alamgir F, Hoye A. Microvascular 
dysfunction in the immediate aftermath of chronic total coronary occlusion recanalization. 
Catheter Cardiovasc Interv. 2016;1079(October 2015):1071–9.  

 


