
patency, we found that it had a sensitivity of 100%, specificity  

of 86.2%, NPV of 100%, and PPV of 84%.  

Conclusion:  We reported that CTA is anon-invasive im-
aging modality with high sensitivity and specificity in assessing  
graft patency, which may limit the use of invasive conventional  

angiography especially in patients with comorbidities and  

liable for devolving complications with invasive conventional  
angiography.  

Key Words:  Multidetector computed tomography – Angiogra-
phy – Conventional – Coronary artery bypass  
graft.  

Introduction  

CORONARY  artery bypass graft (CABG) surgery  

is the main treatment for advanced coronary artery  
disease [1] .  

Although the role of percutaneous myocardial  

revascularization increased during the last years,  

List of Abbreviations:  

CABG  
CAD  
CAG  
CT  
CTA  
DVT  
MDCT  
IMA  
GSV  
SDU  
ICA  
SPSS  
PPV  
NPV  
QCA  
LAD  
SD  
RCA  
OM  
PDA  
ECG  
CAD  

: Coronary artery bypass graft. 
: Coronary artery disease. 
: Coronary angiography. 
: Computed tomography. 
: Computed tomography angiography. 
: Deep vein thrombosis. 
: Multidetector computed tomography. 
: Internal mammary artery. 
: Great saphenous vein. 
: Standard duplex ultrasonography. 
: Invasive coronary angiography. 
: Statistical Package for the Social Sciences. 
: Positive predictive value. 
: Negative predictive value. 
: Quantitative coronary angiography. 
: Left anteriordescending artery. 
: Standard deviation. 
: Right coronary artery. 
: Obtuse marginal. 
: Posterior descending artery. 
: Electrocardiography. 
: Coronary artery disease.  
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Abstract  

Background:  Coronary artery bypass graft (CABG) surgery  

is the optimal treatment for advanced coronary artery disease.  
Invasive coronary angiography is the gold standard tool for  

post operative assessment of graft patency. Recent advances  

in computed tomography coronary angiography increase its  
role in assessment of graft patency especially in patients with  
comorbidities decreasing the incidence of invasive coronary  
angiography associated complications.  

Aim of Study:  This study was designed to detect the degree  
of accuracy of postoperative CT angiography as non-invasive  

imaging modalityin assessment of graft patencycompared  

with conventional angiography.  

Patients and Methods:  The study population included 50  
patients (35 males and 15 females) with a mean age of 55.58  
years. The duration between CABG surgery and CTA ranged  
from 8 to 28 months. The period between CTA and ICA was  
8-15 days. Thirty three patients were complaining of chest  
pain, ten patients presented withdyspnea on exertion. Only  

seven patients were asymptomatic and had come for check  

up. A total number of 118 grafts were assessed by 64-MDCT  

and ICA.  

Results:  A total of 118 grafts (arterial-48 and venous-70)  

were studied.CTA images revealed 59 of total 118 grafts are  

patent, 23 were narrowed and 36 were occluded. The occlusion  
rate and graft failure were more in the venous grafts, constituted  

64% of occluded grafts. We compared the results of postop-
erative CTA and conventional angiography, and we noticed  

that both techniques detected the same number of occluded  

grafts (36); however, they detected different numbers of patent  

and narrowed grafts; on CTA images, patent grafts were 59,  
whereas, onconventional angiography, they were 69 (more  

sensitive). CTA, showed 23 narrowed grafts, whereas, con-
ventional angiography, showed 13 narrowed grafts with CTA  
overestimation and false positive results among 10 grafts  

proving their patency with ICA. This difference reached  

statistical significance with a p-value of less than 0.001.  
Regarding the diagnostic indices of CTA in detecting graft  
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the role of surgical myocardial revascularization  

is still more important, with its better long-term  

results than percutaneous revascularization in  

certain groups of patients. This fact, with the long-
term results of recent techniques of total arterial  

myocardial revascularization, makes assessment  
of graft patency necessary [2] .  

Graft patency has long been assessed using  

invasive coronary angiography (ICA). However,  
introduction of new generations of MDCT offers  

a readily available and noninvasive technique to  
study coronary artery bypass graft (CABG) patients.  

Although considering 4-slice or 16-slice MDCT  

as a reliable replacement of ICA for graft imaging  
could be questionable, the introduction of new  
scanners-64-slice and 128-slice upwards°TMalong  

with new scan protocols opens new perspectives  

in non-invasive evaluation of graft patency [2] .  

ICA, for clear reasons, remains the favored  

method in acute clinical settings such as acute  

myocardial infarction or cardiac arrest. Aside from  

that, there are concerns when utilized for graft  

imaging. The first one and more clearconcern is  

that ICA is invasive; its invasiveness associated  
with risks of arrhythmia, stroke and dissection of  
the native vessel or of the graft, myocardial infarc-
tion and embolic stroke. Therefore, there is a 0- 
2% risk of morbidity (0.05 risk of myocardial  
infarction, 0.07% risk of stroke and 0.43% risk of  

vascular complications) and 0.14-0.28% mortality  
risk [3] .  

The second concern is technical:  The coronary  
angiography done for graft imaging is more prob-
lematic than for native vessels, because of the  

variation of location of the grafts' ostia. This means  

longer procedure times, more use of contrast,  

increased complication rates and lower success  

rate in identifying graft origin-around 79-86%  

[4,5] .  

Furthermore, whenthe first angiography is un-
able to fully evaluate graft patency, a new coronary  

angiography is usually done shortly afterwards,  

needing a different arterial access, increasing the  

radiation exposure in addition to the risk of com-
plications. MDCT, compared with ICA, is less  
expensive, more rapid, less invasive, can be done  
in an outpatient setting, and has a better patient  

acceptability.MDCT can be more precise for graft  

imaging than for coronary native arteries due to  
the relative immobility, the wider luminal diameter,  
the lower rate of calcifications. It also allows the  

evaluation of extra-cardiac complications [2] .  

Despite the limitations of early generation 4-,  

16-, 64-slice MDCT in the evaluation of distal  
anastomoses and run-off segments because of  

motion artifact along with evaluation of patients  
with irregular heart rhythm, and despite beam  
hardening artifacts by calcifications and surgical  

clips, and finally radiation exposure, the efficacy  

of the technique for the evaluation of CABG pa-
tients has been clarified in several studies [6] .  

The aim of work was to detect the degree of  

accuracy of postoperative CT angiography as non-
invasive imaging modality in assessment of graft  

patency compared with conventional angiography.  

Patients and Methods  

This comparative retrospective study was ap-
proved by the Research and Ethics Committee of  
our University. Informed consent was obtained  

from the patients, which was approved by the  
Ethics Committee.  

The study population included 50 patients (35  

males and 15 females) with a mean age of 55.58  
years (range, 36-72 years) from April 2019 to  
October 2021. The duration between CABG surgery  

and CTA ranged from 8 to 28 months. The period  
between CTA and ICA was 8-15 days. Thirty three  
patients were complaining of chest pain, ten patients  

presented with dyspnea on exertion. Only seven  
patients were asymptomatic and had come for  

check up. A total number of 118 grafts were as-
sessed by 64-MDCT and ICA.  

Data collection: Demographic data, risk factors,  
referral data clinical symptoms and labs.  

We assessed the patients in terms of the presence  

of risk factors for coronary artery diseases, and  

we found that 31 patients (62%) had a positive  

family history of coronary artery disease, 26 pa-
tients (52%) had diabetes mellitus, 45 patients  

(90%) had hypertension, 40 patients (80%) were  

smokers, and 43 patients (86%) had dyslipidemia  

(Table 1).  

Twenty three patients were complaining of  

chest pain, twenty patients presented with dyspnea  
on exertion. Only seven patients asymptomatic  
and had come for checkup.  

In this study, the exclusion criteria were as  
follows: Patients with severe heart failure, unstable  

hemodynamics, significant renal dysfunction (se-
rum creatinine of >2.5mg/L), and tachycardia (>80  

beats/min).  
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Table (1): Showing the number of patients with risk factors,  
and their distribution among the population of the  

study.  

Mean Standard deviation  Minimum  Maximum  

Age 55.58 10.57  36.00  72.00 

Count  % 

Sex:  
Male  35  70.0  
Female  15  30.0  

Family history of CAD:  
Positive  31  62.0  
Negative  19  38.0  

DM:  
Positive  26  52.0  
Negative  24  48.0  

HTN:  
Positive  45  90.0  
Negative  5  10.0  

Smoking:  
Positive  40  80.0  
Negative  10  20.0  

Dyslipidemia:  
Positive  43  86.0  
Negative  7  14.0  

MDCT: 
A- Technique and CT parameters:  

Via using a 64-slice CT scanner with retrospec-
tive electrocardiographic gating. Scans were done  

during breath-hold from the clavicles to the lung  

bases, to visualize the whole heart and the whole  
course of internal mammary artery. The parameters  

used were as follows: Slice collimation, 0.625mm;  
pitch, 11.2; 135 kV; and 380mA. We injected 80- 
100-mL nonionic contrast material (iopamidol;  
370mg iodine/mL) at a rate of 5mL/s, followed by  

50-mL saline solution. When the ascending aortic  

enhancement was similar to the main pulmonary  

artery, scanning was performed using the SmartPrep  

technique. All patients received 20-60-mg oral  

metoprolol tartrate 1h before the scan according  

to their body weight and blood pressure.  

Image reconstruction:  
Image generation was performed guided by  

ECG, mainly in the diastolic phase. However, if  
motion artifact was detected image reconstruction  

was done in the systolic phase. The first recon-
struction was done with the reconstruction window  
starting at 75% of R-R interval. If there were  

motion artifacts present, additional reconstructions  

in 5% modifications of the R-R interval was done.  

However, in cases with inevitablemotion artifact,  

the data set with best image quality in the region  

of the graft was used for further analysis.  

Reconstruction was done using advanced work-
station. The reconstruction techniques used were  

maximum intensity projection (thin and thick-
MIP), volume rendered technique (VRT), curved  

MIP, and tree view projections.  

Data analysis:  

The coronary MDCT data sets were interpret-
edby 2 expert radiologists with more than 12 years'  
experience with known history of the operative  

data, location and number of bypass grafts, but  

blinded with patient's clinical symptoms and labs.  
Satisfactory image quality had no or minimal  
artifacts.  

Grafts were evaluated in both long and short  
axis, parallel and perpendicular to the course of  

the vessel. Each bypass graft was examined for  

patency along its main length (body) and anasto-
motic sites. Patent grafts were further assessed for  

the presence of stenosis. Left internal mammary  

artery (LIMA) grafts were assessed along their  

entire length from their origin at the subclavian  
arteries to their anastomotic sites.  

A graft was considered patent if its lumen  
showed homogenous contrast enhancement without  
any filling defect or narrowing. Grafts that dem-
onstrated patency were further evaluated for the  

presence of stenosis. The grade and site of stenosis  

were determined. Significant stenosis was defined  
as lumen reduction of 50-99%; and non-flow lim-
iting mild stenosis was defined as lumen reduction  
of <50%. Site of the stenosis was sub divided  

according to their location in the body of the graft  

or at the anastomotic sites (proximal or distal).  

Conventional coronary angiography:  

ICA was performed through a right femoral  
approach using a 4F catheter. Then, 30° right  
anterior oblique and 60° left anterior oblique views  
were used to select graft images. A consultant  

cardiologist with 10 years of experience, who was  
blinded to the CT results, analyzed the ICA images.  
Graft occlusion was defined as the absence of  

contrast material along the course of the graft,  

whereas occlusion of the native coronary artery  

was defined as the absence of contrast material  

along the course of the artery. 50% decrease in the  

diameter was defined as a significant stenosis of  

the graft and graft anastomosis.  
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Statistical analysis:  
Data were entered using Statistical Package for  

the Social Sciences, version 26 (IBM Corp., Ar-
monk, NY, USA). Data were summarized using  
means, standard deviations, and minimum and  

maximum values for quantitative data and frequen-
cies (counts) and relative frequencies (percentages)  

for categorical data. The chi-square ( x2
) test was  

used to compare categorial data. Fisher's exact test  

was used instead when the expected frequency was  
less than 5 [7] . Standard diagnostic indices, includ-
ing sensitivity, specificity, positive predictive value  
(PPV), negative predictive value (NPV), and diag-
nostic efficacy, were calculated as described by  

[8] . p-values of less than 0.05 were used to denote  
statistical significance.  

Results  

A 64-slice coronary CT was performed without  

any complications in 50 (35 males and 15 females)  

patients.  

A total of 118 grafts (arterial 48 and venous-
70) were studied (Table 2). Forty eight patients  

had triple vessel disease. Two patients had double  

vessel disease.  

Table (2): The types of the grafts used in the study.  

Count  %  

Type of the graft:  
Arterial  48  40.6  
Venous  70  59.4  

Arterial grafts (insitu or free):  
Insitu  40  83.3  
Free  8  16.7  

Free arterial grafts (IMA or RA):  
IMA  3  37.5  
RA  5  62.5  

The age of the bypass grafts varied from 8  
months to 28 months since bypass surgery. Among  

the 50 patients, two patients had only arterial grafts,  

six patients had only venous grafts, and the remain-
ing patients 42 had both arterial and venous grafts.  

One or more grafts are used in each patients. In  
our study, most of the patients had two grafts,  

accounting for 30% of the cases. Among the arterial  
grafts (n=48) in situ LIMA grafts (29) were used  
in most of the patients, three were free right internal  
mammary artery (RIMA) grafts and five were  

freeradial artery (RA) grafts (Table 2).  

The most commonly grafted vessel was left  
anterior descending artery (LAD) followed by  

other branches (Table 3).  

Table (3): Represents the percentage of the connections of  

the arterial and venous grafts in the study group.  

Count  %  

Insitu arterial grafts connections:  
To LAD  20  50.0  
To OM  8  20.0  
To RCA  4  10.0  
To diagonal  4  10.0  
To PDA  4  10.0  

Free arterial (radial artery or IMA):  

Radial  5  62.5  
IMA  3  37.5  

Venous grafts connections:  
To LAD  12  17.1  
To OM  16  22.9  
To RCA  24  34.3  
To diagonal  10  14.3  
To PDA  8  11.4  

CTA images revealed 59 of total 118 grafts are  
patent, 23 were narrowed and 36 were occluded.  

All 36 grafts were occluded at the proximal anas-
tomosis to the ascending aorta. The occlusion rate  

and graft failure were more in the venous grafts,  

constituted 64% of occluded grafts (Table 4).  

Table (4): Correlation between type of grafts and grafts  

patency.  

Type of graft  
Graft patency  

Total  
Patent  Occlusion  Narrowed  

Arterial  
IMA  19 (32.2%)  12 (33.3%)  12 (52.2%)  43  
Radial artery  3 (5%)  1 (2.7%)  1 (4.3%)  5  

Total  22  13 (36%)  13 (56.5%)  48  
Venous  37 (62.8)  23 (64%)  10 (43.5)  70  

Total  59  36  23  118  

Among the 23 stenotic grafts, 10 showed sig-
nificant stenosis (50-99% diameter reduction). Five  

showed moderate stenosis. Eight had mild stenosis  

(<50% diameter reduction.  

The stenosis was significant in 9 grafts at distal  

anastomosis site. In nine grafts, stenosis were  
located in the proximal part of the bypass graft  

and in the remaining five grafts stenosis was located  

at the distal anastomotic site (Figs. 1-4).  

We correlated the patients clinical presentations  

with the CTA findings and we found that the twenty  
three patients complaining of chest pain had 55  
grafts of total 118, 30 were occluded and 10  
significant, 3 moderate, 2 mild stenosis and 10  
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patent grafts, twenty patients presented with dys- 
pnea on exertion had 35 grafts: 6 were occluded  

grafts, 2 had moderate stenosis 2 mild stenosis, 25  

were patent. The seven asymptomatic patients had  

28 grafts, 24 were patent and 4 showed mild sten-
osis (Table 5).  

Table (5): Correlation between grafts patency and symptoms.  

Symptoms  
Patent  
grafts  Occluded  

Mild  
stenosis  

Moderate  
stenosis  

Significant  
stenosis  

Total  
numbers  

Chest pain  23  10  30  2  3  10 55  

Dyspnea on exertion  20  25  6 2  2 – 35  

Asymptomatic  7  24  – 4  – – 28  

Total number  50  59  36  8  5  10  118  

Number of  
patients  

Invasive coronary angiography showed 69 pat-
ent grafts, 13 narrowed and 36 occluded.  

We compared the results of postoperative CTA  
and conventional angiography, and we noticed that  

both techniques detected the same number of oc-
cluded grafts (36); however, they detected different  

numbers of patent and narrowed grafts; on CTA  

images, patent grafts were 59, whereas, on conven-
tional angiography,they were 69 (more sensitive).  

CTA, showed 23 narrowed grafts, whereas, con-
ventional angiography, showed 13 narrowed grafts  

(Table 6) with CTA overestimation and false pos-
itive results among 10 grafts proving their patency  

withICA.This difference reached statistical signif-
icance with a p-value of less than 0.001 (Table 7  
and Figs. 6,7). This could be attributed to subopti-
mal image quality, due to significant variation in  
the HR during dynamic contrast scanning.  

Table (6): The number and percentage of the examined grafts  

regarding their patency.  

Count  %  

CT angiography:  
Patent  59  50.0  
Narrowed  23  19.5  
Occluded  36  30.5  

Conventional angiography:  
Patent  69  58.5  
Narrowed  13  11  
Occluded  36  30.5  

Table (7): Comparison between CT angiography and conven-
tional angiography in detecting grafts' patency.  

Narrowed or  Patent  occulded  p - 
value  

  

Count 
 

% 
 

Count 
 

%  

CT angiography 59 
 

50 59 
 

50 
 

<0.001  

Conventional angiography 
 

49 
 

41.5 
 

69 
 

58.5  

Regarding the diagnostic indices of CTA in  

detecting graft patency, we found that it had a  

sensitivity of 100%, specificity of 86.2%, NPV of  
100%, and PPV of 84% (Table 8 and Fig. 8).  

Table (8): Diagnostic indices of CT angiography in the detec-
tion of graft patency.  

Statistic  Value  95% CI  

Sensitivity  100.00%  83.89% to 100.00%  

Specificity  86.21%  68.34% to 96.11%  

Positive Predictive Value  84.00%  67.88% to 92.88%  

Negative Predictive Value  100.00%  

Accuracy  92.00%  80.77% to 97.78%  
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Fig. (1): A 62 year old hypertensive and diabetic female patient with recurrent attacks of dyspnea with atypical chest pain after CABG.  

(A) Curved MPR image of the LIMA graft (arrow heads) showing that it is patent along it whole course down to the distal anastomotic site to  

the mid LAD. (B) Curved MPR image of the radial artery graft to the OM2 branch showing that the proximal anastomotic site is obscured  

by the blooming artifact of the metallic surgical clips (black arrow) (C, D and E) VR images showing patent LIMA graft along its whole course.  

Occluded middle segment of the LAD then it receives the patent LIMA graft. Distal to the anastomotic site; the LAD is adequately filled  

showing mild atherosclerotic changes but no significant lesions. As for the radial graft to the OM2, the proximal anastomotic site is obscured  

by the blooming artifact of the metallic surgical clips. The OM2, distal to the anastomotic site, fills adequately showing mild atherosclerotic  

changes yet with no significant lesions.  

Fig. (2): Conventional angiography of the coronary arteries for the same patient. (A,B) Showing patent LIMA graft down to its distal  

anastomotic site at the mid LAD. (C,D) Conventional angiography of the radial artery graft to the OM2 branch showing that it is patent, yet it  

is diseased and attenuated along its whole course.  
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Fig. (3): 75 years old male diabetic and hypertensive patient with recurrent pain after 3 years of CABG (A) Curved MPR  

image of the LIMA graft showing that it is patent with occlusion at its distal anastomotic site (arrow) (B,C,D) Curved MPR  

images of SVGs that all presented significant lesions (arrows). (B): SVG to D2. (C): SVG to D3. (D): SVG to the RCA.  

Fig. (4): Conventional angiography for the same patient showing (A): Patent LIMA with occluded distal anastomotic site.  

(B): Patent SVG to D2 with narrow segment at its proximal part. (C): Patent SVG to D3 with no hemodynamically significant  

lesions. (D): Patent SVG to the RCA with focal narrowing at its proximal segment.  
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Conventional angio  CT angio  

Patent  Narrowed or occluded  
CT angio  

Narrowed or occluded  Patent  

(B)  

Fig. (5): VR images for the same patient showing patent LIMA graft along the whole course. Patent 3 SVGs with focal narrowing seen  

at their proximal segments.  

Conventional angio  
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Fig. (7): Bi chart showing the patency of the examined grafts by  

Conventional angiography.  

Fig. (8): Comparison between CT angiography and conventional  
angiography in detection of graft accuracy.  

Discussion  

The reference investigation for the post-
operative recognition of bypass graft failure is  

catheter-based angiography; however, its main  

disadvantages are its invasiveness and high cost  
[9] .  

CT offers precise non-invasive assessment of  

the graft patency [10] . The continuous upgradein  
CT technology helps radiologists solving some  
imaging challenges in evaluating coronary artery  

grafts after CABG [10] . 64-slice MDCT provides  
improved spatial and temporal resolution with the  
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Fig. (6): Bi chart showing the patency of the examined grafts by CT  

angiography.  
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simultaneous acquisition of 64-slices per rotation,  

the whole scan time and accordingly the breath  

hold time are significantly reduced [11] . In our  
study, the overall scan time, significantly decreased  
as compared to the previous 4-slice and 16-slice  

scanners [12] .  

In our study, due to increased scan speed and  

volume coverage, in all patients we could cover  

the origin of LIMA grafts despite maintaining the  
breath hold within limits. We also decreased the  

amount of intravenous contrast agent needed for  

64-slice coronary CT angiography as compared to  
previous scanners.  

Our study reported that CTA hada sensitivity  

of 100% and specificity of 86.2% in assessing graft  

patency, with a NPV of 100% and PPV of 84%.  

These values correspond to those reported in a  

study by Ahmed A, et al. (2020), who found that  
the sensitivity of 64-slice MDCT in detecting graft  
stenosis was 100%; however, they reported a higher  

specificity (98%) than that (86.2%) reported in  

this study.  

In a prospective cohort study El-Sayed A, et  

al. (2021) graft patency assessed in 50 patients  

with 147 grafts using 64-slice CTA, followed by  

ICA. Overall, 98.6% of the grafts were evaluable,  

with 93.3% sensitivity, 100% specificity, 100%  

PPV, and 98.3% NPV for the occluded grafts and  

100% in all metrics for significant stenosis. They  

reported a patient who suffered from a severe  

complication after ICA (retroperitoneal hematoma);  

however, no complications were observed after  

CTA. CTA demonstrated lesser complications and  

shorter examination time, but with more radiation  

exposure.  

Our results agreed with what was reported in  
a previous study by Weustink AC, et al. (2009).  

That study reported that CTA allowed effective,  
dependable, noninvasive evaluation of grafts, which  
may help avoid the need for invasive angiographic  
assessment. Moreover, they reported that CTA may  
assist in planning subsequent percutaneous revas-
cularizations as it offers accurate assessment of  

the anatomical site of the graft origin and saves  
significant time and reduces radiation exposure  
and the amount of contrast used. However, these  
theories need clinical testing, as ICA is still needed  
to confirm or refute CT evaluation of obstructive  

disease affecting the distal runoff and native coro-
nary arteries.  

We found that venous grafts had higher occlu-
sion rate (64%) as compared to the arterial grafts  

(36%). This matched with what reported in litera-
ture writtenby Gustavo G, et al. (2020).  

We agreed with study done by Raj ani Gorantla,  

et al. (2012) regarding site of occlusion of grafts  

all grafts in our and their studies where located at  

the proximal anastomotic sites tothe ascending  

aorta. This may be because of intimal injury oc-
curred at the site of anastomosis during surgery,  

which leads to later development of occlusion. In  
addition, anastomosis to the aorta exposes the  

venous grafts to higher systemic pressures which  

may also result in graft occlusion.  

Our study showed 23 narrowed grafts. The  
stenosis was significant in 9 grafts at distal anas-
tomosis site. In nine grafts, stenosis were located  

in the proximal part of the bypass graft and in the  

remaining five grafts stenosis was located at the  

distal anastomotic site.  

The main limitations of this study were as  

follows:  Small sample size and the absence of  

assessment of the accuracy of CTA in discovering  
the patency of native coronary arteries and distal  

runoff as previous studies have stated lower sensi-
tivity of CTA in this regard. This will be our future  
prospective.  

Conclusion:  

High sensitivity for graft patency detection can  
be achieved using MDCT. It offers a rapid, non-
invasive and efficient assessment of coronary artery  

bypass grafts with less exposure to radiation. The  

continuous enhancement of CT technology with  

use of higher number of detector in CT scanner  

will lessen scan time and enhance image quality  

that consecutively may make the non-invasive  

imaging with CTA becomes the gold standard  
method in assessing graft patency in the future  

especially in patients with comorbidities.  
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