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Abstract

The “Achilles heel” of coronary artery bypass graft (CABG) surgery is graft patency.While

long-term patency is determined by the type of conduit and the progression of graft and

native vessel disease, short-term patency is affected by intra-operative technical issues.

Transit-time flowmeasurementsandepicardial ultrasoundhavebeenshowntoaccurately

assess intra-operative graft patency. This reviewwill examine the evidence to support the

premise that intra-operativegraft assessment is essential indetermininggraft patency and

should be the standard of care when performing CABG surgery.
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1 | INTRODUCTION

It makes intuitive sense that if there could be a technique to assess the

patency of an anastomosis between two 1–2-mm diameter vessels it

should not only be standard of care butmandatory. However, for more

than 50 years since the first internal mammary artery-to-coronary

anastomosis by Vasilii Kolesov on February 25, 1964,1 surgeons have

not had this capability. We have had to depend on the electrocardio-

gram (ECG), intra-operative transesophageal echocardiography, and

systemic hemodynamics to determine that these microscopic anasto-

moses are in fact working. At this point in time the most complete and

user-friendly intra-operative assessment of bypass grafts is transit-

time flow measurement (TTFM), which assesses the function of a

bypass graft, and epicardial ultrasound (ECUS), which assesses the

anatomy of the bypass graft. ECUS is not only also useful to image

distal anastomoses but can also assess the proximal anastomoses for

patency, the body of grafts for dissection/lumen integrity, the native

coronary circulation for intra-myocardial location or best anastomosis

site, and the ascending aorta for assessment of non-palpable

atherosclerosis.

2 | DISCUSSION

The premise of this review: “Intra-operative graft assessment should

be standard of care” is derived from studies involving patient

outcomes, observations from coronary surgeons, and society

guidelines.

2.1 | Patient outcomes

There are four studies correlating the use of TTFM and reduction of

adverse patient outcomes. Bauer et al in 20052 retrospectively studied

4,321 patients before the use of TTFM and 3421 patients with the use

of TTFM for the endpoints of incidence of ventricular fibrillation (VFib),

mortality, and creatine kinase of myocardium (CK MB) levels in

coronary artery bypass graft (CABG) patients. Not only was the

incidence of VFib reduced (from 0.66% to 0.44% P < 0.05), but the

mortality of patients with VFib decreased from 12.2% to 9.3%. Also

CKMB was reduced from 23 ± 12U/L to 12 ± 8U/L, graft revision

increased from 0.3% to 3.2%, bypass occlusion found at angiography

(in patients with VFib) was lower (8/22 patients [36%] vs 1/6 patients
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[16.6%]), and overall mortality decreased from 1.5% to 1.2% since the

introduction of TTFM. This is the largest study to date of “before” and

“after” use of TTFM.

Becit et al3 in two groups of 100 patients before and after the use

of TTFM in 2007 found significantly decreased mortality, peri-

operative myocardial infarction (MI), and requirement of intra-

aortic-balloon-pump (IABP) (P < 0.05). This paper supports the

November 2011 United Kingdom's NICE (National Institute for Health

and Clinical Excellence) guidelines for the “. . .use of the Medistim

(Medistim, Oslo, Norway) device to improve the outcome of heart

bypass graft surgery.”

Herman et al4 in 2008 studied 985 CABG/CABG + valve patients

in whom TTFM had been used from 2002 to 2005; patients were

divided into two groups: those with normal flow in all grafts (pulsatility

index [PI] ≤ 5; N = 801 [81%]) and those with abnormal flow in at least

one graft (PI>5;N = 184 [19%]). They found that patients with the high

PI grafts had statistically higher incidence of the studied composite

outcome of: post-operative MI, prolonged ventilation (>24 h), low

cardiac output syndrome requiring at least two inotropes and/or IABP,

post-operative revascularization with either percutaneous coronary

intervention (PCI) or re-operation for graft occlusion and in-hospital

mortality (17% vs 31% P < 0.0001). Abnormal grafts were an

independent predictor of the in-hospital composite outcome with an

odds ratio of 1.8 (1.1-2.7). Mortality was higher (7% vs 4.7%) but not

significantly so (P = 0.19).

Kieser et al5 studied 1000 arterial grafts in 336 consecutive

patients in whom TTFM had been used in 990 grafts (99%) from 2004

to 2007. Of the 990 grafts measured 74 (7%) were suboptimal (PI>5) in

59/336 patients (18%). Two percent of grafts were revised but only if

other signs of graft malfunction occurred (ECG, echo, or hemodynamic

changes), or when TTFM findings were not consistent with the

surgeon's assessment of the quality of the anastomosis. Therefore, for

all of the 7% of grafts and 18% patients with PI value >5, grafts were

not revised because patients did not show any other signs of graft

malfunction such as ECG changes, regional wall motion abnormalities

on the transesophageal echo, or hemodynamic compromise while still

in the operating room. Major adverse cardiac events (MACE) studied

were: recurrent angina, perioperative MI, post-operative revasculari-

zation with PCI or early reoperation for failed grafts, and/or death. For

the high PI group of patients, MACE was significantly higher as was

mortality.When thirty-twopatientswhounderwent emergency surgery

wereexcluded,mortality in thehighPI groupwas still significantly higher

(Table 1). We specifically sought to determine if in the 10 patients with

both high PI grafts and MACE whether the territory of high PI graft

correlatedwith the territory ofmyocardium in jeopardy (documentedby

ECG, angiography, thallium, or reoperation for failed graft). In seven of

these 10 patients there was a direct correlation: three with angina (one

needed PCI) had verification to the same territory with regular

angiography, computed tomography angiography, and/or a thallium

study. Of the four patients with perioperative MI (all of who died), one

was found to have an infarct in the same territory at reoperation for the

failed graft, two were verified by the ECG changes, and one had new

regional wall abnormalities in the same location as the graftwith high PI.

The three remaining patients died non-cardiac deaths and although the

PI values were high (5.2, 6.3, and 6.9), the flows were good, indicating

that the high PI values were probably related to competitive flow (flows

of 17, 42, and 64 cc/min, respectively).

2.2 | Surgeon perspective

Quality assurance is worth doing and may take a little extra time in the

operating room: transit-time flow measurement is very quick, taking

10-15 seconds/graft. With an average of three grafts/patient, each

graft measured 3-4 times/operation, TTFM use adds approximately 1

½ to 3min to an operation (if the grafts are good. . .).

ECUS requires more of a learning curve of approximately 15-20

graft assessments but once mastered may take approximately 20-30

seconds/graft; however, usually only one assessment is possible—either

on the arrested heart for on-pump CABG or with the stabilizer for off-

pump CABG. Performing ECUS on a moving heart is technically

challenging and usually if an initial ECUS assessment is good in both

longitudinal and transverse planes the technical aspect (performance of

the anastomosis) will be good throughout the case. Any subsequent

concerns about the TTFM are usually non-anastomotic problems such

as the lie or lengthofagraft, etc. It is theseauthors’opinion that theextra

2 ½ to 4 ½min taken to verify graft patency for every graft, for every

patient, is well worth the investment of time for prevention of the failed

graft scenario and all related potential adverse consequences.

TABLE 1 Comparison of low and high pulsatility index patients and grafts and relationship to major adverse cardiac events (MACE)

PI ≤ 5.0 N (%) PI > 5.0 N (%) P-value

Patients 277 (82) 59 (18)

Grafts 916 (93) 74 (7)

MACE 15 (5.4) 10 (17) 0.005

Mortality total 9/277 (3) 7/59 (12) 0.011

Mortality excluding 32 emergency patients 5/250 (2) 5/54 (9) 0.02

Flow and diastolic filling were not predictive of outcome

MACE (Major cardiac adverse events) were: recurrent angina, perioperative myocardial infarction, post-operative revascularization with percutaneous
coronary intervention or early reoperation for failed grafts and/or death.
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While no surgeon likes to revise a graft, it is best to revise a bypass

graft intra-operatively than to being called stat to the cardiovascular

intensive care unit (ICU) for a seemingly suddenly failing graft. In Kieser

et al's study of 1000 grafts assessed forMACE and high PI, the patients

who died did not show any intra-operative signs of graft failure until in

the cardiovascular ICU about 2–4 h later.5

2.3 | Society guidelines

Use of TTFM was initially recommended for intra-operative graft flow

measurement in the 2010 ESC (European Society of Cardiology) and

EACTS (European Association for Cardio-Thoracic Surgery) Guidelines

on myocardial revascularization6: “Graft flow measurement, related to

graft type, vessel size, degree of stenosis, quality of anastomosis, and

outflow area, is useful at the end of surgery. Flow <20mL/min and

pulsatility index >5 predict technically inadequate grafts, mandating

graft revision before leaving the operating theatre [198].”5 (Class I

recommendation, Level of Evidence C.)

In November 2011, the NICE Guidelines for the United Kingdom

issued the following Medical technology guidance 8: “The VeriQ

system (Medistim, Oslo, Norway) for assessing graft flow during

coronary artery bypass graft surgery.”7 Their recommendations

were:

“1.1 The case for adopting the VeriQ system in the NHS

[National Health Services] for assessing graft flow during

coronary artery bypass graft (CABG) surgery is supported by the

evidence. The evidence suggests that intra-operative transit

time flow measurement is effective in detecting imperfections

that may be corrected by graft revision. This may reduce the

incidence of graft occlusion and may reduce peri-operative

morbidity and mortality.

1.2 The VeriQ system is associated with an estimated cost

saving of £115 per patient compared with clinical assessment,

when it is used routinely for assessing coronary artery bypass

grafts during surgery.”

FIGURE 1 A, Native Left anterior descending coronary artery (LAD) with too much atherosclerosis for a healthy anastomosis with the left
internal mammary artery (LIMA). Note the thickened wall (adjacent to the colour which is the lumen of the LAD) (Image with ECUS probe of
VeriQC Medistim Oslo Norway) B, Native LAD: best place found for LIMA bypass. (Image with ECUS probe of VeriQC Medistim Oslo
Norway)
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And the NICE guideline's final statement:

“6.1 The Committee concluded that the available clinical and

cost evidence supported the case for adopting the VeriQ

system in the NHS for routine intra-operative graft flow

assessment in patients having CABG surgery.”

Three clinical studies3,5,8 referenced for these NICE guidelines

supported improved outcomes and reduced costs with the use of

TTFM.

NICE in January 2018 has updated Medical Technology Guidance

8 (MTG8)9 with the newMedistim devices, the MiraQ systems (MiraQ

Cardiac, MiraQ Vascular, MiraQ Ultimate, Medistim, Oslo, Norway) by

reviewing four recent studies.10–13 Capital and operating costs of the

MiraQ systems, labor, and operative time for use of the MiraQ were

plotted against the cost of patient complications that may be reduced

with use of the MiraQ (MI, rehabilitation for MI, deep sternal wound

infection, and use of the intra-aortic balloon pump). The total average

saving when using MiraQ is £141.03 per patient in the base case. In

sensitivity analysis with staff costed per patient contact hour, this

saving falls to £83.89, but MiraQ remains cost saving, and is similar to

the previous cost update of £95.42 in 2016. They concluded that:

“After updating costs to reflect the most recent estimates the

conclusion is unchanged from the previous cost update performed

in 2016. The use of TTFM with MiraQ MQC02001 during CABG is

predicted to lower procedure costs for CABG.”

The 2014 ESC/EACTS Guidelines on myocardial revasculariza-

tion14 again recommended use of TTFM: “Graft flow measurement

may be useful in confirming or excluding a technical graft problem

indicated by haemodynamic instability or inability to wean the patient

from cardiopulmonary bypass, new regional wall motion abnormalities

on transoesophageal echocardiography, or ventricular arrhythmias

[619].5 It [TTFM] has also been shown to reduce the rate of adverse

events and graft failure, although interpretation can be challenging in

sequential grafts and T-grafts [619,620].”5,15 (Class IIA Recommenda-

tion, Evidence Level C.)

2.4 | Case examples using TTFM and ECUS

The best way to appreciate the value of TTFM is to become familiar

with themeasurement technique by continuous use on each and every

graft multiple times throughout an operation. The following Case 1 is

FIGURE 2 A, TTFM on cross-clamp (arrested heart). Note the very low PI of 0.1 which is probably reflective of the bypass machine
artifact. (With no “pulse” this value should actually be 0.0 but is usually <0.3 but this value may vary from one bypass machine to another in
different centers.) B, TTFM of LIMA-LAD bypass graft off pump. C, TTFM of LIMA-LAD bypass graft post-protamine. DF, diastolic filling;
LAD, left anterior descending; LIMA, left internal mammary artery; PI, pulsatility index; TTFM, transit-time flow measurement
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an example of how TTFM and ECUS helped to discern satisfactory

grafts in a patient at the time of their surgery. In the left internal

mammary artery (LIMA)—left anterior descending (LAD) graft the

TTFM was questionable with backward flow (BF) but the ECUS

analysis substantiated a good graft and for the right internal mammary

artery (RIMA) to marginal artery, ECUS imaging showed a slight

narrowing of the anastomosis but the TTFM supported a well-

functioning graft. Both grafts were not revised because of the

combined support of both TTFM and ECUS.

2.4.1 | Case 1

A 45-year-old female with insulin-dependent diabetes mellitus for

35 years underwent a double bypass for angina class III and severe

diffuse disease. A double bypass was performed on-pump: LIMA to

LAD and a RIMA to the second marginal artery, both in-situ. For the

LIMA-LAD graft, the LAD artery was very diseased and the ECUS

probe was first used to find the best place for the distal anastomosis

(Figures 1A and 1B). For a full interpretation of ECUS, one must train

oneself to “look outside the color” at the mottled gray area adjacent to

the color which are the walls of the coronary artery (Figures 1A and

1B). Although TTFM readings on cross-clamp (Figure 2A) showed

excellent flow and a low PI, TTFM readings of the LIMA-LAD graft off-

pump and post-protamine (Figures 2B and 2C) showed BF. BF is flow

reversing into the LIMA conduit at the beginning of systole. However,

ECUS demonstrated a wide-open anastomosis (Figure 3A) as well as

the BF (Figure 3B) (seen reversing back into the LIMA graft). Most

likely, the BF was as a result of stiff diabetic arteries that could no

longer relax and hence place back pressure on the more flexible LIMA

conduit.

The second bypass, the RIMA to marginal artery with ECUS,

showed a slight constriction of the anastomosis (Figure 4A); however,

TTFM confirmed a well-functioning graft (Figure 4A–D), hence the

graft was not revised. The post-protamine flow values of flow of 24 cc/

min and PI of 2.1 combined with forward flow seen on the ECUS

imaging confirm an acceptable graft. Although a good ECUS analysis is

FIGURE 3 A, ECUS of LIMA to LAD bypass: note wide open anastomosis and septal perforator. (Image with ECUS probe of VeriQC
Medistim, Oslo, Norway). B, ECUS of backward flow backing into LIMA . ECUS, epicardial ultrasound; LAD, left anterior descending; LIMA,
left internal mammary artery
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the “bottom line” of assessment for a graft, sometimes a seeming

imperfection in the ECUS imaging of a graft (such as this slight

constriction at the anastomosis) may be due to a difficult and

challenging location for ECUS to acquire images. This occurs especially

on the posterolateral wall of the left ventricle—sometimes achieving

just the right angle for the probe to visualize the anastomosis in the

correct plane can be nearly impossible, especially in a hypertrophied

heart, even when the heart is arrested. With practice and continued

FIGURE 4 A, ECUS of RIMA to marginal artery showing a slight narrowing of the anastomosis but is not a stenosis of more than 75% so is
acceptable. Also imaging of anastomoses on the posterolateral surface of the heart can be technically difficult due to less space and poorer
angle for ECUS probe. ECUS is similar to angiography and is best done in multiple planes. (Image with ECUS probe of VeriQC Medistim, Oslo,
Norway). B, TTFM of RIMA-marginal artery on pump. C, TTFM of RIMA-marginal off-pump. D, TTFM of RIMA-marginal post-protamine. DF,
diastolic filling; ECUS, epicardial ultrasound; OM, obtuse marginal; PI, pulsatility index; RIMA, right internal mammary artery; RITA, right
internal thoracic artery; TTFM, transit-time flow
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use of ECUS, a surgeon learns which ECUS imaging is due to an

imperfect graft and which is due to difficult-to-acquire images.

2.4.2 | Case no 2

It is important to evaluate ECUS images in two planes. Figure 5A shows

an acceptable longitudinal view of a LIMA-LAD graft, but this analysis

is not complete without a transverse view (Figure 5B). As one moves

from proximal to distal transversely along a bypass, the ECUSwill show

proximally two separate “circles,”which thenmerge at the anastomosis

(Figure 6B), then become a single smaller circle which is just the

coronary artery.

2.4.3 | Case 3

ECUS assessment is very useful in sequential grafting. TTFM

assessment of sequential grafting sometimes is obscure and may

leave questions as to the patency of the individual anastomoses, as

alluded to in the 2014 ESC/EACTS guidelines.14 Visualization of the

four limbs of a side-to-side anastomosis (proximal and distal conduit,

proximal and distal coronary) (Figure 6A) leaves one assured of a good

first anastomosis of a sequential graft. Seeing three limbs of the second

anastomosis (anterograde conduit flow, retrograde coronary flow, and,

most importantly, anterograde coronary flow) confirms a well-

functioning sequential graft (Figure 6B).

2.5 | The case for epicardial ultrasound

In approximately 10-15% of bypass grafts with intra-operative TTFM,

the interpretation of the TTFM values may be cryptic, that is, it is

difficult to say categorically that a graft is good or not good and needs

revision. A concern of most surgeons beginning to use TTFM is the

needless revision of perfectly good grafts. Since the inception of the

bypass procedure, historically accurate graft assessment is determined

FIGURE 5 A, Longitudinal view of LIMA-LAD. (Image with ECUS probe [Philips L15-7io linear array ultrasound probe] of iE33 Philips
transesophageal echo machine.) B, transverse view of LIMA-LAD. (Image with ECUS probe [Philips L15-7io linear array ultrasound probe] of
iE33 Philips transesophageal echo machine). ECUS, epicardial ultrasound; LAD, left anterior descending; LIMA, left internal mammary artery
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by coronary angiography which is basically an anatomic assessment,

one with which we are all familiar. TTFM is a functional assessment,

which is both unfamiliar to surgeons and susceptible to all the known

and unknown vagaries of flow: competitive flow, turbulence, varying

vaso-reactivity of diabetic vessels, the effect of multiple mid-grade

stenoses in series versus single high-grade stenoses, and then

“permutations and combinations” of all of these factors, just to

mention a few.

ECUS once mastered is akin to an intra-operative angiogram and

when performed in at least two planes (in the longitudinal axis of the

conduit and native coronary and perpendicular in cross-section at the

toe and heel level) gives immeasurable confirmation of a satisfactory

graft. Excellent ECUSof an anastomosis always tops an equivocal TTFM

value. Di Giammarco et al. showed this in their 2014 study.16 This study

correlating TTFMwith ECUS found that the addition of ECUS to TTFM

increased the positive predictive value from 10% with TTFM alone to

almost100%whenECUS isaddedtoTTFM.HenceuseofECUSwill help

to avoid many unnecessary graft revisions. In this study of 717 grafts

reviewed in 333 patients, only five grafts were revised (0.7%). Three

grafts were found failing with ECUS (of 678 grafts considered

functioning with TTFM) and, most importantly, in 39 grafts with

suspected malfunction at TTFM, only two were confirmed to be failing

with ECUS. Therefore, use of ECUS prevented 37 unnecessary graft

revisions. “Doing the math” for this study, 39 of 717 grafts or 5.4% of

thesegraftswere suspicious for failinggraftswithTTFMalone. Thegraft

revision rate in this study (0.7%) is among the lowest reported to date.

It has been described that looking at an angiogram was as if one

were looking at the “hole of a donut but angiography does not show

the viewer the ‘donut walls’.” Epicardial ultrasound actually shows

both: it outlines very clearly not only the lumen of the conduit, the

anastomosis, and the coronary artery but also the thickness, calcium, or

any irregularities of the coronary artery − the “donut walls.” In this

respect, not only is it actually superior to post-operative angiography in

what it portrays but it is infinitely timelier being an intra-operative

assessment of an anastomosis that can be rectified (if need be) before

leaving the operating room.

FIGURE 6 A, First anastomosis of a sequential LIMA-diagonal-LAD: side-to-side anastomosis of LIMA-diagonal artery; note that the
anastomosis has an appearance of an “H,” with all four limbs of the anastomosis seen: proximal LIMA, distal LIMA, proximal diagonal, and
distal diagonal. (Image with ECUS probe [Philips L15-7io linear array ultrasound probe] of iE33 Philips transesophageal echo machine.) B, End-
to-side anastomosis of sequential LIMA-diagnonal-LAD of same patient above. Note that all three limbs are seen: LIMA, distal and proximal
LAD. (Image with ECUS probe [Philips L15-7io linear array ultrasound probe] of iE33 Philips transesophageal echo machine). ECUS, epicardial
ultrasound; LAD, left anterior descending; LIMA, left internal mammary artery
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The limitations of using TTFM alone to assess graft patency are

noted in the following studies:

1. Norgaard et al in 200917 found that experimentally in a porcine

study that mammary graft flow was only marginally decreased by a

75% mean luminal stenosis.

2. In a study by Jokinen et al in 2011,15 although TTFMpredicted graft

failure within 6 months post-CABG, TTFM values were not

predictive more than 72% for sensitivity and 70% for specificity

when using the cut-off values of a mean graft flow of <15mL/min

and a PI of >3.0. They warned about using these cut-off values as a

strict guide for graft revision because of the potential for

unnecessary graft revision. Indeed, in 70 grafts with a PI value

>3.0, 49were found to be patent and in 16 graftswith both low flow

(<15mL/min) and high PI (>3.0), 10 were patent at post-operative

angiography. They conclude: “Better methods to assess the quality

of coronary artery bypass grafts are needed.”

3. Kieser in 201718 reviewed 11 studies3,4,5,16,19–25 with reported

reasons for 215grafts revisions in a total of 7930 grafts (revision rate

2.71%) and found that 53% (N = 113) of the revisions were due to

anastomotic problems; 23% (N = 50) were due to conduit problems;

18% (N = 38) were due to competitive flow (all from one study19);

3.2% (N = 7) were due to native artery problems; one was due to a

subclavian stenosis and in 2.3% (N = 6) no problem was found. In

these six unnecessary revisions use of ECUS may well have

prevented revision if these were good grafts. However, grafts may

have a problem that is not detected when the anastomosis is taken

down when a stitch has caught the opposite side or the stitch of the

opposite side. If upon revisionone sees anexaggerated flowand very

low PI (<1.0) for a period of time after revision and then a “levelling

off” of the flow and PI, one can assume that thiswas a graft in trouble

even if nothingwas found. This phenomenon is due to the temporary

hyperemic response of an ischemic myocardium.18

4. Niclauss in201726performedacritical reviewof literatureusingTTFM

in CABG surgery to discern TTFM precise parameters for flow

evaluation, limitations, and predictive impact on post-operative graft

failure rate.Ninepublications reviewed revealed anoverall graft failure

rate of 12% and they concluded that “TTFM alonemay be insufficient

to detect graft failure and other parameters should be indicated.”They

also noted the lack of visualization of the anastomosis.

5. With the passage of time from the 2010 ESC/EACTS Guidelines6 to

those of 2014 on myocardial revascularization,14 (as seen above)

the Recommendation was reduced from Level 1 to Level IIA. The

definition of these two recommendations differ in that Class I

regards the treatment or procedure as having “evidence or general

agreement that a given treatment or procedure is beneficial, useful,

and/or effective,” whereas Class IIA acknowledges that there is

“conflicting evidence and/or a divergence of opinion about the

usefulness/efficacy of the given treatment or procedure.” Class IIa

indicates that the weight of evidence is in favor of usefulness; Class

IIb indicates that usefulness is less well established. Note that

between 2010 and 2014 and also since 2014 several studies (noted

above) have come forth putting into question the absoluteness of

TTFM alone to be thought definitively beneficial. The authors

believe that this change in class of recommendation is warranted

because there is conflicting evidence for TTFMalone as seen above.

The next set of Guidelines should reflect the addition of ECUS to

TTFM for intra-operative graft evaluation.

For all these five reasons/studies above, ECUS appears to be a

“missing link” for complete intra-operative graft assessment: anatomy

of the anastomosis (ECUS in at least two planes) and function (TTFM)

are both necessary. If TTFM is equivocal and ECUS is definitive, the

graft does not need revising.

3 | CONCLUSION

This manuscript was undertaken to invite readers to consider if TTFM

and ECUS used intra-operatively for CABG assessment at a time when

revision is at little or no cost to patients is useful, warranted, or deemed

necessary. According to market sales for devices used for TTFM, for

the 800 000 CABG procedures performed world-wide annually, only

30% are assessed for graft patency with TTFM. Use around the world

ranges from <1% to >80% per country.27

In this review we have seen: (1) Technical errors are more likely to

occur when the size of anastomosed vessels is at a microscopic level,

that is, requiring magnification of 2-4 times. (2) Patient safety may be

compromised without use of TTFM and/or ECUS with several

retrospective studies reporting increased morbidity and mortality.

(3) There may be reticence from surgeons to adopt this technique.

However, it cannot be disputed that the investment of the extra intra-

operative time of approximately 5min or less far outweighs the

improved patient outcomes. The use of TTFM and ECUS is extremely

valuable for young surgeons starting out in practice. In addition, use of

these techniques “self-teach” not only improvements of bypass graft

surgery but help to educate surgeons on all the vagaries of flow:

competition from the native circulation, flow in diffusely diseased

arteries, and different flow characteristics of the different conduits

(IMA, radial arteries, and saphenous vein). (4) Multiple international

guidelines from Europe have adopted the principle that it is prudent to

use some formof intra-operative graft assessment and themost recent

set of Guidelines from 201414 recommend use of this assessment with

Class IIA Recommendation, Evidence Level C.

And finally, use of only TTFM for the function of a graft gives only

half the story and although TTFM is important, use of ECUS with its

anatomic view gives as close as possible 100% positive predictability

that a bypass graft is good or not good—at a time when correction can

most easily bedonewithout compromise to the patient's post-operative

course, ensuring quality of life and/or survival. TTFM with ECUS is a

safety net that will allow surgeons to potentially improve graft patency

and decrease the need for future re-vascularization procedures.
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