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ABSTRACT

Objectives: We evaluated the influence of transit-time flow measurement with
epicardial and epiaortic high-frequency ultrasound in patients undergoing
coronary artery bypass grafting procedure.

Methods: The Registry for Quality Assessment with Ultrasound Imaging and
Transit-time FlowMeasurement in Cardiac Bypass Surgery study is a multicenter,
prospective study among 7 international centers performing coronary artery
bypass grafting procedures. The primary end point was any change in the planned
surgical procedure. Major secondary end points consisted of the rate and reason
for surgical changes related to the aorta, in situ conduits, coronary targets, and
completed grafts, and the rate of in-hospital mortality and major morbidity.

Results: Between April 2015 and December 2017, 1046 patients were enrolled.
Of those, 1016 were included in the final analyses. Mean age was 65.9 years,
14.0% were women, and diabetes was present in 39.6%. Off-pump procedures
were performed in 39.6% and bilateral internal thoracic arteries in 30.5%. The
primary end point occurred in 25.2% of patients (n ¼ 256) and in 77% (197
out of 256) this was based on transit-time flow measurement and/or
high-frequency ultrasound. Surgical changes were related to the aorta in 9.9%,
to in situ conduits in 2.7%, and the coronary targets in 22.6%. Graft revision
occurred in 7.8%, including revisions of the proximal and/or distal anastomosis
in 6.6%. In-hospital adverse event rates were 0.6% for mortality, 1.0% for
cerebrovascular events, and 0.3% for myocardial infarction.

Conclusions: Surgical changes related to the aorta, conduits, coronary targets,
and anastomosis were made in 25% of patients. This was associated with low
operative mortality and low major morbidity. Transit-time flow measurement
and high-frequency ultrasound may improve the quality, safety, and efficacy of
coronary artery bypass grafting procedures and should be considered as a routine
procedural aspect. (J Thorac Cardiovasc Surg 2020;159:1283-92)
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In-hospital MACCE 2%

• Death 0.6%
• Stroke/TIA 1.0%
• MI 0.3%
• Repeat revasc. 0.1%
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Changes to the planned surgical strategy were made

in 25.2% of cases with few complications.
l

n

t

Central Message

In 7 international centers routinely performing

CABG, 25.2% of patients required a change

in surgical strategy that was accompanied by

low in-hospital mortality and morbidity.
Perspective

Based on the results from the multicenter,

prospective REQUEST study, TTFM and

HFUS may improve the quality, safety, and

efficacy of CABG procedures, and should

therefore be considered as routine intra-

operative quality control measures during

CABG procedures.
See Commentaries on pages 1293 and
1295.
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
HFUS ¼ high frequency ultrasound
MACCE ¼ major adverse cardiac and

cerebrovascular event
MI ¼ myocardial infarction
REQUEST ¼ Registry for Quality Assessment with

Ultrasound Imaging and Transit-Time
FlowMeasurement in Cardiac Bypass
Surgery

TIA ¼ transient ischemic attack
TTFM ¼ transit-time flow measurements
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Since the introduction of coronary artery bypass grafting
(CABG) more than 5 decades ago, surgeons have
consistently focused on reducing perioperative adverse
events and improving graft patency. Additionally, measures
to improve long-term outcomes through superior conduit
selection (more arterial grafts), implementation of
less-invasive techniques and secondary preventive
measures are constantly advocated.1,2 Although overall
outcomes have significantly improved over time, the end
points of mortality, stroke, and graft patency remain key
targets for further optimization.3-5

Various intraoperative techniques continue to be
recommended for contemporary state-of-the-art CABG.6,7

In terms of intraoperative quality assessment, efforts to
improve surgical results have focused both on graft
assessment by transit-time flow measurement (TTFM) and
identification of disease-free areas of the aorta, using
epiaortic high-frequency ultrasound (HFUS), to allow safe
manipulation, and thereby reduce the risk of stroke.
TTFM itself assesses graft flow and, by inference, the
quality of the anastomosis and/or conduit and allows
immediate graft revision in situations where the surgical
result is not optimal.

A systematic review and meta-analysis of 6488 patients
undergoing CABG reported that 4.3% of patients had graft
revisions and that TTFM measurements correlated with
graft patency during short- to midterm follow-up.8 In
addition, HFUS is used for epiaortic scanning to identify
diseased areas before any aortic manipulation, epicardial
1284 The Journal of Thoracic and Cardiovascular Sur
coronary artery scanning to identify potential target-vessel
anastomosis sites that are free of plaque (especially on
the posterior wall), ultrasound of the conduits when
dissection is suspected, and postanastomosis scanning to
identify potential anastomotic characteristics that limit graft
flow.

The combination of these techniques, to avoid diseased
areas of aorta and to identify and correct adverse technical
issues affecting bypass grafts, could, intuitively, provide an
important reduction in perioperative adverse events and
improvement in graft patency. Indeed, Di Giammarco and
colleagues9 reported that the diagnostic accuracy of
combining TTFM with HFUS on detecting truly patent or
failing grafts increased significantly, reducing the
proportion of unnecessary graft revisions.

The 2018 European Society of Cardiology/European
Association for Cardio-Thoracic Surgery Guidelines on
myocardial revascularization provide a IIa recommenda-
tion, Evidence Level B, for intraoperative graft flow
assessment and Evidence Level C for epiaortic scanning
during CABG.10 Nonetheless, published data on these
techniques are limited to single-center studies and therefore
its wider applicability to a broader cohort of patients in
several centers is not immediately apparent. Consequently,
the Registry for Quality Assessment with Ultrasound
Imaging and Transit-Time Flow Measurement in Cardiac
Bypass Surgery (REQUEST) study aims to determine the
number and type of surgical procedure changes that are
made based on intraoperative guidance information using
the combination of TTFM and HFUS.

METHODS
Study Design

The REQUEST study is an international, multicenter, prospective

registry that enrolled 1046 patients in 7 centers routinely performing

CABG in Europe (n ¼ 4) and North America (n ¼ 3) between April

2015 and December 2017. This registry was designed to capture

information on any changes in the proposed surgical procedure based on

TTFM and HFUS parameters performed with the MiraQ or VeriQ C

devices (Medistim ASA, Oslo, Norway).

All patients enrolled in the REQUEST study signed written informed

consent before the surgical procedure. Each participating site received

approval from their institutional review board or ethics committee before

screening or enrollment of eligible patients.

The REQUEST study was funded by Medistim ASA (Oslo, Norway).

The principal investigators and authors had complete scientific freedom.

The study is registered at ClinicalTrials.gov (NCT02385344).

Study Protocol
Participating surgeons and study coordinators at each site were trained

to use and to interpret intraoperative TTFM and HFUS results according to

a structured REQUEST study protocol. This protocol ensured that

participating surgeons (n ¼ 36) and personnel were trained in in the use

of intraoperative TTFM and HFUS and possessed Good Clinical Practice

certification. All participating surgeons had previous experience with using

TTFM and HFUS and it was strongly recommended that surgeons had

performedmore than 20 cases with TTFM and HFUS before ‘‘participating

in’’ the REQUEST study.
gery c April 2020
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The recommended surgical steps for quality assessment included HFUS

assessment of the ascending aorta to the presence or absence of any plaques

(soft and hard) or vessel wall abnormalities (eg, atheromatous ulcers and

dissection) to establish the safest sites for cannulation, crossclamping,

and side-biting for the proximal anastomosis; HFUS assessment of in

situ conduits; HFUS assessment of target coronary vessels; and checking

the conduit flow with TTFM and the anatomy of the constructed

anastomosis with HFUS.

During intraoperative quality assessment, a steady mean arterial

pressure of 80 mm Hg was recommended and the HFUS probe frequency

was set at 15 MHz. Furthermore, the REQUEST protocol advised, to

standardize and optimize TTFM assessment, that the acoustic coupling

index should be green or yellow (indicating the accuracy of ultrasound

conductivity); the mean flow, indicated by the red line, should be steady

and horizontal; the pulsatility index should be <5; the diastolic filling

percent should be>70% for left-sided and>50% for right-sided coronary

vessels.

It was at the discretion of the operating surgeon if and when a graft

should be revised. If a graft was revised, it was recommended to reassess

the conduit flow with TTFM and the anatomy of the reconstructed

anastomosis with HFUS.

Although adherence to the study protocol was highly recommended it

was not mandatory.

Patient Population
Patients diagnosed with multivessel coronary artery disease and

scheduled for isolated CABG were eligible to be included. Patients were

excluded from enrolment when undergoing emergency surgery, when

concomitant surgical procedures were planned (eg, valve repair or

replacement or rhythm surgery), when the medical history included the

presence of a muscle disorder (eg, myopathy, myalgia, or myasthenia),

or when the patient was known to be experiencing any psychological,

developmental, or emotional disorder.

End Points
The primary end point was the overall frequency of any change in the

planned surgical procedure as a consequence of TTFM, HFUS, and/or

manual/visual assessment. Major secondary end points consisted of the

rate and reason for any surgical change (eg, changes related to

HFUS findings in the aorta, coronary targets, or in-situ conduits; and

changes to completed grafts and/or anastomotic revision as a result of

TTFM, HFUS, and/or manual/visual assessment). Additional end

points consisted of the in-hospital rate of major adverse cardiac and

cerebrovascular events (MACCE) defined as the composite of all-cause

death, stroke or transient ischemic attack (TIA), myocardial infarction

(MI), or repeat revascularization as well as the rates of the individual

MACCE components and new hemodialysis and surgical exploration due

to bleeding.

Definitions
A surgical change was defined by any change that was made

intraoperatively by the operating surgeon based on TTFM, HFUS, and/or

manual/visual assessment. Surgical changes related to the aorta due to

the presence of calcification, plaques (soft or hard), and/or vessel wall

abnormalities (ie, dissection) were divided into 3 groups: change in the

proposed location of the cannulation site, the crossclamp site, and the

site(s) for the proximal anastomosis (in a few cases this actually led to

conversion of a planned on-pump procedure to an off-pump procedure

with or without a no-touch aortic technique). Surgical changes associated

with a coronary target were defined as changing the initially proposed

location of the anastomosis due to severe calcification or plaque not

identified by palpation (ie, usually on the posterior wall) or the detection

of an intramural coronary artery that could not otherwise be found by visual
The Journal of Thoracic and Car
assessment or manual palpation. Detailed definitions of surgical changes

related to grafts and/or constructed anastomoses are shown in Table 1,

along with relevant examples. In brief, surgical changes were categorized

as a primary anastomotic revision, a secondary anastomotic revision,

primary conduit revision, or an additional graft was used. Adding an extra

suture for visual anastomotic bleeding was not classified as a surgical

change. Any individual patient could have �1 surgical change(s).

Stroke was defined as a sudden onset of focal neurological deficit of

central origin that persisted for more than 24 hours with or without

verification of the event on neuroimaging. TIA was defined as transient

focal neurological signs or symptoms that lasted fewer than 24 hours.11

The diagnosis of perioperative MI was made based on clinical symptoms

and additional cardiac biomarkers with or without abnormal

electrocardiogram. New hemodialysis was defined as initiating renal

replacement therapy in a patient with no prior history of renal replacement

therapy, irrespective of the presence or absence of renal insufficiency at

baseline. All clinical events were adjudicated by an otherwise blinded

independent adjudicator. If consensus could not be reached, a second

blinded adjudicator was consulted.

Statistical Analyses
Results are reported according to descriptive statistical methods.

Categorical data are presented as proportions. Continuous data are reported

as mean � standard deviation unless otherwise noted. Normality

assumptions of the estimated proportions are based on a binomial

distribution, funded on the central limit theorem and tested with the

Kolmogorov-Smirnov test. Analyses were performed using SPSS software,

version 24 (IBM-SPSS Inc, Armonk, NY).

RESULTS
Baseline Characteristics
The REQUEST study enrolled 1046 patients between

April 2015 and December 2017. Of those, 30 patients
were excluded due to screening failure (n ¼ 8), members
of the surgical team were not trained according to the
REQUEST study protocol (n ¼ 11), or TTFM or HFUS
images were unavailable for analysis (n ¼ 11). The final
analysis was performed on 1016 patients.
The mean age was 65.9 years and 14.0% (143 out of

1016) were women (Table 2). Diabetes mellitus was present
in 39.6% of patients (402 out of 1016). A history of
previous MI was recorded in 32.6% of patients (331 out
of 1016) and 6.1% of patients (62 out of 1016) had a history
of previous stroke. Multivessel disease was present in 981
patients (96.6%) and 35 patients (3.4%) had single vessel
disease, which was a protocol violation.

Surgical Characteristics
The mean procedure time was 257 minutes (Table 3).

Off-pump surgery was performed in 39.6% of cases
(402 out of 1016). The mean number of conduits used per
patient was 2.6 with a mean of 2.9 distal anastomoses per
patient. Bilateral internal thoracic arteries were used in
30.5% (310 out of 1016), and 14.9% of grafts (398 out of
2675) were used in a Yor T configuration. Multiple arterial
grafts were used in 43.2% of patients (439 out of 1016),
with complete arterial revascularization being performed
in 26.1% of cases (265 out of 1016).
diovascular Surgery c Volume 159, Number 4 1285



TABLE 1. Detailed definitions of surgical changes related to grafts with examples of surgical scenarios

Surgical changes Definition Surgical examples

Primary anastomotic

revision

Revision of the proximal or distal anastomosis due to a

primary technical problem with the anastomosis itself and

not due to a problem with the conduit

i. Twisted anastomosis

ii. Removal of a stitch

iii. Redo of an anastomosis due to leaking, plaque, tapering,

bulging, a flap or narrowing

iv. Change from proximal anastomosis on the aorta to a

Y- or T-graft configuration

v. No other reason than poor flow

Secondary anastomotic

revision

Revision of the proximal or distal anastomosis as a

consequence of needing to redo graft, but not due to a

problem with the anastomosis

i. Kinked graft

ii. Inadequate length of the graft after the anastomosis

was completed (graft is shortened, ITA is used as

free graft, graft extended with additional graft)

iii. Dissected graft after the anastomosis was completed

iv. Change in graft configuration

v. Poor distal coronary bed

Primary conduit

revision

Revision of the conduit without requiring revision of the

proximal or distal anastomosis
i. Obstruction removed before completion of

the anastomosis (fibrin sealant removed)

ii. Inadequate conduit length before the anastomosis

was made

iii. Conduit extension based on visual assessment before

completion of the anastomosis

iv. Surgical clip is removed

Additional graft(s) Need for an additional graft due to a problem with the

original anastomosis/conduit

Persistent inadequate surgical results, despite primary

anastomotic revision, a secondary anastomotic revision, or

a primary graft revision

Detailed definitions of surgical changes used in the Registry for Quality Assessment study to classify surgical changes related to either the grafts or completed anastomoses.

Illustrative surgical examples are provided to ensure better understanding of a situation during a coronary artery bypass procedure where a surgeon would use high frequency

ultrasound or transit-time flow measurement to optimize patient and surgical outcomes. ITA, Internal thoracic artery.
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Intraoperative quality assessment was performed in all
1016 patients. HFUS was used to assess the ascending
aorta in 79.3% (806 out of 1016), the in situ conduits
in 65.1% (661 out of 1016), the coronary targets in
47.5% (483 out of 1016) and completed grafts in 59.3%
(602 out of 1016). Moreover, patients who underwent
off-pump surgery more frequently underwent HFUS
of the ascending aorta (88.3%; 355 out of 402)
compared with patients who underwent on-pump surgery
(73.5%; 451 out of 614). TTFM on grafts, with completed
anastomoses, was performed in 99.2% (1008 out of
1016).

Primary and Secondary End Points: Surgical
Changes

The primary end point of any surgical change was met in
25.2% of patients (256 out of 1016) (Table 4). In 77.0%
(197 out of 256) this was the result of abnormal TTFM
and/or HFUS findings, where on initial visual inspection
there had been no suspicion of a diseased aorta, in situ
conduit, coronary target, and/or completed graft. In
12.5% (32 out of 256) this was due to visual and/or manual
assessment; for example, due to an obviously diseased aorta
or a completed graft appeared unsatisfactory to the surgeon
1286 The Journal of Thoracic and Cardiovascular Sur
(eg, kinked or twisted graft). In 10.5% of patients (27 out of
256) it was undefined.

Surgical changes related to the aorta were made in 9.9%
of patients (80 out of 806), and in 74 patients (92.5%) this
was based on abnormal HFUS findings. This included
changes related to the proposed locations of the cannulation
site (2.9%; 23 out of 806), the crossclamp site (2.2%; 18
out of 806), and the site for the proximal anastomosis
(6.8%; 55 out of 806). HFUS detected the presence of
soft plaques in the aorta in 9.1% of patients (73 out of
806) and calcification in 1.1% of patients (9 out of 806).
The surgical strategy was changed from an on-pump to
off-pump procedure in 0.2% of patients (2 out of 1016)
due to plaques at the proposed cannulation or crossclamp
site, and in 0.5% (5 out of 1016) proximal aortic
anastomoses were avoided and patients received bilateral
internal thoracic artery grafts or left internal thoracic
artery-radial T-graft. On the contrary, the proposed
procedure was changed from off-pump to on-pump in
0.7% (7 out of 1016) due to the extent of coronary artery
disease and the concern that manipulation of the beating
heart would cause hemodynamic instability. Among
80 patients with a surgical change related to the aorta,
59 underwent off-pump surgery (73.8%).
gery c April 2020



TABLE 2. Baseline characteristics of participants in the Registry for

Quality Assessment with Ultrasound Imaging and Transit-Time Flow

Measurement in Cardiac Bypass Surgery study

Characteristic Result

Age (y) 65.9 � 9.5 y

�70 37.3 (379/1016)

Female sex 14.0 (143/1016)

Body mass index, median (range) 28.1 (19-45) (1011/1015)

Diabetes mellitus 39.6 (402/1016)

Insulin treated 17.4 (177/1016)

History of stroke 6.1 (62/1016)

History of myocardial infarction 32.6 (331/1016)

History of revascularization 22.8 (232/1016)

CABG 0.7 (7/1016)

PCI 22.5 (229/1016)

History of intervention for

peripheral vascular disease

4.4 (45/1016)

Carotid 2.7 (27/1016)

Peripheral 1.9 (19/1016)

LVEF (%), median (range) 51 (17-82) (978/1016)

<30 2.5 (24/978)

NYHA class

I 37.3 (349/935)

II 42.4 (396/935)

III 17.0 (159/935)

IV 3.3 (31/935)

CCS angina classification

I-II 46.2 (449/972)

III-IV 41.5 (403/972)

Unstable angina 30.7 (312/1016)

Left main involvement 54.8 (437/797)

Values are presented as mean � standard deviation, median (range), or % (n/N).

CABG, Coronary artery bypass grafting; PCI, percutaneous coronary intervention;

LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;

CCS, Canadian Cardiovascular Society.

TABLE 3. Surgical characteristics of participants in the Registry for

Quality Assessment with Ultrasound Imaging and Transit-Time Flow

Measurement in Cardiac Bypass Surgery study

Surgical characteristic Result

Procedure time* (min) 257 � 87

Off-pump surgery 39.6 (402/1016)

LITA use 96.8 (983/1016)

BITA use 30.5 (310/1016)

Radial artery use 22.6 (230/1016)

Multiarterial 43.2 (439/1016)

Complete arterial 26.1 (265/1016)

Y or T configuration–per graft 14.9 (398/2675)

Sequential grafts–per graft 8.2 (219/2675)

No. of conduits

All 2675 (1015)

Per patient 2.6 � 0.8 (1015)

Arterial–per conduit 58.3 (1559/2675)

Venous–per conduit 41.3 (1105/2675)

Arteriovenousy–per conduit 0.4 (11/2675)

No. of distal anastomoses

All 2959 (1015)

Per patient 2.9 � 1.0 (1015)

Arterial–per patient 1.7 � 0.9 (1015)

Venous–per patient 1.2 � 1.0 (1015)

Values are presented as mean � standard deviation, median (range), or % (n/N).

LITA, Left internal thoracic artery; BITA, bilateral internal thoracic arteries.

*First incision to gloves off. yIn cases where the arterial graft was too short to reach

the coronary target, a venous graft was added.
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Surgical changes related to in situ conduits occurred in
2.7% of patients (18 out of 661), and in 10 patients
(55.6%) this was based on abnormal HFUS and/or TTFM
findings. In 0.6% (4 out of 661) this was due to dissection
of the conduit and 0.8% (5 out of 661) of patients had
conduits of insufficient caliber. In 1.4% (9 out of 661) the
reason was unspecified.

In 22.6% (109 out of 483), a surgical change was made
related to the proposed coronary target, and in 73 patients
(67.6%) this was the result of abnormal HFUS findings.
This was due to a heavily diseased (ie, calcified) target in
10.6% of patients (51 out of 483), an intramural located
coronary vessel in 3.9% (19 out of 483) and an insufficient
caliber of the coronary target in 3.1% of patients (15 out of
483). Endarterectomies were performed in 1.2% of patients
(6 out of 483). In 5.2% (25 out of 483) the reason for a
The Journal of Thoracic and Car
surgical change related to the coronary target was
unspecified.
Surgical changes related to grafts were performed in

7.8% of patients (79 out of 1016), including revisions to
the proximal and/or distal anastomosis in 6.6% (67 out of
1016). In 4.1% of patients (42 out of 1016) this was based
on a primary anastomotic revision. Surgical changes related
to secondary anastomotic revisions occurred in 2.8%
(28 out of 1016). In 64.5% of patients (51 out of 79) a
surgical change related to a completed graft was the result
of solely abnormal TTFM and/or HFUS findings (without
visual and/or manual assessment), and of those 98.0%
(50 out of 51) underwent repeat TTFM measurement after
graft revision. In 90.0% (45 out of 50) the graft flow
improved after graft revision.
Primary conduit revisions occurred in 1.5% (15 out of

1016) and in 0.5% of patients (5 out of 1016) an additional
graft was needed. This resulted in any surgical revision for
3.4% of the anastomoses (100 out of 2959) Table E1.
In-Hospital Clinical Outcomes
The rate of in-hospital MACCE was 2.0% (20 out of

1016) (Figure 1). In-hospital mortality was 0.6% (6 out
of 1016). A stroke or TIA occurred in 1.0% (10 out of
diovascular Surgery c Volume 159, Number 4 1287



TABLE 4. Surgical changes in participants in the Registry for Quality

Assessment with Ultrasound Imaging and Transit-Time Flow

Measurement in Cardiac Bypass Surgery study

Surgical change Result

Any surgical change

All changes in overall cohort 25.2 (256/1016)

No. changes per patient (range) 1 (0-6)

Change as a result of TTFM and/or HFUS 77.0 (197/256)

Change as a result of visual/manual assessment 12.5 (32/256)

Undefined 10.5 (27/256)

Changes related to the aorta

All changes 9.9 (80/806)

As a result of HFUS 92.5 (74/80)

As a result of visual/manual assessment 5.0 (4/80)

Undefined 2.5 (2/80)

Cannulation site 2.9 (23/806)

Crossclamp site 2.2 (18/806)

Proximal anastomosis site 6.8 (55/806)

Changes related to in situ conduits

All changes 2.7 (18/661)

As a result of TTFM and/or HFUS 55.6 (10/18)

As a result of visual/manual assessment 33.3 (6/18)

Undefined 11.1 (2/18)

Dissection 0.6 (4/661)

Insufficient caliber 0.8 (5/661)

Changes related to coronary target

All changes 22.6 (109/483)

As a result of HFUS 67.6 (73/108)

As a result of visual/manual assessment 10.2 (11/108)

Undefined 25.0 (27/108)

Diseased/calcified 10.6 (51/483)

Detection of intramural vessel 3.9 (19/483)

Insufficient caliber 3.1 (15/483)

Endarterectomies 1.2 (6/483)

Changes related to grafts

All changes 7.8 (79/1016)

As a result of TTFM and/or HFUS 64.5 (51/79)

As a result of visual/manual assessment 34.2 (27/79)

Undefined 7.6 (6/79)

Primary anastomotic revisions 4.1 (42/1016)

Secondary anastomotic revisions 2.8 (28/1016)

Primary and secondary anastomotic

revisions combined

6.6 (67/1016)

Primary graft revision 1.5 (15/1016)

Additional graft(s) 0.5 (5/1016)

One individual patient could have�1 surgical change or could have a surgical change

as a result of both TTFM and HFUSwith manual/visual assessment. Values are shown

as mean � standard deviation, median (range), or% (n/N). TTFM, Transit-time flow

measurement; HFUS, high frequency ultrasound.
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1016) and the rate of perioperative MI was 0.3% (3 out
of 1016). One patient (0.1%) underwent repeat
revascularization by percutaneous coronary intervention.
New hemodialysis occurred in 0.3% (3 out of 1016) and
0.2% (2 out of 1016) underwent surgical reexploration
due to bleeding.
1288 The Journal of Thoracic and Cardiovascular Sur
DISCUSSION
The REQUEST study is the first prospective, multicenter

study that assessed the effects of routine use of TTFM with
HFUS according to a prespecified protocol in patients with
multivessel coronary artery disease undergoing CABG. As
evidenced by the high proportion of off-pump operations
and high use of multiple arterial grafts these procedures
were performed by experienced CABG surgeons from 7
well-established institutions in Europe and North America.
Overall, any surgical change to the initially proposed
surgical strategy was made in 25.2% of patients, and in
77.0% this was solely based on otherwise unsuspected
abnormal TTFM and/or HFUS findings. The present study
showed that surgical changes related to the proposed site
of aortic manipulation were made in 9.9% of patients and
revisions to a completed graft in 7.8% of patients. Low rates
of major adverse in-hospital events, and in particular
mortality (0.6%), indicate that intraoperative quality
assessment of the aorta, the conduits, the coronary targets
and completed grafts was safe (Figure 2).

Although intraoperative quality assessment of the
aorta and grafts are both recommended by the 2018
European Society of Cardiology/European Association for
Cardio-Thoracic Surgery Guidelines on myocardial
revascularization,10 potential limitations of the TTFM
technique, including uncertainty over its diagnostic
accuracy, have been discussed.12 Furthermore, in the
absence of clinical follow-up data, no clear consensus on
the routine applicability of TTFM alone has been reached.
Indeed, numerous single-center retrospective studies
reported on the impact of adopting intraoperative quality
assessment with TTFM, but this resulted in a substantial
heterogeneity in definitions and outcomes. The overall
proportion of revised grafts in relation to the number of
patients studied ranged from 3.3% to 5.7% when TTFM
alone was used.8 In the REQUEST study, surgical changes
related to grafts occurred in 7.8% of patients. An important
initiative in the REQUEST study was the routine use of
HFUS in combination with TTFM during CABG. Di
Giammarco and colleagues9 reported that the diagnostic
accuracy of the combined use of TTFM and HFUS,
reflected by the ability to detect a truly patent versus a truly
failing graft (ie, positive predictive value vs negative
predictive value), rose to 100% with this approach. The
combination of TTFM with HFUS is therefore a
potentially precise diagnostic tool for intraoperative quality
assessment.

An additional important aspect of REQUEST is its
contrast to previous retrospective studies reporting
outcomes of intraoperative quality assessment that did not
take into account the extent of surgeons’ experience in
using, interpreting and acting upon TTFM and HFUS
findings. To address this specific issue, the REQUEST study
gery c April 2020
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was conducted in centers where the participating surgical
team was trained according to the structured REQUEST
protocol thereby minimizing bias in interoperator
experience and interpretation of TTFM and HFUS findings.
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To further enhance patient outcomes and optimize graft
patency, intraoperative quality assessment of the surgical
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REQUEST study. Changes made related to the conduits
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themselves were uncommon (2.7%). Detection of an
otherwise unrecognized dissected internal thoracic artery
in some cases is likely to have prevented potential
perioperative complications. In 10.6% of patients, a
surgical change related to a heavily diseased and/or
calcified coronary target was made. This may result in
avoiding unnecessarily difficult anastomoses and/or
endarterectomy. In only 1.2% of cases, an endarterectomy
was performed, compared with the 4% endarterectomy rate
in the Drug-Eluting Stent versus Coronary Artery Bypass
Surgery for the Treatment of Narrowed Arteries study,13

and this could possibly be attributed to the use of epicardial
HFUS to detect and avoid unsuitable targets for an
anastomoses (typically a heavily diseased posterior wall).
However, in patients with extensive coronary artery disease
endarterectomy has shown to be an acceptable strategy to
maximize completeness of revascularization during
CABG.14,15

Because stroke is among the most devastating
complications of CABG, avoiding any aortic manipulation is
an important technique to reduce the rate of stroke.16-18

Previous studies report that during application and removal
of the aortic crossclamp, particulate emboli are frequently
detected.19-21 Aortic manipulation is often required for
on-pump or off-pump surgery where a proximal anastomosis
is made, although more than half of patients undergoing
CABG have atherosclerosis in the ascending aorta with its
inherent risk of embolism to the cerebral arteries.22 In the
REQUEST study, off-pump CABG procedures were
performed in 39.6%. Despite the high rate of off-pump
surgery, surgical changes related to the aorta were made in
9.9% of all patients to choose a safe place to cannulate,
crossclamp, and/or construct the proximal anastomosis.

In the REQUEST study, although therewas a very high use
of TTFM (99%) the use of HFUS was lower than expected.
Although surgeons were advised to follow the REQUEST
study protocol it was not deemed mandatory. The
discrepancy in actual HFUS use most likely reflects
real-world clinical decision making during coronary bypass
surgery based on surgeon experience, preference, and
discretion. For example, some situations in which some
surgeons may decide that HFUS is not necessary might
include:

� A proposed anastomotic site that looks and feels (eg, soft
spot) completely normal,

� A conduit that looks completely normal after harvest, and
� A graft with excellent flow (eg,>50 mL/min with low

pulsatility index) as indicated by TTFM.

Moreover, HFUS of the ascending was more frequently
performed during off-pump surgery (88%; 355 out of
402) compared with on-pump surgery (73%; 451 out of
614). Additionally, patients with a surgical change related
to the aorta (n ¼ 80) were more often patients who
1290 The Journal of Thoracic and Cardiovascular Sur
underwent off-pump surgery (74%; n ¼ 59) compared
with on-pump surgery (26%; n¼ 21). The surgical changes
to the aorta in the off-pump cohort were mainly related to
determining the optimal (ie, disease free) location for the
proximal anastomosis to diminish the detrimental effects
of aortic manipulation in patients with an increased
atherosclerotic burden.

Finally, while HFUS is relatively easy to use for grafts
to the anterior wall, it is technically more challenging to
use and to interpret for grafts on the lateral and inferior
wall, especially in off-pump procedures. Therefore, the
actual result of HFUS on surgical decision making and
clinical outcomes might have been even greater if it had
been used in all patients. However, compared with
other contemporary studies there was no significant
reduction in cerebrovascular events (eg, 1.0%
stroke/TIA in the current study), which could have been
the result of the high rate of patients with severe
atherosclerotic disease (eg, diabetes was present in almost
40%) and the fact that epiaortic scanning was performed
in 79% of patients.

Limitations
Although REQUEST is currently the largest prospective

study to evaluate the influence of routine intraoperative
quality assessment in contemporary CABG, its most
obvious limitation is that it was not a randomized trial
and therefore did not compare CABG with versus without
use of TTFM and HFUS. The reality is that the design of
such a randomized controlled trial would need an
extraordinarily large patient sample size (eg, to demonstrate
a reduction in operative mortality from 1%-0.5%) and
extensive long-term follow-up to assess the influence of
improved long-term graft patency. Furthermore, interpreta-
tion of such a trial would be complicated by a myriad of
other factors that influence short- and long-term outcomes
of CABG.

The focus of the REQUEST study was to prospectively
evaluate the impact of TTFM with HFUS on patients who
underwent CABG procedure, when performed routinely
by experienced CABG surgeons. Although, as explained
above, conducting an randomized controlled trial would
be extremely challenging for several reasons. A further
limitation is that no conclusions can be drawn on the
influence of intraoperative quality assessment on
long-term outcomes because clinical results were limited
to in-hospital outcomes. Similarly, in the absence of
long-term angiographic follow-up, no inference can be
drawn on whether routine graft assessment actually
improves long-term graft patency. Finally, use of
TTFM and HFUS technology requires dedicated training
to use the technology appropriately and to both
correctly interpret data and avoid the pitfalls of
misinterpretation.
gery c April 2020
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CONCLUSIONS
The REQUEST study is a multicenter, prospective study

designed to evaluate the effect of implementing
intraoperative quality assessment by TTFM and HFUS in
1016 patients undergoing CABG. In 25.2% of patients,
any change in the planned surgical strategy was made.
Furthermore, rates of in-hospital mortality and major
morbidity were low, showing the feasibility and safety of
performing intraoperative quality assessment. To conclude,
intraoperative quality assessment with TTFM and HFUS
may improve the quality, safety, and efficacy of CABG
procedures and should therefore be considered as a routine
procedural aspect during CABG.
Webcast
You can watch a Webcast of this AATS meeting
presentation by going to: https://aats.blob.core.windows.
net/media/19%20AM/Sunday_May5/206BD/206BD/S52%
20-%20CABG%20Technical%20Considerations/S52_5_
webcast_023136427.mp4.
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Discussion
Dr Stephen E. Fremes (Toronto,
Ontario, Canada). Thanks for the
privilege of discussing this paper.
David, I want to congratulate you on a
very important study and excellent
presentation and for providing me with
the manuscript and slides well in
advance.

I concurwith your conclusions. I have a few questions.My
1292 The Jou
disclosures: I do use transit-time flow measurement regu-
larly; I use high-frequency ultrasound less frequently, more
selectively. And I will give you a question and you can
answer me, and if you want to editorialize as well as just
answer, that is your prerogative.

Was there a protocol for mandated graft revisions or was
this according to the surgeon’s decision in concert with the
findings?

Dr David Paul Taggart (Oxford,
United Kingdom). We left this
essentially to surgeon experience,
discretion, and preference, because
these were experienced surgeons. We
thought about having mandated
changes, but it’s actually very difficult
to know, because if you take into consi-

deration flow and pulsatility and things you have to think

about, competitive flow, we decided to leave it in the hands
of surgeons who had been trained to use this technology.

Dr Fremes. Could you quantify the number of patients
who did and didn’t get revised against some standard
criteria?

Dr Taggart. No, and, again, this is a problem of an
observational rather than a randomized trial. What we saw
was that even in the hands of experienced surgeons, in
25% of the patients they made some changes to what they
had initially proposed to do.

Dr Fremes. Was there any evidence of a learning curve
during the trial either by better adherence to the protocol
or a difference in the number of revisions as the trial
progressed?

Dr Taggart.The answer to that is both yes and no.What I
mean by that is right from the outset, 99% of patients had
rnal of Thoracic and Cardiovascular Sur
transit-time flow measurement. So from the start, every
surgeon agreed we want to know the flow in the grafts.
But the use of the ultrasound was more variable. So it was
quite high for the ascending aorta, 90%, but initially it
was lower for imaging coronary targets, harvested conduits
and the anastomosis itself. But definitely as the study
progressed and people became more familiar with the use
of it, that increased.

Dr Fremes.When do you evaluate the distal anastomosis
during on-pump surgery?

Dr Taggart. For distal anastomosis on-pump, the easiest,
most convincing, and best to do is the left internal thoracic
artery to the left anterior descending artery with the
crossclamp still on. You take the bulldog off the internal
thoracic artery and you then measure the flow in that
when there is no competitive flow whatsoever, and the
highest volume we have seen for an internal thoracic artery
to the left anterior descending artery with a crossclamp is
440 mL/min. As soon as you open the clamp, it drops by
50%. And for the other grafts, if they are vein grafts or
others, if there are conduits inside you would do the
same; if it’s vein grafts, then you have to wait until you
have completed the top end and while the patient is still
on bypass.

Dr Fremes. Were the images reviewed centrally, and if
so, what was the correlation?

Dr Taggart.No, there was no central review. Assessment
of the images were made within individual centers.

Dr Fremes. One of the authors, di Giammarco, has
previously reported on false positives and false negatives
with transit-time flow measurement and the high-frequency
ultrasound was sort of the gold standard. Can you comment
on that previous finding and this study?

Dr Taggart. I think it’s a great question, and looking
back we did not mandate to do that, but perhaps in
retrospect we should have done it. But if you see the figures
of the actual use of ultrasound assessment of the
anastomosis, it was only about 56%. And as a confirmed
off-pump surgeon, I can usually get a good image of the
internal thoracic artery to the left anterior descending artery,
and that satisfies me, because that’s where you have the
biggest bang for the buck, but doing off-pump to lateral
and inferior wall is more challenging.
gery c April 2020



TABLEE1. Proportion of surgical changes related to grafts, per distal

anastomosis, as a result of abnormal transit-time flow measurement

(TTFM) and/or high-frequency ultrasound (HFUS) findings in the

Registry for Quality Assessment with Ultrasound Imaging and

Transit-Time Flow Measurement in Cardiac Bypass Surgery study

Surgical change Result

Changes related to grafts

All changes 3.4 (100/2959)

Primary anastomotic revisions 1.6 (48/2959)

Secondary anastomotic revisions 1.0 (31/2959)

Primary graft revision 0.5 (16/2959)

Additional graft(s) 0.2 (5/2959)

Values are presented as % (n/N).
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