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Abstract

Considering the plethora of literature about surgical revascularization, this review aims to discuss the most recent
studies about the effects of total arterial coronary artery bypass graft (TACABG) compared with CABG that involves
venous graft (VCABG) in patients with multivessel coronary artery disease. Patients were sampled from published
papers that studied various aspects involving TACABG or VCABG. Resulting samples were used to compare the
complexity and 5 years’ outcomes of TACABG to VCABG in the revascularization of coronary arteries. TACABG
provides a better prognosis with average all-cause mortality within 5 years of 5.35% as compared to VACABG with
average of all-cause mortality within 5 years of 9.1%. Furthermore, assumption of deep sternal wound infection from
TACABG, especially when bilateral internal thoracic arteries were used, is very technique-dependent, as reports have
been showing that the rate of such infection to occur is less than 1%. TACABG was concluded to wield a better prognosis
within both short- and long- terms, although more research need to be done to prove its use in left main disease.

Keywords: Total arterial, internal thoracic artery, coronary artery disease, myocardial revascularization, coronary artery
bypass graft

INTRODUCTION

Coronary heart disease, or coronary artery disease (CAD), commonly caused by atherosclerosis, as men-
tioned by World Health Organization, has markedly lower prevalence within populations with lower life
expectancy. However, the presence of risk factors contributes greatly towards the prevalence of CAD, and 3.8
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million men and 3.4 million women died of CAD each year[']. Therefore, there is urgent need for prevention,
early recognition, and proper management of CAD in order to reduce mortality while also improving qual-
ity of life.

Percutaneous coronary intervention (PCI) provides a way for emergency intervention of CAD in the setting
of acute coronary syndromes and provides a less invasive intervention of CAD in stable patients. According
to an international, open-label, multicenter randomized trial that compared everolimus-eluting stents with
coronary artery bypass graft (CABG) for the management of patients with left main disease, the 3 years’ rate
of death from any cause, stroke, or myocardial infarction of PCI was higher than the CABG group at 15.4%
and 14.7% respectively. However, these differences did not seem to be very significant .

CABG is part of a routinely done revascularization intervention to manage CAD by using grafted vessels to
revascularize vessels distal from the blockage. Various grafts can be obtained from different sources, which
include veins (especially saphenous vein) and arteries (such as radial artery and internal mammary arter-
ies). This article is written to discuss the advantages and disadvantages of using each type of grafts based on
results provided by existing studies. This article is mainly aimed at comparing total arterial coronary artery
bypass graft (TACABG) with CABG that involves venous graft (VCABG) in term of benefits for patients who
suffered from CAD from the surgeon’s perspective. In common clinical practice, left anterior descending is
grafted with an arterial conduit, generally the left internal thoracic artery; other grafts could be performed
using arterial of venous conduits, with single grafts, sequential grafts or composite grafts. In TACABG, all
grafts are arterial and therefore no veins are used for revascularization, while in VCABG at least one graft
derives from a vein. In brief, differences between arterial and venous grafts will be discussed, in terms of
harvesting and complications, and then the results of the most significant clinical trials will be summarized.

DIFFERENCES IN HARVESTING BETWEEN VENOUS AND ARTERIAL GRAFTS

Grafts: complexity pre- operatively and peri-operatively

Complexity of each graft can be assessed by comparing the requirements for preparations of procedures,
time taken to do the surgery, and skills required to perform the surgery. When surgeons decided to choose
radial artery as a conduit, they need to make sure that the compensating ulnar artery is working properly,
thus, there is a need to do a modified Allen’s test. This is not the case for saphenous venous graft, which also
has the advantage of being longer and easier to handle".

During the operation, the standard procedure, according to a retrospective multicenter study, is for all pa-
tients to undergo median sternotomy for the open-heart surgery. Firstly, when internal thoracic arteries
(ITAs) (also known as internal mammary arteries, IMAs) are required, they are obtained in a skeletonized
or semi-skeletonized manner. Secondly, when radial arteries (RAs) are required, they are supposed to be
done through sharp dissection to provide open atraumatic entry and the arterial extraction would then be
supplemented by the use of low-power cautery or harmonic scalpel. Lastly, when saphenous vein grafts (SVGs)
are required, open entry technique in the lower leg is done while avoiding the thigh vein'’

While trying to find out the average time taken to do each types of CABG, there was no studies that specifi-
cally show the total time taken for each procedure. However, operative time can be interpreted as the sum of
perfusion time (Cardio-pulmonary Bypass time) and cross clamp time'®’. This information is available from
a retrospective study about the effectiveness of total arterial revascularization. In the study, the mean cross-
clamp time for total arterial revascularization and non- total arterial revascularization are 60.6 and 63.8 min
respectively; and the perfusion times for each groups are 80.2 and 90.7 respectively[4]. Even though patients
are given prophylaxis antibiotics, it is logical that increased open surgery time is equal to increased risk of
infection.

Radial artery: between intrinsic limitations and clinical effectiveness

A few papers have summarized the important limitations of radial artery that need to be taken into consid-
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eration while being chosen as a conduit™. As discussed above, there is a requirement for the adequacy of
ulnar flow in order to act as a collateral blood supply. This can be assessed by modified Allen’s test and com-
plemented by pulse oximetry and echo-Doppler. Also, calcified radial arteries or those with diameter of less
than 2 mm are generally excluded from harvesting. There might be sensory abnormalities and motor weak-
ness in the forearm after removal of radial arteries, and there is a requirement for the use of vasodilators as
radial arteries are infamous for their striking spastic reactions to vasoconstrictors and hypothermia. While
skeletonization is described to provide a longer graft with larger diameters, less spasms, and better patency
frequencies, it increases the harvesting time and the risk of severe graft injury[s].

However, a recent metanalysis evaluated 534 patients with radial-artery grafts and 502 patients with saphe-
nous-vein grafts, concluding that as compared with the use of saphenous-vein grafts, the use of radial-artery
grafts for CABG resulted in a lower rate of adverse cardiac events and a higher rate of patency at 5 years of
follow-up. At follow-up angiography, the use of radial-artery grafts was also associated with a significantly
lower risk of occlusion (hazard ratio: 0.44); lower incidence of myocardial infarction (hazard ratio: 0.72) and

a half incidence of repeat revascularization'.

POST-OPERATIVE OUTCOMES

The post-operative outcome of a procedure is crucial in deciding on whether such procedure is worth doing,
especially in term of benefits and harm for the patients. Several studies have compared the outcome of coro-
nary artery revascularization that will be compared in this article (considering only CABG) and comparing
the data based on whether CABG done in the study is TACABG or VCABG.

Patency

In general, when comparing ITA and SV when they were acting as conduits, several studies such as a follow-
up Cooperative Studies Trial done by Goldman et al", showed that ITA had better patency as shown by the
10-year angiogram of the study mentioned. The 10-year patency was 61% for SVG and 85% for ITA. Howev-
er, the number of patients has been declining during the 10 years’ period, so that at 1 week the study cohort
consisted of 1025 patients but at 10 years follow up the study cohort declined to just 85 patients. However,
from the study’s graft, it is shown that the percentage of patent grafts has always been higher in ITA as com-
pared to SVG™. Another study done in order to determine the post-CABG prognostic factors for athero-
sclerosis progression that further supports the superiority of arterial grafts as the saphenous vein conduit’s
patency, due to it being prone to develop atherosclerosis, may act as a limiting factor for better prognosis of

. . [11]
revascularlzatlon .

This is confirmed by a prospective study aiming to find out the patency of right ITA (RITA) as compared to
other conduit vessels. The study showed that, at 10 years, the patency of RITA is at least 90%; RA is 70%; and
SVG is 50% . Thus, confirming that arterial conduits are more patent than saphenous venous conduits.

Long-term clinical outcomes

Mortality and serious adverse events are the key points when comparing TACABG with VCABG. However,
no direct comparison could be made using current clinical data due to the lack of tailored studies, but TA-
CABG and VCABG could be indirectly evaluated with the results of some trials.

According to a non-blinded prospective, randomized, open-label, non-inferiority trial published in 2016, out
of 592 patients with left main disease, with mean age of 66.2 years, the 5-year Kaplan-Meier outcome esti-
mated for all-cause mortality is 32 patients (9%); major adverse Cardiac and Cerebrovascular Events (MACCE)
occurred in 80 patients (18%); total revascularization rate is 10%, and stroke incidence was 206", During this
study, there seem to be no propensity score analysis done but the 5-year Kaplan-Meier estimates were strati-
fied into groups based on SYNTAX score in order to reduce propensity bias.
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Another randomized trial that aims at comparing single and bilateral ITA conduits has been used to pro-
vide data for the outcome of VCABG. The data taken from this trial will be the outcome for the single ITA
conduit to reduce the bias provided by using both ITA in term of sternal healing and long-term patency of
graft. In this trial, there were 1554 patients with average age of 63.5 years that underwent single ITA graft
plus supplementary venous or arterial conduits. The 5-year outcome found from patients follow up in term
of MACCE is 198 (12.7%), all-cause mortality was 8.4%, total revascularization rate was 6.6% and stroke
incidence was 3.2%. As mentioned in the report, even though this trial involved statistical corrections and
propensity matching, there is still chance of bias in terms of patient and operator selection. In this trial, it
was mentioned that a post-hoc analysis of the SYNTAX trial compared 5-year outcomes in 456 patients who
received a second arterial conduit with those in 963 patients who underwent single ITA grafting with ad-
ditional vein grafts, in which propensity score adjustment was done, showing that MACCE were 23.3% in
arterial group and 21.4% in venous group (P = 0.04). However, the all-cause mortality was 9.1% in the arte-
rial group and 9.5% in the venous group (P = 0.19)"""". From this analysis, single ITA with supplementary
vein graft has better MACCE outcome as compared to total arterial revascularization. However, the starting
number of arterial group is half of that venous group, showing a tighter population choice which lead to se-
lection bias, even though propensity score has been done. On the other hand, the venous group done worse
in term of all-cause mortality, although no differences were found with regards to cardiovascular mortality.

Special population: patients with left main disease

Left main CAD is the highest-risk lesion subset of ischemic heart disease and has traditionally been an indi-
cation for coronary artery bypass grafting (CABQ). Significant (defined as a greater than 50% angiographic
narrowing) left main disease is found in 4 to 6% of all patients who undergo coronary arteriography, and it
is associated with multivessel CAD about 70% of the time. While trying to find outcome analysis available
to show the result of total arterial CABG in left main disease, it has shown to be a challenge as there are not
much of such data available. The closest data is that from RAPCO study“s]. In this study, radial artery was
compared to either right ITA or saphenous vein and patency was then compared. The group of patients in
which the result is being used here, is that of 140 patients with an average age of 60.1 years old with total
arterial revascularization of their cardiac arteries. The only available results are all cause of mortality (2%)
and revascularization with PCI (2%). RAPCO study is a prospective, randomized, single-center trial"”. Even
though the study was able to provide criteria in order to reduce selection bias due to its prospective nature,
but by being a single-center trial, it may not necessarily representative of the population in general [Table 1].

A retrospective multicenter analysis comparing TACABG to VCABG, has shown that TACABG is associated
with higher peri-operative as well as long-term survival™. In the study, the Kaplan-Meier survival within 5
years for TACABG group is 91.3% as compared to 90.1% in the VCABG patients (P < 0.01). Although it may
seem that the survival rates are not significantly different, when compared to those of the 10 years, there
seems to be a widening gap between the two groups, in which the survival for TACABG is 85.4% while
VCABG is 81.2% (P < 0.01)"". This study should not show a significant selection bias due to propensity score
matching. Although, its nature of being a retrospective analysis may lead to some unmodifiable selection
bias.

DISCUSSION

Evidence from the literature show that arterial conduits have better prognosis as compared to venous con-
duits when used in the revascularization of coronary arteries. However, there are certain aspects of venous
conduits that are non-inferior than arterial ones.

Firstly, in term of preparation, there is a requirement to check that any of the vessels being used are intact
and of satisfactory quality to provide the best outcome from undergoing CABG. While it is required to
check for the patency of ulnar artery when radial artery is being used, there seem to be no requirement to
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Table 1. 5-year outcome of patients in TACABG and VCABG in patients with left main disease

VCABG TACABG
ART TAR TAR

NOBLE* Single- graft group Non-TAR group RAPCO™ TAR group
Average age (years) 66.2 63.5 64.7 60.1 64.4
Number of patients 592 1554 6232 140 6232
MACCE 80 (18%) 198 (12.7%)* N/A N/A N/A
All-cause mortality 32 (9%) 130 (8.4%) 9.9%*** 3(2%) 8.7%***
Cardiac death 15 (3%) N/A N/A N/A N/A
Vascular death 1(<1%) N/A N/A N/A N/A
Non-procedural myocardial infarction 10 2%) N/A N/A N/A N/A
Revascularisation (total) 47 (10%) 103 (6.6%) N/A N/A N/A
Revascularisation with PCI 45 (10%) N/A N/A 3 (2%) N/A
Revascularisation with CABG 2 (<1%) N/A N/A N/A N/A
Target lesion revascularisation 36 (8%) N/A N/A N/A N/A
Target LMCA revascularisation 33 (9%) N/A N/A N/A N/A
De novo lesion revascularisation 1 (3%) N/A N/A N/A N/A
(new lesion in non-grafted segment)
Symptomatic graft occlusion or definite stent thrombosis 15 (4%) N/A N/A N/A N/A
Stroke 7 (2%) 49 (3.2%) N/A N/A N/A

*Composite death, myocardial infarction, and stroke; **RAPCO only take RA conduit; ***Derived from Kaplan-Meier survival. CABG:
coronary artery bypass graft; TACABG: total arterial CABG; VCABG: CABG that involves venous graft; PCI: percutaneous coronary
intervention; LMCA: left main coronary artery; MACCE: major adverse cardiac and cerebrovascular events; TAR: total-arterial
revascularization; NOBLE/ART/RAPCO refer to names of clinical trials

check for saphenous vein collateral circulation. However, it has been shown that checking for saphenous vein
through the use of Doppler ultrasound improves the prognosis of SVG".

Secondly, in term of operation time, the total of cross-clamp time and perfusion time is shorter in the TA-
CABG than in VCABG (as has been discussed above), a retrospective study has shown that the operative
time taken for total arterial revascularization was 30 minutes longer'”. This is true especially when bilateral
ITA or RA was used. The paper further added that the additional time taken was due to the extra conduit
harvest and not to actual grafting procedure'”.

Also, BIMA could be performed using two different configurations, in situ versus Y-graft. A recent study
evaluated whether graft configuration might affect long-term outcomes in 2150 patients using a propensity-
score approach[m]. Late mortality and incidence of MACCES were similar between groups, and therefore the
clinical outcome of BIMA grafting is independent of surgical configuration. However, Y-grafting increases
the flexibility of BIMA grafting and should be taken into account when a surgical strategy for myocardial
revascularization needs to be planned[m].

Thirdly, it is important to consider the short term post-operative outcome of a surgical procedure. An ex-
ample of this is the healing of any surgical wounds inflicted during CABG procedure, especially in high risk
patients (such as those with diabetes mellitus)™”. One of the main topic of interest is the healing outcome of
the sternum and chest wall after the collections of ITA, especially if bilateral ITAs were harvested. However,
through careful harvesting of such grafts while preserving pleural cavities’ integrity, it reduces the post-
operative morbidity as well as lowering hospital cost"**". One of the fear of TACABG is deep sternal wound
infection (DSWI), especially if bilateral ITA was used. However, reports from various studies have shown
that there were low rates of DSWI, that is lower than 1%, in TACABG""". The incidence of DSWI may be
significantly higher after the harvest of both internal thoracic arteries in the elderly, with an odds risk of 1.86
(P < 0.01)"*. However, the risk of deep sternal wound infection can be minimized in diabetic patients under-
going CABG by performing ITA harvested in a skeletonized manner with meticulous attention to preserv-
ing sternal blood flow. Pedicled harvest is to be discouraged when utilizing both ITA owing to a significant
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increase in the risk of postoperative DSWI®**”) In fact, a recent meta-analysis showed that skeletonized ITA
appears to reduce the incidence of postoperative SWI in comparison with pedicled ITA after CABG, with
this effect being modulated by the presence of diabetes™. In the sensitivity analysis, the difference in favour
of skeletonized ITA was also observed in subgroups such as diabetic, bilateral ITA and diabetic with bilateral
ITA; also, there was a difference in the type of study, since non-randomized studies together demonstrated
the benefit of skeletonized ITA in comparison with pedicled ITA, but the randomized studies together did
not show this difference™. To summarize, strategies that reduce DSWI target the modifiable risk factors
that include microbiological factors, appropriate antibiotic prophylaxis, tight glycemic control, while surgical
strategies reduce DSWTI following BIMA harvest include techniques of IMA harvesting with lesser devas-
cularization of sternum using skeletonized, semiskeletonized and modified pedicle harvest are associated
with greater preservation of sternal blood supply and sternal closure and stability techniques[”]. Antibiotic
prophylaxis given to patients pre- and post-operatively helps further reduce the chance of wounds infection,
improving the surgical prognosis. Diabetes acts as a risk factors for the development of atherosclerosis as it
accelerates the formation of atheroma®”. Its presence in patients who were undergoing revascularization for
atherosclerosis also increased the risk of post-operative complications. A retrospective study with propensity
score matching compared total arterial revascularizations to procedures that involved venous grafts in the
revascularization of atherosclerosis in diabetic patients'”. While the rate of perioperative mortality (within
30-days post-operatively) was similar at 1.2% in total arterial CABG group as compared to 1.4% in the non-
total arterial CABG group, nonetheless the rate of late mortality (mean of 4.9 years) was less among the total
arterial CABG groups at 10.2% as compared to the non-total arterial CABG group at 12.2%"”. Thus, adding
a point towards the advantage of undergoing total arterial CABG.

Fourthly, the long-term outcome (that is mainly patient’s survival rate) is also an important factor to con-
sider before choosing a procedure. From previous discussion, it has been shown that TACABG provides a
better prognosis than VCABG. However, the long-term outcome of TACABG only showed the survival rate
and did not elaborate on the MACCE that would be more relevant to the finding. Then, there was also no
mentioning of revascularization in this group. However, based on literature and what was known about the
patency of SVG as compared to arterial grafts, it could be concluded that total arterial grafting would wield a
better outcome whenever it is possible to be done. A study confirmed that by using only SVG as compared to
the use of ITA, there was 1.61 times greater risk of death throughout 10 years post-operation”", thus further

favoring arterial conduits"****,

A window for development into the surgical skills that may be beneficial to patients that are undergoing
CABG is by doing such procedures through oft-pump method. A paper querying about The Society of Tho-
racic Surgeons National Cardiac Database showed that off-pump coronary artery bypass was associated
with a significant reduction in risk of death, stroke, acute renal failure, mortality or morbidity, and hospital
stay as compared to on-pump coronary artery bypass[“]. This does not only benefit patients (which would
be one of the main points in considering on a procedure), but also help cut cost for the healthcare system
(which makes the other critical point that need to be balanced together with patient’s benefit and long term
outcome). However, such procedures require experience as surgeons will be required to perform the surgery
while the heart is still beating and thus avoiding the use of cardiopulmonary bypass pump. This would set
an example in which a procedure that would be beneficial for both the patients and healthcare system re-
quires significant investment, that is the amount of training need to be done by surgeons.

The challenge of increasing TACABG procedure lies on assuring surgeons that this procedure provides a
greater benefit for patients and the healthcare system. Although there would be some exceptions for the
procedure, in which VCABG can be used as an alternative when possible. In term of left main disease, there
need to be more studies and results published to show the outcome (both long- and short-term) of using
TACBG in the revascularization of left main disease.
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CONCLUSION

TACABG takes a longer preparation as compared to non-total arterial CABG. However, whenever it is pos-
sible to perform TACABG, the short- and long-term survival were better as compared to VCABG. In addi-
tion, the patency of arterial conduits has been shown to be longer lasting and less prone to damage as com-
pared to venous conduits. While there was a similar 30-day outcome in both TACABG and VCABG groups,
the long-term mortality rate was higher in the VCABG group as compared to TACABG. Among the arteries
available to be conduits, internal thoracic arteries by far provides the best outcome, even for those with
higher risk of complications.
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