
Arterial end-to-side grafting in coronary
artery bypass grafting: the Tector procedure

Background. The current treatment of choice in
patients with three-vessel coronary disease is
coronary artery bypass grafting. The use of the left
internal mammary artery in bypass grafting has
shown superior long-term outcomes compared
with venous grafting. In our study we assess the
safety and feasibility of all-arterial coronary artery
bypass graft surgery using the procedure as
described by Tector et al. in 2001.
Methods. Between June 2001 and February 2007,
we studied 133 patients eligible for non-emergency
surgical revascularisation. Primary endpoints were
death or re-infarction within a 30-day period.
Secondary endpoints were the need for emergency
coronary surgery, angioplasty and mediastinitis.
Long-term follow-up had a mean duration of 33
months postoperatively.
Results. All 133 patients were successfully revas-
cularised, 98% with the off-pump technique. In
93% of the patients (n=124) full arterial grafting
was achieved using both internal mammary
arteries. Thirty-day mortality was 1.5% (n=2), ten
re-thoracotomies were performed, one myocardial
infarction and one case of mediastinitis were
reported. In the next four years six additional
patients died. Most of these deaths were due to
non-cardiovascular causes. Two patients required

angioplasty because of distal bypass graft failure
and one for new native coronary artery disease. 
Conclusion. All-arterial bypass grafting using both
internal mammary arteries with the technique as
described by Tector is safe and feasible without
excess deep sternal wound infections. Late major
adverse cardiac events are rare and due to distal
graft dysfunction, which can be treated by per-
cutaneous coronary intervention. (Neth Heart J
2010;18:7-11.)
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Coronary artery disease is the main cause of death
in the Western world. The current treatment of

choice in patients with complex three-vessel disease is
coronary artery bypass grafting (CABG). This pro-
cedure is performed using both arterial and venous
grafts. A major concern regarding the use of venous
grafts is graft failure. This leads to a higher risk of
recurrent angina, new myocardial infarction and the
necessity of renewed interventions.1,2

Currently, many efforts are put into the comparison
of bypass surgery with drug-eluting stenting to
overcome the potential hazards and graft failures after
CABG. The initial one-year follow-up results of the
SYNTAX trial3 do not show a superiority of one of
these techniques despite the fact that all the patients
in the surgery group had been grafted with venous
material and the left internal mammary artery (LIMA).
Earlier, the ARTS trial4 found a need for revascular-
isation of 7% at three years of follow-up.

Coronary bypass grafting with the use of the LIMA
has shown superior long-term outcomes compared
with CABG with only venous grafts5,6 with respect to
patency and reduced ischaemia rates. However, total
arterial revascularisation was limited by technical dif-
ficulties. In 2001 Tector et al.7 described a technique
in which both intra-thoracic arteries are used as grafts,
making it possible to acquire full arterial revascular-
isation. Total arterial revascularisation may be con-
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sidered the optimal surgical treatment for extensive
coronary artery disease and may become next in line
to be compared with optimal stenting using drug-
eluding stents. While awaiting and facilitating the
planning of such comparison, we investigated the merits
of off-pump total arterial revascularisation in our
consecutive series of patients.

Methods
From June 2001 to February 2007, 799 patients were
referred from the Alkmaar Medical Centre to the VU
Medical Centre, Amsterdam, for coronary artery bypass
grafting. Out of 208 patients operated by one surgeon,
133 received a Tector procedure (16.7%). This pro-
cedure was attempted on all non-emergency patients
under 70 years of age; it was also attempted on older
patients without suitable venous graft material or with
general arteriosclerotic disease in order to prevent aortic
clamping. Our primary endpoints were death or re-
infarction within a 30-day period. Secondary endpoints
were the need for emergency coronary surgery, angio-
plasty and mediastinitis. Preoperative risk was assessed
for all patients using Euroscore ratings.8,9 Patient
follow-up was done up until four years postoperatively
in our outpatient clinic in Alkmaar.

Tector procedure
All procedures were carried out by one experienced
surgeon (E.K.J.) and planned as an off-pump pro-
cedure. Both mammary arteries were dissected, leaving
a small pedicle surrounding the arteries. 

The free right internal mammary artery (FRIMA)
graft is attached to the LIMA as a T graft (end to side)
slightly distal from the site where the LIMA enters the
pericardial cavity, just where it crosses the main pul-
monary artery. The T graft anastomosis, approximately
8 mm long, is constructed using a running stitch with
8-0 monofilament suture. This T graft has an average
length of 18 to 20 cm. Anterior revascularisation was
performed first, using the LIMA to revascularise the
left anterior descending coronary artery (LAD). The
diagonal branches are bypassed either with the LIMA
or FRIMA, depending on the anatomy. Subsequently,
anastomoses to the lateral, posterior and inferior parts
were made with the FRIMA (figure 1).

Results

Patients
In the six-year period studied, 133 consecutive patients
(107 men and 26 women) underwent coronary artery
bypass grafting with the intention of total arterial
coronary bypass grafting. The patients had a mean age
of 67±11 years and 17% had known diabetes. All
patients had symptomatic multivessel coronary artery
disease, 66% were operated on for an acute coronary
syndrome and 41% had experienced a previous
myocardial infarction, while four patients underwent
previous coronary artery bypass surgery. The majority

of the patients had a preserved left ventricular function.
The mean preoperative Euroscore and log Euroscore
were 3.7 (95% CI 3.2 to 4.2) and 4.5 (95% CI 3.4 to
5.5) respectively (table 1).

Operation
All patients were scheduled for a total arterial
revascularisation according to the Tector technique.
In all but one patient, the LIMA was used as the
primary arterial graft. The remaining patient already
had a patent LIMA anastomosed to the LAD at his
first operation. The FRIMA was additionally used in
all but one patient. The bypass operation could be
performed without cardiopulmonary bypass in 98% of
the patients. In three procedures it was necessary to
convert to on-pump surgery due to haemodynamic
instability. All patients were successfully revascularised
(i.e. all preoperative planned anastomoses were
successfully placed) and left the operating suite alive.
Total arterial revascularisation was successful in 93%,
while in nine patients (7%) additional venous grafts
were needed as arterial grafts had insufficient length to
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Figure 1. Illustrated postoperative situation with the Tector
technique. LIMA=left internal mammary artery, FRIMA=free
right internal mammary artery, RCX=ramus circumflex,
LAD=left anterior descending coronary artery, RCA=right
coronary artery.
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allow for complete revascularisation. The number of
proximal and distal anastomoses is given in table 2. 

Thirty-day follow-up
In the 30-day follow-up period, two deaths (1.5%)
were registered. One death was an 84-year-old male
with a recent myocardial infarction, impaired left
ventricular function and absent venous graft material,
who died in the intensive care unit within 24 hours
after the procedure, due to persistent cardiac failure.
One death was a 73-year-old male with an uneventful
recovery who was treated with acenocoumarol for atrial
fibrillation. On the 17th day after the procedure he
suffered a haematothorax that required resuscitation
and a re-exploration. No active bleeding was found. The
patient died 26 days after the procedure due to
irreversible neurological damage. Only one patient
(0.8%) suffered a postoperative myocardial infarction
necessitating percutaneous intervention of the LIMA
and FRIMA bypass graft.

There was a need for re-exploration for bleeding in
ten patients (7.5%), six for surgical bleeding and four
for haematological reasons (table 3).

Late follow-up
All patients had a long-term follow-up with a median
duration of 33 (1 to 74) months. After the initial
hospitalisation period, six additional patients died. All
of these deaths were non-cardiovascular; two died in
a nursing home due to advanced age, two had a fatal

CVA, one died following a trauma and one patient
died in a diabetic coma. None of the patients suffered
a myocardial infarction after their hospital discharge
and repeat cardiovascular surgery was not necessary.
Two patients were treated with percutaneous coronary
intervention for late bypass graft dysfunction. In both
patients the distal FRIMA graft was diseased and
dysfunctional (at 13 and 19 months postoperatively).
Both underwent successful PCI with stenting of the
right coronary artery, with good long-term results.
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Table 1. Demographic characteristics.

Variable N %

Mean age (years) 67 (±11)
Men/women 107/26 (80/20)
Hypertension 74 56
Hypercholesterolaemia (> 5 mmol/l) 83 62
Diabetes mellitus 23 17
Current smoker 26 20
Previous stroke 13 10
Previous myocardial infarction 54 41
Previous coronary angioplasty 29 22
Previous coronary artery bypass 5 4
Left ventricular function
- Poor (LVEF <35%) 7 5
- Moderate (LVEF 35-50%) 39 30
- Good (LVEF >50%) 87 65
Euroscore >4 45 34
Multivessel disease 133 100
Operation indication
Stable angina 45 34
Acute coronary syndrome 88 66

LVEF=left ventricular ejection fraction.

Table 2. Procedure characteristics.

Variable Patients
n=133 (%)

Re-operation 4 (3)
Target vessels LAD 131 (99)

LCX 119 (89)
RCA 97 (73)

LIMA use 131 (99)
RIMA use 131 (99)
No. of proximal anastomoses 0 125 (94)

1 7 (5)
2 1 (1)

No. of distal anastomoses 1 0
2 4 (3)
3 40 (30)
4 56 (42)
5 30 (23)
6 3 (2)

Off-pump procedures 130 (98)
Grafts Arterial only 124 (93)

Additional venous 9 (7)
grafts

Technical outcome Successful 133 (100)
revascularisation

LIMA=left internal mammary artery, RIMA=right internal mammary artery,
LAD=left anterior descending coronary artery, LCX=left circumflex artery,
RCA=right coronary artery.

Table 3. Clinical endpoints at 30 days.

Event at 30 days Patients
n=133 (%)

Death 2 (1.5)
Re-infarction 1* (0.7)
Angioplasty 1* (0.7)
Rethoracotomy 10 (7.5)
- Surgical bleeding 6 (4.5)
- Coagulation disorder 4 (3)
Deep sternal wound infection 1 (0.7)

* This is the same patient.
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One patient had a percutaneous coronary intervention
for new native coronary artery disease (table 4).

Discussion
Total arterial coronary bypass grafting using the Tector
technique seems safe and is a feasible approach to treat
multi-vessel coronary artery disease with a success of
98% at 30-day follow-up with two deaths and one
myocardial infarction necessitating PCI. At late follow-
up two patients had a PCI procedure for FRIMA graft
dysfunction and one for new native coronary artery
disease. These safety results are comparable with
the 2.3% 30-day mortality described by Tector and
colleagues4 and to the 2% overall in-hospital mortality
found by Baskett et al. in a study of 71,470 patients
undergoing CABG.8 Therefore, total arterial coronary
bypass grafting using the Tector technique seems safe
and is a feasible approach to treat multi-vessel coronary
artery disease.

Arterial revascularisation
As early as the 1970s, reports were published that
support the eligibility of arterial coronary bypasses over
the use of venous grafts with regard to patency. An
early recognised concern with venous grafts is graft
failure, which may occur at two time intervals: either
early failure due to technical difficulties or late failure
due to progressive atherosclerosis of especially venous
grafts or native coronary arteries. However, total arterial
coronary bypass grafting has eluded surgeons for several
decades due to technical difficulties. For example, the
use of internal mammary arteries is limited by its
anatomy. The LIMA has a limited range; particularly
the inferior and posterior parts of the heart cannot be
reached. Different techniques exist to achieve complete
arterial revascularisation. Among others, the use of the
radial artery10 and gastro-epiploic artery11 have been
proposed. Various studies, however, showed improved
survival rates and a smaller need for revascularisation
when using both the internal mammary arteries.12-16

This procedure uses the RIMA as a free graft (FRIMA)
which is subsequently anastomosed end-to-side to the
LIMA. This enables surgeons to locate the FRIMA
approximately 10 cm closer to the inferior and posterior
superficial coronary arteries, making full arterial revas-
cularisation possible for most patients with the use of
internal thoracic arteries only. 

Off-pump surgery
Another advantage of this Tector series was the
opportunity to use an off-pump operation technique,
which may facilitate a faster recovery.17 Off-pump
coronary artery bypass surgery may overcome the
unwanted effects of the use of cardiopulmonary bypass
which induces whole body inflammation, generates
micro-embolism and the need to cross-clamp the
atheromatous aorta.18 Therefore, if cardiopulmonary
bypass can be avoided, a reduced postoperative
morbidity and mortality rate may be expected. Several
randomised studies19-22 have indeed shown that off-
pump bypass surgery is equally safe with similar com-
plete revascularisation rates as standard bypass surgery
with a reduced enzyme release,23,24 a reduced length of
stay,21 improved short-term cognitive recovery22 and
reduced major adverse cardiac events (MACE) rate.25

This in turn results in lower costs.26

Favourable results of off-pump CABG may
particularly become apparent in high-risk patients:
advanced age, diabetics, acute myocardial infarction
and patients with an atheromatous aorta. Patients may
achieve excellent results after either type of coronary
bypass surgery. Individual outcomes likely depend on
other factors as well, such as the skill of the surgeon,
the quality of the institution and the availability of
quality programmes such as critical pathways. These
elements also apply to our series: a delicate cooperation
between two hospitals, using dedicated surgeons and
a critical pathway led by a nurse practitioner,27 led to
a successful arterial revascularisation programme with
excellent short-term and mid-term outcomes.

Limitations
We aimed to describe the safety and feasibility of this
technique in a collaboration between two teaching
hospitals. It is a relatively small population, with
exclusion of emergency surgery. It is, however, a repre-
sentative sample of our outpatient clinic population,
including diabetics.

We describe a short period of follow-up with
relatively good results with respect to death and re-
occurrence of myocardial infarction. It would be of
interest to follow this population for a longer period
of time and compare them with conventional CABG.
We have made no attempt to studygraft patency, which
is an extremely important component ofthe safety and
efficacy of coronary artery bypass for any patient
population. Puskas et al.28 showed early graft patency
rates equal to literature data for on-pump procedures.
If a difference in long-term patency rates between
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Table 4. Clinical endpoints after 30 days, up until four
years.

Additional events after 30 days Patients
n=133 (%)

Death 6 (4.5)
- In nursing home 2
- CVA 2
- Trauma 1
- Diabetic coma 1
Re-infarction 0
Re-CABG 0
Angioplasty 3 (2.3)

CVA=cerebral vascular accident, CABG=coronary artery bypass graft.
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on- and off-pump existed, it should be evident in early
and midtermresults. 

Conclusion
All-arterial bypass grafting using both internal mammary
arteries with the technique as described by Tector is safe
and feasible without excess deep sternal wound in-
fections. Late major adverse cardiac events are rare and
due to distal graft dysfunction, which can be treated
by percutaneous coronary intervention. ■
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