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INTRODUCTION

Coronary atherosclerosis has been present for many centuries (1)
and is in our society a leading cause of morbidity and mortality
(2). Treatment includes drug therapy, interventional catheterization techniques with mainly percutaneous transluminal coronary
angioplasty, and surgical coronary artery revascularization.
During the last 25 years coronary artery bypass surgery has gone
through tremendous developments, both in technique and number of operations. One of the areas of study has been the identification of the most suitable bypass vessel with emphasis upon
long-lasting patency. This resulted in the use of the internal mammary artery as the preferred graft material, because of its durability and better patient survival.
This thesis discusses several aspects of the use of the internal
mammary artery graft during coronary bypass surgery: Chapter
2 gives a historical overview of the use of the internal mammary
artery for myocardial revascularization. The incidence of atherosclerotic narrowing in the internal mammary artery is said to be
low but angiographie studies are rare. We therefore decided to
perform a preoperative angiographie investigation, described in
chapter 3. The relation of preoperative angiography to intraoperative findings is unknown. The results of such a study are reported
in chapter 4. Whether a mammary artery bypass graft should be
used in specific critical situations is a matter of debate. Chapters 5
and 6 describe the outcome of the use of the internal mammary
artery graft in left main coronary artery stenosis and unstable
angina pectoris. Postoperative non-invasive investigation of graft
function by using the Doppler technique is relatively new. We try
to evaluate this technique in comparing a grafted vessel to a nonbypassed mammary artery (chapter 7), in comparing the influence of
different transducer positions on these measurements (chapter 8)
and in comparing the influence of exercise on flow in the internal
mammary artery graft in chapter 9. Summaries in the english, german and dutch language are found at the end of this thesis.
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HISTORICAL OVERVIEW

The development of coronary artery surgery

The surgical treatment of coronary artery disease began with
cardiac denervation (1). This was followed by attempts at myocardial revascularization by sewing the omentum majus on the
epicardium, obstructing venous drainage and by the application
of irritating agents (phenol, talc, asbestos) to the epicardium. This
was all done in the hope that collateral vessels to the myocardium
would develop. Even ligature (!) of the distal part of the internal
mammary artery was suggested, so that flow through the pericardial branches would increase (2-8).
The first more physiologic solution to the problem of myocardial
revascularization was developed by Vineberg (9): implantation of
the internal mammary artery deep in the myocardium, in the flow
bed of a narrowed coronary artery. This approach resulted in the
development of new collateral vessels, that communicated with
the distal branches of the narrowed coronary artery. The technique was first applied to laboratory animals and later in human
patients (9,10).
The development of coronary angiography (11) opened the possibility to localize coronary artery stenoses and to quantify their
severity, a necessary step in the establishment of adequate
coronary artery surgery. This was followed by direct approaches
to the narrowed coronary artery like the application of a venous
or pericardial patch to a narrowed vessel, resection of an
obstructed part of a coronary artery with interpositioning of a
venous graft or mechanical endarterectomy (12-14). In 1964 De
Bakey (15) et al anastomosed an autologous vein between the
aorta and the distal part of a narrowed coronary artery. The
internal mammary artery was applied using a similar procedure,
first by Kolesov, later by Green (16,17).
During the last decades coronary artery bypass surgery has become one of the most frequently performed surgical interven-

Table I.
YEAR

1987
1988
1989
1990
1991
1992

CABG

LIMA

n

n

LIMA / CABG
%

ill

69

62

118
134
135
140
114

78
107
118
120
103

66
80
87
86
90

Percentage of the left internal mammary artery used during coronary
bypass surgery in patients of the Maasland Hospital Sittard, operated
upon in the Academic Hospital Maastricht in the years 1987 to 1992.
Abbreviations: LIMA = left internal mammary artery, CABG = coronary
artery bypass surgery.

tions, being about 80% of all cardiosurgical procedures. In the
Netherlands about 9.175 coronary bypass operations were performed in 1992. (Begeleidingscommissie hartchirurgie Nederland,
unpublished data). It is not only performed as a palliative therapy
in patients with angina pectoris but also increases survival in
certain groups of patients (18-20).
The internal mammary artery as a coronary artery bypass graft

Apart from autologous saphenous vein grafts, the internal mammary artery is currently commonly used as a bypass vessel. The
latter is used especially as a bypass graft to the left anterior
descending artery or its first diagonal branch. Reasons for the
increasing use of the internal mammary artery as a bypass vessel
include evidence that it lacks atherosclerosis, has significantly
higher patency rates than saphenous vein grafts (which show
progressive intimai hyperplasia and atherosclerosis ultimately
leading to graft closure) and therefore gives better patient survival
(15,21,22). In patients of our own hospital who are operated upon
in the Academic Hospital of Maastricht, the left internal mammary artery was used during the last six years in about 80% of all
coronary bypass procedures. As documented in table I there is still
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a steady increase, with the left internal mammary artery being
used in 1992 in about 90% of all bypass operations (B. Pluym,
unpublished data).
Anatomy of the internal mammary artery
In 98% of cases the internal mammary artery arises from the
anteroinferior aspect of the first part of the subclavian artery.
Origin of the internal mammary artery from the third part of the
subclavian artery occurs in 1-2% of patients. The vessel runs
downwards and medially to enter the thorax behind the first
costal cartilage and descends 1.5 to 2 centimeters from the lateral
sternal border. In 50% of cases it bifurcates at the level of the sixth
intercostal space, in the other 50% this occurs one intercostal space
higher or lower. Of surgical importance is a high bifurcation at the
third or fourth intercostal cartilage level, occurring in 2% of cases.
The terminal branches are the musculophrenic and superior epigastric arteries. Side branches of the internal mammary artery are:
the mediastinal, thymic and bronchial branches, the pericardiophrenic artery, the sternal, perforating and mammary branches,
the lateral costal branch and the anterior intercostal branches (23).
The internal mammary artery is an elastic artery with a wall
composed of elastic and collagen lamellae held together by interconnecting bridges interspersed with smooth muscle cells. It is
lined by a very well defined internal elastic membrane which only
has small perforations (fenestrae) and supports a thin layer of
endothelial cells (24-26).
Surgical procedure
The internal mammary artery is mobilized and its side branches
are ligated. The vessel is then placed intrapleurally, parallel to the
phrenic nerve. After entering the mediastinal pericardium an
anastomosis to the left anterior descending artery is made. Usually only the left internal mammary artery is used in this fashion but
sequential internal mammary artery grafting, free grafting and
bilateral grafting is also possible.
Follow-up of mammary artery grafts
Internal mammary arteries are rarely affected by atherosclerosis
(25-28), but occasional reports of significant atherosclerotic dis-
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Figure 1: Anatomy of the internal mammary artery, the course of the
vessel and its side branches in relation to the heart and other anatomical
structures. Adapted from: Feneis H., pocket atlas of human anatomy.
Thieme publishers, Stuttgart 1976.
1 A. mammaria interna 2 Rr. mediastinales 3 Rr. Thymici 4 Rr. branchiales
5 A. pericardiacophrenica 6 Rr. sternales 7 Rr. perforantes 8 Rr. mammarii
9 R. costalis lateralis 10 Rr. intercostales anteriores 11 A. musculophrenica
12 A. epigastrica superior
ease have appeared (29,30). Why atherosclerotic changes are rare
is unclear. Possible factors are the thin intima in the internal
mammary artery or the scanty presence of smooth muscle cells in
the thin-walled media (31). The fact that atherosclerotic disease
seldom occurs in the internal mammary artery is confirmed by
reports of PTCA procedures of this vessel that mostly concern the
distal anastomosis (32).
In venous grafts early graft occlusion is often due to thrombosis
and late graft occlusion is commonly attributed to intimai proliferation and superimposed thrombosis. Progressive atherosclerosis
is supposed to be the main cause of graft occlusion after one year
(33).
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Data from the literature show that after a mean follow-up of 36
months the patency rate for internal mammary artery grafts is 96
per cent.
The patency rate for saphenous vein grafts at a mean follow-up
period of 39 months is about 77 per cent. At 7 to 10 years after
surgery, internal mammary artery graft patency has been shown
to range from 85 to 95 per cent as compared to 50 to 60 per cent in
saphenous vein grafts (21,34-37).
Patients with internal mammary artery grafts have a lower risk of
late myocardial infarction, and a better survival rate at 10 years
than patients who have saphenous vein grafts (21,35,38-40). This
difference in clinical outcome is attributed to the use of internal
mammary artery grafts, but bias because of selection of patients
and coronary arteries can not be excluded. No prospective study
to answer this question has yet been published.
Limitations of the internal mammary artery graft

There are some possible disadvantages and limitations in the use
of internal mammary grafts: Preparation of the internal mammary
artery for grafting requires time consuming delicate retrosternal
dissection. This may limit its use in patients with unstable angina
pectoris where operating time is a critical factor. Geha (41) stated
that coronary revascularization with internal mammary artery
grafts can be achieved with low risk, even in unstable angina, but
in a later report he said that the use of an internal mammary artery
is not advised in unstable patients, as did others (42,43).
Anomalies: by preoperative angiography Bauer (44) found surgically significant anomalies in 26% of 459 vessels, such as common
origin of another large artery (the thyreocervical and costocervical
trunk), large side branches, tortuosity, atypical course or origin
and atherosclerotic lesions. Modification of surgical strategy, i.e.
not using the internal mammary artery, was necessary in 4% of
patients. An additional advantage of preoperative semi-selective
angiography would be to exclude occasional aortic or subclavian
lesions proximal to the internal mammary artery. Routine preoperative angiography of the internal mammary artery is, however, not considered to be necessary by most cardiac surgeons
(45). This is in contrast to the situation of a redo coronary artery
bypass operation, because the internal mammary artery may be
occluded related to the prior surgery (46). This may also be the
case in congenital chest wall deformities, chest wall trauma and
previous irradiation therapy.
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Figure 2: Angiography of an internal mammary
artery graft anastomosed to the left anterior descending artery.
1 angiography catheter 2 internal mammary artery 3
left anterior descending artery
The artery must be of adequate size and flow. Size is a problem
because of the limited extension of the vessel and its limited
number, making multiple grafting difficult.
Under experimental conditions internal mammary artery grafts
show lower flows than saphenous vein grafts (47,48). Barner (49)
measured flow in the internal mammary artery using the electromagnetic flow probe after discontinuation of cardiopulmonary
bypass and found basalflowsequal to but peak flows significantly
lesser as compared to venous grafts. Intraoperative measurements
of graft flow is recommended by some authors (50,51). However,
the flow problem seems only relevant in the direct postoperative
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Figure 3: Angiography of a reversed saphenous vein
graft with a distal anastomosis to the circumflex artery.
1 angiography catheter 2 reversed saphenous vein graft
3 circumflex artery
period as the internal mammary artery graft adapts to an increase
in myocardial blood demand by an increase in luminal diameter
(52,53).
Postoperative problems of increased bleeding, phrenic nerve injury, mediastinal infection and arm paresis or paresthesia are
complications attributed to internal mammary artery grafting, but
they are uncommon if meticulous technique is used (54,55). This
also holds for the elderly patient (56).
There is some discussion on the use of the internal mammary
artery in high-risk patients such as unstable angina, PTCA-failure
and left main stenosis in whom high graft flows in the direct
postoperative situation are desirable, although this may only be
relevant to patients with critical ischemia at the time of operation.
Spasm of the internal mammary artery causing profound hemodynamic and electrocardiographic consequences has been
reported (57). Vasopressors and inotropic agents are commonly
used in the early postoperative period and the possibility of constriction of the vascular smooth muscle of the internal mammary
artery graft with reduced flow after administration of these agents
is a concern.
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Evaluation of graft function

Evaluation of graft function is usually done by contrast angiography i.e. by invasive techniques. Non-invasive, ultrasound investigation of the mammary artery graft is an investigational
method. Preoperative duplex imaging is performed to asses the
suitability of the vessel, and shows a predominant systolic flow
pattern. Postoperative examination is done to evaluate graft function. This shows a flow pattern clearly different from the nongrafted vessel with a more diastolic predominant curve (58-65).
Little is known about the changes in the Doppler signal in scanning from different positions (supraclavicular, high and low intercostal spaces). Neither has the influence of exercise or use of drugs
been investigated.
Even intracoronary Doppler flow velocity measurements are
nowadays possible, allowing investigation of coronary flow reserve, which could be used to support a possible indication for
angioplasty. Direct evaluation of the effects of vascular interventions may also prove useful (66-70).
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Internal mammary artery grafting in coronary artery bypass
surgery has resulted in increased long-term patency and improved survival compared to venous bypass grafting. Angiography of the mammary arteries before bypass surgery is
considered to be superfluous because they are rarely affected by
atherosclerosis (1). There are, however no data on how often an
internal mammary artery graft is intraoperatively rejected because of insufficient sluggish flow due to atherosclerosis. Early
postoperative graft failure is said to be mainly related to technical
errors (2). To establish the frequency of atherosclerotic changes in
the subclavian and internal mammary arteries among our
patients, we performed semiselective angiography on both mammary arteries during cardiac catheterization in candidates for
bypass surgery.
One hundred five consecutive patients (87 men and 18 women)
aged 35-80 years (median 58) were studied. Sixty-five patients
(62%) had 3-vessel disease, 25 (24%) had 2-vessel disease and 15
(14%) had 1-vessel disease. In all patients semiselective angiography of both mammary arteries, performed with a standard 5Fr
right Judkins diagnostic catheter, complemented the coronary
artery procedure. Ten ml of undiluted contrast medium was injected manually with the catheter tip as near as possible to the
origin of the internal mammary artery. Only posteroanterior
views were used, documented on 35-mm cinefilm. Significant
atherosclerosis was defined as a diameter reduction of > 50%. In
13 patients the imaging quality of the right mammary artery was
insufficient; thus, 105 left and 92 right vessels were studied. We
saw a stenosis in the proximal part of the internal mammary
artery in only 1 patient (0.95%), a 43-year old woman with
lipoatrophy. There were no significant subclavian artery stenoses
proximal to the internal mammary artery, and only 2 patients
(1.9%) had stenoses distal to the origin of the mammary arteries.
Routine postmortem studies (4,5) show > 50% narrowing of the
lumen in 0 to 5% of the cases. Routine preoperative angiography
of the internal mammary arteries has seldom been done. The only
reported study (6) of patients with coronary artery disease
showed a 2% incidence of atherosclerosis in the mammary arteries
and a 4% incidence of atherosclerosis in the subclavian arteries.
Our results showed an even lower incidence of these pathologic
changes. Even in older patients, in whom atherosclerosis is usual-
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ly advanced, no pathology of the mammary artery was found. It
seems that routine preoperative angiography of the mammary
artery is indeed unnecessary.
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Abstract

No data exist on the relation between angiography of the internal
mammary artery and intraoperative findings during bypass
surgery. We studied 47 consecutive patients and found no atherosclerotic changes. Intraoperatively, however, 4 left internal mammary arteries were judged unsuitable for grafting. No relation
could be found to the diameter of the vessel as judged angiographically. Possible causes of unsuitability are discussed.
Key words

Internal mammary artery; Angiography; Bypass surgery
Introduction

Angiography of the internal mammary artery as a preparation for
coronary bypass surgery is seldom done, because this vessel is
affected by significant atherosclerosis in only 1-2% of candidates
for coronary artery bypass surgery (1). No data exist, however, on
how often an internal mammary is judged intraoperatively to be
unsuitable for grafting because of insufficient flow. Moreover it is
unknown whether this unsuitability is caused by atherosclerosis
of the artery or is due to other factors. Failure of the graft in the
early postoperative period is reported to be mainly related to
technical errors (2,3). We studied the intraoperative findings in a
group of patients who had shown no abnormalities in preoperative angiography of the internal mammary artery.
Methods
47 Consecutive patients, 41 men and 6 women, aged 36 to 76 years
(mean 57.9) were studied. In all of them, semiselective angiography of the left internal mammary artery performed at the end
of the coronary angiography excluded atherosclerotic changes.
The diameter of the internal mammary artery at its origin, and at
the level of the fifth intercostal cartilage (the expected site of
anastomosis with the left anterior descending artery), was compared to that of the catheter and expressed in millimeters. Grafting was then scheduled as part of the surgical revascularization
procedure. Recordings of blood pressure were taken at the moment that the internal mammary artery was judged suitable or
unsuitable for grafting.
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Results
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47 Left mammary arteries were prepared for grafting. In 4 cases
(8.5%), all males, ages 35, 61, 65 and 67 years, the internal mammary artery was judged intraoperatively to be of too small a
calibre, and showed too little flow, to be used as a graft to the left
anterior descending artery. Retrospectively, we compared the angiographie data of these patients with the other 43 internal mammary arteries which were found suitable at operation for bypass
grafting.
The diameter of the internal mammary artery at its origin showed
no differences in the two groups (1.6,1.6,1.7 and 3.4 mm versus
1.7 ± 0.9 mm), nor was this so at the level of the fifth costal cartilage
(1.2, 1.3, 1.3 and 1.4 mm versus 1.4 ± 0.6 mm). Blood pressure in
the rejected cases (120-140 /80-90 mm Hg) was not different from
the rest of the group (123 ± 31 /71 ± 20 mm Hg).
Discussion
Routine preoperative angiography of the internal mammary
arteries is seldom done and to the best of our knowledge no
correlation to intraoperative findings has been published. In some
cases, the availability of a mammary artery can be relevant, for
instance in patients with extensive varicose veins or previous
bypass operation. In our group of patients, a surprisingly high
percentage (8.5%) of the internal mammary arteries was judged
intraoperatively to be unsuitable for bypass grafting to the left
anterior descending artery. No atherosclerotic changes were seen
on preoperative angiography, and no differences could be found
as to calibre either proximally or at the level of the fifth costal
cartilage. The cause of the unsuitability, therefore, remains unclear. Technical reasons could exist, causing spasm of the vessel,
for instance, but 2 of the patients whose artery was rejected were
given papaverine intraoperatively without result. Another cause
could be damage to the vessel during preparation, but no such
damage was reported in the operation protocol. No measurements of flow or diameter were performed intraoperatively, but
the decision not to use the mammary artery as material for bypass
is one which depends mainly on clinical judgment. It may have
been possible to use the vessels judged to have poor flow for
grafting to a diagonal branch of the left anterior descending
artery, but this was not analyzed.
In any case, it seems that reasons other than atherosclerosis are
more often the cause for unsuitability of the internal mammary
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artery as a bypass graft. Morover, there seems to be no correlation
between this unsuitability and the diameter of the vessel as
judged angiographically.
Preoperative angiography seems not to be a useful investigation
in planning revascularization procedures. Larger series are
needed to confirm our findings. Other methods, such as rapid
computerized tomographic scanning, should also be investigated,
as they may be more useful in providing an estimate of flow
within the internal mammary artery.
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Abstract

Internal mammary artery grafting to the left anterior descending
artery gives higher long-term patency and improved survival as
compared to venous grafts. Few data exist on the operative mortality and infarction rate in coronary artery bypass surgery when
using this type of graft in high-risk groups, such as patients with
left main stenosis. In 19 months, we studied 81 consecutive
patients with left main stenosis who received a mammary artery
graft to the left anterior descending artery as well as vein grafts to
other vessels and found no excessive mortality or infarction rate.
We suggest that patients with left main stenosis should be treated
with an internal mammary artery graft.
Key words

Internal mammary artery bypass, left main stenosis, coronary
artery bypass surgery.
Introduction

Patients with an internal mammary artery graft to the left anterior
descending artery have a more favorable long-term prognosis
than those with venous grafts. This concerns the patency rate as
well as the rate of survival (1-3). Therefore, this seems to indicate
use of the mammary artery bypass as often as possible. However,
some doubts exist about internal mammary artery grafting in
critical situations such as left main stenosis, unstable angina pectoris or other similar conditions (4-6). Only limited data exist,
however, on patients with a mammary artery bypass graft in these
high-risk groups. To our knowledge, only one group of 15 patients
(7) with left main stenosis has been reported with no negative
effects, but no further details concerning this special patient group
have been reported. We studied perioperative myocardial infarction rate and mortality in a group of 81 consecutive patients with
left main disease who received an internal mammary artery graft
to the left anterior descending artery as well as vein grafts to other
vessels.
Methods
The files of all patients receiving a mammary artery graft to the
left anterior descending artery during the period of October 1989April 1991 were retrospectively reviewed. In all 81 patients with a
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left main stenosis of > 50% we analyzed the infarction rate and the
in-hospital mortality rate. We tried to relate these data as follows:
age, gender, preoperative left ventricular function, severity of left
main disease, severity of coronary artery disease, presence of
unstable angina pectoris, completeness of revascularization and
number of additional bypass grafts. The data were then compared
with the literature to see whether or not there was an excessive
mortality or infarction rate. Myocardial infarction was diagnosed
electrocardiographically (defined as new Q-waves) and biochemically (defined as a postoperative CPK-value > twice the normal
value and having a CK-MB > 10%).
Data were compared using Student's t-test.
Results

"'

•••••-•••

We found 81 consecutive patients with a left main stenosis of
50-95%, the median being 60%. There were 66 men, 15 women,
ages 35-77 years with a mean of 58.5. Preoperative angiographie
left ventricular function was normal in 40 patients (49%). A wall
motion disturbance in 1 segment of the left ventricle was present
in 10 (12%), in 2 segments in 12 (15%) and in 3 or more segments
in 19 (23%). Left main disease was the only significant coronary
pathology in 4 patients (5%), 1-vessel disease was present in 7
(9%), 2-vessel disease in 27 (33%) and 3-vessel disease in 43 (53%).
Unstable angina pectoris was documented in 11 (14%) patients.
Apart from the left internal mammary artery the mean number of
venous grafts was 2.3 per patient (range 1-4). In 3 patients, additional measures were taken: thrombendarterectomy in 2 and
mitral valve replacement in 1. Revascularization was considered
complete in 68 (84%) and incomplete in 13 (16%).
Complete revascularization was defined as grafting of all main
vessels and relevant marginal or diagonal branches showing a
stenosis of > 70%.
The hospital mortality rate was 3.7% (3 patients). Two of these
patients died because of an intractable rhythm disturbance due to
myocardial infarction at the end of the operation. The third death
occurred because of a low output syndrome 2 days postoperatively. The 3 patients who died were 48,53 and 59 years of age (mean
53.3 ± 5.5) while the mean age of the group of survivors was 58.7
± 8.1 years (nonsignificant). None of the other evaluated factors
(gender, preoperative left ventricular function, severity of left
main disease, severity of coronary artery disease, presence of
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unstable angina pectoris, completeness of revascularization and
number of additional bypass grafts) tested relevant for the risk of
dying (all nonsignificant).
An electrocardiographically diagnosed myocardial infarction was
present in 3 (3.8%) of the surviving 78 patients. Using pure enzymatic criteria an infarction was diagnosed in an additional 5
(6.4%) patients, giving a total infarction rate of 10.2%. None of the
evaluated factors showed a significant correlation with the occurrence of a myocardial infarction.
Discussion
Because of the more favorable long-term prognosis of patients
receiving an internal mammary artery graft to the left anterior
descending artery, it is generally believed that as many patients as
possible should receive such a graft. To our knowledge, data have
been published on only one series of 15 patients with left main
stenosis (7). Patients with a left main stenosis may, therefore, still
preferably be treated with a vein graft.
Perioperative mortality in left main disease in recent reports was
between 3% and 5% (8-10). Atie (10) described in his very recent
publication a mortality of 5%. Deaths in his study were registered
only in elderly patients with a left main stenosis >70% and with
multivessel disease. In our patient group no such age relation
could be found, the difference in age compared with the survivors
was not significant. Left main stenosis was severe in 2, moderate
in 1, and all 3 had triple vessel disease as was the case in the
patients of Atie et al. Revascularization consisted of 3-4 vein grafts
apart from the internal mammary artery graft and was considered
complete in all 3 of them. Additional thromboendarterectomy was
performed on 1 of these patients.
Perioperative myocardial infarction occurs in about 2.5% of
routine cases electrocardiographically (9,11), but, in up to 15%,
enzymatic evidence of some myocardial damage is found without
electrocardiographic evidence of a myocardial infarction (9,11).
In our surviving 78 patients, an electrocardiographically diagnosed myocardial infarction occurred in 3 (3.8%) patients. One of
these 3 patients had an additional thromboendarterectomy and 1
was incompletely revascularized. Their infarcts correlated with
both these vessels. The third patient had neither a thromboendarterectomy nor was he incompletely revascularized. Purely enzymatically a myocardial infarction was diagnosed in an
additional 5 patients, making a total of 8 (10.2%). This appears to
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be well within normal limits, especially in our high-risk patients.
In comparison with the group without a myocardial infarction,
none of the evaluated factors showed a significant correlation.
In conclusion, at least in this studied population and in comparison with other data in the literature, it seems that internal
mammary artery grafting to the left anterior descending artery in
patients with left main disease shows early results which are not
inferior to those of venous grafting.
We suggest that patients with left main stenosis should be treated
with an internal mammary artery graft.
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Abstract
Internal mammary artery to left anterior descending artery graft
gives superior long-term patency and survival. Little is known
about the operative mortality and perioperative infarction rates
using this type of graft in high risk groups, such as unstable
angina pectoris. Over a period of 1 1/2 years we studied 58
consecutive patients who had unstable angina pectoris which was
followed by mammary artery grafting during the coronary artery
bypass operation. A rather high mortality rate (6.9%) and perioperative infarction rate (18.5%) were found. We suggest that
patients with unstable angina pectoris should not be treated with
an internal mammary artery graft.
Key words
Internal mammary artery, coronary bypass surgery, unstable angina.
Introduction
The superior results with internal mammary artery grafts to the
left anterior descending artery have led to an increased use of this
vessel as a bypass conduit in routine coronary artery bypass
surgery (1-3). Special risk groups, such as patients with unstable
angina, are frequently denied the long-term advantage of an internal mammary artery graft since the use of this vessel is considered
to be an extra perioperative risk (4-8). However, only one abstract
concerning mortality rate in bypass surgery with mammary artery
grafts in this subgroup of patients has been published (9). This
abstract showed no mortality in 24 patients.
We reviewed our experience in 58 consecutive patients with unstable angina pectoris who received an internal mammary artery
graft.
Methods
During a period of 1 1/2 years 58 consecutive patients with unstable angina pectoris received an internal mammary artery graft
in our hospital. We used the definition of Rutherford (10): angina
pectoris at rest as well as with minimal exertion, angina pectoris
of new onset brought on by minimal exertion or crescendo angina.
The files of these patients were retrospectively reviewed. Inhospital mortality and perioperative myocardial infarction rates
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were analyzed. A myocardial infarction was diagnosed electrocardiographically (new Q-waves or substantial precordial R-loss) or
biochemically. All patients having a postoperative CPK-value >
twice the normal value and having a CK-MB > 10% were considered to have suffered from a myocardial infarction. A relation
within the following parameters was then sought: age, gender,
preoperative left ventricular function, presence of left main disease, severity of coronary artery disease, number of bypass
grafts, and completeness of revascularization. We then compared
our results with literature data.
Results
Of the 58 consecutive unstable patients (44 men, 14 women, aged
37-85, with a mean of 60.1) 56 received an internal mammary
artery graft to the left anterior descending artery, one to the
circumflex artery, and one to the first diagonal branch. Preoperative left ventricular function was normal in 21 (36%) patients. A
wall motion abnormality in 1 segment was present in 15 (26%), in
2 segments in 8 (14%), and in more than 2 segments in 14 (24%). A
left main stenosis of > 50% was present in 11 (19%) patients, the
mean degree of stenosis being 69.5%. Three vessel disease was
present in 34 (58.6%) patients, two vessel disease in 16 (27.6%),
and one vessel disease in 7 (12.1 %). Only a main stem stenosis was
present in 1 (1.7%). Apart from the internal mammary artery graft
the mean number of grafts was 1.9 (range 0-4). Complete revascularization was reached in as many as 50 patients (86%), while
incomplete revascularization was possible in only 8 (14%).
Of the 58 patients 4 (6.9%) died in hospital; 1 in tabula, 3 in the
early postoperative period and all of cardiac causes.
According to electrocardiographic criteria myocardial infarction
occurred in 5 (9.3%) of the 54 surviving patients and 4 of these 5
were anterior wall infarctions. A pure enzymatically diagnosed
myocardial infarction was present in an additional 5 patients
making a total infarction rate of 18.5%.
Discussion
According to a large collected review (11) mortality in coronary
artery bypass surgery in unstable angina pectoris ranges between
1.2% and 8.5%. Infarction rate ranges between 3.8% and 17%. No
mention of internal mammary artery grafting is made in these
reviewed reports, however. Patients with unstable angina pectoris
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are frequently denied the long-term advantage of an internal
mammary artery graft since the extra preparation time may be
detrimental to the patient (5,6) and flow adaptation of an internal
mammary artery graft does not occur immediately.
Mortality rate in our patient group was 6.9% which is in the upper
range of the above mentioned review. The 18.5% myocardial
infarction rate exceeds these limits. Four of the 5 electrocardiographically diagnosed infarctions were in the anterior wall and
within that part of the heart supplied by the internal mammary
artery graft. This suggests that rapidity of flow adaptation is
indeed a problem in unstable patients. In comparison with the
group without a myocardial infarction none of the other evaluated
factors showed a significant correlation.
Ours was only a retrospective analysis and our comparison was
with literature data only; moreover, we studied a disease entity
which is non-uniform. Despite these restrictions the conclusion
seems justified that mammary artery surgery in unstable angina
pectoris is indeed an extra risk factor. This risk factor is especially
true for the development of an anterior wall myocardial infarction
and, therefore, internal mammary artery grafting should not be
performed on patients with unstable angina pectoris.
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Abstract

The noninvasive examination of internal mammary artery grafts
is gaining importance with the increasing use of this vessel in the
surgical treatment of coronary atherosclerosis of the left anterior
descending artery. We studied 36 patients (37 internal mammary
artery grafts) with combined two-dimensional and pulsed Doppler echography from the supraclavicular fossa. Adequate visualization and Doppler signals were obtained in 95% of arterial grafts.
Twenty-four grafts leading to an area without evidence of old
myocardial infarction or ischemia and 10 grafts leading to an area
of old myocardial infarction but without evidence of ischemia on
exercise showed a significant decrease of the peak systolic velocity
and of the peak systolic velocity / peak diastolic velocity ratio as
compared to the controls, which consisted of the contralateral
internal mammary arteries in situ. One patient with a distally
subtotally occluded mammary artery graft had a flow pattern
different from the other bypassed mammary arteries. It seems that
combined two-dimensional and pulsed Doppler sonography is a
useful method to evaluate the functional status of internal mammary artery grafts.
Key words

Internal mammary artery, Coronary artery bypass surgery, Doppler echography.
Introduction

Excellent long-term patency and improved survival (1-3) has led
to the frequent use of the internal mammary artery as the graft of
choice for revascularization of the heart, especially for the left
anterior descending artery. Therefore, noninvasive functional
evaluation of this bypass is gaining importance. One approach is
the transthoracic echographic examination of bypass patency and
flow measurement (4). Limitations of this method, however, are
the estimate of the Doppler incident angle for absolute measurement of graft flow (5) and the limited number of patients in which
adequate signals can be obtained.
We studied a group of postoperative patients by measuring graft
flow by combined two-dimensional and pulsed Doppler sonography from the supraclavicular fossa to evaluate whether acceptable results regarding echo signals, including velocity and flow
measurements could be obtained.
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Materials and Methods

In 36 consecutive patients (33 men, 3 women, age 34 to 77 years,
mean 60,3 years) semiselective angiography of both internal mammary arteries was performed at the end of coronary arteriography
to exclude atherosclerotic changes. A diameter stenosis of 75100% was present in 35 patients in the left anterior descending
artery and in 2 patients in the right coronary artery. Four to 30
months (mean 15,3) after coronary bypass surgery, in which the
left internal mammary artery was used as a graft to the left
anterior descending artery in 35 patients and the right internal
mammary artery as a graft to the right coronary artery in 2
patients (giving a total of 37 grafts), these internal mammary
artery conduits were visualized by combined two-dimensional
and Doppler echography from the supraclavicular fossa using a
Vingmed CFM 750 with a 7.5 MHz annular array probe for the
two-dimensional image and a 6 MHz frequency for the pulsed
Doppler signal with sample volume location. Graft diameter at its
origin, maximal systolic and diastolic graft flow velocity were
measured. Angle correction was applied for the velocity measurements. The same measurements were taken from the corresponding non-bypassed mammary arteries. In all patients evidence of
myocardial ischemia or infarction was sought by rest and exercise
electrocardiography and standard echocardiography. To see
whether blood flow was different in grafts leading to normal
myocardium, infarcted areas or ischémie areas we divided our
patients in these three groups.
Postoperative angiography of the mammary artery graft was performed in 4 patients because of recurrent angina and postoperative ventricular fibrillation, 3 arteries were patent, 1 was
subtotally occluded.
Statistical analysis was done with Student's t-test
Results
Thirty-five of 37 (95%) of the arterial grafts could be visualized, 33
left- and 2 right-sided. Two grafts could not be visualized, both in
patients with obstructive lung disease. The diameter of the grafts
we found was 1.8-3.9 mm (mean 2.8) compared to the nearly equal
value of 1.9-4.0 mm (mean 2.8) in the non-bypassed internal mammary arteries. The Doppler incident angle was 22-80 degrees
(mean 65), the absolute flow values were computed between 30
and 120 (mean 90) ml/min.
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; Figure 1. Internal mammary artery graft, typical flow
pattern as seen from the supraclavicular fossa.
In 22 patients with a left-sided bypass there were no old myocardial infarctions or indications of ischemia on exercise. In their
grafts the peak systolic velocity was 0.54 ± 0.39 m/s (mean ± 1
standard deviation), the peak diastolic velocity was 0.29 ± 0.24
m/s. The corresponding values in the mammary arteries left in
situ were 1.24 ± 0.87 and 0.20 ± 0.16 m/s. The difference in peak
systolic velocity was significant (p < 0.05), the difference in diastolic velocity was not. The peak systolic velocity / peak diastolic
velocity ratio in the bypass was 1.94 ± 0.5 versus 7.66 ± 7.3 (p <
0.05) in the internal mammary artery in situ. Typical flow patterns
are shown in figures 1 and 2.
There were 10 patients with signs of an old anterior wall myocardial infarction on electrocardiogram or echocardiography, but
without signs of ischemia on exercise. Peak systolic velocity was
0.63 ± 0.37 m/s versus 1.37 ± 0.54 (p < 0.05), peak diastolic velocity
was 0.33 ± 0.22 m/s versus 0.28 ± 0.25 (difference not significant).
Peak systolic velocity / peak diastolic velocity was 2.01 ± 0.61
versus 19.2 ± 42 (p < 0.05).
The velocity values of the patients with and without old myocardial infarction were not significantly different.
There was 1 patient with signs of ischemia, whose internal mammary artery graft was shown on angiography to be subtotally
occluded at the peripheral anastomosis. His peak systolic velocity
was 1.86 m/s, his peak diastolic velocity 0.03 m/s, so the values
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Figure 2. Mammary artery in situ, typical flow pattern
as seen from the supraclavicular fossa (scale different
from Fig. 1.).
,
were clearly different from the other grafted vessels. The 2
patients with a right-sided internal mammary artery graft had
flow patterns like the left-sided grafts.
Discussion
Increasing use of the internal mammary artery as a bypass graft
makes non-invasive evaluation of its function more important.
Sons et al. found that postoperative duplex scanning of the internal mammary artery to establish its patency correlated well with
angiographie findings (6). On transthoracic examination Fusejima
(4) could discern 11 of 14 (79%) internal mammary artery grafts
and found flow patterns similar to those in the recipient coronary
artery. He found a biphasic flow pattern with higher diastolic than
systolic flow. This is contradicted by both our results and those of
Spierenburg (7) which demonstrate the opposite: higher peak
systolic than diastolic velocities. This could be due to sampling
volume location: in Spierenburg's and our population very
proximal in the mammary artery graft, in the study of Fusejima
rather distal. In that case the proximal flow pattern could be the
transition of typical subclavian to typical coronary flow. The difference in sample position could also explain why only a non-significant increase in absolute peak diastolic flow velocity was
found as compared to the results of Fusejima and Spierenburg.
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In our study the population of patients without evidence of old
myocardial infarction or ischemia on exercise showed a significant decrease in peak systolic velocity and in peak systolic / peak
diastolic velocity ratio as compared to the corresponding internal
mammary arteries in situ. The same flow pattern was found in the
group of patients with evidence of an old myocardial infarction
but without ischemia on exercise, so at least in our patient population it seems that graft flow characteristics are not influenced by
old myocardial damage. The only patient with ischemia on exercise was found to have a nearly occluded mammary artery graft
and his flow pattern was different from the other bypassed mammary arteries.
Good anatomic orientation is crucial in measuring flow velocities
in internal mammary artery grafts. In our study the central landmark was the subclavian artery and its side branches the vertebral
artery and the thyreocervical truncus. This orientation enabled the
conclusion that the Doppler signal belonged to the mammary
artery.
As our Doppler incident angle was large (mean 65 degrees), we
refrained from discussing absolute flow values.
In conclusion, we think that combined two-dimensional and
pulsed Doppler sonography of internal mammary artery grafts
from the supraclavicular fossa is in most cases possible and gives
useful information on the flow pattern in the graft and thus to its
function. Although adequate signals could be obtained from the
supraclavicular fossa in 95% of patients versus 79% by transthoracic echography, Doppler angles were in the same range as in
the study of Fusejima, so absolute measurement of graft flow
remains difficult. Further partly invasive studies, however, are
necessary to confirm our findings.
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Abstract:
In a group of 22 patients, Doppler signals from the proximal part
of the internal mammary artery graft were studied from the
supraclavicular fossa as well as from the high intercostal spaces.
An adequate signal was found more often from the
supraclavicular position. Both positions gave a peak systolic
velocity higher than peak diastolic velocity. Transition of the flow
to the typical coronary flow pattern with higher peak diastolic
velocity seems to occur in lower parts of the graft.
Key words
Doppler sonography, mammary artery graft, coronary artery bypass surgery.
Introduction

,

Doppler ultrasonography of mammary artery graft flow represents an investigational method. Its applicability is limited by the
rate of vessel detection and the influence of the Doppler incident
angle on the measurement of absolute graft flow (1). Another
aspect of the internal mammary artery graft is the shift of the
highest flow velocity from the systole in the subclavian artery to
the diastole in the coronary artery (1-4). This change in the flow
velocity pattern probably occurs in the mammary artery graft. To
evaluate this phenomenon, we compared the Doppler signals
from two different anatomic sites: supraclavicular and high intercostal spaces.
Methods
We performed a combined two-dimensional and Doppler
sonographic study of the proximal part of the internal mammary
artery graft in 22 patients, 6-26 (mean 15) months after coronary
artery bypass surgery. A Vingmed CFM 750 echo machine with a
7.5 MHz annular array probe for the two-dimensional image and
a 6 MHz frequency for the pulsed Doppler signal with sample
volume location were used. Patients were investigated from the
supraclavicular fossa and from the highest possible intercostal
space. Special care was taken to ensure anatomic validation of the
Doppler signal. Angle correction was applied for the velocity
measurements. Angle of the Doppler signal, maximal systolic and

56

diastolic velocities and duration of systolic and diastolic flow
signals were registered. The data were analyzed by Student's
t - t e s t .
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In 21 (95%) of patients an adequate image and flow signal were
obtained from the supraclavicular fossa, compared to 16 patients
(73%) in whom an adequate investigation could be performed
from the first (3 patients), second (10 patients) and third (3
patients) intercostal space. In 1 (5%) patient no adequate signal
was obtained from both positions. Heart rate during the examination was 47-83 (mean 67) beats/min. The angle of the Doppler
signal was 44-80 degrees (mean 69) from the supraclavicular fossa
and 50-80 (mean 72) degrees from the intercostal space (difference
not significant). Maximal systolic velocity was 0.26-2.08 (mean
1.12) m/s from the supraclavicular fossa and 0.35-1.94 (mean 1.01)
m/s from the intercostal spaces (difference not significant). Maximal diastolic velocity was 0.16-1.29 (mean 0.54) m/s from
supraclavicular and 0.10-0.82 (mean 0.40) m/s from intercostal
(difference not significant). Duration of the systolic and diastolic
flow signals were 0.24-0.43 (mean 0.31) s and 0.41-0.82 (mean 0.55)
s, from the supraclavicular fossa, as compared to 0.28-0.40 (mean
0.32) s and 0.36-1.01 (mean 0.56) s from the intercostal spaces
(difference not significant)
Discussion
Since 1972 the applicability of noninvasive investigation of
coronary artery bypass flow has been under study (5,6) and the
detection rate of the graft as well as the absolute flow measurement have been problematic. Fusejima et al. (1) recently reported
an investigation in which, in 11 of 14 patients with internal mammary artery graft, flow signals could be obtained and described
from a precordial transducer position. In their investigation they
found higher diastolic than systolic flow velocities. Our own
study of the flow pattern in the proximal part of the graft from the
supraclavicular fossa in 36 patients and the study of De Bono et al.
is in contrast to this (2,4). We now have studied a group of patients
from two sites: supraclavicular and high intercostal spaces. The
detection rate was higher from the supraclavicular fossa than
from the high intercostal position. Doppler angle, peak systolic
and peak diastolic velocities and durations of systolic and dias-
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tolic flows were not significantly different in both sites. In fact,
signals from both positions were rather comparable. In both positions systolic flow velocity was higher than diastolic flow velocity.
Combining our measurements in the proximal part of the internal
mammary artery graft and the results of Fusejima (1) we conclude
that the transition in the flow pattern probably occurs in the
middle or lower part of the grafted vessel.
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Abstract

With the frequent use and excellent longevity of the internal
mammary artery graft, knowledge about the behaviour of this
graft under different conditions is becoming relevant. We studied
20 patients with combined two-dimensional and pulsed Doppler
sonography before and after exercise testing and established
values for peak velocities and flow duration. During exercise flow
duration shortened in systole and diastole in the same order of
magnitude, peak diastolic velocity especially increased during
exercise.
Introduction

-

.

.

.

Excellent longevity and survival with the use of the internal mammary artery as a graft to the left anterior descending artery (1-3)
makes knowledge about the behaviour of this vessel under different conditions relevant. One non-invasive approach is evaluation of graft function by Doppler sonography (4-7). We studied a
group of postoperative patients by measuring graft flow signal
before and after exercise.
Methods
In 20 consecutive patients (16 men, 4 women, age 41-70 years,
mean 59.3) combined two-dimensional and Doppler sonographic
examination of the internal mammary artery graft was performed
from the supraclavicular fossa. In all patients the graft was on the
left anterior descending artery. The study was done 6-26 months
(mean 14) after operation. A Vingmed CFM 750 echo machine was
used with a 7.5 MHz annular array probe for the two-dimensional
image and a 6 MHz frequency for the pulsed Doppler signal with
sample volume location (7). Angle correction was applied for the
velocity measurements. The patients were examined before and
after symptom limited bicycle ergometry. Heart rate during examination before and after exercise as well as use of P-blocking
medication were registered. The following measurements were
taken by Doppler sonography: peak systolic velocity, peak diastolic velocity, duration of systolic and diastolic flow and velocity
time integral. Peak diastolic / peak systolic velocity and systolic /
diastolic flow were computed. Values were compared before and
after exercise, in patients with and without p-blocker therapy.
Statistical analysis was done with Student's t-test.
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Table
no (J-blocker

heart rate (beats /min)
peak systolic velocity (m /s)
peak diastolic velocity (m /s)
peak systolic /diastolic
velocity ratio
duration systolic flow (s)
duration diastolic flow (s)
velocity time integral

p-blocker

rest

exercise

rest

exercise

72 ±9
0.99 ± 0.56
0.45 ±0.22

91 ±18
1.21 ±0.46
0.76 ± 0.34

62 ±7
1.90 ±0.40
0.61 ± 0.30

75 ±8
1.43 ±0.78
0.72 ± 0.37

2.2 ± 0.5
1.7 ±0.5
0.31 ±0.03 0.25 ± 0.05
0.53 ±0.13 0.40 ±0.10
37 ±13
36 ±20

2.2 ± 0.7
0.31 ± 0.03
0.62 ±0.10
51 ±16

2.2 ± 0.9
0.29 ± 0.05
0.51 ± 0.09
47 ±20

Results
There were 10 patients receiving (3-blocking therapy, 10 patients
were not. In 19 patients no evidence of ischemia was found by
exercise testing, in one patient angina pectoris occurred, accompanied by a significant ST-segment depression in lead V6.
Doppler incident angle was 44-80 degrees, mean 69 degrees.
The data on heart rate, flow velocity and duration, and velocity
time integral are listed in the table. In patients receiving no pblocking medication heart rate in rest and after exercise was significantly different (p < 0.05). After exercise peak systolic velocity
increased non-significantly, peak diastolic velocity increased significantly, peak systolic / peak diastolic velocity ratio decreased
slightly. How duration shortened significantly (p < 0.05) in systole
and diastole after exercise, both in the same order of magnitude
(systolic to 81 % of the value in rest, diastolic to 75% of the value
in rest). The velocity time integral increased after exercise, the
difference as compared to before exercise was non-significant.
In patients on p-blocker therapy (metroprolol 50-150 mg, mean
100 mg) heart rate in rest was significantly lower (p < 0.05) as
compared to the non-p-blocker group. Flow at rest did not differ
from patients without P-blocker therapy, either in peak velocities,
or in duration of the systolic and diastolic flow signal.
After exercise heart rate in the P-blocker group was significantly
(p < 0.05) higher than in rest. Peak systolic velocity increased as
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did peak diastolic velocity, but the difference as compared to the
rest values were not significant. The shortening in diastolic flow
duration was significantly more than in rest (p < 0.05) and significantly more than in the non (3-blocker group (p < 0.05). Systolic
/ diastolic flow duration ratio did also change relevantly (p <
0.05). The velocity time integral was not significantly different
from the value before exercise.
Discussion
The internal mammary artery has become the standard bypass
vessel for grafting to the left anterior descending artery because of
its longevity and increased long-term survival. Therefore
knowledge of the behaviour of this vessel under different circumstances is a relevant issue, apart from the fact that echography
of this vessel opens possibilities for direct non-invasive study of
coronary artery flow. Little data exist on echographic flow characteristics and no data at all concerning influence of exercise or
|3-blockade. A very practical problem in our study was the time
interval between the end of the exercise test and the moment of
obtaining a reliable Doppler signal.
Bearing this in mind we present the above mentioned data showing that during exercise especially peak diastolic velocity increases, flow duration shortens in systole and diastole in the same
order of magnitude, suggesting that velocity increase could be the
main mechanism of flow increase. P-Blockade gives no relevant
change in flow signal as compared to patients not on p-blocker
therapy in rest.
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CONCLUSIONS AND
SUMMARY

The treatment of coronary artery disease often consists of bypass
surgery and a preferred bypass vessel is the internal mammary
artery, because of the excellent results of this bypass vessel. After
a review of the development of coronary artery bypass surgery
especially in respect to the internal mammary artery graft in
chapter 2, several aspects of the internal mammary artery graft are
discussed. The assessment of atherosclerotic disease of the internal mammary artery has systematically been performed in only a
few studies, most of them including also patients without
coronary artery disease. Chapter 3 shows that in a group of
patients with significant coronary artery disease atherosclerotic
changes of the internal mammary artery are relatively rare as seen
by angiographie examination. Routine preoperative angiography
therefore seems unnecessary.
A comparison of artériographie findings of the internal mammary
artery and intraoperatively assessed suitability of the vessel has
not been performed so far. In chapter 4 we evaluate the preoperative angiographie findings and the effective use of the internal
mammary artery as decided by the cardiac surgeon. There are
more grafts which are rejected than those with atherosclerotic
changes. Possible reasons for this discrepancy are spasm or intraoperative vessel damage.
Use of the internal mammary artery graft in high-risk situations is
a matter of debate. However the outcome in these patient groups
has not been systematically evaluated so far. We compare the
outcome of two high-risk groups after grafting with the internal
mammary artery namely left main coronary artery stenosis and
unstable angina pectoris. Chapter 5 describes the favourable
results of internal mammary artery grafting in the group of
patients with left main stenosis. Contrary to this group, rather
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unfavourable results in patients with unstable angina pectoris are
reported in chapter 6. Apparently some high-risk patients may
profit from internal mammary artery grafting while others do not.
Further studies in this field are necessary to establish the best
therapeutic approach for each individual patient. This could lead
to a more differentiated use of the internal mammary artery as a
bypass graft.
Evaluation of graft function in postoperative patients is important
if symptoms of coronary artery disease reoccur. Up until now
angiography is the only method employed. However the internal
mammary artery bypass graft is difficult to visualize selectively
by this technique. Besides, a non-invasive test would be
preferable. Doppler evaluation of the mammary artery graft is an
investigational method. Chapter 7 shows that it is very well possible to obtain adequate Doppler signals from the native internal
mammary artery as well as from the mammary artery graft with
the Doppler probe positioned in the supraclavicular fossa. With
this Doppler signal we gain an impression of the functional status
of the graft.
Searching for the optimal transducer position we compare the
supraclavicular fossa with a high intercostal echo-transducer
position, as described in chapter 8. The latter position, however,
results in adequate signals in fewer patients.
Examination after exercise (chapter 9) shows changes in the Doppler flow pattern as compared to values in rest. Especially peak
diastolic velocity increases. As the time interval between the end
of exercise and the moment of obtaining an adequate Doppler
signal is relatively long the results of this study are difficult to
interpret.
In conclusion it seems that non-invasive Doppler investigation of
internal mammary artery graft flow is a promising technique. Its
value as compared to standard catheter techniques has to be
established in further studies.
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ZUSAMMENFASSUNG

Die Behandlung der koronaren Herzkrankheit besteht hàufig aus
einer chirurgischen Uberbriickungstherapie. Die Arteria mammaria interna ist das bevorzugte Gefàss fiir Uberbruckungen,
wegen hervorragender Langzeitergebnisse. Nach einem Ùberblick uber die Entwicklung der koronaren Herzchirurgie, vor
allem in Bezug auf die Arteria mammaria als Ûberbrùckungsgefàss in Kapitel 2 werden unterschiedliche Aspekte dieses
Gefàsses diskutiert. Die Untersuchung atherosklerotischer Erkrankungen der Arteria mammaria interna ist nur in wenigen
Studien systematisch erfolgt, wobei in den meisten Studien auch
Patienten ohne koronaren Herzerkrankungen aufgenommen
waren. Kapitel 3 zeigt mittels Angiographie dass atherosklerotische Veranderungen der Arteria mammaria interna in einer Patientengruppe mit einer relevanten koronaren Herzerkrankung
relativ selten sind. Routinemàssige pràoperative Angiographie
erscheint deswegen unnôtig.
Ein Vergleich der arteriographischen Befunde der Arteria mammaria interna mit der intraoperativen Brauchbarkeit des Gefàsses
ist bis jetzt nicht durchgefuhrt worden. In Kapitel 4 werden die
praoperativen angiographischen Untersuchungen und die effektive Anwendung der Arteria mammaria interna in der Herzchirurgie evaluiert. Es stellt sich heraus, dass intraoperativ auch
Gefasse als bypassuntauglich abgelehnt werden, die nicht atherosklerotisch veràndert sind. Môgliche Griinde fur diese Diskrepanz sind Spasmen oder intraoperative Gefàssverletzungen.
Die Anwendung der Arteria mammaria interna in hoch-Risiko
Patienten ist diskutabel. Das Ergebnis in diesen Patientengruppen
ist bis jetzt nicht systematisch untersucht worden. Wir vergleichen die Ergebnisse in zwei hoch-Risiko Gruppen bei Ùber-
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bruckungsoperationen mit Hilfe der Arteria mammaria interna,
nâmlich Hauptstammstenose und instabile Angina pectoris.
Kapitel 5 beschreibt die giinstigen Resultate der Uberbruckungsoperationen mit Hilfe der Arteria mammaria bei Patienten mit
einer Hauptstammstenose. Im Gegensatz dazu sind die Ergebnisse bei der anderen hoch-Risiko Kategorie, Patienten mit instabiler
Angina pectoris (Kapitel 6) deutlich schlechter. Offensichtlich
profitieren nicht aile hoch-Risiko Patienten von einer Operation
mit Hilfe der Arteria mammaria interna. Weitere Untersuchungen
in diesem Bereich sind erforderlich um die beste Behandlungsmethode fur jeden einzelnen Patienten zu erforschen. Dies konnte
zu einem mehr differenzierten Gebrauch der Arteria mammaria
interna als Uberbruckungsgefàss fiihren.
Postoperative Untersuchung der Funktion des Ûberbruckungsgefàsses ist wesentlich wenn Symptôme der koronaren Herzerkrankung erneut auftreten. Bis zu diesem Augenblick ist
Angiographie die einzige Méthode der Darstellung. Die Arteria
mammaria interna ist aber relativ schwer selektiv mit dieser
Technik darzustellen. Ausserdem wiirde eine nicht-invasive Untersuchungsmethode den Vorzug verdienen. Die Doppler Untersuchung der Arteria mammaria ist eine Méthode die noch in der
Entwicklung ist. Kapitel 7 zeigt, dass es sehr wohl môglich ist
ausreichende Doppler Signale von der nativen Arteria mammaria
interna, als auch von dem als Uberbriickung angewandten Gefass
zu bekommen mit dem Dopplerschallkopf im supraklavikularen
Raum. Mit diesem Dopplersignal erhalten wir einen Eindruck
iiber die Funktion des Ûberbrùckungsgefàsses.
Auf der Suche nach der optimalen Schallkopfposition vergleichen
wir den supraklavikularen Raum mit einer hoch-interkostalen
Position, wie in Kapitel 8 beschrieben. Letztere Position erzielt
aber bei wenigeren Patienten ein ausreichendes Signal.
Untersuchungen nach Belastung (Kapitel 9) zeigen Verànderungen im Dopplerflussmuster im Vergleich zu den Werten im
Ruhezustand. Da aber das Zeitintervall zwischen Belastungsende
und dem Augenblick wo ein ausreichendes Dopplersignal gefunden wird relativ lang ist, sind die Ergebnisse dieser Studie schwer
zu be werten.
Zusammenfassend erscheint es dass die nicht-invasive Doppleruntersuchung der Arteria mammaria interna eine vielversprechende Technik ist. Ihr Stellenwert muss in weiteren
Vergleichsstudien mit Standard Katheter Techniken untersucht
werden.
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CONCLUSIES EN
SAMENVATTING

De behandeling van coronarialijden bestaat vaak uit bypass
chirurgie. Bij voorkeur wordt hierbij gebruik gemaakt van de
arteria mammaria interna vanwege de uitstekende lange termijn
resultaten, die hiermee worden bereikt. Na een beschrijving van
de ontwikkeling van de coronairchirurgie, met name met betrekking tot de arteria mammaria interna in hoofdstuk 2, worden
diverse aspecten van deze graft bediscussieerd. Systematisch onderzoek naar atherosclerotische veranderingen van de arteria
mammaria interna is betrekkelijk weinig gedaan, terwijl in de
meeste studies ook patiënten zonder coronarialijden werden ingesloten. Hoofdstuk 3 laat zien dat angiografisch aantoonbare
atherosclerotische veranderingen bij patiënten met belangrijk coronarialijden relatief zeldzaam zijn. Routinematige preoperatieve
angiografie van de arteria mammaria interna lijkt dan ook onnodig.
Een vergelijking van de preoperatieve angiografische bevindingen met betrekking tot de arteria mammaria interna met het
daadwerkelijk intraoperatief gebruik van het vat heeft tot nu toe
niet plaats gevonden. In hoofdstuk 4 worden de angiografische
resultaten en de intraoperatieve bruikbaarheid, zoals die beoordeeld werd door de thoraxchirurg, vergeleken. Het blijkt dat meer
arteriae mammariae internae worden afgewezen als graft dan
alleen die met atherosclerotische veranderingen. Mogelijke redenen voor dit verschil zijn spasmen of intraoperatieve vaatbeschadiging.
Het gebruik van de arteria mammaria interna bij patiënten met
een verhoogd operatierisico is een punt van discussie. De resultaten bij verschillende groepen zijn nog niet systematisch vergeleken. Wij hebben de resultaten onderzocht bij twee groepen
patiënten met verhoogd operatierisico, namelijk hoofdstamstenose en instabiele angina pectoris. Hoofdstuk 5 beschrijft de gunsti-
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ge resultaten van een operatie met de arteria mammaria interna
bij de groep patiënten met een hoofdstamstenose. Bij patiënten
met instabiele angina pectoris daarentegen worden ongunstige
resultaten gevonden (hoofdstuk 6). Blijkbaar profiteren niet allé
patiënten met een verhoogd operatierisico van een operatie met
de arteria mammaria interna. Verder onderzoek op dit gebied is
nodig om de beste behandelingswijze voor elke patient vast te
stellen. Dit zou kunnen leiden tot een meer gedifferentieerd gebruik van de arteria mammaria interna.
Kennis van de functie van de graft bij postoperatieve patiënten is
van belang wanneer opnieuw symptomen van coronarialijden
manifest worden. Tot op heden is angiografie de enige gebruikte
méthode, maar een arteria mammaria graft is vrij moeilijk selectief
goed zichtbaar te maken met deze techniek. Bovendien zou een
niet invasieve méthode zoals Doppleronderzoek de voorkeur verdienen. In hoofdstuk 7 wordt aangetoond dat het zeer wel mogelijk is vanuit de fossa supraclavicularis een goed Dopplersignaal
van de arteria mammaria interna te verkrijgen, zowel vôôr als na
bypasschirurgie waarbij dit vat als bypass gebruikt is. Met behulp
van het Dopplersignaal lijkt men een goede indruk over de functie
van de graft te krijgen.
Op zoek naar de optimale plaats voor het verkrijgen van een
Dopplersignaal worden in hoofdstuk 8 de fossa supraclavicularis
en de hoge intercostaalruimten met elkaar vergeleken. Het blijkt
dat vanuit de intercostaalruimten minder vaak goede signalen
verkregen worden.
Onderzoek na inspanning (hoofdstuk 9) toont veranderingen in
het Dopplerflowpatroon vergeleken met de uitgangswaarden in
rusttoestand. Daar echter de tijd tussen het einde van het inspanningsonderzoek en het verkrijgen van een goed Dopplersignaal
vrij lang is, is het moeilijk hieruit conclusies te trekken.
Samenvattend lijkt Doppleronderzoek van de arteria mammaria
interna graft een veelbelovende techniek. De waarde ervan vergeleken met de gebruikelijke catheter techniek zal in verdere studies
moeten blijken.
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