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FROM a series of 130 patients with angina
pectoris treated by operation, 100 have
been followed and our impression that op-
eration is worthwhile has been confirmed.
The Beck procedure relieved symptoms in
two thirds of the patients and increased
capacity for work in 41 per cent.8 Because
the degree of improvement was modest we
became interested in the possibilities of
thrombendarterectomy. Our first patient
treated by thrombendarterectomy for a
completely occluded left descending coro-
nary artery has, after 51/2 years as shown
by coronary angiography, a patent artery
and is free of symptoms and working full
time. He is able to perform a workload of
600 kilopondmeter per minute at the age of
70. Generalized disease in all three major
coronary arterial branches has made im-
plantation of the internal mammary artery,
according to Vineberg,11 an alternative op-
eration. Bigelow et al.2 showed, by cine-
angiography, flow of contrast medium to
the heart via the implanted artery, and
in two patients followed for 5 years they
demonstrated a communication with the
coronary system.

This paper discusses the technic and re-
sults obtained in a follow up of the first 22
patients having internal mammary artery
implantation together with the Beck opera-

tion and evaluates results of adding the
Vineberg procedure to the Beck operation.

Material

Of 130 patients 84 have been operated
upon according to the Beck procedure,
nine have had thrombendarterectomy 8 and
seven have had resection of left ventricular
aneurysms.3 In 30 patients the Beck opera-
tion has been combined with internal mam-
mary artery implantation into the left ven-
tricle according to Vineberg.

Technic of the Vineberg Procedure
The original technic of Vineberg in-

cluded implantation of the internal mam-
mary artery in the anterior part of the left
ventricle. The internal mammary artery was
ligated at its distal end and the two distal
side branches were left open in the tunnel
produced in the myocardium. This technic
left a blind sack at the end of the internal
mammary artery in which thrombosis may
have caused occlusion of the majority of
implants performed earlier. Bigelow left
the distal end of the internal mammary ar-
tery open within the myocardium and we
have done likewise (Fig. 1) since he was
the first to show long-term patency of the
internal mammary artery by cineangiog-
raphy. A tunnel between 2-3 cm. long is
prepared within the myocardium of the
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FIG. 1. (Left) Dia-
gram demonstrating the
original Vineberg technic
for implanting the inter-
nal mammary artery and
to the left the modifica-
tion suggested by Bige-
low.

FiG. 2. (Right) Dia-
gram demonstrating the
internal mammary artery
in its tunnel and the fixa-
tion by a loop of fine silk
sutures through the end
of the artery sutured to
the anterior wall of the
left ventricle.

left ventricle anteriorly. The internal mam-
mary artery is divided obliquely and two
5-0 sutures passed through opposite mar-
gins of the cut opening. The artery is not
clamped, only manually compressed by fin-
gers during this period, and blood is flushed
through the artery intermittently to prevent
thrombosis and undue trauma to the intima.
The two silk sutures are tied to make a knot
1 cm. from the end of the artery. Then the
sutures and the artery are drawn through
the tunnel in the myocardium and once the
knot is visible the silk sutures are tied to
the thread in a position which provides
that the opening of the internal mammary
artery is left half way in the tunnel. The
loop of silk on the anterior side of the left
ventricle is fixed to the ventricle by a row
of fine silk sutures each tied to the loop
(Fig. 2). The distal incision in the myo-
cardium is closed by isolated sutures and
the central hole into the tunnel is left open
and permitted to bleed until bleeding stops
spontaneously. Any suture in this central
opening of the tunnel may kink the im-
planted artery and facilitate thrombosis. If
the internal mammary artery is left open to

bleed without resistance it flows at the rate
of about 15-20 cc./min. Flow through the
internal mammary artery was measured
with an electromagnetic flowmeter. A mean
flow rate of 15 cc./min. and a systolic peak
flow of 20 cc./min. was measured in two
instances. Immediately after implantation
of the internal mammary artery the same
mean flow of 15 cc./min. and the same peak
flow could be measured by the electromag-
netic flowmeter as before implantation.
Removal of the epicardium and abrasion

of the inside of the pericardium is per-
formed before the internal mammary ar-
tery implantation. Trichloracetic acid is,
however, spread over the heart after im-
plantation as is introduction of asbestos
powder in the pericardial sack. Preperi-
cardial fat tissue is approximated to the
pericardium, care being taken not to kink
the internal mammary artery.

Results
Of the 30 patients operated upon by a

combined Vineberg-Beck procedure two
died in the postoperative period. One death
was of a 58-year-old man (Case 17) who
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TABLE 1. Clinical Data and Postoperative Results with Angiograplsic Investigation

Preop. Coronary Angiogram

Left
Angina Heart Serum Blood
Duration Infarc- Size Cholesterol Pressure Descend- Circum-

No. Sex Age (yr.) tion (Ml./m.2) (mg. %) (mm. Hg.) Right ing flex

1 M 46 2 - 440 400 140/90 3 2 4
2 F 39 3 - 340 300 150/100 3 3 2
3 M 58 5 - 460 230 165/95 3 2 2
4 M 61 3 + 510 260 165/85 2 4 2
5 M 45 2 + 500 400 160/110 3 3 2
6 M 63 7 + 400 310 150/90 4 3 3
7 M 50 4 + 400 235 160/90 4 2 2
8 M 42 5 - 460 435 180/105 2 2 2
9 M 39 2 - 430 340 160/110 4 2 1
10 M 45 2 + 500 280 170/115 3 2 2
11 F 53 3 - 370 250 155/90 2 2 2
12 M 53 8 - 340 390 140/90 2 2 2
13 M 58 6 + 370 215 155/95 4 3 4
14 M 50 6 - 315 320 180/100 4 3 2
15 M 59 3 - 520 250 140/90 1 2 2
16 M 36 1 + 390 300 150'100 2 3 2
17 M 58 10 - 400 275 140/80

18 F 53 3 + 600 380 180/100 4 1 1
19 M 41 1 - 300 325 180/125

20 F 52 11 + 340 370 170/100 4 3 3
21 M 53 13 + 540 270 200/120 2 2 2

22 M 47 8 + 380 350 155/100 3 2 2

Preop. coronary angiographic evaluation: 1 = Normal lumen, 2 = Constriction of the lumen to less than 2/3, 3 = Constriction
of the lumen with retarded circulation, 4 = Total occlusion.

succumbed 24 days after operation in circu-
latory failure after several attacks of tachy-
cardia. At autopsy there were several in-
farctions and a patent internal mammary
artery. The second death (Case 21) was of
a 53-year-old man who died 14 days after
operation with hemiplegia. Autopsy showed
thrombosis of both the right internal carotid
artery and the implanted internal mammary
artery. In contrast three patients of 84 op-
erated upon by the Beck procedure died in
the immediate postoperative period 1, 4,
and 10 days after operation.

Results of the Vineberg procedure are
summarized in Table 1. In 14 of 20 patients
examined between 9 and 26 months post-
operatively the internal mammary artery
w%as patent (Fig. 3, 4). Fifteen of 20 pa-
tients were subjectively improved and ob-
jective improvement could be demonstrated
in 11,

Comparison Between Beck Procedure and
Vineberg-Beck Operation

An attempt was made to compare results
in patients operated upon according to
Beck and those operated upon with inter-
nal mammary artery implantation as well.
The 14 patients with angiographically pat-
ent internal mammary artery have been
used for comparison. Results are summa-
rized in Table 2. By objective improvement
we mean improvement of at least 150 kilo-
pondmeter/minute in exercise tolerance test
using the bicycle ergometer. A tendency
to a greater objective improvement in 14
patients with a patent internal mammary
artery was supported by the fact that seven
patients were working fulltime in their
previous occupations. The observed differ-
ence betwveen the percentage in Group II
and the percentage in Group I with respect
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of the Implanted Internal MIammary artery in 22 Patients (Vineberg Procedure)

Postol. Angiogral)hy of Implant.
Int. Mammary Art.

Con-
Net- Con- trast Exercise
work trast Me- Aniti- Tolerance Test

of Small Me- dium coagu- (kilopond- Improvement
Vessels dium in Coro- lant Follow meter/minute)
on in Myo- nary Treat- Up in Objec- Subjec-

Patent Heart cardium Vessels ment Months Before After tive tive Commiiiienits

-- 12 200 400 + + Working 50%
+ 23 600 300 - - Pain in right leg. Narrow iliac art.

+ + - - - 9 200 600 + + Working fulltime
+ + - - + 12 300 150 - + Notworking
+ + + + + 16 300 600 + + Wrorking
+ + - - + 16 150 300 + + Not working
+ + - - + 16 300 600 + + Fulltime wvork

+ 17 400 600 + + Fulltime work
+ + - - + 16 300 650 + + Not working

+ 9 600 800 + + WN'orking 50%
+ + - - + 9 450 300 - + Workng fulltime
+ + + - + 9 200 200 - + Working fulltime
+ + - - - 9 200 600 + + Working fulltime

-- 9 300 300 - - Not working
+ + - - - 13 600 600 - + W'orking fulltime
+ + - - + 9 200 200 - - Not working
(+) - - 200 - - - Died 24 hours postop. with pat-

ent int. mam. art. Infarction.
+ 10 150 200 - - Not working

+ + + + + 26 300 500 + + Working fulltime. Blood pressure
140/100. Hypertension cured.

+ + - - - 9 200 200 - - Not working
(-) + - 400 - - - Died 14 days postop. Hemiplegia.

Thrombosis int. mam. art.

+ + - - - 10 300 400 + + Not working

to the patent implanted internal mammary angina pectoris will provide sufficient im-
artery (6/14-9/73) is of such magnitude provement to justify the procedure. The
that the probability of obtaining a differ- degree of improvement was modest, how-
ence at least as great as the observed value ever, and the procedure should be com-
is less than 0.05 if no real difference is as- bined with other methods, i.e., internal
sumed to exist. Thus the difference cannot mammary artery implantation or, if pos-
reasonably be caused by random error. sible, coronary artery thrombendarterec-

Discussion tomy. This pilot study shows first that a
thrombendarterectomized left descending

The conclusions from these results are coronary artery remained patent 51/2 years
that Beck's operation in the treatment of after operation with an excellent clinical

TABLE 2. Comparison between Results Obtained in Patients Operated Upon Without (Beck) and
With Patent Implanted Internal Mammary Artery (Beck and Vineberg)

Objective Improvement
Improved

Slight Significant Average Degree of
Subjec- Objec- 150 kpm. 300 kpm. Improvement in
tive tive per min. per min. Improved Patients

I. Beck 56/75 30,/73 21/73 9/73 150 kpm. per miinutc
II. Beck + patent internal 12/14 8/14 2/14 6/14 300 kpm. per minute

mammary art.
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FIG. 3. Case 19. Lateral (A) and frontal (B) arteriograms demonstrating filling of coronary
artery branches (arrows) and diffusate opacification of myocardium from the implanted inter-nal mammary artery (IMA) 26 months postoperatively.

FIG. 4. Case 5. Lateral (A) and frontal (B) angiograms showing flow from the implanted
internal mammary artery (IMA) to coronary arteries (arrows) at follow up 15 months post-
operatively.
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result and the patient working full time at
the age of 70 (Fig. 5A, B). This shows that
the completely occluded coronary artery
can be thrombendarterectomized and that
it can stay patent without anticoagulant
treatment for more than 5 years. It seems

justifiable to choose thrombendarterectomy
first in all suitable cases. In most cases,

however, the disease is widespread in small
peripheral branches. In these cases thromb-
endarterectomy cannot improve peripheral
flow. An angiogram of such an unsuitable
case is shown in Figure 6. In this 56-year-
old man a thrombendarterectomy in main
branches of the descending and circumflex
coronary arteries did not improve flow due
to peripheral changes and the patient died
following operation. Unfortunately these
unfavorable cases are in the majority and
internal mammary artery implantation is
at present the best available alternative.
As some improvement was obtained by the
Beck method we thought it logical to add
the internal mammary artery implantation
to a typical Beck procedure. This study
confirms the work of others (Bigelow,2

T~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~.....

FIG. 5A. Size and shape of thrombus removed
from the occluded left anterior descending coronary
artery.

FIG. 5B. (Left) Coronary angiogram in same patient as in 5A 51½ years later demonstrating
patency of and normal flow in left descending coronary artery. Moderate irregularity of the
vessel at site of thrombendarterectomy (arrows).

FIG. 6. (Right) Coronary angiogram demonstrating 7-8 mm. long narrowing of first part
of left anterior descending artery (arrows). Peripheral branches considered to have only minor
changes. At operation, however, arteriosclerotic changes were found to be much more extensive
than expected, both in the main branch and peripherally.
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Effler and MIason Sones 6) that the inter-
nal mammary artery Nwill stay open in a
number of cases. In our series the arterv
had remained open in 14 of 20 cases in-
vestigated by angiography. During the sur-
gical procedure, flow7 of blood as measured
by an electromagnetic flowmeter was ap-
proximately the same in the intact internal
mammary- artery as when measured after
its implantation into the left ventricle. In
one case (19) with patent internal mam-
mary artery a significant hypertension was
found cured at the followN up 26 months
after operation.

Summary

After thrombendarterectomv a totally oc-
cluded left descending coronary arterv has
been shown to be patent by angiography
in a symptom-free patienit 5 ', years after
operation. In patients undergoing the Beck
procedure combined wvith internal mam-
mary arteryr implantation 14 of 20 investi-
gated by angiography 9 to 26 months after
operation had patent vessels. Subjective and
objective improvement were of greater
magnitude than with the Beck procedure
alone. Hypertension was cured in one case.
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