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The most common technique currently employed to harvest the internal 
thoracic artery for coronary artery bypass grafting is conventional electro- 
cautery. This study compared an alternative method, electrocautery with an 
ultrasonic aspirator, for harvesting the internal thoracic artery. Patients 
were randomly assigned to one of six experimental groups (conventional 
electrocautery, ultrasonic aspirator at settings of 60%, 80%, and 100% 
power output, and ultrasonic aspirator in 100% CAVI-Pulse modes 1 and 
3). Ping segments of internal thoracic artery were studied in an organ bath. 
Contraction responses were elicited with 123 mmol/L potassium physiologic 
salt solution, KPSS, KPSS solution containing noradrenaline, and a 
cumulative noradrenaline dose-contraction curve. Relaxation studies were 
performed with the vasodilators acetylcholine, bradykinin, and sodium 
nitroprusside. Forty percent of the electrocauterized vessels were trauma- 
tized or damaged and failed to respond to contractile stimuli, whereas only 
10% of the vessels in ultrasonic aspirator groups 60%, 80%, and 100% failed 
to respond. All vessels in the group harvested by ultrasonic aspirator in 
100% CAVI-Pulse mode 1 responded, whereas 20% of the vessels in the 
group harvested by ultrasonic aspirator in 100% CAVI-Pulse mode 3 failed 
to respond. All settings Of electrocautery with an ultrasonic aspirator 
produced a greater contractile response to KPSS and noradrenaline. 
Acetylcholine and sodium nitroprusside produced similar relaxations in all 
groups, but the bradykinin responses were significantly improved in all 
groups undergoing 100% electrocautery with an ultrasonic aspirator. These 
results suggest that 100% electrocautery with an ultrasonic aspirator, 
particularly in 100% CAVI-Pulse mode 1, resulted in less damage and 
trauma than conventional electrocautery during harvesting of the internal 
thoracic artery. (J Thorac Cardiovasc Surg 1996;111:1194-9) 

T he internal thoracic artery (ITA) is now used 
almost universally for coronary artery bypass 

grafting (CABG) because of its clear superiority to 
saphenous vein with respect to long-term patency 
rate. 1-5 The most common technique currently em- 
ployed to harvest the ITA is electrocautery dissec- 
tion. Arteries are prone to heat damage and spasm 
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as a result of handling, which may in turn lead to 
damage of the smooth muscle and the endothelium 
and may influence the long-term outcome of oper- 
ation. Intraoperative vasodilators such as papav- 
arine are frequently used to alleviate vascular spasm 
without apparent  damage to the vessel. 6 Damage  to 
the endothelium is considered important because 
there is evidence for an important role of the 
endothelium in modulating smooth muscle contrac- 
tion by the release of prostacyclin, endothelin, and 
endothelium-derived relaxing factor. 7 Endothelium- 
derived relaxing factor is released basally and when 
the endothelium is stimulated 8-1° and is absent when 
the vessels are traumatized. 11 

An alternative to the currently used technique for 
the dissection of the ITA may be offered by ultra- 
sonic aspirators that use a magnetostrictive trans- 
ducer. Tissues with high water content, such as fat, 
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are f ragmented  and aspirated, whereas tissues with 
high elastin and collagen contents  are spared. The  
small vascular branches  are thus precisely identified 
and divided safely. 

The  aim of  this study was to compare  an ultra- 
sonic aspirator (CUSA)  with conventional  electro- 
cautery in the harvesting of  the I T A  for CABG.  The 
study was pe r fo rmed  in two parts, with the initial 
pilot study pe r fo rmed  before  a randomized  study 
was under taken.  The  aims of  the study were to 
documen t  possible damage  by stimulating the 
smooth  muscle of  the I T A  as well as observing the 
ability of  the endothel ium to release endothel ium- 
derived relaxing factor  and to demonst ra te  that the 
smooth  muscle cell cyclic guanosine monophos-  
phate  pathway was intact. 

Methods 

The study protocol was approved by the Local Ethical 
Committee. All subjects gave informed consent. 

Description of CUSA. The Valleylab Cavitational Ul- 
trasonic Aspirator (Valleylab Inc,  Boulder, Colo.) was 
first produced in 1976 for use in the removal of neuro- 
genic tumors and is now being widely used in general and 
gynecologic surgery. Mechanica! energy is transferred to 
the cells, creating vacuoles within them. These vacuoles 
expand and collapse as pressure rises and falls with each 
cycle, generating force. Tissue damage is confined to an 
area less than 100/xm adjacent to the titanium tip of the 
handpiece. Different tissues fragment at different rates; 
because blood vessels have low water and high collagen 
contents, they are resistant to fragmentation, thus allow- 
ing the surgeon to avoid damaging these structures. In 
addition, the CUSA incorporates a series of CAVI-Pulse 
modes (CAV! modes) that supply power in on-off bursts, 
allowing preset rest phases during output and thus afford- 
ing more precisely controlled tissue removal. 

Surgical dissection of the ITA. The left ITA was dis- 
sected with a "steak" technique. The entire vascular 
pedicle was taken down en bloc with approximately 1 to 2 
cm of surrounding tissue on either side. The pedicle was 
first isolated within two cauterized "rails" and was peeled 
down from the chest with frequent gentle pushes with the 
flat (nonoperational) portion of the diathermy blade. At 
this stage, the perforator arteries were identified and 
divided with Cautery as far away from the ITA as possible 
and were divided between ligature clips (Auto Suture, 
Premium Surgiclip S-9.0; US Surgical Corporation, Nor- 
walk, Conn.). The dissection (conventional electrocautery 
or CUSA) was extended distally to just beyond the 
bifurcation of the ITA and proximally to the origin of the 
ITA from the left subclavian artery. The concomitant ITA 
veins were divided between ligature clips, and the left 
phrenic nerve was always identified. The end result was a 
pedicle embedded in a 2 to 3 cm wide strip of muscle and 
soft tissue. No pharmacologic vasodilators were used 
during the dissection or before the division of the ITA. 
Heparin sulfate was administered just before the standard 

cannulation of the heart for CABG. The bed of the ITA 
was then checked and all bleeding points were cauterized, 
regardless of the instrument used for the initial dissection. 
The redundant length of ITA was taken for laboratory 
analysis before the patient began heart-lung bypass. 

Pilot study. An initial pilot study was performed with 
20 patients (five patient s per group). Conventional dec- 
trocautery or CUSA with settings of 20%, 30%, or 50% 
power output was used. In all three CUSA groups, there 
was a reduction in contractile response. There was a 
significant reduction in endothelium-dependent relax- 
ation in the CUSA 20% and 30% groups, but the CUSA 
50% group showed a relaxation response similar to that of 
the conventional electrocautery group. Endothelium-in- 
dependent relaxation was found to be similar in all groups. 

These results suggest that damage to the vessels dis- 
sected with the CUSA at the lower settings was mechan- 
ical, rather than ultrasonic. In the randomized study, 
CUSA settings greater than 50% were used to minimize 
this effect. 

Randomized study. Sixty patients undergoing elective 
CABG with the grafting of a single ITA to the left anterior 
descending coronary artery were randomly assigned by 
means of a random number table to one of six groups. 
These groups (10 patients per group) were conventional 
electrocautery (control) and CUSA with settings of 60%, 
80%, and 100% power output, 100% CAVI mode 1 (80% 
on-off duty cycle), and 100% CAVI mode 3 (67% on-off 
duty cycle). The operations were performed by one sur- 
geon and samples were assayed in a blinded manner; the 
laboratory worker who completed the assay did not know 
to which group the patient belonged and the surgeon in 
the theater was not informed regarding the setting of the 
CUSA. 

Segments of ITA not needed for CABG were obtained 
and transported to the laboratory in cold (4 ° C) calcium-free 
physiologic salt solution (PSS). The ~egments were cleansed 
of connective tissue and cut into two 3 mm rings by means of 
a double-bladed scalpel. The exact cutting distance of the 
two blades was measured with vernier calipersl 

The arterial ring was mounted on two stainless-steel 
hooks (diameter 450/xm), The Upper hook was attached 
to a force transducer to measure isometric tension. The 
lower hook was fixed to a polymethyl methacrylate plate 
and connected tO a micrometer , which allowed the dis- 
tance between the two hooks to be adjusted and mea- 
sured. This apparatus was suspended in a 50 ml organ 
bath containing PSS. PSS composition was as follows: 
sodium chloride, 118 mmol/L; potassium chloride , 4.5 
mmol/L; calcium chloride, 2.5 mmol/L; magnesium sulfate 
(MgSO4"TH20), 1 mmol/L; potassium phosphate, 1 
retool/L; sodium carbonate, 25 mmol/L; and glucose, 6 
mmol/L). Baths were maintained at 37 ° C and gassed with 
95% oxygen and 5% carbon dioxide to achieve a pH of 
7.4.12, 13 Two organ baths were run concurrently, and the 
results obtained were averaged. 

The vessels were allowed to equilibrate for 45 minutes 
before the length and tension characteristics were deter- 
mined. The internal diameter Was set to 0.9 × Lloo, where 
Ljo o is the calculated internal diameter the relaxed vessel 
would have had in vivo under a transmural pressure of 100 
mm Hg (13.3 kPa). 14" is After n0rmalization, the vessels 
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Table I. Maximal responses and sensitivity to vasoconstrictor and vasodilator agents 

CUSA 100% CUSA 100% 
Diathermy CUSA 60% CUSA 80% CUSA 100% CAVI mode 1 CAVI mode 3 

Contraction 
KPSS (mN/mm) 0.60 -+ 0.26 1.14 ± 0.17 1.49 ± 0.60 1.55 +- 0.36 1.16 + 0.27 1.49 _+ 0.58 
NaK (mN/mm) 0.66 -+ 0.38 1.55 ± 0.25 1.68 ± 0.82 1.74 _+ 0.47 1.78 ± 0.35 2.28 _+ 1.16 
Noradrenaline(mN/mm) 1.30 -+ 0.44 1.78 ± 0.25 1.52 ± 0.48 1.76 -+ 0.36 1.66 ± 0.29 1.75 _+ 0.63 

EDs0 0xmol/L) 0.809 -+ 0.26 1.208 ± 0.21 1.460 _+ 0.57 1.280 -+ 0.43 1.830 ± 1.10 1.280 ± 0.43 
Relaxation 

Acetylcholine (%) 49 _+ 15 33 -+ 14 46 ± 14 43 _+ 10 58 ± 8 39 _+ 13 
EDso 0xmol/L) 1.490 ± 1.30 0.144 + 0.08 0.212 _+ 0.08 0.0414 _+ 0.18 0.218 + 0.06 0.259 ± 0.14 

Bradykinin (%) 30 ± 8 22 ± 8 32 +_ 8 39 ± 9 29 ± 7 36 ± 7 
EDso (/xmol/L) 0.195 ± 0.15 0.029 ± 0.02 0.035 _+ 0.01 0.087 -+ 0.07 0.117 ± 0.08 0.051 + 0.02 

Sodium nitroprusside (%) 100 ± 0 98 ± 2 96 + 2 94 ± 3 92 ± 3 96 ± 3 
EDs0 (p.mol/L) 0.209 ± 0.08 0.210 _+ 0.07 0.428 _+ 0.19 0.254 ± 0.12 0.321 ± 0.12 0.135 ± 0.06 

NaK, KPSS containing noradrenaIine (10 s mol/L); EDse~ median effective dose. 

were allowed to equilibrate for a further 45 minutes 
before being stimulated with high-potassium (123 
mmol/L) PSS (KPSS) and KPSS containing noradrenaline 
(10 -5 mol/L). KPSS was created by substituting potassium 
chloride for sodium chloride in equimolar quantities. 
After membrane depolarization and subsequent contrac- 
tion, the vessels were rinsed several times with fresh PSS 
and allowed to return to baseline. A cumulative noradren- 
aline dose-contraction curve (10 -8 mol/L to 3 x 10 -5 
tool/L) was obtained in the presence of cocaine (10 -6  
tool/L), and after further rinsing and a 20-minute interval 
the vessels were submaximally contracted with noradren- 
aline. When they reached a plateau, the vessels were 
exposed to cumulative doses of acetylcholine (10 8 mol/L 
to 10 -5 tool/L) and the relaxation response was observed. 
After a further 20-minute rest period, this procedure was 
repeated with bradykinin (10 -9 mol/L to 10 -6  mol/L) and 
then with sodium nitroprusside (10 -9 mol/L to 10 -5 
tool/L). 

Drugs. Cocaine hydrochloride, noradrenaline, acetyl- 
choline hydrochloride, bradykinin, and sodium nitroprus- 
side were obtained from Sigma Chemical Company (St. 
Louis, Mo.), dissolved in distilled water, and diluted with 
PSS. All drug concentrations are expressed as final molar 
concentration in the organ bath. 

Expression of results. The responses for each patient 
were averaged, and tension was expressed in millinewtons 
per millimeter of vessel length. Relaxation responses were 
expressed as the percentage reduction in the noradrena- 
line-induced contraction. Results are reported as mean 
values (_+standard error of the mean). The normal distri- 
bution is generally accepted for log dose-response 
curves, 16 so parametric statistics are applicable provided 
homogeneity of samples can also be assumed. Homoge- 
neity can be assumed if the ages of the patients and the in 
vivo sites of the samples are similar. 17 Significant differ- 
ences were determined with an unpaired Student's t test 
with Dunnet correction for multiple comparisons, and the 
dose-response curves were analyzed with analysis of vari- 
ance, acceptingp < 0.05 as significant. 

Results 

Sixty samples, from 10 patients in each group 
were obtained. Patient characteristics were as fol- 
lows: 51 men, 9 women; age 34 to 77 years (mean 
59.25 _+ 1.2 years); mean blood pressure range 73 to 
133 m m  Hg (mean 101.0 _+ 1.5 mm Hg); there were 
no significant differences among the groups. There 
were no differences among groups with respect to 
the drug therapy that the patients were receiving. 
All patients were taking nitrates and 47 were taking 
calcium antagonists, 39 were taking ~-blockers, and 
36 were receiving aspirin therapy. Seventeen pa- 
tients were taking diuretics and 15 patients were 
taking angiotensin-converting enzyme inhibitors. 
One patient had insulin-dependent diabetes (CUSA 
60% group) and two patients had non-insulin de- 
pendent  diabetes (CUSA 60% and CUSA 100% 
CAVI mode 1 groups). Each group contained at 
least one patient receiving lipid-lowering therapy 
except for the CUSA 80% group, which had two 
patients receiving this therapy. 

The internal vessel diameters from the six groups 
were similar. The average internal diameter in the 
control group was 2280 +_ 112 ~m; in the CUSA 
60%, 80%, 100%, 100% CAVI mode 1, and 100% 
CAVI mode 3 groups, means were 2215 .+ 118 ~m, 
2231 _+ 114 txm, 2353 _+ 102/xm, 2265 _+ 83 txm, and 
2101 _+ 145 p~m, respectively. Stimulation with KPSS 
produced similar contractions in all the groups. In 
the control group, however, eight vessels from four 
of the 10 patients did not respond, and the mean 
response was 0.60 +_ 0.26 mN/mm. Two vessels from 
one patient in each of the CUSA 60%, 80%, and 
100% groups failed to respond to potassium, and 
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the mean responses were 1.14 _+ 0.17 mN/mm, 1.49 
-+ 0.60 mN/mm, and 1.55 _+ 0.36 mN/mm, respec- 
tively. In the CUSA 100% CAV! mode 1 group, all 
vessels responded to potassium, and the mean re- 
sponse was 1.16 _+ 0.27 mN/mm. In the CUSA 100% 
CAVI mode 3, group four vessels from two patients 
failed to respond to potassium, and the mean re- 
sponse was 1.49 _+ 0.58 mN/mm (Table I). 

KPSS containing noradrenaline (10 .5 mol/L) pro- 
duced similar contractions in the CUSA groups as in 
the control preparation (Table I). Only the vessels in 
the CUSA 100% CAVI mode 1 group showed a 
significant improvement versus diathermy with re- 
spect to occurrence of response (p < 0.05, ~ ,  
Fisher's exact test). Vessels that failed to respond to 
KPSS with and without noradrenaline also failed to 
contract in response to increasing concentrations of 
noradrenaline. In the control group, 60% of the 
vessels responded, with a maximum contraction of 
1.30 _+ 0.44 mN/mm. In the CUSA 60%, 80%, and 
100% groups, 90% of the vessels responded to 
noradrenaline, with maximum contractions of 
1.78 ± 0.25 mN/mm, 1.52 _+ 0.48 mN/mm, and 
1.76 +_ 0.36 mN/mm, respectively. In the CUSA 
100% CAVI mode 1 group, 100% of the vessels 
responded to noradrenaline, with a maximum re- 
sponse of 1.66 _+ 0.29 mN/mm. In the CUSA 100% 
CAVI mode 3 group, 80% of the vessels responded 
to noradrenaline, with a maximum response of 1.75 
_+ 0.63 mN/mm (Table I). There were no changes in 
sensitivity to noradrenaline compared with control, 
as shown by the concentration producing 50% of the 
maximum contraction (Table I). 

Vessels that failed to contract to KPSS or nor- 
adrenaline were excluded from the relaxation stud- 
ies. Acetylcholine produced similar concentration- 
dependent  relaxations in all groups, and the 
maximum relaxations to acetylcholine were 49 ± 
15% in the control group, 33 _+ 14% in the CUSA 
60% group, 46 _+ 14% in the CUSA 80% group, 43 
_+ 10% in the CUSA 100% group, 58 _+ 8% in the 
CUSA 100% CAVI mode 1 group, and 39 _+ 13% in 
the CUSA 100% CAVI mode 3 group (Table I). 
Bradykinin produced similar concentration-depen- 
dent relaxations in the control, CUSA 60%, and 
CUSA 80% groups. In the three remaining CUSA 
groups, there was no significant difference in the 
maximum response to bradykinin but there were 
significant improvements in relaxation when the 
whole line was analyzed with analysis of variance (p 
< 0.05) (Table I, Fig. 1). Sodium nitroprusside 
produced complete relaxation in all groups (control, 
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Fig. 1. Shows the relaxation response to bradykinin in the 
control (O), CUSA 60% (/~), CUSA 80% (~), CUSA 
100% (©), CUSA 100% CAVI mode 1 (Or), and CUSA 
100% CAVI mode 3 ([~). Asterisk represents p < 0.05. 

100 + 0%; CUSA 60%, 98 ± 2%; CUSA 80%, 96 ± 
2%; CUSA 100%, 94 _+ 3%; CUSA 100% CAVI 
mode 1, 92 + 3%; and CUSA 100% CAVI mode 3, 
96 + 3%; Fig. 2). There was no change in sensitiv- 
ities to acetylcholine, bradykinin, or sodium nitro- 
prusside compared with control, as shown by the 
concentrations producing 50% of the maximum 
contraction (Table I). 

Discussion 

Use of CUSA in the dissection of the ITA for 
CABG was first reported by Suma, Fukumoto, and 
Takeuchi 18 in 1987. They found that the instrument 
shortened dissection time and reduced the amount 
of bleeding when compared with conventional elec- 
trocautery. It is difficult to compare methods of 
dissection in a quantitative manner, and we did not 
evaluate dissection time and bleeding. It was appar- 
ent, however, that visualization of the branches of 
the ITA with CUSA was particularly rewarding in 
the proximal area, which is often surrounded by a 
considerable amount of fatty tissue obscuring the 
origin of the internal thoracic vein and the anatomy 
of the phrenic nerve. The disadvantage of the 



1 1 9 8  Blake et al. 
The Journal of Thoracic and 

Cardiovascular Surgery 
June 1996 

25 

0 
'~  50 

~1 
N er- 

75 

100 

",'k_ "k 
, \ \ \  

,%\ 

_ 

I I I t I 

10 -~ 10 -s 10 .7 10 -~ 10 -~ 

S o d i u m  N i t r o p r u s s i d e  ( M )  

Fig. 2. Shows the relaxation response to sodium nitro- 
prusside in the control (0) ,  CUSA 60% (/~), CUSA 80% 
(~), CUSA 100% (©), CUSA 100% CAVI mode 1 (¢~), 
and CUSA 100% CAVI mode 3 ([5). 

method was the presence of an extra instrument on the 
operating table, which for some surgeons may offset 
any advantages of the instrument. We have been 
cautious in introducing the ultrasonic aspirator into 
routine operations mainly because of the concern that 
the instrument could cause damage to the endothe- 
lium and to the smooth muscle, which would affect 
vascular tone. Recent publications on the subject of 
spasm in the ITA suggest that spasm is most likely 
caused by handling of the artery during its dissection. 19 

Damage to the ITA is of concern because of the 
risk of perioperative spasm in the early postopera- 
tive recovery period, which may lead to acute isch- 
emia and influence both the outcome of the opera- 
tion and early and late patency changes. Damage to 
the smooth muscle affects vascular tone, and dam- 
age to the endothelium results in loss of production 
of vasoactive substances that regulate smooth mus- 
cle contractility and platelet aggregation. When 
CUSA began to be used, it rapidly became apparent 
that the higher outputs of the ultrasonic aspirator 
resulted in a better quality of dissection. Concern 
was raised, however, that such outputs might possi- 
bly enhance damage to the artery. 

The results from the randomized study show that 

conventional electrocautery caused 40% damage or 
trauma to the ITA, four of the CUSA settings 
caused 20% damage or trauma, and a CUSA setting 
of 100% CAVI mode 1 caused no apparent damage 
or trauma to the arteries. There was no reduced 
contractility in the CUSA experimental groups ver- 
sus the control vessels, whether by membrane depo- 
larization or by receptor-mediated means. With 
respect to the overall response to the receptor- 
induced and non-receptor  induced contractility, the 
CUSA samples performed better than those har- 
vested with conventional electrocautery, with the 
three 100% CUSA groups producing the greatest 
overall contraction. 

Vessels that failed to contract had to be excluded 
from relaxation studies. In the remaining vessels, 
endothelium-dependent relaxation induced by the 
vasodilator acetylcholine was similar in all the 
CUSA groups when compared with control values. 
When bradykinin was used as a vasodilator, how- 
ever, there was significant improvement in the re- 
laxation with the 100%, 100% CAVI mode 1, and 
100% CAVI mode 3 CUSA power outputs. This 
result suggests that there was less damage or trauma 
at these three power settings, rather than more as 
had been feared. The results of the endothelium- 
independent vasodilator sodium nitroprusside showed 
that there was no difference between the CUSA 
groups and control. All the vessels relaxed fully, indi- 
cating that the cyclic guanosine monophosphate path- 
way was functioning normally. 

C o n c l u s i o n  

Our results suggest that the CUSA settings 100% 
and 100% CAVI mode 1 result in reduced damage 
and trauma during harvesting of the ITA compared 
with conventional electrocautery. This result, in 
combination with the ease of CUSA dissection, may 
improve outcomes of CA~G. In addition, CUSA 
may prove to be an effective teaching tool for 
less-experienced surgeons. 

We thank the operating theater staff at Groby Road 
Hospital for their help in this study. 
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