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Intraoperativ ultralyd som kvalitetskontroll ved apen hjertekirurgi

Bakgrunn

Avhandlingen “Intraoperative ultrasound assessment in coronary artery bypass
surgery — with special reference to coronary anastomoses and the ascending
aorta” er en evaluering av ultralyd som kvalitetskontroll ved undersekelse av bypass-
arer til hjertets kransarterier, spesielt LIMA-LAD, samt aterosklerose i hovedpulséren
ved &pen hjertekirurgi. Doktoravhandlingen er basert pd fem arbeider som alle er
publisert i anerkjente internasjonale tidssskrifter. Arbeidet er en blanding av kliniske
studier pa pasienter og dyreeksperimentelle studier..

Resultater

I det forste cksperimentelle arbeidet demonstreres at dimensjonene i den opererte
areforbindelsen pad hjertet varierer lite gjennom hjertesyklus. Dette funnet styrker
betydningen av ultralyd som en enkel kvalitetskontroll ved koronar bypass-kirurgi.

I et klinisk arbeid ble ulike deler av areforbindelsen pa hjertet (LIMA-LAD
anastomosen) sammenlignet med bruk av ultralyd. Undersekelsen viste at avlepet i en
areforbindelse kunne kvalitetssikres med ultralyd, og at operasjon pa et stillestdende
hjerte ved hjelp av hjerte-lungemaskin ga et noe bedre resultat enn ved operasjon pa et
bankende hjerte,

I det tredje arbeidet ble en ny to-dimensjonal ultralyd modalitet, sakalt “blood-
flow imaging (BFI)”, sammenlignet med konvensjonell farge Doppler ultralyd i en
dyreeksperimentell undersokelse av bypass-kirurgi. BFI ga vesentlig bedre
fremstilling av bade retning og hastighet av blodstremmen i bypass-arer pa hjertets
overflate.

I den fjerde studien ble forste del av aorta undersekt med bade transgsofageal
ekkokardiografi og ultralyd-undersokelse dirckte pd aorta (epiaortal ultralyd).
Ultralyd av aorta direkte i operasjonsfeltet var best for & pavise og gradere
aterosklerose i aorta ascendens. Dette kan derved tenkes & redusere faren ved &pen
hjertekirurgi hos pasienter som har atherosklerose i den forste del av hovedpulséren.

Det siste arbeidet er en pasient-kasuistikk som viser nytten av intraoperartiv
kontroll av resultatet etter bypass-kirurgi. Ved kombinert bruk av ultralyd og
blodstremsmaling ble det avslort at blodstremmen gikk feil vei i bypass-&ren, noe
som medfarte umiddelbar kirurgisk korreksjon med godt resultat for pasienten.

Gjennom eksperimentelle og kliniske undersgkelser bidrar avhandlingen til &
demonstrere at intraoperativ ultralyd-undersekelse er et enkelt og nyttig redskap ved
dpen hjertekirurgi.
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INTRODUCTION

Coronary Artery Bypass Grafting (CABG) is the most common cardiovascular
operation carried out in the world. About 350 000 and 3000 patients undergo CABG
every year in the United States and Norway, respectively. Coronary artery by-pass
surgery is indicated in selected groups of patients with significant stenosis and
occlusion of the coronary arteries due to atherosclerotic disease. Through bypass

surgery sufficient blood supply is delivered to the ischemic myocardium.

Coronary artery bypass surgery

Coronary surgery is usually performed on an arrested heart using cardio-pulmonary
bypass (CPB) with the heart-lung machine, ie. on-pump coronary artery bypass
grafting (CABG). The bloodless and motionless surgical field enables the surgeon to
perform distal anastomoses with minimal risk of technical errors (1). The surgical
result is of utmost importance since the success rate of coronary artery bypass grafting
is determined by the long-term patency of the grafts. This depends mostly upon the
quality of the distal anastomoses, particularly that between the left internal mammary

artery (LIMA) and the left anterior descending artery (LAD) (2).

Unfortunately there are drawbacks related to the use of CPB, particularly the
systemic inflammatory response and the risk of brain damage by aortic atherosclerotic
debris and air embolism (3). Major surgery triggers an inflammatory response. With
the use of CPB, inflammation is increased by the contact between the patient’s own
blood and foreign material within the tubes and membranes of the CPB circuit. The
inflammatory response develops very rapidly through the activation of the bradykinin

and kallikrain systems, along with a disarrangement of the coagulation cascade (4).

Embolism of atherosclerotic debris is mainly caused by surgical manipulation
of the ascending aorta during cannulation, cross-clamping and whilst performing the
proximal anastomoses. Air embolism is mainly caused by incorrect manoeuvres of

cannulation and insufficient deairing. Embolism is most harmful when it causes



occlusion of cerebral vessels. The consequences of embolism range from

neurocognitive disorder to stroke (5-7).

Coronary surgery on the beating heart, ic. off-pump CABG, is an alternative
method, with the aim to reduce the risk of complications by avoiding aortic
cannulation, cross-clamping and CPB (8). In beating heart surgery the exposure of
coronary vessels is obtained by application of stabilizers, directly on to the targeted
native coronary artery or as an apical traction device to achieve a combination of

hemodynamic stability and better exposure of the surface of the heart.

Despite some possible advantages of off-pump vs. on-pump CABG, there is
still an open debate regarding the quality of distal anastomoses with conflicting results

on graft patency rates (8, 9).

Quality control in coronary surgery

Coronary artery bypass surgery has a two-fold purpose:
a) Reduces symptoms and improves patients' quality of life
b) Increases life expectancy.

In order to achieve these goals, it is necessary to apply a strategy tailored for each
individual patient, to guarantee the best long-term patency of coronary artery bypass
grafts. This strategy involves sound medical decision-making, a good surgical
technique and a fine quality assessment. Further, each of these measures is applied at

two different stages: preoperatively and intraoperatively.

Pre-operatively, the surgeon decides whether the patient is suitable for on-
pump or off-pump myocardial revascularization. The decision is based on several
criteria such as the severity of coronary disease and its anatomy, left ventricular
function, comorbidity and risk factors.

Intra-operatively, an initial evaluation is carried out to assess the likely
presence of atherosclerotic plaques on the ascending aorta, its location and degree.
This assessment will bring the surgeon into further operative planning, like the choice
between on- and off-pump CABG, and whether to perform total arterial

revascularisation to avoid manipulation of an atherosclerotic aorta. After the coronary



bypass grafting is completed and prior to chest closure, graft flow and the quality of
distal anastomoses should be assessed to avoid any technical failure. Off-pump
surgery is potentially associated with a higher rate of technical errors than
conventional CABG, because distal anastomoses are carried out towards a moving
target on the beating heart. Early detection of a failed anastomosis enables the surgeon
to perform a prompt revision of the graft, and may thereby effectively reduce the risk

of postoperative mortality and morbidity (10).

Background studies

This thesis is a continuation of previous studies initiated at our institution in 1998,
Briefly, the objectives and conclusions of these background studies are summarised

below:

+ In the first study epicardial ultrasound scanning with a new mini transducer
was applied intra-operatively to evaluate coronary artery stenoses and the
quality of distal graft anastomoses in on-pump CABG, with special emphasis
to the left anterior descending artery (LAD). Epicardial colour Doppler
ultrasound scanning with the new equipment was simple, fast, safe and
allowed satisfactory imaging of coronary stenoses and graft anastomoses.
Factors limiting the imaging quality were proximal lesions, intramyocardial

vessels, vessel tortuosity, and extensive calcifications (11).

+  The second study was performed to evaluate the use of intraoperative
epicardial colour Doppler ultrasound for a quality assessment of the left
internal mammary artery (LIMA) to left anterior descending coronary artery
(LAD) anastomoses performed in off-pump CABG. This study concluded that
intra-operative colour Doppler ultrasound allowed adequate imaging and
quantitative analysis of off-pump LIMA-to-LAD anastomoses. One
anastomosis was promptly revised due to a technical error detected by

epicardial colour Doppler imaging (10).
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« The third study evaluated the correlation between intra-operative colour
Doppler ultrasound assessment of off-pump LIMA-to-LAD grafts and the
assessment by angiography at a mean of 8§ months follow-up. The study
conclusions were that anastomotic dimensions and patency of intra-operative
colour Doppler ultrasound correlated significantly with those of selective

coronary angiography at 8 months follow up (12).

The encouraging results of these studies stimulated our group to carry out further
research for the improvement of results in coronary artery bypass surgery. In
detail our attention was focused into a better intra-operative quality assessment of

coronary artery by-pass grafts and the ascending aorta by ultrasound.
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OBJECTIVES OF THE INVESTIGATION

I

Off-pump myocardial revascularization may reduce some of the risks and
complications observed after on-pump coronary surgery. However, it is technically
more demanding and holds a higher incidence of technical failure of the
anastomoses. Further, in the immediate postoperative period the patients undergoing
off-pump CABG have less platelet dysfunction and are assumed to have increased
coagulation tendency compared to patients operated on-pump. This may reduce the

patency of the anastomoses.

A porcine model of coronary bypass surgery was run to test whether the cardiac
cycle had an impact on the dimension of distal anastomoses in coronary surgery.
The dimensions of the anastomosis of the internal mammary artery (LIMA) to the
left anterior descending artery (LAD) were measured by means of B-mode and

colour Doppler ultrasound. (Paper 1)

During a CABG operation the surgeon takes great care suturing the toe of the
distal coronary anastomosis, because this is generally recognized as the most
important part. A technical failure of this area will impair greatly forward blood
flow causing a poor run-off. On the other hand less attention is given to the heel of
the anastomosis. However, this area may be equally important, especially if there
are major diagonal and septal branches located within the ischemic myocardium
proximal to the anastomosis. Thus, we aimed to compare the dimensions of the
toe and heel portion of the LIMA-LAD anastomosis and their relations during on-

and off-pump CABG, by means of epicardial ultrasound. (Paper IT)

A novel 2-D ultrasound imaging modality named blood flow imaging (BFI)
ameliorates colour Doppler imaging (CDI) by providing precise information on
flow direction and velocity because it is not limited by angle-dependency or
aliasing artefacts. Thus, our objective was to test the application of BFI versus
CDI for visual assessment of blood flow patterns in the LIMA-LAD anastomosis

in a porcine model. (Paper 1II)
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4. There are some serious post-operative complications in coronary surgery among
which cerebral ischemia causing neurological complications, ranging from
neurocognitive disorders to stroke, is the most frequent. Cerebral ischemia is
believed to occur mostly due to intraoperative embolisation of atheromatous
plaques from the ascending aorta. Pre- or intra-operative diagnosis of the
atheromatous aorta may guide the surgeon to use techniques reducing the risk of
cerebral complications. In a group of patients operated upon of on-pump CABG,
the atheromatous plaques in the ascending aorta were detected and their extension
graded by means of epiaortic ultrasound and transesophageal echocardiography.
The two modalities were compared to ascertain which one of the two was more

reliable for routine intra-operative application. (Paper 1V)

S. Coronary subclavian steal syndrome (CSSS) is the phenomenon of retrograde
flow (steal) through the pedicled LIMA which may occur after CABG due to
concurrent proximal stenosis or occlusion of the ipsilateral subclavian artery. In a
clinical report we present the case of CSSS with a pedicled LIMA, which was
diagnosed and successfully treated during the primary operation by means of
combined transit-time flowmetry and epicardial colour Doppler imaging. (Paper

V)
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Methodological consideration

Surgical procedure

a. Off-pump CABG (Paper L, 11, 111, V)

Coronary bypass surgery on beating heart was performed fairly similarly in the
clinical setting and in the porcine model. As the patients were operated upon by
different surgeons over a long period of time, the surgical techniques and equipment
applied varied over the years.

All patients were operated under general anaesthesia. In the first seven patients
access to the heart was through a small left anterolateral thoracotomy in the fourth or
fifth intercostal space. Since 1998 median sternotomy was used in all cases. Since
1999 Full heparinization (3 mg/kg) with activated clotting time (ACT) > 410 sec was
given in most patients and in all animals. The left internal mammary artery (LIMA)
was harvested with its pedicle. The left anterior descending artery (LAD) was
identified and snared with 4-0 pledgeted polypropylene suture proximal to the
coronary arteriotomy. An epicardial stabilizer was applied to immobilize the coronary
artery chosen for grafting. As an aid in exposing the left side of the heart, a deep
pericardial stitch and/or a vacuum stabilizer was applied to fascilitate this manoeuvre.
An intracoronary shunt was also placed into the vessel lumen whenever needed. The
coronary anastomosis was usually performed with a continuous 7-0 polypropylene
suture. Following bypass grafting, the heart was repositioned into the pericardial
cradle. Heparin was partially reversed with protamin following beating heart surgery.

Postoperatively all patients were given acetyl salicylic acid (ASA) as life-

long medication.

b. On-pump CABG (Paper 1, 1, IV)

Approach to the heart and LIMA harvesting was through a median sternotomy. All
subjects had full heparinization (3 mg/kg) to achieve ACT > 410 sec.
Cardiopulmonary bypass was instituted by cannulation of the ascending aorta and the
right atrium. After aortic cross-clamping a crystalloid cardioplegia solution was
infused into the aortic root and CPB was run at 34 °C systemic cooling. The coronary

anastomoses were performed as in off-pump CABG.
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Antithrombotic regimens in off-pump patients (Paper II, V)
Throughout the years 1997-1998 all off-pump patients received 100 Ulkg
unfractionated heparin 1.v. intraoperatively to reach ACT > 270 sec without reversal
with protamine sulphate at the end of the operation. Since 1999 the patients were fully
heparinised and the heparin was reversed to 1/3 of its activity with protamine sulphate
after completion of the procedure.

The antithrombotic regimen before year 2000 was as follows: Acetyl salicylic
acid (ASA) 75-160 mg was prescribed up to the day of surgery, postoperatively 500
ml of dextran were infused within 8 hours after surgery, ASA was continued at the
preoperative dose and in addition low molecular weight heparin (LMWH)
(enoksaparin 40 mg once daily) was administered. Since year 2000 all off-pump
patients received a daily dose of clodipogrel 75 mg from postoperative day 1 for four
weeks was added to the ASA, dextran and LMWH regimen. No loading dose of

clopidogrel was administered.

Animal research model (Paper I, ITI)
Norwegian landrace pigs weighting 60-85 kg underwent coronary bypass grafting of
the LIMA-LAD under general anaesthesia and through median sternotomy, either
with or without use of the heart-lung machine. The pigs were artificially ventilated
through a tracheotomy tube.

The pigs were premedicated with intramuscular azaperone 6 mg-kg' and
diazepam 0.15 mg-kg'. Anaesthesia was induced with intravenous atropine 0.15

mg kg™, ketamine 7 mg-kg"' and thiopentone 3 mg-kg'. Maintenance infusions were

-1 -1

of fentanyl 63 ug- kg''min ' and midazolam 0.6 mg'kg''min ' combined with
isoflurane 1% in a 1:2 mixture of oxygen and air.

All animals were treated in accordance with the Norwegian Animal Research
Authority. The animals were acclimatized at the facility for a minimum of three days
before the experiments and were sacrificed with an i.v. injection of potassium chloride

at the end of the procedure.
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Transit-time flowmetry (Paper I-V)

All the transit-time flow measurements (Medi-Stim Butterfly Flowmeter, Medi-Stim
ASA, Oslo, Norway) of the coronary bypass grafts were performed intra-operatively.
Following on-pump CABG the measurements were done after weaning from the
extracorporeal circulation. The flow probe (3 or 4 mm) was placed close to the distal
anastomosis. Unfortunately there are no well defined evidence-based cut-off values
for an adequate flow, but three parameters are taken into consideration for a thorough
assessment: 1) mean blood flow, 2) the pulsatility index, 3) the diastolic flow pattern.
(8.

The potential shortcoming of transit-time flowmetry lies in the fact that the
flow depends on several physiologic variables, including blood pressure, peripheral
vascular resistance and competitive flow from native vessels. Therefore, standard
curves and flow values for different types of grafts and target vessels are not
available. Standardization of flowmetry is difficult because of the large variability
among different patients, as well as within the same patient. Thus, interpretation of

flow findings is largely dependent on the surgeon’s personal experience (13, 14).

Intraoperative ultrasound methods

a. Epicardial ultrasound (Paper I, I1, 111, V)

After completion of the LIMA-LAD anastomosis and with the stabilizer still in place,
epicardial ultrasound imaging of the anastomosis was done with a GE Vingmed Vivid
7 ultrasound scanner and a GE 113L probe, in accordance to one of our previous
reports (11). This probe is a linear array mini-transducer designed for intraoperative
imaging with frequencies operating at 10-14 MHz. The ultrasound imaging system
was optimized for high resolution colour flow imaging applications. With the use of
gel as the conduction medium, the transducer was applied directly and gently on the

anastomosis between the paddles of the stabilizer (Fig. 1).
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Fig. 1.

Epicardial ultrasound
imaging with a
handheld mini-
transducer applied
upon the LIMA-LAD
anastomosis during

beating heart surgery.

Real time ultrasound images showing the complete anastomosis as well as the
distal run-off were stored as digital data for later analysis. The morphology of the
anastomosis was assessed by measuring its dimensions, such as the length of the
anastomosis proper (DA), the LAD diameter at the toe (D1) and heel (D3) of the

anastomosis, as well as 5-10 mm distal to the toe (D2) (Fig 2).

DM
D2

Fig. 2. Sketch of an anastomosis between the left internal mammary artery graft

(LIMA) and the left anterior descending artery (LAD).
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b. Blood Flow Imaging versus Colour Doppler Imaging (Paper III)

Blood Flow Imaging (BFI) is a real-time, ultrasound flow imaging modality able to
visualize the blood flow in any direction of the image, not limited by velocity aliasing
or the angle of the ultrasound beam, and therefore overcomes the fundamental colour
Doppler imaging (CDI) limitations; i.e. angle-dependency and aliasing (15). This is
achieved through the preservation and visualization of the speckle pattern originating

from the blood signal echoes and is further explained in paper II1.

The speckle pattern is present inside the vessel lumen, but is normally not
visible due to weak echoes from blood. The movement of this blood speckle pattern is
correlated to the blood flow scatter movement, and is captured by imaging with a very
high frame rate, more than 2000 1000 Hz in our recordings. Using slow motion
display of subsequent speckle images, the movement of speckle pattern can be tracked

by the human eye.

The data acquisition with BFT is the same as for CDI. The two techniques have
therefore been combined by modulating the parametric colour information in CDI
with the speckle pattern. The combined modality includes both quantitative Doppler
measurements as well as angle and velocity aliasing independent speckle movement.
Thus, BFI provides a more intuitive display of the flow conditions requiring less

interpretation than CDI images.

¢. Transesophageal echocardiography (Paper IV)

After induction of general anaesthesia, transesophageal echocardiography (TEE) was
carried out by a 5 MHz biplane TEE transducer (GE Vingmed, Horten, Norway)
connected to a GE Vingmed System FiVe or GE Vivid 7 (GE Vingmed, Horten,
Norway). Images of the thoracic aorta were obtained in both transverse and

longitudinal view planes by a cardiologist familiar with aortic transesophageal echo.

d. Epiaortic ultrasound (EAU) (Paper IV)

After median sternotomy and harvesting of the left internal mammary artery (LIMA),
the ascending aorta from the aortic root to the origin of the brachiocephalic artery was
scanned directly by the surgeon using a GE Vingmed i8.5L probe connected to a GE

Vingmed Vivid 7 ultrasound scanner. The probe is a linear array transducer designed
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for intraoperative imaging with frequencies of 8.5 MHz. A finger glove filled with

sterile saline solution was used as ultrasound medium between the aortic wall and the

probe.

Images from longitudinal and transverse view planes were obtained and recorded
together with TEE images for subsequent off-line evaluation. For the purpose of
further analysis, the ascending aorta was divided into three sections:

- the proximal section was from the aortic annulus across the sinotubular junction
and distally into the tubular portion just below the tract of the aorta overlapping
the right pulmonary artery

- the middle section was considered as the tubular segment of the ascending aorta
overlapping the right pulmonary artery

- the distal tubular section was defined from the upper limit of the middle section to

the origin of the brachiocephalic artery

The whole circumference of the aorta was divided into four segments: anterior,
posterior, medial and lateral. Thus the ultrasound scanning of each ascending aorta

comprised 12 areas (3 sections x 4 segments) as illustrated in fig. 3.

Lateral / Posterior
Fig. 3.
Sketch of the ascending Anterior
aorta divided into 12 Medial
segments for the purpose
of analysing atheromatous DISTAL
degeneration of the aortic
wall by means of epiaortic +~— MIDDLE
ultrasound

~ PROXIMAL

"\
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The degree of atherosclerosis was graded according to the morphology of
atheromatous plaques by a modified Montgomery scale for aortic lesions as presented

in table 1 (16).

Table 1. Modified Montgomery scale for aortic lesions:

Grade 1 = normal

Grade 2 = intimal thickening

Grade 3 = atheroma <4 mm

Grade 4 = atheroma > 4 mm (Fig 4)

Grade 5 = any mobile (a) or ulcerated atheroma (b).

Intimal thickening was considered as a smooth non-protruding lesion of the
intimal lining the entire lumen of the aorta. Atheroma was a localized lesion
protruding into the lumen. The images were reviewed by a cardiac surgeon and a
cardiologist; the consensus within the two was reached by giving the highest grade for
each area detected. An example of grade 4 severe atherosclerosis of the ascending

aorta as assessed by EAU is shown in fig. 4.

! S w /

Ath. Gr 4 'v Ath.Gr 4

Fig. 4. A grade 4 atherosclerotic plaque in the aorta is seen both in the transverse (B)
and the longitudinal (B) view as assessed by EAU. AW=anterior wall; PW=posterior
wall; RPA=right pulmonary artery.
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Intraoperatively the surgeon adjusted his surgical technique (e.g. site of
insertion of the aortic cannula, cross-clamp and placement of vein grafts) if
information gathered from the ultrasound investigations indicated atheromatous aortic

areas.

Statistics

General considerations

Skewness test was used to assess the distribution of data. Data normally distributed
are described as the arithmetic mean + standard deviation (SD) as a measure of
variability. Skewed data were presented as median with range. A P value < 0.05 was
considered statistically significant. Most of the statistical analysis was carried out

using the SPSS software (SPSS Inc, Chicago, Illinois).

Special considerations

Paper |

Analysis of variance (ANOVA) for repeated measurements was used to assess the
impact of the ultrasound modality (B-mode or colour flow image), the cardiac cycle
(end-systole or end-diastole) and the sites of measurement (D1, D2, D3 or DA) on the
morphology of the anastomosis and the LAD. For variables significantly influencing
the measured dimensions, we applied the paired t-test with Bonferroni correction
according to the number of comparisons done, as post-hoc analyses for identification

of the difference between values.

Paper 1]
Paired-samples t-test was used to compare the dimensions and ratios within the same
group while independent-samples t-test was applied to compare dimensions and ratios

between the two groups.

Paper T

Differences between the two modalities, BFI and CDI, were evaluated based on
assessments of blood flow direction, aliasing and pulsatility. Statistical analysis was
performed using the two-sided Wilcoxon signed rank test of paired measurements,
with exact calculation of probabilities. Interobserver variability was calculated with

the help of the interclass correlation coefficient. The statistical analysis was
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performed with SPSS software and dot-plots were made using the Matlab numerical

software (The MathWorks, Natick, MA).

Paper IV

The results were presented as mean Montgomery grade + SD for each area and
method separately. The statistical significance of the observed difference in
visualization between TEE and EAU for each single area was calculated from the
McNemar's test for paired samples. The areas with comparable visualization were
further studied to assess statistically the difference in detection and grading of
atherosclerosis between the two methods. The identification of a normal or an
atherosclerotic intima (Montgomery > 2 score) was compared using McNemar's test,
and the difference in Montgomery grading between TEE and EAU was analyzed by

Wilcoxon’s matched pairs signed rank sum test.
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Summary of results

Paper I

In this study, we evaluated the effect of the cardiac cycle on the dimensions of the
LIMA-LAD anastomosis as measured by EAU with the use of two ultrasound modes,
two-dimensional ultrasound imaging (B-mode) and colour Doppler mode. There was
no significant effect of the cardiac cycle on the LAD diameters at the toe (D1), heel
(D3), anastomosis proper (DA) and downstream the native LAD (D2), neither by B-
mode nor colour Doppler imaging,

The B-mode imaging modality yielded larger diameters than the colour
Doppler flow modality regardless of the phase of the cardiac cycle. However, the
diameter of the LAD at the toe (D1) was found similar by both ultrasound modes.

On clinical grounds, provided the scanning is directed perpendicular to the
vessel, this study showed that the surgeon may assess the morphology of an
anastomosis without paying much attention to the phase of the cardiac cycle or the
mode of ultrasound applied. B-mode imaging complies fully with the peristaltic
movement of the artery, whereas colour filling more easily enters the vessel
boundaries.

B-mode images yielded more precise measurements because they provided a
more detailed view of the anastomosis, enabling the surgeon to assess the intimal
echo-pattern very clearly. The colour Doppler, however, evaluated graft patency with
very useful information on the pattern and direction of blood flow within the

anastomosis.

Paper 11

The dimensions of LIMA-LAD anastomoses performed off-pump in 38 patients were
compared to similar dimensions from 12 on-pump patients. The length of the
anastomosis (DA), LAD diameters at the toe (D1) and heel (D3) of the anastomosis,
as well as the reference downstream LAD (D2) were measured in diastole by two-
dimensional ultrasound imaging (B-mode). As coronary artery dimensions differ
between patients, we compared the ratios of the anastomotic dimensions to native

vessel size between the two patient groups .
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In off-pump patients, the dimension of the heel (D3) was smaller than the toe
(D1) (p=0.004). Both D3 and D! were smaller than the run-off LAD (D2) (p<0.01).
In off-pump patients the D3/D2 ratio was smaller than D1/D2 (p =0.009), whereas
these ratios were similar in on-pump patients. Although the D3/D2 ratio was smaller
in off- than in on-pump patients (p =0.01), D1/D2 was similar in the two groups.

This study indicated that off-pump CABG may cause a narrowing of the
coronaries, especially at the anastomotic heel. Further, as the heel position may have
less priority compared to the toe of an anastomosis, we suggest that the anastomotic

technique should be modified to improve its patency.

Paper I11

Intraoperative ultrasound recordings of patent LIMA-LAD anastomoses were
acquired from a porcine model (N=9). Three independent observers randomly
evaluated colour Doppler imaging (CDI) and blood flow imaging (BFI) cine-loops
with regards to different assessments of flow direction and velocity. Further, a
selection of technical problems that might occur in clinical practice was induced in
three pigs to investigate the resulting flow patterns. In all cases, reliable ultrasound B-
mode and Doppler images could be obtained of the LIMA-LAD anastomosis.

By B-mode ultrasound the D,/D; ratio in the initial nine anastomoses was 0.89
+0.17, indicating patent anastomoses and without any significant narrowing at the
toe. The D,/D;, ratio was 0.52, indicating a stenosis at the anastomotic toe, in an
anastomosis made faulty by applying an extra deep stitch at the toe. BFI was found to
provide an improved visual assessment of blood flow patterns in the LIMA-LAD
anastomosis compared to CDI. The modality may therefore increase the certainty and
efficiency of flow evaluation for intra-operative quality control in coronary surgery.
As conventional Doppler information is also available, the BFI modality may replace

CDI in the evaluation of anastomosis flow in the future.

Paper IV

A total of 60 patients scheduled for elective conventional CABG underwent both TEE
and EAU of the ascending aorta. The two ultrasound techniques were compared in

terms of their ability to detect and grade atheromas in the ascending aorta.
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The number of areas that were sufficiently visualized for a reliable assessment
were higher for EAU than TEE, 664/720 (92%) vs. 398/720 (55.3%) respectively
(p<0.01). Overall detection rate of units with Montgomery grade > 2 by EAU only vs,
TEE only in the areas sufficiently visualized by both methods was 88/334 (26%) vs.
37/349 (11%), respectively.

In detail, TEE was superior in detecting atheroma only in the anterior areas of
the proximal segment of aorta. Further, TEE demonstrated fewer areas in the middle
and almost no atheroma in the distal ascending aorta. In comparison, EAU detected

almost similar numbers of diseased areas in all locations.

The posterior segment was the area most influenced by atheromatous disease
along the whole length of the ascending aorta, this feature reaching statistical

significance (p<0.01). The anterior segment was the second most diseased portion.

Taking all the sections of the ascending aorta together, EAU was superior in
tracing areas and atheromas compared to TEE. Epiaortic ultrasound could detect five
times grade 4 atheromas vs. TEE. Two areas with grade 5 were detected; these were

only seen by EAU.

Paper V
In one patient a coronary subclavian steal syndrome (CSSS) occurred after
completion of an off-pump CABG with a pedicled LIMA to the LAD. The steal
phenomenon was diagnosed intraoperatively by means of combined transit-time
flowmetry and epicardial ultrasound imaging. At the immediate revision, the LIMA
was successfully anastomosed as a free graft to the ascending aorta so to avoid any
further occurrence of CSSS. A postoperative MRI angiogram confirmed a moderate
proximal stenosis of the left subclavian artery.

This case report shows the usefulness of the combined application of transit-

time flowmetry and epicardial ultrasound scanning in routine surgical practice.
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General discussion

Intraoperative assessment of coronary grafts and anastomoses

With the exception of coronary artery bypass surgery, virtually all other procedures
on the heart, including valve surgery and coronary stenting, are accompanied by
perioperative evaluations to ensure an adequate technical result. There is currently no
standardized intraoperative approach for the identification of technical errors of
coronary grafts and anastomoses (i.e. angiography, ultrasound Doppler scanning,
transit-time flowmetry). Moreover the application of these methods is not routine

clinical practice in most centres.

Intraoperative coronary angiography

Although angiography is considered the gold standard for the evaluation of coronary
circulation, grafts and anastomoses, it has limitations as routine method of
intraoperative control. Angiography is invasive and requires bulky and expensive
equipments and these facilities are rarely available in operating theatres (17).
Moreover, Hol et al. demonstrated that on-table angiograms can be difficult to
interpret because not all findings are important for later patency. Optimal results on-
table predicts good long-term results, whereas significant lesions on-table may have
less impact on the follow-up results (18). However, if transcatheter valve
replacements become routine clinical practice in the future, hybrid catheter suites will

also be widely available for combined modalities of coronary intervention

Transit-Time Flow Measurements

Transit-time flowmetry (TTFM) is the most common intraoperative method used for
the assessment of the patency of grafts and anastomoses. Transit-time flowmetry is
based on the simple quantitative measurement of blood flow within the graft.
Advantages of TTFM are an easy, plug-and-play application without pre-calibration
and its reasonable cost. However, TTFM does not provide any anatomical information

and can detect a technical failure only if there is a severe stenosis in the graft or in the
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anastomosis. This is because it is dependent on several factors like systemic blood
pressure, diameter of the target vessel, size of the distal arterial bed and residual
antegrade flow in the target vessel (8,13,14). Finally, interpretation of measurements

of blood flow of sequential grafts may be quite difficult with this method.

Thermal coronary artery imaging

Thermal coronary artery imaging with an infrared camera was introduced by Suma
and colleagues as a non-invasive method for evaluation of graft anastomoses during
off-pump CABG operations (19). Unfortunately this technique detects grossly
stenosed anastomoses only, and cannot be applied to intramyocardial vessels or to

grafts directed to target vessels at the back of the heart.

Intraoperative fluorescence imaging technique

Intraoperative fluorescence is a relatively new imaging technique. It is based on
capture by a charge-coupled device video camera of fluorescence of Indocyanine
Green (ICG) contrast medium, when illuminated with near-infrared light using laser
energy projected from the SPY imaging system (Novadaq Technologies Inc., Toronto,

Canada).

The strengths of the technique are its simplicity and safety. It is minimally
invasive because it does not require an arterial puncture and avoids the need for
lonizing radiation. Further, its major attraction is that it provides information in a
fashion similar to coronary angiography, with which the surgeon is familiar and can
easily interpret. However, there are currently limitations to the technique. First, the
technique is only semi-quantitative and divides assessment of graft flow into

ETINT3

“excellent,” “satisfactory,” or “poor,” and does not provide an exact measure of graft
flow. Developments are underway that will permit the imaging system to give
quantitative flow measurements. Second, the technique only allows precise definition
of anastomotic quality in around 75% of grafts. This is because depth of penetration
of the laser beam is only around 1 mm, and is therefore vulnerable to varying depths

of the native coronary artery (e.g., when intramyocardial). For the same reason,

imaging can only occur when the chest is open and pedicled conduits are less
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visualized than skeletonized ones. A more powerful, pulsed laser might resolve these
limitations, but should be balanced against the fact that the device intentionally uses

low-power laser energy so as to avoid thermal myocardial damage (20).

Epicardial ultrasound

Over the last 15 years several devices for intraoperative ultrasound visualization of
coronary arteries and graft anastomoses have been tested in animal experiments as
well as in clinical studies. Unfortunately none of the early ultrasound devices gained
wide acceptance mainly due to their many technical limitations. Previously, the main
technical reason for this was the cumbersome and large size of the ultrasonic probe,
which allowed only visualisation of the LAD, diagonals and the proximal right
coronary artery, as well as limited imaging quality (21-23). Further, epicardial
scanning could only be carried out when the patient was on CPB and the early-
generation transducers were only able to provide black and white images.

We have previously shown that a new generation epicardial imaging of
coronary arteries and anastomoses with high frequency ultrasound is simple and safe
(11). It has several advantages over angiography; it is non-invasive and requires no
injection of contrast medium. Moreover, comparing epicardial ultrasound with
angiography at an eight month follow-up showed that the former has a positive

prognostic value (12).

While transit time flowmetry is the most widely used method in the
assessment of grafts, it does not give direct information about the anatomy of the
anastomosis. Epicardial coronary imaging using high frequency ultrasound probes
may aid the surgeon performing coronary artery bypass procedures by localizing the
coronary artery segments underneath epicardial fat, identifying the site of coronary
stenosis to be bypassed and assessing the quality of anastomoses (11). So far, the use
of epicardial ultrasound has been most appreciated in off-pump CABG where
technical errors are supposed to be more common. In addition, epicardial ultrasound
may be of value in scanning the target coronary site for grafting in order to avoid
calcified regions, stented areas or where there are septal perforators which can hinder

the procedure (11). These perforators might not be well delineated by angiography. In
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the present study, colour Doppler ultrasound, as well as further developments, have

been valuable in the morphologic assessment of coronary anastomoses.

Effect of the cardiac cycle on LIMA-LAD anastomotic dimensions

Small changes of coronary diameters during the cardiac cycle have been found using
intravascular ultrasound (IVUS); a 10 % increase was detected in healthy vessels (24),
and a 2-12 % increase in atherosclerotic vessels (25-27). Although most of the
coronary blood flow occurs in diastole, the systolic expansion of coronary vessels can
be explained by the increase of the coronary intraluminal pressure during systole (25).

In our study, no significant changes in diameter of the LAD at the heel (D3),
toe (D1), anastomosis proper (DA) or distally in the LAD (D2) during the cardiac
cycle were detected. We believe that the different outcome was most likely due to the
following two reasons: Firstly, epicardial imaging is not as sensitive as IUVS to
discriminate very minor changes; a systolic increase of coronary diameter of about 10
% is equivalent to a 0.1-0.15 mm increase in diameter. Secondly, grafting of the LAD
caused stiffness of the vessel wall, and this may well have reduced systolic expansion
of the coronary artery, whereas IVUS measurements are usually taken on coronary
vessels that have not undergone any surgical manipulation.

B-mode imaging complies fully with the peristaltic movement of the artery,
whereas colour filling more easily enters the vessel boundaries. Therefore, with the
current standard ultrasound technology, we believe that B-mode yields more precise
dimensional measurements because it gives a more detailed view of the anastomosis,
enabling the surgeon to assess the intimal echo pattern easily, fast and clearly. The
colour Doppler, however, enables the surgeon to evaluate graft patency because it
provides useful information on the pattern and direction of blood flow within the
anastomosis.

On clinical grounds, provided the scanning is directed perpendicular to the
vessel, our study on the cardiac cycle (paper ) showed that the surgeon can assess the
morphology of an anastomosis without paying much attention to the phase of the
cardiac cycle. This is supposed to be essential for wide acceptance of epicardial

ultrasound in clinical practise.
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Importance of the heel of the LIMA-LAD anastomosis as assessed by ultrasound

The importance of the heel of the LIMA-LAD anastomosis is still far from being
established. Our results from study II showed that the segment of the coronary artery
involved in the anastomosis within the off-pump group underwent a degree of
narrowing in comparison to patients operated on-pump. Both the toe (D1) and the heel
of the anastomosis (D3) had smaller diameters in relation to the native distal run-off
point of the artery (D2) in patients operated off-pump vs. patients operated on-pump
CABG, where this difference did not exist. Further analysis of the anastomotic
dimensions in off-pump patients showed that the heel of the anastomosis (D3) was the
site mostly affected by stenosis. These results are supported by a previous study using
postoperative quantitative angiography at 14 + 5 days which showed that the diameter
of the heel portion of the anastomosis was significantly smaller than that of the toe

portion (28).

The reduction in the heel diameter is most probably related to technical issues.
The importance of the toe must be emphasised because it is the exit point of the
anastomosis to the ischemic myocardium so the surgeon pays more attention while
suturing the anastomotic toe. On the other hand, the heel that represents the
““posterior’” suture line of the anastomosis may easily be under-estimated. Further,
this part is more difficult to repair if bleeding occurs. Hence, surgeons tend to place

large suture bites at the heel and this might increase the rate of narrowing.

It was only in off-pump patients that the segment of the coronary artery
involved in the heel of the anastomosis had undergone significant narrowing. In other
words, this was related to the beating heart technique since the same results were not
found in the on-pump group. However, the better experience with on-pump surgery
might have played a role since the off-pump cases also include our initial experience

with this method.

We do not know whether this reduction in the diameter of the heel has any
significant clinical outcome. In cases of stenotic, but non-occluded coronaries,
retrograde blood flow from the heel might compete with antegrade blood flow from
the native coronary. However, since the retrograde flow from the heel occurs in
systole whereas antegrade blood flow from the native coronary is mainly diastolic,

both might synergize with each other. In cases where the stenotic coronary
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anastomosis progresses to complete occlusion, the patent heel could eventually be of

significance.

A new ultrasound modality: Blood flow imaging versus Colour Doppler imaging

The assessment of the LIMA-LAD anastomosis is a complex issue as it includes both
flow pattern and evaluation of the dimensions of the anastomosis in relation to the
distal run-off, specially the toe. The assessment of the direction of blood flow can be
carried out by CDI. This method is dependent on colour interpretation, which in turn
is influenced by the angle of the probe applied on to the anastomosis. In addition high
blood flow-rates induce aliasing, making evaluation of flow direction less intuitive,
The BFI method shows blood flow as speckle patterns that are not dependent on the
angle given to the probe at the time the anastomosis is scanned and is not affected by
aliasing.

In study III visualization of blood flow direction was much enhanced by BFI
compared to CFI, and this holds true for all conditions of flow which we encountered
in our study. This was confirmed by the three observers that gave higher rates to BFI
than CDI both in assessments of blood flow directions and its competitive patterns.
As the BFI gives an intuitive impression of flow pattern and direction, this ultrasound

modality is suggested to play an important role in future vascular imaging,

Clinical implementation of intraoperative ultrasound imaging — a case report

The case report presented in paper V shows the usefulness of transit-time flowmetry
and epicardial ultrasound scanning for a rapid intraoperative diagnosis of coronary
subclavian steal syndrome. CSSS may be a reason for early occurrence of angina after
CABG; caused by retrograde blood flow (steal) from the LAD through the LIMA
graft in patients with a left subclavian artery stenosis. Clinical features of subclavian
artery stenosis are a difference of systolic blood pressure more than 20 mmHg
between the arms, thrombo-embolism or ischemic pain to the arm.

In our patient a weaker left radial pulse and a reduced blood pressure to the
left arm were reported by a junior doctor. CSSS developed immediately after grafting
the LIMA on to the LAD, but it was quickly diagnosed intraoperatively by flowmetry
and epicardial ultrasound scanning, despite any ischemic ECG changes. The

combined application of these two modalities was relevant because each of them
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provided information, which coupled with those given by the other one, contributed to
reach the diagnosis.

As a result of a quick intraoperative diagnosis prompt surgical revision was
carried out, avoiding intra- or postoperative complications to the patient. On the other
hand, missing the diagnosis of CSSS at surgery would have exposed the patient to
unpleasant consequences in the follow-up, such as early recurrence of angina,

subclavian artery PTA, carotid-subclavian by-pass or redo CABG surgery.

Assessment of atherosclerosis in the ascending aorta and clinical implications

Traditionally, the assessment of atherosclerosis of the thoracic aorta is carried out by
the surgeon by reviewing the preoperative chest X-ray and the plain cine-loop of the
angiogram, whereas intraoperatively a simple visual inspection and finger tip
palpation are the routine methods. Unfortunately, all these methods are inaccurate and
grossly underestimate aortic atheromas. Computer tomographic scanning (CT) may
provide further preoperative information on the presence, degree and location of
plaques in the aorta, especially in 3D images. However, CT scan was demonstrated to
be less sensitive than EAU in detecting atheromatous plaques in the ascending aorta;
45 % vs. 60 % (29). Magnetic Resonance Imaging (MRI) is considered to have the
same degree of sensitivity as transesophageal echocardiography (30), but has several
disadvantages that reduce its application being less available, expensive and
contraindicated in patients with implanted pacemaker/electro converter and with

claustrophobia.

Previous studies reported that EAU, in comparison to TEE, was able to
visualize satisfactorily the ascending aorta including the middle and distal parts (31,
32). In a selected series of patients undergoing cardiac surgery, EAU visualized
plaques in the ascending aorta in 50 % of cases and led to a change in the procedure in

24 % of cases because of atheromas (33).

Our results, as presented in paper 1V, confirmed previous observations as
EAU provided a more enhanced visualization of the wall of the ascending aorta in its
entire length, and this allowed a reliable assessment of the atheromatous plaques.
Epiaortic ultrasound scanned a far higher number of areas (92.3%) of the wall of the

entire ascending aorta than TEE (55.3%).
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The degree of visualization by TEE varied according to sections and segments
of the aorta; being highest proximally and decreasing in the distal ascending aorta,
where imaging is made difficult or impossible due to the interposition of the airways
between the oesophagus and the upper part of the ascending aorta. The distal part of
the ascending aorta is a site of great intra-operative manipulation as the aortic CPB
cannula and the cross-clamp are placed in this area. Thus, through scanning of the
distal ascending aorta with precise information on the likely location, extent and
degree of atheromatous plaques are necessary to avoid embolization of atheroma
debris from the aortic wall.

A further step of our study was the evaluation of the grading of atheromatous
lesions by a modified Montgomery score in the areas sufficiently visualized by both
EAU and TEE scanning. The two techniques were compared also. Compared to TEE,
epiaortic ultrasound identified a higher number of areas with a Montgomery score > 2.
Moreover a similar number of disecased areas were detected by EAU over the three
sections and four segments of the aortic wall. The few areas which were better
assessed by TEE were those in the proximal section, especially in the anterior site,
and in the anterior and posterior segments of the middle section. TEE was superior in
the proximal anterior areas because of the limited visualization by EAU due to the
imprecise positioning of the EAU probe over the unfavourably confined anatomic
location of the scanned arcas.

The application of EAU demonstrated the highest prevalence and severity of
atheroma to be located in posterior segments of the ascending aorta, especially in the
proximal section. The second most atheromatous segment was the anterior one,
especially in the distal and proximal sections. The regional pattern of development of
atheroma is probably determined by local variations in shearing forces and endothelial

dysfunction (34).

A “clean” aorta can undergo surgical manipulation like clamping, cannulation
and stitching of proximal anastomoses with a very low embolic risk due to dislodged
atherosclerotic debris. The clinical implications of our study are important during
surgery, as a careful placement of the aortic cross-clamp is relevant to avoid -
dislodgement and embolisation of atheromatous debris from the posterior aortic wall.
When a heavily diseased posterior segment is demonstrated, a Fogarty cushion-shod
clamp may be applied carefully, although not without risk. Unfortunately,

atheromatous lesions of the anterior section of the aorta are more difficult to deal
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with. The detection of their location enables the surgeon to avoid those particular
areas or to revise the operative strategy by applying methods that reduces the
likelihood of embolization of atheromas, i.e. off-pump technique, ‘‘no touch”

strategy, single clamp technique, etc.
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Conclusions

1. The B-mode and colour Doppler imaging were not significantly influenced by the
effects of the cardiac cycle during assessment of the LIMA-LAD anastomosis in an
experimental animal model. Thus, for a thorough evaluation of a coronary distal
anastomosis both modalities should be applied in addition to transit-time flowmetry.
The B-mode may provide precise measurements of the anastomotic dimensions,
whilst the colour flow should be applied to assess the flow pattern. Epicardial imaging

of graft anastomoses may reliable and reach wide clinical application in the future.

2. Off-pump CABG might have a stenotic effect on the coronary arteries, particularly
at the heel of the anastomisis. Whether modifications to the suture technique may

change the results remains to be explored in future prospective studies.

3. Blood Flow Imaging is superior to colour Doppler imaging in the assessment of
blood flow patterns through the LIMA-LAD anastomosis, specially the direction of
blood flow. This is due to its ability to show blood flows as speckles which can be
traced by the naked eye. The BFI modality is suggested to play an important role in

future cardiovascular imaging.

4. Epiaortic ultrasound is the investigation of choice for detection of atheromatous
lesions of the ascending aorta because it allows a detailed grading of atheromas over
the entire length of the ascending aorta. A “clean” aorta can undergo surgical
manipulation like clamping, cannulation and stitching of proximal anastomoses with a
low embolic risk. If atherosclerotic plaques with the risk of embolic events are
identified, the surgeon is given the opportunity to revise the operative strategy and in

case of coronary surgery, beating heart surgery may be preferred.

5. The combined application of transit time flowmetry and epicardial ultrasound
imaging was pivotal in the intraoperative diagnosis and treatment of a coronary
subclavian steal syndrome avoiding further and dangerous consequences to the
patient. This is an example on how intraoperative imaging may be implemented into

clinical practice of coronary surgery.
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Final remarks and further developments

Over the last years we have demonstrated the efficacy, usefulness and reliability of
epicardial ultrasound scanning of coronary arteries and anastomoses. From the cardiac
cycle study (paper I), we concluded that B-mode yields more precise measurements
because it gives a more detailed view of the anastomosis, enabling the surgeon to
assess the intimal echo pattern very clearly. Colour Doppler imaging provides
important information on the pattern and direction of blood flow within the
anastomosis and further into the run-off vessels.

For a thorough evaluation of a coronary distal anastomosis, both B-mode and
colour flow imaging should be applied in addition to flowmetry: colour flow with the
aim of assessing anastomotic patency, and B-mode to provide precise measurements
of the anastomosis dimensions. The introduction of BFI may further enhance the
clinical application of intraoperative cardiovascular ultrasound.

In a case report we have also shown the usefulness of the combined
application of transit-time flowmetry and epicardial ultrasound scanning for a quick
intraoperative diagnosis of coronary subclavian steal syndrome, avoiding technical
failure and dangerous consequences to the patient.

We have believed that future intraoperative evaluation of coronary grafts and
anastomoses will consist of a combined approach of flowmetry and epicardial
ultrasound, which has recently been developed with collaboration by our research
group. The introduction of new transducers for epicardial imaging of very small
dimensions together with further improvements in imaging technology may also
enhance the widespread use of epicardial scanning in cardiac surgery. In CABG
patency of grafts is assessed by flow analysis, whereas ultrasound is applied to detect
anastomotic failures more directly. As the cardiac cycle in an experimental study did
not play any significant role in the assessment of epicardial ultrasound, epicardial
imaging of graft anastomoses may be done rapidly and reliably and reach wide

clinical application in the future.

A summary of the potential role of epicardial imaging in coronary surgery is

presented in Tab 1.
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Table 1. The potential role of intraoperative epicardial imaging in cardiac

surgery

1. Localization of coronary artery embedded in epicardial fat

2. Visualization of the coronary artery undernecath fibrotic scar tissue

(98]

. Delineation of the intramural course of a coronary artery

. Intraoperative assessment of the site and severity of coronary stenosis
. Selection of arteriotomy site for bypass grafting

. Localisation and extention of stents and dissection following PCI

. Assessment of the integrity of distal coronary tree beyond an obstruction

. Assessment of coronary anastomoses and grafts

N=Re <R e Y

. Identification of the extent of coronary artery involvement in aortic dissection
10. Assessment of cardiac anatomy in congenital heart surgery
11. Epiaortic evaluation of the ascending aorta in cardiac surgery

12 Guidance in emerging novel surgical procedures for coronary artery disease
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ABSTRACT

Anastomosis of the left internal mammary artery to the left anterior descending artery
was performed in 9 pigs to evaluate the effect of changes in the cardiac cycle and
the choice of ultrasound mode on assessment of graft morphology. The length of the
anastomosis and the diameters of the left anterior descending artery at the toe and
heel of the anastomosis, as well as downstream, were measured in end-systole and
end-diastole with both B-mode and color Doppler imaging. None of the diameters
were influenced by the cardiac cycle using either ultrasound mode. B-mode yielded
larger diameters at all points except the toe of the anastomosis. It was concluded
that provided the scanning is perpendicular to the vessel, the morphology of an
anastomosis can be assessed without paying much attention to the phase of the cycle

or the mode of ultrasound applied.

INTRODUCTION

The success of coronary artery bypass grafting (CABG)
is determined by the long-term patency of the graft. This
depends mainly on the quality of distal anastomoses,
particularly that between the left internal mammary
artery (LIMA) and the left anterior descending artery
(LAD).! Although off-pump CABG may reduce some of
the risks and complications related to on-pump CABG,
it is technically more demanding and carries a higher
risk of technical failure.? Thus, quality control of distal
anastomoses before completion of the operation is of the
utmost importance, particularly during off-pump CABG.
Detecting an anastomotic error enables the surgeon to
revise the anastomosis, and so reduce postoperative
morbidity and mortality.’

Distal anastomoses can be evaluated intraoperatively
by graft flow measurements or by direct visualization
using ultrasound scanning or angiography. Transit-time
flowmetry is the most common intraoperative method
used to assess coronary bypass grafts, but it is not very
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sensitive as blood flow is influenced by resistance in the
peripheral coronary circulation. This technique detects
a technical failure only if there is severe stenosis in
the graft or at the site of anastomosis.*® Epicardial
imaging of coronary arteries and anastomoses with
high frequency ultrasound is simple and safe.” It has
several advantages over angiography; it is noninvasive,
requiring no injection of contrast medium.? Moreover,
comparing epicardial ultrasound with angiography at
the 8-month follow-up has shown that the former has
excellent prognostic value* B-mode (Figure 1) and
color-flow (Figure 2) imaging allow visualization of the
anastomosis and its components (coronary artery and
graft conduit) as well as the bloodstream.” However,
the best modality for determining the morphology of
the anastomosis has not been investigated. Moreover, the
effects of the cardiac cycle on the coronary arteries are
largely unknown. Hence, we assessed the morphology
of LIMA-LAD anastomoses in the pig together with the
changes induced by the cardiac cycle, using B-mode and
color Doppler ultrasound scanning.
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Figure 1. Ultrasound scan of the left internal mammary artery-
left anterior descending artery anastomosis in longitudinal view
by B-mode. The anterior and posterior intimal echo patterns are
shown by arrows. The intimal echo pattern indicates that the
ultrasound beam is perpendicular to the left anterior descending
artery intima. The left internal mammary artery is seen top
right and the flow direction is to the left of the picture.

Figure 2. Color-flow image of the left internal mammary artery-
left anterior descending artery anastomosis in longitudinal view.
The left internal mammary artery is top right and the direction
of blood flow is to the left of the picture.

PATIENTS AND METHODS

Nine pigs weighing 60-85 kg underwent LIMA-
LAD grafting under general anesthesia at the animal
experimental laboratory at Trondheim University
Hospital. Seven pigs had off-pump CABG, and 2 had
LIMA grafting under cardiopulmonary bypass. All
operations were carried out by the same surgeon (RH).
Animals received humane care in accordance with the
European Convention on Animal Care and the Norwegian
national regulations; the Norwegian Ethics Committee on
Animal Research approved the protocol. All pigs were
premedicated with intramuscular azaperone 6 mgkg!
and diazepam 0.15 mg-kg"'. Anesthesia was induced with
intravenous atropine 0.15 mg-kg', ketamine 7 mg-kg™',
and thiopentone 3 mg-kg'. Maintenance infusions were of
fentanyl 63 pg-kg''min' and midazolam 0.6 mg-kg ! min’!

combined with isoflurane 1% in a 1:2 mixture of oxygen
and air. The pigs were artificially ventilated through a
tracheotomy tube.

After a median sternotomy and full heparinization
(3 mgkg?'), the LIMA was harvested with its pedicle,
and prepared. The LAD was identified and snared
with 4/0 pledgeted polypropylene suture proximal to
the coronary arteriotomy. After 3—5 min of ischemic
preconditioning, the snare was released and an Axius
Xpose access device (Guidant, Santa Clara, CA, USA) and
an Axius vacuum stabilizer were applied to pull the heart
and immobilize the LAD site chosen for grafting. After
arteriotomy, an Axius coronary shunt was placed into the
vessel lumen. The coronary anastomosis was performed
with a continuous 7/0 polypropylene suture, aiming to
create a patent anastomosis without technical failure.
The snare was applied again to the LAD proximal to the
anastomosis. Following epicardial ultrasound assessment
of the anastomoses, the apical stabilizer was removed
and the heart placed back into the pericardium.

For on-pump LIMA-LAD anastomosis, the approach
to the heart, LIMA harvesting, and heparinization were
the same as in the off-pump group. Cardiopulmonary
bypass was instituted by cannulation of the left axillary
artery and the right atrium. After aortic cross clamping,
crystalloid cardioplegia solution was infused into the
aortic root. The coronary anastomosis was performed with
a continuous 7/0 polypropylene suture. The snare was
applied again to the LAD proximal to the anastomosis.
The 2 pigs were easily weaned off cardiopulmonary
bypass without inotropic support so that LIMA-LAD
scanning could be carried out.

After completion of the LIMA-LAD anastomosis and
with the stabilizer still in place, epicardial ultrasound
imaging was performed with a GE Vingmed Vivid 7
(GE Vingmed Ultrasound, Horten, Norway) ultrasound
scanner and a GE i13L probe. This probe is a linear-array
mini-transducer designed for intraoperative imaging,
operating at frequencies of 10-14 MHz. The ultrasound
system was optimized for high-resolution color-flow
imaging applications and achieved a frame rate of
16 frames per second. Using gel as the conduction
medium, the transducer was gently applied directly on
the anastomosis, between the paddles of the stabilizer.
Real-time ultrasound images of the complete anastomosis
as well as the distal run-off were stored as digital data
for later analysis. The morphology of the anastomosis
was assessed by measuring its dimensions (Figure 3): the
length of the anastomosis proper (DA), the LAD diameter
at the toe (D1) and heel (D3) of the anastomosis, and
5-10 mm distal to the toe (D2). The electrocardiogram
was recorded continuously together with the images and
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Figure 3. Diagram of the left internal mammary artery-left
anterior descending artery anastomosis: diameters of the left
anterior descending artery at the toe of the anastomosis (D1),
5-10 mm distal to the toe (D2), and at the heel (D3), DA =
diameter of the anastomosis proper.

was used to define diastole. Intraoperatively and before
the epicardial ultrasound, graft flow was monitored by
transit-time flowmetry (Medi-Stim Butterfly Flowmeter,
Medi-Stim AS, Oslo, Norway).

The results are presented as mean + 1 standard deviation.
Analysis of variance (ANOVA) for repeated measurements
was used to assess the impact of the ultrasound modality
(B-mode or color-flow), the cardiac cycle (end-systole
or end-diastole), and the sites of measurement (D1,
D2, D3, or DA) on the morphology of the anastomosis
and the LAD. For variables significantly influencing
the measured dimensions, we applied the paired ¢ test
with the Bonferroni correction, according to the number
of comparisons carried out, as post hoc analyses for
identification of the difference between values. A p value
less than 0.05 was considered significant. The statistical
analysis was carried out using SPSS version 12 software
(SPSS Inc, Chicago, IL, USA).

RESULTS

Allanimals remained hemodynamically stable throughout
the operation, as confirmed by a satisfactory mean arterial
pressure of 76 + 6.3 mm Hg. The mean systolic blood

pressure was 111 + 8.1 mm Hg and the mean diastolic
blood pressure was 57 &+ 6.6 mm Hg. All 9 LIMA-LAD
anastomoses were satisfactory and found to be fully patent
by both ultrasound modalities.

There was no significant effect of the cardiac cycle on
LAD diameters D1, D2, D3, and DA by either B-mode or
color Doppler imaging (p = 0.989 by ANOVA; Table 1).
B-mode imaging yielded larger diameters than color-flow
Doppler, regardless of the phase of the cardiac cycle
(p £0.0001 by ANOVA). B-mode showed larger LAD
diameters at the heel (D3) and downstream LAD (D2),
as well as a longer anastomosis (DA) than that observed
in color Doppler imaging. The diameter of the LAD at
the toe was found to be similar with both ultrasound
modes (Table 2).

DiSCUSSION

Although porcine coronary arteries have been measured
by epicardial ultrasound, this study used the best available
technology, emphasizing key technical aspects to obtain
good quality images and reliable measurements.” Small
changes in coronary diameters during the cardiac cycle
have been found using intravascular ultrasound (IVUS);
a 10% increase was detected in healthy vessels and a
2%—12% increase in atherosclerotic vessels.'”!* Although
most of the coronary blood flow occurs in diastole, the
systolic expansion of coronary vessels can be explained
by the increase in coronary intraluminal pressure during
systole.'” Instantaneous recording of coronary flow and
pressure along with IVUS measurements of coronary
internal diameters have demonstrated that systolic
expansion is preceded by an increase in intraluminal
pressure and a maximal increase in diameter occurring in
mid to late systole. In our study, no significant changes
in the diameter of the LAD at the heel, toe, anastomosis
proper, or distally were detected during the cardiac cycle.
We believe that the different outcome was most likely
due to the following reasons. Firstly, epicardial imaging

Table 1. Diameters of LIMA-LAD Anastomoses in End-Systole and End-Diastole in B-mode and Color Deppler

B-Mode Measurement (mm)

Color-Flow Measurement (mm)

Measurement N Systole Diastole p* Systole Diastole p*

D1 45 2.11 £ 033 2.10 + 0.30 3.33 2.10 + 0.39 1.96 + 0.35 1.68
D2 45 2.30 £ 0.39 2,40 £ 0.70 2.96 2.18 £ 0.38 2.10 £ 0.35 0.808
D3 45 2.04 + 0.58 2.19 4 0.47 2.66 1.89 + 0.43 1.88 + 0.38 7.76
DA 45 3.37 £ 0.46 340 + 041 6.22 3.19 + 0.43 291 +0.52 0.0723

LIMA = left internal mammary artery.

*Refers to the difference between measurements in systole and diastole after the Bonferroni correction. D1 = diameter
of LAD at the toe of the anastomosis, D2 = diameter of LAD 5-10 mm distal to the toe of the anastomosis, D3 =
diameter of anastomosis at the heel, DA = diameter of the anastomosis proper, LAD = left anterior descending artery,
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Table 2. Mean (Systolic and Diastolic) Diameters of LIMA-LAD Anastomoses in B-mode and Color Doppler

Mean Diameter (mm)

Measurement N B-mode Color-Flow p*
Dl 45 2.08 £ 0.20 2.00 + 0.23 0.5
D2 45 2.35 +£ 043 2.12 £ 0.29 0.004
D3 45 2.14 £ 0.36 1,88 + 0.31 0.004
DA 45 3.39 £ 0.31 3.05 + 0.33 < 0.01

artery, LIMA = left internal mammary artery.

*Refers to the difference between measurements in B-mode and color-flow after the Bonferroni correction. D1
diameter of LAD at the toe of the anastomosis, D2 = diameter of LAD 5-10 mm distal to the toe of the anastomosis,
D3 = diameter of the anastomosis at the heel, DA = diameter of the anastomosis proper, LAD = left anterior descending

is not as sensitive as IVUS to discriminate very minor
changes; a systolic increase of coronary diameter of 10%
is equivalent to a 0.1-0.15-mm increase in diameter.
Secondly, grafting of the LAD caused stiffness of the
vessel wall, and this may well have reduced systolic
expansion of the coronary artery, whereas IVUS
measurements were taken on coronary vessels that had
not undergone any surgical manipulation.

The color-flow image mode showed a slightly longer
DA measurement in systole than in diastole. This
morphological difference between the two phases of
the cardiac cycle might be attributable to distension of
the LIMA wall secondary to the increase in intraluminal
pressure that occurs in the distal part of the mammary
artery in systole. This hypothesis is supported by the
results of an IVUS study demonstrating elongation and
thinning of the vessel wall during systole.” Nonetheless,
the length of the anastomosis proper is usually adequate
throughout the cardiac cycle and is not likely to impair
blood flow through the LIMA-LAD anastomosis. Changes
in the dimensions of the coronary vessel wall during the
cardiac cycle may be more accurately detected by IVUS,
as this technique is better for visualizing the complete
internal circumference of the vessel by transverse view
plane and synchronous measurement of intracoronary
blood pressure. On the other hand, intraoperative
epicardial scanning is much easier to perform than
IVUS, because the latter entails sophisticated equipment
and invasive manipulations that greatly limit its routine
application.

On clinical grounds, provided the scanning is directed
perpendicular to the vessel, this study showed that the
surgeon can assess the morphology of an anastomosis
without paying much attention to the phase of the
cardiac cycle or the mode of ultrasound applied. B-mode
imaging complies fully with the peristaltic movement of
the artery, whereas color filling more easily enters the

vessel boundaries. Therefore, we believe that B-mode
yields more precise measurements because it gives a more
detailed view of the anastomosis, enabling the surgeon to
assess the intimal echo pattern very clearly. Color Doppler,
however, enables the surgeon to evaluate graft patency
because it provides very useful information on the pattern
and direction of blood flow within the anastomosis. For
a thorough evaluation of a coronary distal anastomosis,
both B-mode and color-flow imaging shouid be applied
in addition to flowmetry; color-flow with the aim of
assessing anastomotic patency, and B-mode to provide
precise measurements of the anastomosis dimensions.

We believe that future intraoperative evaluation of
coronary grafts and anastomoses will consist of the
combined approach of flowmetry and epicardial
ultrasound. Patency of grafts is assessed by flow analysis,
whereas ultrasound is applied to detect anastomotic
failures. In this animal study, the cardiac cycle did not
play any significant role in the assessment by epicardial
ultrasound. Thus, if this is confirmed clinically, combined
flowmetry and epicardial ultrasound has the potential for
complete graft assessment in CABG surgery.
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ORIGINAL ARTICLE

Narrowing effect of off-pump CABG on the LIMA-LAD
anastomosis: Epicardial ultrasound assessment

KHALID IBRAHIM"?, NICOLA VITALE!?, IDAR KIRKEBY-GARSTAD!,
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Abstract

Aim. Effects of off-pump CABG on LIMA-LAD anastomotic dimensions vs. on-pump CABG assessed by epicardial
ultrasound imaging. Material and methods. LIMA-LAD anastomoses were performed off-pump in 38 patients and on-pump
in 12. Intra-operative imaging was by a GE Vivid 7 ultrasound scanner and i13L transducer. Length of the anastomosis
(DA), LAD diameters at the toe (D1) and heel (D3) of the anastomosis, the reference downstream LLAD (D2) were
measured in diastole by two-dimensional imaging (B-mode). Relationships between these dimensions were compared
between on- and off-pump patients. Resulss. In off-pump patients, D3 dimension was smaller than D1 (p =0.004). Both D3
and D1 were smaller than D2 (p <0.01). Ratio D3/D2 was smaller than D1/D2 (p =0.009). In on-pump patients, these
ratios were similar, D3/D2 ratio was smaller in off- than in on-pump patients (p =0.01), D1/D2 were similar in the two
groups. Conclusion. Off-pump CABG may cause a narrowing of the coronaries, especially at the anastomotic heel. The

TGHTS

anastomotic technique at the heel may have to be modified to improve its patency.

Key words: Epicardial ultrasound, Coronary graft assessment, LIMA-LAD anastomosis

Patency of the distal graft anastomoses after cor-
onary artery bypass grafting (CABG) especially that
between the left internal mammary artery and the
left anterior descending artery (LIMA-LAD), is the
most important determinant of operative success
and long-term patient survival (1). Off-pump CABG
is becoming an established alternative method for
this anastomosis with the aim of reducing post-
operative complications of the cardiopulmonary
bypass machine, especially the neurological and
somatic ones (2). However, as surgery on the beating
heart is technically demanding, anastomotic errors
are more likely to occur than with on-pump CABG,
possibly as high as 9.9% (2). Hence it is important to
monitor the quality of the anastomosis before the
end of the operation.

Intraoperative monitoring can be done by flow
measurement of the graft or by direct visualisation
of the anastomosis by ultrasound scanning or

angiography. Although transit-time flowmetry is the
most common intraoperative method used, it is not
very sensitive, as blood flow is influenced by
resistance in the peripheral coronary circulation.
Thus it detects a technical failure only if there is
severe stenosis in the graft or anastomosis (4-6).

Even though intraoperative angiography is used
for evaluation of the LIMA-LAD anastomosis, it has
proved non-practicable since it needs fixed equip-
ment that is both expensive and bulky (6); it is also
invasive, Moreover, at 3 months it produced a high
rate of false-negative results compared with follow-
up angiography; hence it has a low predictive value
3).

Intraoperative fluorescence imaging technique is
based on capture, by a charge-coupled device video
camera, of fluorescence of Indocyanine Green (ICG)
when illuminated with near infrared light using laser
energy from the SPY imaging system (Novadaq
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Technologies Inc., Toronto, Canada). It is safe,
simple, rapid and repeatable imaging technique for
intraoperative assessment of coronary grafts. How-
ever, this technique is semiquantitative until now
and can not provide objective measurements and
since it uses laser, it can not visualise a depth of more
that 1-mm. Another disadvantage is poor imaging of
the anastomosis morphology.

Intra-operative epicardial ultrasound using high
frequency ultrasound probe is a new method of
evaluating LIMA-LAD anastomosis. It is considered
very sensitive, non-invasive, not time consuming and
safe (7). Furthermore, comparison between epicar-
dial ultrasound and angiography at 8 months showed
that the ultrasound examination had a positive
prognostic value (8).

A recent study of the heel of the LIMA-LAD
anastomosis, the site of the proximal suturing
showed it to be the place most likely to become
stenosed during surgery (9). In this study we aimed
to evaluate and compare LIMA-LAD anastomoses
in off- vs. on-pump CABG with special reference to
the dimensional relations of the heel and the toe
using intraoperative epicardial ultrasound.

Materials and methods
Off-pump patients

Thirty-eight consecutive patients scheduled for elec-
tive off-pump CABG were included; their clinical
characteristics are shown in Table I. Patients had 1-
or 2- vessel coronary disease and the average number
of distal anastomoses was 1.7440.5 per patient
(range 1-3). All patients received a LIMA graft
anastomosed to the LAD. Nineteen patients received
an additional vein graft; 11 patients received a
saphenous vein graft (SVQG) to the diagonal branch,
seven received a SVG to a right coronary artery, and
one received a SVG to the marginal branch.

On-pump patients

Twelve consecutive patients scheduled for elective
on-pump CABG were included; their clinical char-
acteristics are presented in Table I. Patients had 2- or

Table 1. Patients’ clinical characteristics.

Off-pump 38 patients  On-pump 12 patients

Male/Female 29/9 9/3
CCS class:

I 3 -

I i6 -

111 9 9

v 10 3
Previous MI 5 5
Mean EF 70% 4+ 11 65%+10

3- vessel coronary disease and all received a LIMA
graft anastomosed to the LAD. The average number
of distal anastomoses was 3.6 per patient. Nine
patients received a SVG to the diagonal branch, 11
patients received a SVG to the right coronary artery,
and 11 received a SVG to the marginal branch.

The same surgeon (RH) operated upon all
patients in both groups. The Norwegian Regional
Committee in Medical Research approved the re-
search protocol.

Off-pump LIMA-LAD

After median sternotomy and full heparinization
(3 mg/kg), a pedicled LIMA graft was harvested.
The activated coagulation time was not allowed to
fall below 270 s. The LAD was identified and snared
with 4-0 pledged polypropylene suture (Prolene,
Ethicon, Somerville, NJ) proximal to the coronary
arteriotomy. After 3-5 min of ischemic precondition-
ing, the snare was released and an epicardial
stabiliser (Guidant, Santa Clara, CA, USA) was
applied to immobilise the LLAD site chosen for
grafting and another apical stabiliser (Guidant) was
applied to pull the heart. After arteriotomy an
intracoronary shunt (Guidant) was positioned into
the vessel lumen. The coronary anastomosis was
performed with a continuous 7-0 or 8-0 polypropy-
lene suture (Prolene). The LIMA pedicle was
secured with an epicardial stitch on each side.
Following epicardial ultrasound assessment of the
anastomoses, the action of heparin was reversed with
protamine and the apical stabiliser removed and the
heart was placed back into the epicardial cradle.

On-pump LIMA-LAD

The approach to the heart, LIMA harvesting and
heparinization were the same as in the off-pump
group. The patients were fully heparinized (3 mg/kg)
and the ACT was not allowed below 480 s. Cardi-
opulmonary bypass was instituted by cannulation of
the ascending aorta and the right atrium. After aortic
cross-clamping a crystalloid cardioplegia solution
was infused into the aortic root. The coronary
anastomosis was performed with a continuous 7-0
polypropylene suture (Prolene). The LIMA pedicle
was secured with an epicardial stitch on each side.
Following epicardial ultrasound assessment of the
anastomoses, the patients were weaned from the
heart-lung machine and the operation continued as
usual,

Epicardial ultrasound scanning

After completion of the LIMA-LLAD anastomosis
and with the stabiliser still in place, two-dimensional
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(B-mode) epicardial ultrasound imaging of the
anastomosis was done with an 113L MHz linear
array GE Vingmed transducer connected to a GE
Vingmed System FiVe or a GE Vivid 7 ultrasound
scanner (GE Vingmed, Horten, Norway). This
probe is a linear array mini-transducer (footprint
27.3 x9.6 mm) designed for intraoperative imaging
with frequencies operating at 10-14 MHz. With the
use of gel as conduction medium, the transducer was
applied directly onto the epicardium between the
paddles of the stabiliser. Real time ultrasound
images showing the complete anastomosis as well
as the distal run-off were stored as digital data for
later analysis with the EchoPAC software (GE
Vingmed). The ultrasound imaging and storage of
data were obtained within approximately 510 min
for each patient.

The quality of the anastomosis was rated good
when both the anastomosis and the distal run-off in
the coronary artery could be well visualised. The
images obtained from the anterior-posterior and
transverse planes were used to assess the quality
and patency of the anastomosis. Only the images
presenting the toe and the heel where the intima is
shown clearly were considered because it guaranteed
that the beam was perpendicular to the tissue (10).
The dimensions of D1, D2, D3, DA, and DM were
measured, see Figure 1. The D1/D2, D3/D2, D1/D3
and DM/DA ratios were also calculated to assess the
geometry of the anastomosis. Ideally these ratios
should be as close to 1 as possible, as described in
our previous study (11). The ECG was recorded

Figure 1. Two-dimensional (B-mode) ultrasound image of the
LIMA-LAD anastomosis in longitudinal view. D1: diameter of the
LAD at the toe of the anastomosis. D2: diameter of the LAD 5-10
mm distal to the toe of the anastomosis. D3; diameter of the LAD
at the heel of the anastomosis. DA: length of the anastomosis
proper. DM: diameter of the left mammary artery graft.
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continuously on the monitor together with the
images and was used for defining diastole. In the
on-pump patients, epicardial imaging was done
before termination of cardiopulmonary bypass.

Transit-time flowmetry

Intraoperatively and prior to epicardial ultrasound,
graft flow was controlled with transit-time flowmetry
(Medi-Stim Butterfly Flowmeter, Medi-Stim AS,
Oslo, Norway) with sterile gel as the conduction
medium. In on-pump patients the flow measure-
ments were done after weaning the patient from the
heart-lung machine.

Statistical analysis

Data normally distributed are described as the
arithmetic mean +standard deviation and range.
Paired-samples t-test was used to compare the
dimensions and ratios within the same group while
independent-samples t-test was applied to compare
dimensions and ratios between the two groups. A
p-value <0.05 was considered statistically signifi-
cant. The statistical analysis was carried out using
the SPSS software version 13 (SPSS Inc, Chicago,
Illinois).

Results

No operative mortality and no myocardial infarction
occurred. Images of the LIMA-LAD anastomoses
were rated good in all patients but six in the off-
pump group and all but one in the on-pump group.
In these seven cases the image quality did not allow
measurements of anastomotic dimensions at the heel
position. Thus, a total of 32 off-pump and 11 on-
pump patients were considered for final analysis.
Mean LIMA transit-time flow in the off-pump group
was 29.8+16.9 ml/min with a pulsatility index of
2.2 4+0.4, whereas it was 34.4 +16.2 ml/min with a
pulsatility index of 3.1 +£0.8 in the on-pump group.

Coronary artery and anastomotic dimensions by
off- vs. on-pump technique are presented in Table I1.
In the off-pump group, the dimension of the heel
(D3) was significantly smaller than the toe (D1)
(p =0.004). Both D3 and D1 were smaller than the
reference LAD (D2) (p <0.01). These dimensions
did not differ in the on-pump patients.

The ratios of the anastomotic dimensions by off-
vs. on-pump technique are presented in Table III.
The ratio of the heel to the distal run-off LAD (D3/
D2) was smaller than the ratio between the toe and
the run-off LAD (D1/D2) (p =0.009). When com-
pared in on-pump patients, these ratios were similar.
Further, the D3/D2 ratio was smaller in off-pump
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Table II, Different dimensions (cm) of the LIMA-LAD anastomo-
sis in off- and on-pump CABG patients considered for final
analysis.

Off-pump (cm) On-pump (cm)

n=32 n=11 p
D1 0.15+0.04° 0.1740.03f 0.158
(0.10-0.26) (0.13-0.23)
D2 0.16+0.03" 0.17 £0.048
(0.12-0.26) (0.12-0.24) 0.348
D3 0.144-0.02° 0.1840.05"
(0.10-0.19) (0.11-0.28) 0.007
DM 0.19+0.06° 0.16 +0.03'
(0.12-0.40) (0.12-0.19) 0.009
DA 0.44+0.14° 0.3840.11'
(0.21-1.00) (0.22-0.64) 0.136

(D1: diameter of the LAD at the toe of the anastomosis; D2:
diameter of the LAD 5-10 mm distal to the toe of the anastomosis;
D3: diameter of the LAD at the heel of the anastomosis; DA:
length of the anastomosis proper; Dm: diameter of the mammary
artery graft).

Values {(cm) are presented as mean +standard deviation; values in
brackets represent the range.

d
fvs. Pt s, S Ps. S, Yvs. & p <0.01.
Fus. & fvs. M &ys, ™ NS,

fvs, ' p<0.01.

than in on-pump patients (p =0.01), whereas D1/
D2 were similar in the two groups.

Discussion

Our results show that the coronary artery segment
involved in the anastomosis of the off-pump group
underwent a certain degree of narrowing in compar-
ison to patients operated on-pump. In patients
operated on beating heart, both ends of the anasto-
mosis; the toe (D1) and the heel (D3), had smaller
diameters compared to the distal run-off LAD (D2),

Table III. Ratios of different dimensions of the LIMA-LAD anas-
tomosis in off- and on-pump CABG patients considered for final
analysis.

Off-pump On-pump
N=32 N=11 p
D1/D2 0.94£0.11° 0.98+0.09° 0.23
(0.75-1.17) (0.83-1.11)
D3/D2 0.85+0.16° 1.06 +0,22¢ 0.01
(0.52-1.25) (0.85-1.64)
DM/DA 0.46 £0.15 0.41£0.15 0.79
(0.17 -0.92) (0.04-0.57)

(D1: diameter of the LAD at the toe of the anastomosis; D2:
diameter of the LAD 5-10 mm distal to the toe of the
anastomosis; D3: diameter of the LAD at the heel of the
anastomosis; DA: length of the anastomosis proper; DM: dia-
meter of the mammary artery graft.)

Values are presented as mean +standard deviation; values in
brackets represent the range.

Tvs, P p <0.01, ¢ vs. & NS.

which represent the reference native coronary artery.
This difference was not seen in patients operated
on-pump. Further, the heel (D3) is smaller in off-
pump than in on-pump patients. Thus, is assumed
that this might be related to the beating heart CABG
technique, since the same results were not found in
the on-pump group.

The analysis of the anastomotic dimensions in off-
pump patients showed that the heel of the anasto-
mosis (D3) was the site mostly affected by stenosis
compared to the toe of the anastomosis (DI1).
Moreover, the diameter of the toe was significantly
reduced as well. These results are supported by a
previous study using postoperative quantitative an-
giography at 1445 days for patients operated on-
and off-pump, showing that the diameter of the heel
portion of the CABG anastomosis was significantly
less than that of the toe portion (9). This reduction
in the heel dimension is most likely related to
technical issues. The importance of the toe may be
over-emphasised because it is the anterior exit point
of the anastomosis to the ischaemic myocardium; on
the other hand, the heel represents the posterior
suture line of the anastomosis and is the part that is
more difficult to repair if bleeding occurs. Hence
surgeons may tend to take relatively bigger bites at
the heel site of the anastomosis, so increasing the
stenosis rate.

As far as ratios are concerned, off-pump anasto-
motic ratios were smaller than the on-pump ones. In
particular the D3/D2 ratio in off-pump patients
reached the lowest score indicating the occurrence
of narrowing at D3, whereas all the remaining ratios,
especially those of on-pump patients, were much
closer to the ideal value of 1. We do not know
whether this reduction in the diameter of the heel
has any unfavourable outcome on clinical grounds,
therefore it deserves further long-term evaluation.

In the light of our results, we would suggest that
the surgical technique might need to be modified in
off-pump patients. For coronary artery anastomosis,
the continuous suture technique is generally used
because it is easy to perform, there is less anasto-
motic leakage, and it is quicker than the interrupted
suture technique. However, the purse-string effect
carries a potential risk of anastomotic stenosis, which
does not occur with the interrupted suture technique
(12). When performing the running suture techni-
que one should be very cautious using small bites
both at the toe and heel with the 7-0 or 8-0 tread and
avoid hard pulling which may cause a snaring effect.

An alternative mechanical interrupted suture de-
vice (U-Clip device, Medtronic Inc.) has been
designed presented to eliminate the need for standard
suture management, knot tying, and surgical assis-
tance. Despite the inherent difficulties, a multicenter
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study showed that the use of the U-Clip device
resulted in excellent long-term graft patency and
anastomotic quality as objectively assessed by use of
quantitative, 6-month postoperative angiographic
analysis (13). Whether widespread use is possible,
taking into account the increased cost will depend on
clinical outcome from future studies.

We also found that the diameter of the LIMA graft
(DM) is smaller than that of the anastomosis proper
(DA) in both groups. This might be determined by
the surgeon to create an optimal angle of the
anastomosis; alternatively, it is related to some
spasm in the LIMA graft.

Visualisation of the anastomosis by epicardial
ultrasound imaging was satisfactory and simple.
However, high quality imaging of the heel showing
vessel wall intima clearly was more difficult than
looking at the toe of the anastomosis as seven out of
50 LIMA-LAD anastomoses were excluded to avoid
unreliable measurements.

As explained in a previous report, we chose to
make the measurements in the two-dimensional
(B-mode) imaging modality as this was shown to
be more reliable than colour-Doppler for doing these
measurements (10). We also chose to do the
measurements in the diastolic phase of the cardiac
cycle to standardise the measurements. However, in
a later experimental study, we found that the cardiac
cycle does not affect these measurements (10).

Limitations of the study are the non-randomised
design; nonetheless patients’ clinical characteristics
make the two groups quite homogenous. Further-
more it must be recognised that the study includes
LIMA-LLAD anastomoses in off-pump surgery per-
formed at the early stages of our series with off-
pump CABG and was thus part of our evolving
experience.

Conclusion

Off-pump CABG might have a narrowing effect on
the coronary arteries, especially at the heel position.
The technique of anastomosis at the heel may have
to be modified to improve its patency. However, the
clinical significance of this is still to be explored.
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Blood Flow Imaging: A New Two-Dimensional
Ultrasound Modality for Enhanced Intraoperative
Visualization of Blood Flow Patterns in
Coronary Anastomoses

Lasse Lovstakken, MSc, PhD, Khalid S. Ibrahim, MD, Nicola Vitale, MD, PhD,
Siren Torsvik Henriksen, MSc, Idar Kirkeby-Garstad, MD, PhD, Hans Torp, MSc, PhDD,
and Runc Haaverstad, MDD, PhDD, Trondbeim, Norway

Objectives: The study’s objective was to evaluate a novel two-dimensional ultrasound imaging modality
termed “blood flow imaging” (BFI) for intraoperative assessment of blood flow patterns in coronary
anastomoses. The BFI modality extends color Doppler imaging (CDI) with information on flow direction and
velocity that is not limited by angle dependency or aliasing artifacts.

Methods: Intracperative ultrasound recordings of patent left internal mammary artery-left anterior descend-
ing anastomoses were acquired from an experimental porcine model (N = 9). Three independent observers
randomly evaluated CDI and BFI cineloops with regard to different assessments of flow direction and
velocity. Further, a selection of technical problems that might occur in clinical practice was induced in three
pigs to investigate the resulting flow patterns.

Results: The BFI modality was found to provide an improved visual assessment of blood flow patterns in the
left internal mammary artery-left anterior descending anastomosis compared with CDI.

Conclusion: The modality may therefore increase the certainty and efficiency of flow evaluation for

intraoperative quality control in coronary surgery.

Keywords: Coronary artery bypass grafting surgery, Intraoperative quality control, Colour-doppler

imaging, Blood flow imaging

The long-term survival of patients after coronary artery bypass
grafting is directly related to the patency of distal anastomoses.'
Modern coronary bypass series reported perioperative graft occlu-
sion rates as high as 11%,'? especially for off-pump coronary
artery bypass grafting, which is technically more demanding.? The
construction of a technically perfect anastomosis at the time of
surgery is therefore an important determinant of graft patency.
However, there is currently no standardized method or common
clinical practice regarding intraoperative graft assessment, that is,
angiography, ultrasound imaging, and transit-time flowmetry. Al-
though the latter is the most widely used, it does not provide
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imaging of the anastomosis and may not be reliable unless there is
a severe graft stenosis.

Epicardial imaging with high-frequency ultrasound is a reliable,
simple, and safe method of intraoperative assessment of coronary
grafts and anastomoses.” In previous studies we have reported on the
clinical applications of epicardial B-mode and color Doppler imaging
(CDI).*>* High-frequency B-mode ultrasound satisfactorily visualized
the coronary anastomoses and allowed for measurements of the
anastomosis and grafted coronary artery dimensions.* Moreover, a
comparison between the evaluation of coronary anastomoses by
intraoperative epicardial ultrasound and angiography at 8 months’
follow-up demonstrated that the former had a positive prognostic
value

Imaging of blood flow patterns in the anastomosis after com-
pletion provides an important source of information regarding
graft patency. In previous studies, color Doppler ultrasound meth-
ods have been used to map the blood flow within the anastomo-
ses.>” However, these Doppler-based methods are only able to
visualize the flow velocity component parallel to the ultrasound
beam and are further limited by a maximum measurable velocity
before aliasing phenomena occur,” which frequently obscure the
color Doppler information. The angle dependency of CDI was
studied in the context of anastomosis flow by Vera et al,® who
through computer simulations reported how a more accurate and
accessible image of flow conditions in an anastomosis could be

969
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obtained by the portrayal-of thetwo=dimenstonal-directions—of—

flow.

A new real-time ultrasound flow imaging modality termed “blood
flow imaging” (BFI) has recently been introduced. With BFI the blood
flow in any direction of the image plane can be visualized without
velocity aliasing limitations.® Further, by combining this new
technique with conventional color Doppler measurements, the
best properties of both modalities may be used. With this in mind,
the aim of the present study was to evaluate the application of BF
versus CDI for assessment of blood flow patterns of the left
internal mammary artery-left anterior descending (LIMA-LAD)
anastomosis in a pig model.

MATERIALS AND METHODS

A total of nine pigs (weight 60-85 kg) underwent grafting of the LAD
with LIMA under general anaesthesia. Seven pigs underwent opera-
tion via off-pump, whereas two pigs had LIMA grafting on cardiopul-
monary bypass. All operations were carried out by the same surgeon
(R.H). The animals received good care in accordance with the
European convention on animal care and the Norwegian national
regulations, and the Norwegian Fthics Committee on animal research
approved the protocol.

Anesthesia and Operative Technique

All pigs were premedicated with intramuscular azaperone 6 mg -
kg™' and diazepam 0.15 mg - kg™ '. Anaesthesia was induced with
intravenous atropine 0.15 mg - kg™ ', ketamine 7 mg - kg™ ', and
thiopentone 3 mg - kg™ '. Maintenance infusions were fentanyl 63 ug
kg™ min~" and midazolam 0.6 mg- kg™" - min~ ' combined with
isoflurane 1% in a 1.2 mixture of oxygen and air. The pigs were
artificially ventilated through a tracheotomy tube.

Off-pump LIMA-LAD. After median sternotomy and full hepa-
rinization (3 mg - kg™ "), the LIMA was harvested with its pedicle and
prepared. The LAD was identified and snared with 4-0 pledgeted
polypropylene suture (Prolene, Ethicon, Somerville, NJj) proximal to
the coronary arteriotomy. After 3 to 5 minutes of ischemic precon-
ditioning, the snare was released and an Axius Xpose Access Device
and Axius Vacuum Stabilizer (Guidant, Santa Clara, CA) were ap-
plied to pull the heart and immobilize the LAD site chosen for
grafting. After arteriotomy, an Axius coronary shunt (Guidant) was
placed into the vessel lumen. The coronary anastomosis was per-
formed with a continuous 7-0 polypropylene suture (Prolene) with
the aim of creating patent anastomoses without technical failures. The
snare was applied again to the proximal LAD for the measurement of
transit-time LIMA flow using a Medi-Stim Butterfly flowmeter (Medi-
Stim ASA, Oslo, Norway).

On-pump LIMA-LAD. The approach to the heart and LIMA har-
vesting and heparinization were as in the off-pump group. Cardio-
pulmonary bypass was instituted by cannulation of the left axillary
artery and the right atrium. After aortic crossclamping, crystalloid
cardioplegia was infused into the aortic root. The coronary anasto-
mosis was performed with a continuous 7-0 polypropylene suture
(Prolene) with the intention to create a patent anastomosis without
technical failures. The two pigs were easily weaned from cardiopul-
monary bypass without inotropic support so that LIMA-LAD scan-
ning could be carried out. The snare was applied again to the
proximal LAD for the measurement of transit-time LIMA flow using
the Medi-Stim Butterfly flowmeter.
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**** Ultrasound-assessment-of-the-LIMA-LAD-anastomosis. In all

nine pigs, epicardial ultrasound assessment of the anastomosis was
carried out with the LAD snared proximally from the anastomotic
site, with the intention to simulate the standard condition of a graft
anastomosis placed distal to a significant stenosis. Furthermore, in
three pigs, after assessment of the standard condition, an untoward
situation that might occur in clinical practice was experimentally
created in each pig, referred to as special cases 1, 2, and 3:

. In one pig the LAD was unsnared mimicking an anastomosis constructed
distal to a nonsignificant stenosis.
2. By placing an extra deep stitch at the toe of the anastomosis, a failed
stenotic anastomosis occurred in the second pig.
3. The LAD was snared distally to the anastomotic site in the third pig to
reproduce an anastomosis placed proximally to a significant stenosis.

At the end of the procedure, the apical stabilizer was removed and
the heart was placed back into the pericardial cradle.

Ultrasound Image Acquisition

The epicardial ultrasound images of the LIMA-LAD anastomoses
were acquired using a Vivid 7 ultrasound scanner (GE Vingmed,
Horten, Norway) equipped with an i13L linear array probe (GE
Healthcare, Waukesha, WI) operating at frequencies of 7 to 14 MHz.
The Axius Vacuum Stabilizer (Guidant, Santa Clara, CA) was used
during epicardial imaging of the anastomosis in both off- and on-
pump cases, the latter after weaning from bypass circulation. The
epicardial imaging procedure (left) and a representative B-mode
image (right) are shown in Figure 1.

For each B-mode recording, color Doppler and BFl data were
stored. Cineloops using the two flow imaging modalities being
evaluated were generated off-line from the same data recording,
which allowed fair comparisons.

Blood Flow Imaging

BFl is a realtime ultrasound flow imaging modality that is able to
visualize the blood flow in any direction of a two-dimensional image
plane and that is not limited by velocity aliasing. The method thereby
overcomes two fundamental limitations of CDI that often obscure
the Doppler velocity information.

The visualization of blood flow in BFl is based on the enhancement
and visualization of the ultrasound speckle pattern from blood signal
echoes. This speckle pattern is present inside the vessel lumens but is
normally not visible because of the weaker echoes from blood
compared with the surrounding tissue structures. In BF, the blood
scatterer speckle pattern is produced by wall filtering as used in CD!
to attenuate signal from tissue.

Movement of the blood speckle pattern between image acquisi-
tions correlates to the movement of blood scatterers and can be
captured by imaging with a high frame rate. In BFI this frame rate is
achieved by using beam interleaving techniques in which smaller
regions of the image are acquired separately, a technique that is also
used in CDI to maximize the overall frame rate for a given user-
chosen pulse repetition frequency. The frame rate of each image
region acquired then equals the user-chosen pulse repetition fre-
quency, typically 1000 to 2500 Hz in our recordings. One complete
image frame is built by merging several contiguous image regions
acquired subsequently in time.

After image acquisition, N speckle images are available for each
image region (six in our recordings). These N speckle images are
displayed simultaneously for all regions over the time it takes to
acquire the next complete frame of data. The speckle images are
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B-mode imaging of a LIMA-LAD anastomosis
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Figure 1 Left: Epicardi

Proximal
LAD

al ultrasound imaging. A stabilized area around the LIMA-LAD anastomosis is imaged using a Vivid7

ultrasound scanner (GE Vingmed Ultrasound, Horten, Norway) and high-frequency i13L linear array (GE Healthcare, Waukesha, WI).
Right: B-mode image of the LIMA to LAD coronary anastomosis as obtained in the study. Diameter measurements indicated were
used to determine the quality of the anastomosis. LIMA, Left internal mammary artery; LAD, left anterior descending.

thereby displayed in slow motion, which allows the human eye to track
the speckle pattern movement in the image plane in real-time. To look
at the detailed blood movement, the display frame rate can be slowed
down in replay cineloops as in CDI for in-depth investigations.

The data acquisition in BFI is similar to that used for CDI, and the
two techniques have been combined to include both quantitative
color Doppler images and the qualitative angle- and aliasing-indepen-
dent speckle visualization. As several speckle images are produced for
each color Doppler image, the imaging frame rate of the speckle
information is substantially higher compared with the Doppler infor-
mation given in CDI (sixfold in our recordings).

The BFI technique shares similarities with the more established
B-Flow modality'® in that both modalities display speckle images of
blood. However, the image acquisition scheme and display are
significantly different. The frame rate required for the acquisition and
display of the blood speckle movement is not provided in the B-Flow
modality.

Ultrasound Image Analysis

The ultrasound images were rated good when the LIMA-LAD
anastomosis and the proximal LAD and distal run-off could be well
visualized by the B-mode and CDI mode in the longitudinal plane. An
example of the B-mode image quality obtained is shown in Figure 1,
where dimensions used to validate the quality of the anastomosis are
also indicated.” The anastomosis was considered technically satisfac-
tory if the following measurements could be decided: the length of
the anastomosis proper (D,), diameters of the LAD at the toe of the
anastomosis (D,), and 5 to 10 mm distally to the anastomosis (D,).
D, was defined as the reference diameter and a ratio D,/D, was
calculated; a D,/D, value around | indicates a patent anastomosis
without any stenosis at the toe.”

To compare the qualitative differences of BFI and CDI cineloops,
both modalities were assessed by three independent observers, all
familiar with CDI and the concept of BFI. Cineloops using CDI and
BFl from the nine experiments with standard condition were pre-
sented to the observers in random order, and different aspects related
to flow direction and velocity dynamics were evaluated for both
modalities. The following questions were asked:

Question 1: Based on the flow information presented, to what
degree of certainty can you assess the direction of flow:

a) from the LIMA to the distal part of the LAD?

b) from the LIMA to the proximal part of the LAD?

Question 2: Based on the flow information presented, to what
degree of certainty can you assess competitive flow in the anastomosis?

Question 3: Based on the flow information presented, to what
degree of certainty are you able to assess flow pulsatility?

Question 4: Based on the flow information presented, to what
degree are you influenced by velocity aliasing in assessing:

a) flow direction?

b) flow velocity?

To quantify the visual evaluation of the observers a visual analogue
scale was used, where each observer evaluation was rated between O
and 100, and a value of 100 equaled the best score. For question 4a
and b regarding the influence of velocity aliasing, the scale was
reversed so that the method least influenced by aliasing was given a
higher score.

Statistical Analysis

The general null hypothesis for the different observer evaluations was
that there was no difference between CDI and BFI for the assessment
of flow in the anastomosis. Statistical analysis was performed using
the exact Wilcoxon signed-rank test for paired measurements. The
outcome of the evaluations was displayed in dot-plots. The statistical
analysis and plotting were performed using the numeric MATLAB
software with the statistical toolbox (The MathWorks, Natick, Mass).

RESULTS

Because the BFI modality is best appreciated through cineloops, we
encourage the reader to download example movie clips from the jour-
nal online service (http://journals.elsevierhealth.com/periodicals/ymje/
home) where BFl and CDI cineloops are presented side by side (Videos
| to 4) (Supplementary content).
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Blood Flow Imaging

Angle-dependency

-3 Color-Doppler artifacts
+ = = 3 Angle independent BFI flow visualization

Figure 2 Standard imaging case of a technically perfect and
fully patent LIMA-LAD anastomosis imaged with BFI. The
artifacts in the color image related to angle dependency and
velocity aliasing (solid arrows). The direction of the flow as
observed by BFI (dashed arrows). LIMA, Left internal mammary
artery; LAD, left anterior descending; BF/, blood flow imaging.
Y2 View video clip online.

Quality of the Ultrasound Images and LIMA-LAD
Anastomoses

In all cases, reliable ultrasound B-mode and Doppler images could be
obtained of the LIMA-LAD anastomosis. Less than one minute was
used by a trained surgeon to acquire useful images, whereas good-
quality images for post-processing were acquired within approxima-
tively 3 minutes.

All nine anastomoses were rated good and patent by B-mode
ultrasound measurements as described above. Mean transit-time flow
of LIMA grafts was 34.7 = 4.2 mL/min, at a mean arterial blood
pressure of 76 * 6.3 mm Hg. The mean measurements of these
anastomoses were as follows: Dy = 3.4 =03 mm; D, = 2.1 = 0.2
mm; D, = 2.4 + 0.4 mm. The D,/D, ratio was 0.89 = 0.17 mm,
indicating patent anastomoses and without any significant narrowing
at the toe.

In special case number 2, the mean measurements of this pur-
posely failed anastomosis were as follows: D, = 2.2 mm; D, = 1.1
mm; D, = 2.1 mm. The D,/D, ratio was 0.52, indicating a stenosis
at the anastomotic toe.

Comparisons of Ultrasound Modalities

In Figure 2 and Video 1, a BFI image of the standard case with a
technically perfect and patent anastomosis is shown. In this case, a
significant occlusion is induced proximally in the LAD by snaring.
Artifacts in the color Doppler image information for this example,
relating to the limitations of angle dependency and velocity aliasing,
are indicated by solid arrows, and the dashed arrows indicate the
movement of the speckle pattern as observed by BFI.

The results of the evaluations made by the three observers are
presented in Figure 3. The corresponding P values as calculated using
the Wilcoxon signed-rank test are given for each observer evaluation.
A difference in favor of BFI can be observed with regard to median
visual analogue scale scores. A nonsignificant result was found only
for observer 2 in the assessment of flow from the LIMA graft directed
into the distal LAD.
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Figure 3 Dot plots presenting the visual analogue scores of the
three observers when evaluating BF| versus CDI for the assess-
ment of flow in the standard case (technically patent) LIMA-LAD
anastomosis (N = 9). The corresponding Wilcoxon signed-rank
test P values for each individual observer are shown for each

evaluation. LAD, Left anterior descending; CDI, color Doppler
imaging; BFI, blood flow imaging.
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Special Cases

Case 1. The image of an anastomosis without proximal snaring of the
LAD using BFl is shown in Figure 4 and Video 2. Complex flow patterns
resulting from this competition were observed within the anastomosis.

Case 2. The image of a stenosed anastomosis using BFI is shown in
Figure 5 and Video 3. In the systolic phase of the cardiac cycle, an
increased flow rate was observed passing through the LIMA proxi-
mally into the LAD, caused by the increased resistance of the stenosis
(pre-stenotic flow patterns). In the diastolic phase of the cardiac cycle,
jet-like post-stenotic flow patterns were observed, as well as the
formation of turbulence and small eddies distal to the stenosis.

Case 3. The image of a distally snared anastomosis using BFI is
shown in Figure 6 and Video 4. A substantial increased flow rate from
the LIMA directed proximally into the LAD was observed.

DISCUSSION

With the exception of coronary artery bypass surgery, virtually all
other interventions on the heart, including heart valve surgery and
coronary stenting, are usually accompanied by diagnostic imaging on
completion to ensure a satisfactory result. There is currently no
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BFI - Unshared LIMA-LAD anastomosis

-0.08

Figure 4 BF| image of the LIMA-LAD anastomosis with the LAD unsnared. Because no significant stenosis exists either proximally
or distally in the LAD, competitive downstream flow could be observed (dashed arrows). LIMA, Left internal mammary artery; LAD,
left anterior descending. = View video clip online.

BFI - Stenotic LIMA-LAD anastomosis
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Figure 5 Stenosed LIMA-LAD anastomosis imaged with BFI. In the diastolic phase of the cardiac cycle (as shown here), jet flow
through the stenosis in the toe of the anastomosis and flow turbulence and eddies distally to the anastomosis could be observed
(post-stenotic flow patterns). In systole, an increased flow rate could be seen proximally into the LAD that can be attributed to the
increased flow resistance because of the stenosis (pre-stenotic flow patterns). BF/, blood flow imaging; LIMA, left internal mammary
artery; LAD, left anterior descending. View video clip online.

standard imaging method for intraoperative assessment in coronary and color Doppler flow imaging has been used to provide reliable
surgery. information for the evaluation of the anastomosis geometry through-

Intraoperative ultrasound has shown potential for clinical use in out the complete cardiac cycle.'" In addition to the evaluation of the
coronary artery bypass surgery,®> and both B-mode tissue imaging anastomosis geometry, the evaluation of flow patterns inside the
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Vv
BFI - Distally snared LIMA-LAD anastomosis

Figure 6 BFIimage of the LIMA-LAD anastomosis with a distal snare on the LAD. Because of the distal occlusion, an increased flow
rate from the LIMA directed proximally into the LAD could be observed (dashed arrows). BFI, Blood flow imaging; LIMA, left internal
mammary artery; LAD, left anterior descending. View video clip online.

anastomosis is important. ldeally, when the anastomosis is correctly
placed distal to a significant stenosis, the blood should run smoothly
from the graft through the anastomosis and into both the distal and
proximal segments of the coronary vessel, providing adequate blood
supply to the ischemic myocardium. The small dimensions of the
vessels involved (1-2 mm) coupled with the dynamic changes in the
cardiac cycle increase the complexity of the flow fields, which
requires both a high spatial resolution and a high frame rate for
adequate imaging.

An epicardial stabilizer is usually used for performing the distal
anastomosis off-pump. Subsequently the imaging is performed with
the same stabilizer in place. An apical stabilizer is also recommended
during imaging if the bypass operation is performed with the use of a
heart-lung machine, but imaging can also be performed without an
apical stabilizer by manually stabilizing the heart before weaning off
the heart-lung machine.

Generally, the time required to obtain reliable images were within
| minute, whereas for recording good-quality images, 2 to 3 minutes
might be needed. It is easy to train a surgeon to obtain good images,
and it does not require much knowledge in ultrasound. However, a
technician, an anesthetist, or a cardiologist is needed outside the
sterile field to handle the ultrasound unit.

In this study we compared CDI with the BFI modality, which in
addition to Doppler images, provides a qualitative visualization of the
movement of blood that is not affected by angle dependencies or
velocity aliasing. For intraoperative assessment, one can argue that the
use of the information presented in the color images is mainly
qualitative, that is, to get an impression of overall flow patterns in the
anastomosis. In this respect, the BFI modality may provide a more
intuitive and detailed image of flow with less demand on interpreta-
tion. This was supported by the independent observer evaluations of
different aspects related to imaging of flow direction and velocity
dynamics. The new modality more adequately portrayed the com-

plex flow in the anastomosis and may therefore increase the certainty
and efficiency of flow assessment in the operating room.

The evaluation of flow direction in the anastomosis is important to
validate satisfactory blood flow from the graft to the ischemic areas of
the myocardium. A near perpendicular angle and the tortuous nature
of the coronary artery versus the ultrasound beam may lead to
unreliable Doppler measurements and an image that is prone to
different interpretations because of angle dependencies. Specifically,
the detailed flow path around the anastomotic toe and heel are
considered hard to evaluate on the basis of color Doppler images.”

We asked the observers to evaluate the modalities with respect to
imaging of flow directed from the LIMA distally and proximally into
the LAD, and with respect to competitive flow in the anastomosis. As
evident from Figure 5, the BFI modality was generally rated higher
than CDI with regard to these aspects. All results were statistically
significant, with the exception of one observation in the evaluation of
distal flow direction.

Ultrasound assessment of changes in blood flow velocity, turbu-
lence, and flow pulsatility is important to detect stenoses and abnor-
mal changes in flow resistance. Pulsatility measurements have been
used for the evaluation of flow conditions.'? Although the speckle
visualization technique provided by BFI is not based on quantified
blood velocities, relative velocities in different parts of an image and
throughout the cardiac cycle are well visualized. In fact, all observers
rated BFIl as superior in the assessment of flow pulsatility, which
indicates that the speckle movement in BFI provides a display with a
higher dynamic range of velocities. This may have potential benefits
when assessing highly dynamic flow as seen in the coronary arteries.

Because of the high dynamics of the flow through the anastomosis,
aliasing artifacts obscured the Doppler information in all clips at some
stages of the cardiac cycle. Different pulse-repetition frequencies
were used in the image recordings as presented to the observers, and
the Doppler velocity range and amount of aliasing present in the
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images therefore varied. Because the color images were identical for
both CDl and BFl in the clips generated offline, an equal amount of
aliasing was present for both modalities. When asked how influenced
they were with aliasing when assessing flow direction and velocity,
the observers were consistently less influenced when the BFI speckle
movement was included. This advantage of BFl may reduce the need
to adapt the velocity scale during intraoperative evaluation of flow in
the coronary arteries and anastomoses,

In ultrasound imaging, the demands of frame rate often compromise
the image quality. This becomes particularly relevant when imaging the
coronary arteries because of their small dimensions and the high flow
dynamics. In our BFI application, six speckle images were generated for
each color image. This six-fold increase in frame rate provided more
information of the flow in the LIMA-LAD anastomosis, and an increase
in spatial resolution was also confirmed applicable while retaining a
sufficiently smooth display of flow information.

The results from the observer evaluation of flow conditions in the
standard cases are expected also to be applicable clinically, The
properties of BFl were further examined in three special cases in
which realistic abnormalities had been induced, so that the observer
evaluations can be put into perspective of what might happen in a
clinical setting. When the LAD is left unsnared, flow from the
proximal part of the LAD can be observed mixing with the LIMA
flow in the anastomosis. Such competitive flow patterns might be an
indication of placement of the graft below a nonsignificant stenosis. In
the stenosed case, an increased flow into the proximal LAD in the
systole and an accelerated stenotic flow in the diastole were clearly
visualized. Further, in the post-stenotic flow, jet-like flow qualities and
flow turbulence could be observed. For the distally snared anastomo-
sis, the directional flow information provided by BFI clearly visualized
an increased amount of blood moving from the LIMA proximally
into the LAD.

STUDY LIMITATIONS

Because no gold standard is available to provide a reference regarding
flow conditions, the evaluations were based on expert opinions, and
the results must be viewed in light of this. Although all observers were
experts in interpreting color flow images, they had different profes-
sional backgrounds that may have influenced the results. In this study
only LAD anastomoses were investigated. For other less-accessible
coronary arteries, a sufficient image quality for the evaluation of
anastomosis patency may be more difficult to obtain. This aspect
should be further investigated.

CONCLUSIONS

The BFI modality offers new information about flow conditions in the
LIMA-LAD anastomosis not readily available using CDI. Because BFI
is not limited by angle dependencies, a more intuitive and instant
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appreciation of flow conditions can be obtained in the operating
room. As conventional Doppler information is also present, the BFI
modality may replace CDI in the evaluation of anastomosis flow in
the future. The BFl modality may also have potential for improved
imaging of flow in other areas of cardiac surgery, for example, in valve
surgery and aortic dissection. Further investigations should be per-
formed to establish this potential.
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Abstract

Aims: Intra-operative grading of atheromatous plaques in the ascending aorta by epiaortic ultrasound (EAU) and transesophageal
echocardiography (TEE) in patients who have undergone CABG.
Methods and results: Sixty patients scheduled for elective CABG were prospectively enrolled to undergo intra-operative TEE and EAU
ultrasound scanning of the ascending aorta. The ascending aorta was divided into three sections; proximal, middle and distal, and four
segments; anterior, posterior, medial and lateral. Degree of atherosclerosis was graded according to a modified Montgomery scale.
Epiaortic ultrasound was unable to provide images for a reliable assessment in 56 areas (7.7%; 56/720) vs 322 non-visualized areas by
TEE (44.7%; 298/720) ( p<0.01). Out of 563 areas that scored >2, EAU visualized 379/720 areas (52.6%), whereas TEE visualized 184/720
areas (25.5%) (p<0.01). EAU mean scores were significantly higher for the mid (p=0.0001) and distal (p=0.05) sections and for the
posterior segment (p<0.01) vs TEE. TEE had a higher mean score than EAU in the anterior segment. When all EAU areas were grouped the
posterior segment reached a significantly higher mean score (p<0.01), and the anterior segment was the second mostly diseased.
Conclusions: EAU is the intra-operative investigation of choice because it allowed a detailed grading of atheromatous lesions over the entire
length of the ascending aorta. Accurate grading by TEE was restricted only to those areas that could be sufficiently visualized. TEE has a
reduced power of investigation that limits its use, especially in the distal ascending aorta, a site of great surgical manipulation.
© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Epiaortic ultrasound; Aortic atheroma; Transesophageal echocardiography

1. Introduction

Coronary artery bypass grafting (CABG) surgery is the
cardiac operation most frequently performed worldwide
because of its excellent results in the long-term. Unfortunately
there are some post-operative complications among which
cerebral ischemia is the most frequent [1]. Cerebral ischemia is
abroad definition of all the neurological complications, ranging
from neurocognitive disorders to stroke, that may occur in the
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early postoperative time. The rate of neurocognitive disorder is
estimated between 0.4 and 60% of patients, according to the
definition and methods applied for its diagnosis [1]. Stroke has
arate of occurrence up to 9% [2-7], and it is considered one of
the most serious complications after coronary surgery.
Cerebral ischemia is believed to be mostly due to intra-
operative embolisation of atheromatous plaques from the
ascending aorta {8—10]. Manipulation of the ascending aorta is
required for cannulation, cross-clamping and suturing of
proximal anastomoses. Pre- or intra-operative diagnosis of the
atheromatous aorta may decrease the incidence of cerebral
complications [5]. In one study, the use of intra-operative EAU
aided changing the planned surgical strategy in 28% of the
patients: 24% were converted from on-pump CABG to
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Fig. 1. Transverse and longitudinal partition of the ascending aorta into three
sections (proximal, middle, distal) and four segments (anterior, posterior,
lateral, medial) for purposes of the ultrasound analysis.

OPCAB, and it influenced the choice of the aortic cannulation,
cross-clamping, and proximal anastomosis site in 4% of the
patients [11], while in another study TEE aided major and
minor changes in 26% of patients who underwent off-pump
CABG [12]. Scanning of the ascending aorta can be carried out
by means of computed tomography (CT) or magnetic res-
onance (MRI) scans, by trans-esophageal echocardiography
(TEE) and more recently by epiaortic ultrasound (EAU).
Computer tomography scan has been demonstrated to be
less sensitive than EAU in detecting atheromatous plaques in
the ascending aorta [13], whereas MRI is considered to have
the same degree of sensitivity as TEE [14]. Unfortunately MRI

AW[

Ath. Gr 4

has several disadvantages that reduce its application, as being
expensive and it is contraindicated in patients with claustro-
phobia. At the present time TEE and EAU are the techniques of
choice for intra-operative detection of atheromatous plaques in
the ascending aorta [15,16]. According to these studies EAU
provided better visualization of the distal portion of the
ascending aorta, whereas TEE showed better images of the
proximal part of the aorta. Nonetheless, none of the techniques
have been tested so far with regard to precise grading of aortic
atheroma and detailed direct comparisons have not been
reported. Most studies have simply assessed the presence or
absence of atheroma with or without calcifications [4—6].
The purpose of the present study was to improve the intra-
operative grading and assessment of atheromatous plaques in
the ascending aorta by means of EAU and TEE in patients
undergoing CABG, with the aim to ascertain which of the two
modalities are more reliable for routine intra-operative use.

2. Materials and methods

A total of 60 patients scheduled for elective CABG were
prospectively enrolled at the two cardiac centers participating
in the study from 1998 to 2005. The patients were predom-
inantly males (46; 76.6%) with a mean age 0f69.64:10.4 years,
Four patients had a history of a cerebro-vascular accident
(6.6%) and one patient had a carotid artery stenosis (1.6%).
The patients were chosen on the basis of availability of both
equipment and trained personnel on the day of surgery. Each
patient undetwent TEE and EAU of the ascending aorta. The
study protocol was approved by the Regional Medical Ethics
Committee on Human Research at the two institutions.

3. Ultrasound methods
3.1. Transesophageal echocardiography
After induction of general anesthesia, TEE was carried out

by a 5-MHz biplane TEE transducer (GE Vingmed, Horten,
Norway) connected to a GE Vingmed System FiVe or GE

Ath.Gr 4

PW

Fig. 2. Epiaortic ultrasound scanning of the middle section of the ascending aorta: cross- (A) and longitudinal section views (B). In both views the grade 4
atheroma lesion of the aorta anterior wall is clearly visible. Ath gr 4 = atheroma grade 4; AW = anterior wall; PW = posterior wall; RPA = right pulmonary artery.
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Table |
Number of areas sufficiently visualized for reliable assessment by EAU and
TEE (McNemar’s test)

Distal Middle Proximal

EAU TEE p EAU TEE p EAU TEE p
Anterior 55 2 0.0001 55 58 0375 56 59 0375
n=60
Lateral 55 2 0.0001 S5 19 0.0001 S6 58 0.688
n=60
Medial 55 2 0.0001 55 200 0.0001 56 58 0.688
n=60
Posterior 55 2 0.0001 55 58 0375 56 58 0.688
n=60
Total 220 10 220 154 224 233

Vivid 7 (GE Vingmed, Horten, Norway). The TEE was per-
formed by a cardiologist with experience in evaluation of the
thoracic aorta with the aim to optimize images of the ascending
aorta in both transverse and longitudinal view planes.

3.2. Eplaortic ultrasound

After median sternotomy and harvesting of the left internal
mammary artery (LIMA), the ascending aorta from the aortic
root to the origin of the brachio-cephalic artery was scanned
directly by the surgeon using a GE Vingmed 18.5L probe
connected to a GE Vingmed Vivid 7 ultrasound scanner (GE
Vingmed, Horten, Norway). The probe is a linear array
transducer designed for intra-operative epiaortic imaging
with frequencies of 8.5 MHz. It has a foot-print dimension of
43 mmx 17 mm. A finger of a surgical glove filled with sterile
saline solution was used as ultrasound medium between the
aortic wall and the probe. The distance between the probe and
the anterior aortic wall was around 2 cm.

EAU and TEE images from longitudinal and transverse
view planes were obtained and recorded on 0.5-in S-VHS
videotapes for subsequent off-line evaluation.

3.3. Ultrasound analysis

For the purpose of analysis, as adopted in a previous study
[17], the ascending aorta was divided into three sections: the

Table 2

proximal section was from the aortic annulus to right below
the tract of the aorta overlapping the right pulmonary artery,
the middle section was considered as the segment of the
ascending aorta overlapping the right pulmonary artery, and
the distal section was defined from the upper limit of the
middle section to the origin of the brachiocephalic artery.
The whole circumference of the aorta was divided into four
segments: anterior, posterior, medial and lateral; see Fig. 1.
Thus the ultrasound scanning of each ascending aorta
comprised 12 areas (3 sections x4 segments), for a total of
720 units (60 patients x 12 areas) at the end of the study.

The degree of atherosclerosis was graded according to the
morphology of atheromatous plaques by the Montgomery scale
modified with the aim to detail aortic lesions [7]. The scale was
as follows: grade l=normal; grade 2=intimal thickening;
grade 3=atheroma<4 mm; grade 4=atheroma>4 mm;
grade 5= any mobile (a) or ulcerated atheroma (b). Thickening
was considered as a smooth non-protruding lesion of the intima
lining the entire lumen of the aorta. Atheroma was a localized
lesion protruding into the lumen.

The images were reviewed by a cardiac surgeon and two
cardiologists; the consensus within the three assessors was
reached for each area detected.

Intra-operatively the surgeon adjusted his surgical
technique (e.g. site of insertion of the aortic cannula, cross-
clamp and placement of vein grafts) if information gathered
from the ultrasound investigations indicated atheromatous
aortic areas.

3.4. Statistical analysis

Results were presented as mean Montgomery grade:+
standard deviation (SD) for each area and method separately.
The statistical significance of the observed difference in
visualization between TEE and EAU for each single area was
calculated from the McNemar’s test for paired samples. The
arcas with comparable visualization were further studied to
assess statistically the difference in detection and grading of
atherosclerosis between the two methods. The identification
of a normal or an atherosclerotic intima (Montgomery >2
score) was compared using the McNemar’s test, and the
difference in Montgomery grading between TEE and EAU

Survey of areas scoring a Montgomery grade > 2; areas sufficiently visualized by both EAU and TEE or by one method only (McNemar’s test)

Area Total number of areas with Number of areas identified Likelihood of random
Montgomery grade >2 by one method only distribution
N EAU TEE EAU TEE Pl

Proximal
Anterior 55 34 46 3 14 0.004
Lateral 54 25 18 14 5 0.167
Medial 54 28 21 13 6 0.167
Posterior 54 45 33 14 2 0.004

Middle
Anterior 54 30 20 18 8 0.078
Posterior 54 42 18 26 2 0.0001
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Table 3
Comparison of severity grading in areas sufficiently visualized by both EAU and TEE (paired comparison: Wilcoxon’s test)
Area Pts EAU TEE EAU vs TEE
Montgomery grade Montgomery grade EAU>TEE EAU<TEE EAU=TEE
! 2 3 4 5 1 2 3 4 5
n n n n n n n n n n n n n n P
Proxima}
Anterior 55 21 28 3 3 0 9 31 12 3 0 5 20 30 0.004
Lateral 54 29 23 1 | 0 36 17 1 0 0 13 6 35 0.175
Medial 54 26 25 2 l 0 33 19 1 1 0 14 7 33 0.088
Posterior 54 9 37 5 3 0 21 27 5 1 0 19 7 28 0.020
Middle
Anterior 54 24 26 1 3 0 34 20 0 0 0 22 8 24 0.006
Posterior 54 12 35 3 4 0 36 18 0 0 0 31 21 0.0001
Total 14 15 19 5 104 50

was analyzed by Wilcoxon’s matched pairs signed rank sum
test. A p value<0.05 was considered significant. The an-
alysis was carried out using the SPSS software version 14
(SPSS Inc., Chicago, Illinois).

4. Results

There was no operative mortality or myocardial infarction
in any patient. Patients received a mean of 3.7+ 1.1 distal and
1.9£0.8 proximal anastomosis/patient. In one patient the
procedure had to be converted to on-pump beating heart
CABG to avoid cross-clamping because of grade 4 aortic
atheroma, see Fig. 2. One patient developed left hemiparesis
on post-operative day | despite having only a grade 2 aortic
atherosclerosis.

The number of units that were sufficiently visualized for a
reliable assessment by EAU was 664/720 (92%) vs TEE 398/
720 (55.3%) (p<0.01). In detail, the aortic areas visnalized
by EAU were equally distributed over the three sections and
four segments, whereas most of the areas not visualized by
TEE were in the distal and middle part of the ascending aorta
(see Table 1).

In those areas sufficiently visualized by both EAU and
TEE, the overall number of areas recognized with a Mont-
gomery grade >2 by only one of the two methods was: EAU
88/334 (26%) vs TEE 37/349 (11%), see Table 2. In detail,
TEE was more sensitive in detecting atheroma in the anterior
areas of the proximal segment of aorta only, showing few areas
in the middle and almost no atheroma in the distal ascending
aorta. In comparison, EAU detected almost similar numbers of
diseased areas in all locations.

Table 4
Comparison of total number of units in the ascending aorta with a modified
Montgomery score >2 as assessed by EAU vs TEE scanning

Total units investigated EAU TEE
Grade 2 720 314 149
Grade 3 720 31 25
Grade 4 720 25 5
Grade 5 720 2 0

With regard to the severity of atheroma graded by the
modified Montgomery criteria in areas sufficiently visual-
ized by both methods (Table 3), TEE scored higher only in
the proximal anterior area while EAU scored higher in all
others although to a variable statistical power.

Taking all the sections of the ascending aorta together,
EAU was superior in tracing atheromatous areas than TEE.
Epiaortic ultrasound detected a far higher number of grade 4
atheromas than TEE; 25 vs 5, respectively. In addition the
two atheromatous areas graded 5 were detected by EAU only
(see Table 4).

The Bland—Altman test of agreement reflected the
mismatch between lesion scores using the two ultrasound
scanning techniques. These data suggest that the extent and
degree of atheromatous lesions in the ascending aorta may be
underestimated by TEE (Fig. 3).

The mean severity of atheroma in all the twelve areas of
the ascending aorta scanned by EAU is illustrated in Fig. 4.
The posterior section was the most atheromatous along the
whole length of the ascending aorta, this feature reaching
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Fig. 3. Bland—Altman plot of atheromatous lesion scores by EAU vs TEE.
Transesophageal echocardiography underestimates the extent and degree of
lesions in the ascending aorta.
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Hsan Levion Score

ANT LAT MED POS R
ms 178 £ 0.83 147 £0.66 147 £0.79 195 0.65 <0.0001
MED 1694077 L.56+0.76 1564071 198076 0.008
PROX  1.77+079 1.52%0.63 159065 207 0.74 <0.0001
p 0.82 0.86 041 0.72

Fig. 4. Overall grading of atheromatous lesions in the ascending aorta by
EAU mean scores. The cross-matching of the three sections (proximal,
middle, distal) and four segments (anterior, posterior, medial, lateral) divides
the aorta in 12 square-shaped areas.

statistical significance (p<0.01). The anterior segment was
the second most diseased portion.

5. Discussion

The first step of our study was to assess the number of
areas sufficiently visualized by each of the two techniques as
it has been shown that EAU visualized more areas than TEE
[5,7]. Our results confirmed previous observations because
EAU provided a more enhanced visualization of the wall of
the ascending aorta in its entire length and this allowed a
reliable assessment of the atheromatous plaques. Epiaortic
ultrasound scanned a far higher number of areas along the
aortic wall (92.3% of the entire ascending aorta) than TEE
(only 55.3%). The degree of visualization by TEE varied
according to sections and segments of the aorta; being
highest proximally and decreasing to the distal ascending
aorta where imaging is difficult or impossible due to the
interposing airways between the oesophagus and the upper
part of the ascending aorta [15]. This “blind spot” is a
limitation of TEE that may be solved by the use of an aortic
view technique [16]. The distal part of the ascending aorta is
a site of great intra-operative manipulation as the aortic CPB
cannula and the cross-clamp are placed in this area. Thus
thorough scanning of the distal ascending aorta with precise
information on the likely location, extent and degree of
atheromatous plaques are necessary to avoid embolization of
atheroma debris from the aortic wall.

As far as grading of the atheromatous disease in the
sufficiently visualized areas of the ascending aorta was
concerned, EAU identified a higher number of areas with a

Montgomery score =2 compared to TEE. Epiaortic ul-
trasound scanning identified almost a similar number of
discased areas over the visualized areas. On the other hand
TEE presented with some differences according to the areas
being investigated. The areas which were better assessed by
TEE were only those in the proximal anterior area. The
diseased proximal anterior areas were better detected by TEE
than by EAU because a thorough EAU scanning of the
proximal—anterior area requires surgical dissection of the fat
pad covering the aortic root for correct placement of the
ultrasound probe. Removing the fat pad off the aortic root is
not usually carried out in CABG surgery as it is unnecessary.
The higher yield of positive diagnoses in the anterior and
posterior segments than in lateral segments may in part be
due to the better axial than lateral resolution of ultrasonic
imaging.

A further step of our study was the evaluation of the
atheroma grading severity in the sufficiently visualized areas
as assessed by Montgomery grade by both EAU and TEE
scanning and comparing the two techniques. Wilcoxon test
gave us a good opportunity to detect in which areas were
EAU superior and in which it was inferior to TEE. TEE was
only superior in the proximal anterior areas, this is probably
related to the limited visualization by EAU at these areas.

Finally the Bland—Altman method was used to test whether
there was agreement between TEE and EAU with the aim to
find out whether one of the two techniques underestimated
atheromatous lesions. We did confirm that TEE under-
estimates the extent and degree of aortic wall lesions.

Using EAU, we observed the highest prevalence and
severity of atheroma in the posterior segments of the ascending
aorta, especially in the proximal section. The second most
atheromatous segment was the anterior one, especially in the
distal and proximal sections. The regional pattern of
development of atheroma is determined initially by local
variations in shearing forces and endothelial dysfunction [15].
We observed lower mean scores in the lateral and medial
segments, probably because the EAU probe had to be placed in
a suboptimal position (i.e. not perpendicular to the aortic wall)
because of restricted space due to the pericardium (laterally) or
the pulmonary artery (medially). In their extensive study [18],
Linden et al. concluded that the distal-medial area was the one
with fewest atherosclerotic lesions. However, we tend to
believe that this finding may be influenced by the reduced
power of EAU to investigate this area due to a suboptimal
placement of the probe.

The clinical implications of our study are important during
an operation when a careful placement of the cross-clamp is
relevant to avoid dislodgement and embolisation of athero-
matous debris from the inner aortic wall. When a heavily
diseased posterior segment is demonstrated, a Fogarty
cushion-shod clamp may carefully be applied. Unfortunately
atheromatous lesions of the anterior section of the aorta are
more difficult to deal with, but identifying their location
enables the surgeon to avoid those particular areas or to adopt
all the technical options that have the aim of reducing a likely
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embolization of atheromas (i.e. off-pump technique, “no
touch” strategy, single clamp technique, distal aortic arch
cannulation, etc.).

In conclusion, epiaortic ultrasonic scanning is the intra-
operative investigation of choice to detect aortic atheroma,
because it is superior in its ability to screen the entire length of
the ascending aorta and provide a detailed grading of lesions.
Grading by TEE is restricted to those areas that can be
visualized, and it is most limited in the distal ascending aorta
which is a site of great surgical manipulation. Cardiac surgeons
who wish to employ ultrasonic imaging to detect atheroma
before aortic cross-clamping and bypass circulation, so that
they can use its results to modify operative techniques and
minimise the risk of atheroembolism, should use epiaortic
scanning rather than transesophageal echocardiography.
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Introduction

The left internal mammary artery (LIMA) remains the
conduit of choice in coronary artery bypass grafting
(CABG) surgery because of its documented long-term
patency [1,2]. Coronary subclavian steal syndrome
(CSSS) is the phenomenon of retrograde flow (steal)
through the pedicled LIMA which may occur after
CABG due to concurrent proximal stenosis or occlusion
of the ipsilateral subclavian artery [3]. It was first rec-
ognized as a cause of early recurrent angina following
CABG in 1974 (4), and may have an incidence of up to
3-4% {5].

Several clinical features may lead to the diagnosis of
CSSS after CABG with the pedicled internal mam-
mary artery; occurrence of early recurrent angina often
increased by ipsilateral arm movement, ischemia of the
ipsilateral arm along with reduction of systolic blood
pressure of >20mmHg, cerebral ischemic events or bruits
over the subclavian artery [6,7).

Aortic arch and coronary angiograms are the golden
standards for diagnosis of CSSS, as the former shows
late filling of the left subclavian artery through the circle
of Wills, whereas the latter demonstrates retrograde flow
in the internal mammary artery [8]. Treatment of CSSS
is either by percutanous transluminal angioplasty (PTA)
or surgery [9-12] of the subclavian artery stenosis.

In this report we present a case of CSSS after CABG
with a pedicled LIMA which was diagnosed during the
primary operation by means of combined transit-time
flowmetry and epicardial ultrasound imaging. At the
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immediate revision, a free LIMA-graft was successfully
anastomosed to the ascending aorta so as to avoid any
of the complications of CSSS.

Case History

A 6l-year-old, hypertensive male patient with stable angina was
referred for elective CABG due to a 70% LAD stenosis at its origin
that was not suitable for a PTCA. On clinical e¢xamination after
admission to our department, the left radial pulse was slightly weaker
than the right one; blood pressure was 170/80 in the right and 130/70 in
the left arm. However, the patient did not complain of ischemic deficits
to his left arm.

At operation, off-pump grafting of a pedicled LIMA onto the LAD
was performed. At the end, transit-time flowmetry (Medi-Stim flow-
meter, Oslo, Norway) and epicardial ultrasound imaging were carried
out as routine intraoperative graft assessment after off-pump CABG at
our institute [13]. Transit-time flowmetry is a Doppler ultrasound
method used to assess graft patency on the basis of mean graft flow
and derived values, such as the pulsatility index. It is the most widely
used method to assess the patency of bypass grafts intraoperativelv due
to its simplicity and reliability. The epicardial imaging was obtained by
a GEil3L (13 MHz) linear array transducer connected to a GE Vivid 7
uitrasound scanner. (Vingmed GE, Horten, Norway). The transit-time
flow rate in the LIMA graft was —14 mi/min without any LAD
snaring, but increased up to 40 ml/min when the LAD was snared
proximal to the anastomosis. Epicardial color Doppler imaging
showed retrograde flow through the LIMA graft (Fig. 1) that turned
antegrade when the LAD was snared proximal to the anastomosis
(Fig. 2). A quick diagnosis of a coronary subclavian steal syndrome
was reached.

Immediate surgical revision was carried out by ligating and cutting
the LIMA graft proximally and anastomosing its top-end to the
ascending aorta as a free aorto-coronary conduit. Control-flow mea-
surement in the LIMA graft was 39 mi/min, Epicardial ultrasound
imaging confirmed normal antegrade blood flow through the anasto-
mosis (Fig. 3). The postoperative course was uneventful and the pa-
tient was discharged home. A postoperative MRI angiogram showed a
proximal stenosis of the left subclavian artery (Fig. 4). The patient is
free of angina and without any CSSS complications 1 year after sur-

gery.
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Distal LAD

Distal LAD

Fig. 1. Epicardial color Doppler imaging showing the steal phenomenon. Fig. 3. Epicardial color Doppler imaging after creating a free LIMA graft

The blue color shows the blood flowing retrograde into the LIMA (arrows). as an aorto-coronary conduit. The antegrade flow direction in the graft
This observation was supported by the mean flow measurement of —14 mif and anastomosis is confirmed by the red color and the mean flow rate is
min in the pedicled LIMA graft (see inserted flowmetry diagram). 39 ml/min (see inserted flowmetry diagram).

Fig. 2. After snaring the LAD proximally, epicardial color Doppler

imaging showed the antegrade LIMA flow passing distally through the

anastomosis (arrows). The mean LIMA flow rate was 41 mlmin (see  Fig. 4. The contrast-enhanced Tl-weighted 3D MR angiography is

inserted flowmetry diagram). showing irregular vessel contours in the left subclavian artery (arrow)
indicating a stenosis.
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Discussion

This case report shows the usefulness of transit-time
flowmetry and epicardial ultrasound scanning for a
quick intraoperative diagnosis of coronary subclavian
steal syndrome. CSSS may be a reason for early occur-
rence of angina after CABG,; this is caused by retrograde
blood flow (steal) from the LAD through the LIMA
graft in patients with a left subclavian artery stenosis.
Clinical features of subclavian artery stenosis are a dif-
ference of systolic blood pressure more than 20 mmHg
between the arms, thrombo-embolism or ischemic pain
to the arm. Diagnosis is made by color Doppler ultra-
sound or angiography.

In our patient a weaker left radial pulse and a reduced
blood pressure to the left arm were reported by a junior
doctor. Unfortunately, these signs were initially left
unnoticed and the patient underwent CABG without
any further investigation for a subclavian artery steno-
sis. CSSS developed immediately after grafting the
LIMA onto the LAD, but it was quickly diagnosed in-
traoperatively by transit-time flowmetry and epicardial
ultrasound scanning despite no ECG ischemic changes.
The combined application of these two investigations
was relevant because each of them provided informa-
tion, which coupled with those given by the other one,
contributed focusing the diagnosis. Transit-time flow-
metry demonstrated impaired flow rate within the graft
whereas epicardial imaging enabled visualization of the
anastomosis and \retrograde blood flow from the LAD
through the LIMA. Of note, when proximal snaring of
the LAD was applied, the change of direction of the
blood flow through the anastomosis with a sudden in-
crease of its rate were clearly demonstrated by the
ultrasound scanning and transit-time flowmetry,
respectively. As a result of a quick intraoperative diag-
nosis, prompt surgical revision was carried out, avoiding
intra- or postoperative complications to the patient. On
the other hand, missing the diagnosis of CSSS at surgery
would have exposed the patient to very unpleasant
consequences in the follow-up, such as early recurrence
of angina, an aortic arch and selective coronary angio-
gram followed by subclavian artery PTA or carotid-
subclavian bypass or redo CABG surgery.

In conclusion, both transit-time flowmetry and
epicardial color Doppler ultrasound are useful in
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coronary surgery, especially when applied together
These two investigations are reliable, easy and rapid tc
apply and safe for the patient. The combined applica:
tion of transit-time flowmetry and epicardial ultra.
sound imaging was pivotal in the intraoperative¢
diagnosis and treatinent of a coronary subclavian stea
syndrome avoiding further and dangerous conse
quences to the patient.
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NORTH SEA AND THE IMPACT OF THE ENVIRONMENT

232.Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE
MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRONDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRONDELAG STUDY

233.Einar Kjelsas: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL
SAMPLES

234.Armne Wibe: RECTAL CANCER TREATMENT IN NORWAY - STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE

2004

235.Eivind Witse: BONE GRAFT AS AN ANTIBIOTIC CARRIER

236.Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY
ADOLESCENCE

237.Hallvard Leerum: EVALUATION OF ELECTRONIC MEDICAL RECORDS — A CLINICAL
TASK PERSPECTIVE

238.Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT
RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY

239.Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY.
SOCIAL EPIDEMIOLOGY IN THE NORD-TRNDELAG HEALTH STUDY (HUNT),
NORWAY

240.Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN

241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND
PROGENITOR CELLS

242 . Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE
SPINNING MR SPECTROSCOPY



243.Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS - REPAIR OF
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA

244, Anna Bofin: FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF
TREATMENT STRATEGIES

245.Jim Aage Neottestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES
AMONG PEOPLE WITH MENTAL RETARDATION

246.Reidar Fossmark: GASTRIC CANCER IN JAPANESE COTTON RATS

247. Wibeke Nordhoy: MANGANESE AND THE HEART, INTRACELLULAR MR
RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE

2005

248.Sturla Molden: QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS

249.Wenche Brenne Droyvold: EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND
HEALTH IN A LARGE POPULATION. THE NORD-TR@NDELAG HEALTH STUDY
(HUNT)

250.Ragnhild Steen: ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL
ARTERY OF DEVELOPING PIGLETS

251.Aslak Steinsbekk: HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY
TRACT INFECTIONS IN CHILDREN

252.Hill-Aina Steffenach: MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL
CIRCUITS

253.Eystein Stordal: ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY)

254.Viggo Pettersen: FROM MUSCLES TO SINGING: THE ACTIVITY OF ACCESSORY
BREATHING MUSCLES AND THORAX MOVEMENT IN CLASSICAL SINGING

255.Marianne Fyhn: SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX

256.Robert Valderhaug: OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND
ADOLESCENTS: CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS

257.Erik Skaaheim Haug: INFRARENAL ABDOMINAL AORTIC ANEURYSMS -
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN
DISORDERS

259.Vegard Heimly Brun: ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE
CELLS

260.Kenneth McMillan: PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS

261.Marit Sebg Indredavik: MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT

262.0le Johan Kemi: ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY -
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY

264.Hild Fjeertoft: EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED
DISCHARGE. SHORT AND LONG-TERM EFFECTS

265.Grete Dyb: POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND
ADOLESCENTS

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH

267.Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
UNDERGOING CORONARY REVASCULARIZATION

268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE

2006

269.Torstein Baade Re: EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA

270.May-Britt Tessem: METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE
ANTERIOR PART OF THE EYE



271.Anne-Sofie Helvik: COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS
WITH HEARING IMPAIRMENT

272.Therese Standal: MULTIPLE MYELOMA: THE INTERPLAY BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT

273.Ingvild Saltvedt: TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A
GERIATRIC EVALUATION AND MANAGEMENT UNIT - RESULTS FROM A
PROSPECTIVE RANDOMISED TRIAL

274.Birger Henning Endreseth: STRATEGIES IN RECTAL CANCER TREATMENT - FOCUS
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS

275.Anne Mari Aukan Rokstad: ALGINATE CAPSULES AS BIOREACTORS FOR CELL
THERAPY

276 .Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC
STABILITY

2717.Stein Sundstrom: IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER —
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES

278.Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY - STUDIES
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND
EFFECTS OF AUTOTRANSFUSION

279.Line Merethe Oldervoll: PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN
CANCER PATIENTS

280.Boye Welde: THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG
ELITE JUNIOR CROSS-COUNTRY SKIERS

281.Per Olav Vandvik: IRRITABLE BOWEL SYNDROME IN NORWAY, STUDIES OF
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND
IN THE POPULATION

282.1dar Kirkeby-Garstad: CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER
CARDIAC SURGERY

283.Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY

284.Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS IN A NON-SELECTED
POPULATION OF 42,381 FETUSES

285.Kristin Gabestad Narsett: GENE EXPRESSION STUDIES IN GASTROINTESTINAL
PATHOPHYSIOLOGY AND NEOPLASIA

286.Per Magnus Haram: GENETIC VS. AQUIRED FITNESS: METABOLIC, VASCULAR AND
CARDIOMYOCYTE ADAPTATIONS

287. Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY

288.Svein Artur Jensen: THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF
THE LOWER LIMB

289.Charlotte Bjork Ingul: QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY
DISEASE. AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY

290.Jakob Nakling: RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND
SCREENING IN PREGNANCY — A GEOGRAPHIC BASED POPULATION STUDY

291. Anne Engum: DEPRESSION AND ANXIETY — THEIR RELATIONS TO THYROID
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY

292.0ttar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME — THE NORD-TRONDELAG HEALTH
STUDY (HUNT)

293.Jon Olav Drogset: RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR
CRUCIATE LIGAMENT INJURIES — A CLINICAL STUDY

294 . Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE — AN
EXPERIMENTAL IN VITRO STUDY

295.Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS
BULLIED IN CHILDHOOD

296.Paul Jarle Mork: MUSCLE ACTIVITY IN WORK AND LEISURE AND ITS ASSOCIATION
TO MUSCULOSKELETAL PAIN



297.Bjorn Stenstrom: LESSONS FROM RODENTS: I: MECHANISMS OF OBESITY SURGERY
— ROLE OF STOMACH. 1iI: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI
AND SNUS IN THE STOMACH

2007

298.Haakon R. Skogseth: INVASIVE PROPERTIES OF CANCER — A TREATMENT TARGET ?
IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES

299.Janniche Hammer: GLUTAMATE METABOLISM AND CYCLING IN MESIAL
TEMPORAL LOBE EPILEPSY

300.May Britt Drugli: YOUNG CHILDREN TREATED BECAUSE OF ODD/CD: CONDUCT
PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS

301.Arne Skjold: MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL
DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM. STUDIES IN HEALTHY
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION

302.Siri Malm: LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY

303.Valentina Maria do Rosario Cabral Iversen: MENTAL HEALTH AND PSYCHOLOGICAL
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS

304.Lasse Lovstakken: SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD
FLOW VELOCITY

305.Elisabeth Olstad: GLUTAMATE AND GABA: MAJOR PLAYERS IN NEURONAL
METABOLISM

306.Lilian Leistad: THE ROLE OF CYTOKINES AND PHOSPHOLIPASE Ajs IN ARTICULAR
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS

307.Ame Vaaler: EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE
PSYCIATHRIC WARD

308.Mathias Toft: GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE

309.Ingrid Levold Mostad: IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS

310.Torill Eidhammer Sjebakk: MR DETERMINED BRAIN METABOLIC PATTERN IN
PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH
WEIGHT

311.Vidar Beisvag: PHYSIOLOGICAL GENOMICS OF HEART FAILURE: FROM
TECHNOLOGY TO PHYSIOLOGY

312.0lav Magnus Sendena Fredheim: HEALTH RELATED QUALITY OF LIFE ASSESSMENT
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS
WITH CHRONIC NON-MALIGNANT PAIN

313. Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL

314.Erik Solligérd: GUT LUMINAL MICRODIALYSIS

315.Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION
BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND
2000-01; THE NORD-TRONDELAG HEALTH STUDIES (HUNT)

316.Anne-Tove Brenne: GROWTH REGULATION OF MYELOMA CELLS

317.Heidi Knobel: FATIGUE IN CANCER TREATMENT — ASSESSMENT, COURSE AND
ETIOLOGY

318. Torbjern Dahl: CAROTID ARTERY STENOSIS. DIAGNOSTIC AND THERAPEUTIC
ASPECTS

319.Inge-Andre Rasmussen jr.. FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC
RESONANCE IMAGING IN NEUROSURGICAL PATIENTS

320.Grete Helen Bratberg: PUBERTAL TIMING — ANTECEDENT TO RISK OR RESILIENCE ?
EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TRONDELAG, NORWAY

321.Sveinung Serhaug: THE PULMONARY NEUROENDOCRINE SYSTEM.
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS

322.0lav Sande Eftedal: ULTRASONIC DETECTION OF DECOMPRESSION INDUCED
VASCULAR MICROBUBBLES

323.Rune Bang Leistad: PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE
PATIENTS



324.Svein Brekke: TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN
THREE-DIMENSIONAL ECHOCARDIOGRAPHY

325. Kristian Bernhard Nilsen: AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN
RELATION TO MUSCULOSKELETAL PAIN

326.Anne Irene Hagen: HEREDITARY BREAST CANCER IN NORWAY. DETECTION AND
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCA /GENE MUTATION

327.Ingebjerg S. Juel : INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA. AN
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM,
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA

328.Runa Heimstad: POST-TERM PREGNANCY

329.Jan Egil Afset: ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI IN CHILDHOOD
DIARRHOEA IN NORWAY

330.Bent Havard Hellum: /N VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND
HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT

331.Morten André Hoydal: CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE
MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING

2008

332. Andreas Mpllerlokken: REDUCTION OF VASCULAR BUBBLES: METHODS TO
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION

333.Anne Hege Aamodt: COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRONDELAG HEALTH STUDY 1995-97

334. Brage Hoyem Amundsen: MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY — VALIDATION AND
APPLICATION IN EXERCISE TESTING AND TRAINING

335.Inger Anne Neess: INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS
THROMBOSIS IN A GENERAL POPULATION. RESULTS FROM THE SECOND NORD-
TRONDELAG HEALTH STUDY (HUNT?2)

336.Vegard Bugten: EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL
ENDOSCOPIC SINUS SURGERY

337.Morten Bruvold: MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE
IMAGING

338.Miroslav Fris: THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE

339.Svein Ame Aase: METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN
QUANTITATIVE ECHOCARDIOGRAPHY — ASPECTS OF USING HIGH FRAME RATE

340.Roger Almvik: ASSESSING THE RISK OF VIOLENCE: DEVELOPMENT AND
VALIDATION OF THE BROSET VIOLENCE CHECKLIST

341.0ttar Sundheim: STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA

342.Anne Mari Undheim: SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT
READING DIFFICULTIES

343.Helge Gardsen: THE TRONDHEIM MODEL. IMPROVING THE PROFESSIONAL
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS. SHORT AND LONG TERM
EFFECTS

344.0lav A. Foss: “THE ROTATION RATIOS METHOD”. A METHOD TO DESCRIBE
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE
PELVIS

345.Bjern Olav Asvold: THYROID FUNCTION AND CARDIOVASCULAR HEALTH

346.Torun Margareta Melg: NEURONAL GLIAL INTERACTIONS IN EPILEPSY

347.Irina Poliakova Eide: FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA: SOME
CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS

348.Torunn Askim: RECOVERY AFTER STROKE. ASSESSMENT AND TREATMENT; WITH
FOCUS ON MOTOR FUNCTION

349.Ann Elisabeth Asberg: NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF
CARDIOPULMONARY BYPASS. INFLUENCE ON BIOMATERIAL, PLATELETS AND
COMPLEMENT



350.Lars Hagen: REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS

351.Sigrun Beate Kjotraod: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT
IN ASSISTED REPRODUCTION

352.Steven Keita Nishiyama: PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE

353.Sven Peter Ndsholm: ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY

354.Jon Stale Ritland: PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA.
SURVIVAL, COMORBIDITY AND GENETICS

355.Sigrid Botne Sando: ALZHEIMER'’S DISEASE IN CENTRAL NORWAY. GENETIC AND
EDUCATIONAL ASPECTS

356.Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND
METHYLMERCURY-INDUCED NEUROTOXICITY

357.1smail Ciineyt Giizey: DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER
GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR
ANTIDEPRESSANT DRUGS

358.Brit Dybdahl: EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) - A
ROLE IN THE INFLAMMATORY RESPONSE ?

359 Kristoffer Haugarvoll: IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN
NORWAY

360.Nadra Nilsen: TOLL-LIKE RECEPTOR 2 ~EXPRESSION, REGULATION AND SIGNALING

361.Johan Hakon Bjermgaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL
HEALTH SERVICES — THE INFLUENCE OF ORGANIZATIONAL FACTORS.

362.Kjetil Hoydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY
SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF
INTENSITY,, DURATION AND FREQUENCY OF TRAINING.

363.Trine Karlsen: TRAINING [S MEDICINE: ENDURANCE AND STRENGTH TRAINING IN
CORONARY ARTERY DISEASE AND HEALTH.

364.Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY

365.Cathrine Broberg Vagbe: DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES

366.Arnt Erik Tjenna: AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS

367.Marianne W. Furnes: FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:
LESSONS FROM RATS

368.Lene N. Johannessen: FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN
HUMAN MONOCYTES AND EPITHELIAL CELLS

369.Anja Bye: GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL
OXYGEN UPTAKE — RELATIONS TO THE METABOLIC SYNDROME.

370.0luf Dimitri Ree: MALIGNANT MESOTHELIOMA: VIRUS, BIOMARKERS AND GENES.
A TRANSLATIONAL APPROACH

371.Ane Cecilie Dale: DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE.
ANALYSES FROM THE HUNT1 AND 2 STUDIES

372.Jacob Christian Holen: PAIN ASSESSMENT IN PALLIATIVE CARE: VALIDATION OF
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT

373.Erming Tian: THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE
MYELOMA

374.0le Bosnes: KLINISK UTPR@VING AV NORSKE VERSJONER AV NOEN SENTRALE
TESTER PA KOGNITIV FUNKSJON

375.0la M. Rygh: 3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY. A
CLINICAL EVALUATION

376. Astrid Kamilla Stunes: ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED
RECEPTOR (PPAR) AGONISTS AND SEROTONIN. COMMON REGULATORS OF BONE
AND FAT METABOLISM

377.Silje Engdal: HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND
THEIR ROLE IN HERB-DRUG INTERACTIONS

378.Kristin Offerdal: IMPROVED ULTRASOUND IMAGING OF THE FETUS AND ITS
CONSEQUENCES FOR SEVERE AND LESS SEVERE ANOMALIES



379.0ivind Rognmo: HIGH-INTENSITY AEROBIC EXERCISE AND CARDIOVASCULAR
HEALTH

380. Jo-Asmund Lund: RADIOTHERAPY IN ANAL CARCINOMA AND PROSTATE CANCER

2009

381.Tore Griiner Bjastad: HIGH FRAME RATE ULTRASOUND IMAGING USING PARALLEL
BEAMFORMING

382.Erik Sendenaa: INTELLECTUAL DISABILITIES IN THE CRIMINAL JUSTICE SYSTEM

383.Berit Rostad: SOCIAL INEQUALITIES IN WOMEN’S HEALTH, HUNT 1984-86 AND
1995-97, THE NORD-TRONDELAG HEALTH STUDY (HUNT)

384.Jonas Crosby: ULTRASOUND-BASED QUANTIFICATION OF MYOCARDIAL
DEFORMATION AND ROTATION

385.Erling Tronvik: MIGRAINE, BLOOD PRESSURE AND THE RENIN-ANGIOTENSIN
SYSTEM

386.Tom Christensen: BRINGING THE GP TO THE FOREFRONT OF EPR DEVELOPMENT

387.Hakon Bergseng: ASPECTS OF GROUP B STREPTOCOCCUS (GBS) DISEASE IN THE
NEWBORN. EPIDEMIOLOGY, CHARACTERISATION OF INVASIVE STRAINS AND
EVALUATION OF INTRAPARTUM SCREENING

388.Ronny Myhre: GENETIC STUDIES OF CANDIDATE TENE3S IN PARKINSON’S
DISEASE

389.Torbjern Moe Eggeba: ULTRASOUND AND LABOUR

390.Eivind Wang: TRAINING IS MEDICINE FOR PATIENTS WITH PERIPHERAL ARTERIAL
DISEASE

391.Thea Kristin Vatsveen: GENETIC ABERRATIONS IN MYELOMA CELLS

392. Thomas Jozefiak: QUALITY OF LIFE AND MENTAL HEALTH IN CHILDREN AND
ADOLESCENTS: CHILD AND PARENT PERSPECTIVES

393.Jens Erik Slagsvold: N-3 POLYUNSATURATED FATTY ACIDS IN HEALTH AND
DISEASE - CLINICAL AND MOLECULAR ASPECTS

394 Kristine Misund: A STUDY OF THE TRANSCRIPTIONAL REPRESSOR ICER.
REGULATORY NETWORKS IN GASTRIN-INDUCED GENE EXPRESSION

395.Franco M. Impellizzeri: HIGH-INTENSITY TRAINING IN FOOTBALL PLAYERS.
EFFECTS ON PHYSICAL AND TECHNICAL PERFORMANCE

396.Kari Hanne Gjeilo: HEALTH-RELATED QUALITY OF LIFE AND CHRONIC PAIN IN
PATIENTS UNDERGOING CARDIAC SURGERY

397.0yvind Hauso: NEUROENDOCRINE ASPECTS OF PHYSIOLOGY AND DISEASE

398.Ingvild Bjellmo Johnsen: INTRACELLULAR SIGNALING MECHANISMS IN THE INNATE
IMMUNE RESPONSE TO VIRAL INFECTIONS

399.Linda Temmerdal Roten: GENETIC PREDISPOSITION FOR DEVELOPMENT OF
PREEMCLAMPSIA - CANDIDATE GENE STUDIES IN THE HUNT (NORD-TR@ONDELAG
HEALTH STUDY) POPULATION

400.Trude Teoline Nausthaug Rakvag: PHARMACOGENETICS OF MORPHINE IN CANCER
PAIN

401.Hanne Lehn: MEMORY FUNCTIONS OF THE HUMAN MEDIAL TEMPORAL LOBE
STUDIED WITH fMRI

402.Randi Utne Holt: ADHESION AND MIGRATION OF MYELOMA CELLS - IN VITRO
STUDIES —

403.Trygve Solstad: NEURAL REPRESENTATIONS OF EUCLIDEAN SPACE

404.Unn-Merete Fagerli: MULTIPLE MYELOMA CELLS AND CYTOKINES FROM THE
BONE MARROW ENVIRONMENT; ASPECTS OF GROWTH REGULATION AND
MIGRATION

405.Sigrid Bjernelv: EATING- AND WEIGHT PROBLEMS IN ADOLESCENTS, THE YOUNG
HUNT-STUDY

406.Mari Hoff: CORTICAL HAND BONE LOSS IN RHEUMATOID ARTHRITIS.
EVALUATING DIGITAL X-RAY RADIOGRAMMETRY AS OUTCOME MEASURE OF
DISEASE ACTIVITY, RESPONSE VARIABLE TO TREATMENT AND PREDICTOR OF
BONE DAMAGE

407.Siri Bjergen: AEROBIC HIGH INTENSITY INTERVAL TRAINING IS AN EFFECTIVE
TREATMENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

408.Susanne Lindqvist: VISION AND BRAIN IN ADOLESCENTS WITH LOW BIRTH WEIGHT

409.Torbjern Hergum: 3D ULTRASOUND FOR QUANTITATIVE ECHOCARDIOGRAPHY



410.Jorgen Urnes: PATIENT EDUCATION IN GASTRO-OESOPHAGEAL REFLUX DISEASE.
VALIDATION OF A DIGESTIVE SYMPTOMS AND IMPACT QUESTIONNAIRE AND A
RANDOMISED CONTROLLED TRIAL OF PATIENT EDUCATION

411.Elvar Eyjolfsson: 13C NMRS OF ANIMAL MODELS OF SCHIZOPHRENIA

412.Marius Steiro Fimland: CHRONIC AND ACUTE NEURAL ADAPTATIONS TO STRENGTH
TRAINING

413.0yvind Steren: RUNNING AND CYCLING ECONOMY IN ATHLETES; DETERMINING
FACTORS, TRAINING INTERVENTIONS AND TESTING

414.Hakon Hov: HEPATOCYTE GROWTH FACTOR AND ITS RECEPTOR C-MET.
AUTOCRINE GROWTH AND SIGNALING IN MULTIPLE MYELOMA CELLS

415.Maria Radtke: ROLE OF AUTOIMMUNITY AND OVERSTIMULATION FOR BETA-CELL
DEFICIENCY. EPIDEMIOLOGICAL AND THERAPEUTIC PERSPECTIVES

416.Liv Bente Romundstad: ASSISTED FERTILIZATION IN NORWAY: SAFETY OF THE
REPRODUCTIVE TECHNOLOGY

417.Erik Magnus Berntsen: PREOPERATIV PLANNING AND FUNCTIONAL
NEURONAVIGATION - WITH FUNCTIONAL MRI AND DIFFUSION TENSOR
TRACTOGRAPHY IN PATIENTS WITH BRAIN LESIONS

418.Tonje Stremmen Steigedal: MOLECULAR MECHANISMS OF THE PROLIFERATIVE
RESPONSE TO THE HORMONE GASTRIN

419.Vidar Rao: EXTRACORPOREAL PHOTOCHEMOTHERAPY IN PATIENTS WITH
CUTANEOUS T CELL LYMPHOMA OR GRAFT-vs-HOST DISEASE

420.Torkild Visnes: DNA EXCISION REPAIR OF URACIL AND 5-FLUOROURACIL IN
HUMAN CANCER CELL LINES

2010

421.John Munkhaugen: BLOOD PRESSURE, BODY WEIGHT, AND KIDNEY FUNCTION IN
THE NEAR-NORMAL RANGE: NORMALITY, RISK FACTOR OR MORBIDITY ?

422.Ingrid Castberg: PHARMACOKINETICS, DRUG INTERACTIONS AND ADHERENCE TO
TREATMENT WITH ANTIPSYCHOTICS: STUDIES IN A NATURALISTIC SETTING

423 Jian Xu: BLOOD-OXYGEN-LEVEL-DEPENDENT-FUNCTIONAL MAGNETIC
RESONANCE IMAGING AND DIFFUSION TENSOR IMAGING IN TRAUMATIC BRAIN
INJURY RESEARCH

424.Sigmund Simonsen: ACCEPTABLE RISK AND THE REQUIREMENT OF
PROPORTIONALITY IN EUROPEAN BIOMEDICAL RESEARCH LAW. WHAT DOES
THE REQUIREMENT THAT BIOMEDICAL RESEARCH SHALL NOT INVOLVE RISKS
AND BURDENS DISPROPORTIONATE TO ITS POTENTIAL BENEFITS MEAN?

425. Astrid Woodhouse: MOTOR CONTROL IN WHIPLASH AND CHRONIC NON-
TRAUMATIC NECK PAIN

426.Line Rerstad Jensen: EVALUATION OF TREATMENT EFFECTS IN CANCER BY MR
IMAGING AND SPECTROSCOPY

427.Trine Moholdt: AEROBIC EXERCISE IN CORONARY HEART DISEASE

428.Jystein Olsen: ANALYSIS OF MANGANESE ENHANCED MRI OF THE NORMAL AND
INJURED RAT CENTRAL NERVOUS SYSTEM

429.Bjern H. Grenberg: PEMETREXED IN THE TREATMENT OF ADVANCED LUNG
CANCER

430.Vigdis Schnell Husby: REHABILITATION OF PATIENTS UNDERGOING TOTAL HIP
ARTHROPLASTY WITH FOCUS ON MUSCLE STRENGTH, WALKING AND AEROBIC
ENDURANCE PERFORMANCE

431.Torbjern @ien: CHALLENGES IN PRIMARY PREVENTION OF ALLERGY. THE
PREVENTION OF ALLERGY AMONG CHILDREN IN TRONDHEIM (PACT) STUDY.

432 Kari Anne Indredavik Evensen: BORN TOO SOON OR TOO SMALL: MOTOR PROBLEMS
IN ADOLESCENCE

433.Lars Adde: PREDICTION OF CEREBRAL PALSY IN YOUNG INFANTS. COMPUTER
BASED ASSESSMENT OF GENERAL MOVEMENTS

434 .Magnus Fasting: PRE- AND POSTNATAL RISK FACTORS FOR CHILDHOOD
ADIPOSITY

435.Vivi Talstad Monsen: MECHANISMS OF ALKYLATION DAMAGE REPAIR BY HUMAN
AlkB HOMOLOGUES

436.Toril Skandsen: MODERATE AND SEVERE TRAUMATIC BRAIN INJURY. MAGNETIC
RESONANCE IMAGING FINDINGS, COGNITION AND RISK FACTORS FOR
DISABILITY



437 Ingeborg Smidesang: ALLERGY RELATED DISORDERS AMONG 2-YEAR OLDS AND
ADOLESCENTS IN MID-NORWAY — PREVALENCE, SEVERITY AND IMPACT. THE
PACT STUDY 2005, THE YOUNG HUNT STUDY 1995-97

438.Vidar Halsteinli: MEASURING EFFICIENCY IN MENTAL HEALTH SERVICE
DELIVERY: A STUDY OF OUTPATIENT UNITS IN NORWAY

439 Karen Lehrmann Agidius: THE PREVALENCE OF HEADACHE AND MIGRAINE IN
RELATION TO SEX HORMONE STATUS IN WOMEN. THE HUNT 2 STUDY

440.Madelene Ericsson: EXERCISE TRAINING IN GENETIC MODELS OF HEART FAILURE

441 Marianne Klokk: THE ASSOCIATION BETWEEN SELF-REPORTED ECZEMA AND
COMMON MENTAL DISORDERS IN THE GENERAL POPULATION. THE
HORDALAND HEALTH STUDY (HUSK)

442.Tomas Ottemo Stelen: IMPAIRED CALCIUM HANDLING IN ANIMAL AND HUMAN
CARDIOMYOCYTES REDUCE CONTRACTILITY AND INCREASE ARRHYTHMIA
POTENTIAL - EFFECTS OF AEROBIC EXERCISE TRAINING

443 Bjarne Hansen: ENHANCING TREATMENT OUTCOME IN COGNITIVE BEHAVIOURAL
THERAPY FOR OBSESSIVE COMPULSIVE DISORDER: THE IMPORTANCE OF
COGNITIVE FACTORS

444 Mona Levlien: WHEN EVERY MINUTE COUNTS. FROM SYMPTOMS TO ADMISSION
FOR ACUTE MYOCARDIAL INFARCTION WITH SPECIAL EMPHASIS ON GENDER
DIFFERECES

445 Karin Margaretha Gilljam: DNA REPAIR PROTEIN COMPLEXES, FUNCTIONALITY AND
SIGNIFICANCE FOR REPAIR EFFICIENCY AND CELL SURVIVAL

446.Anne Byriel Walls: NEURONAL GLIAL INTERACTIONS IN CEREBRAL ENERGY — AND
AMINO ACID HOMEOSTASIS — IMPLICATIONS OF GLUTAMATE AND GABA

447 Cathrine Fallang Knetter: MECHANISMS OF TOLL-LIKE RECEPTOR 9 ACTIVATION

448 Marit Felsvik Svindseth: A STUDY OF HUMILIATION, NARCISSISM AND TREATMENT
OUTCOME IN PATIENTS ADMITTED TO PSYCHIATRIC EMERGENCY UNITS

449 Karin Elvenes Bakkelund: GASTRIC NEUROENDOCRINE CELLS — ROLE IN GASTRIC
NEOPLASIA IN MAN AND RODENTS

450.Kirsten Brun Kjelstrup: DORSOVENTRAL DIFFERENCES IN THE SPATIAL
REPRESENTATION AREAS OF THE RAT BRAIN

451 Roar Johansen: MR EVALUATION OF BREAST CANCER PATIENTS WITH POOR
PROGNOSIS

452 Rigmor Myran: POST TRAUMATIC NECK PAIN. EPIDEMIOLOGICAL,
NEURORADIOLOGICAL AND CLINICAL ASPECTS

453 Krisztina Kunszt Johansen: GENEALOGICAL, CLINICAL AND BIOCHEMICAL STUDIES
IN LRRK2 - ASSOCIATED PARKINSON’S DISEASE

454.Pal Gjerden: THE USE OF ANTICHOLINERGIC ANTIPARKINSON AGENTS IN
NORWAY. EPIDEMIOLOGY, TOXICOLOGY AND CLINJCAL IMPLICATIONS

455 Else Marie Huuse: ASSESSMENT OF TUMOR MICROENVIRONMENT AND
TREATMENT EFFECTS IN HUMAN BREAST CANCER XENOGRAFTS USING MR
IMAGING AND SPECTROSCOPY

456.Khalid S. Ibrahim: INTRAOPERATIVE ULTRASOUND ASSESSMENT IN CORONARY
ARTERY BYPASS SURGERY — WITH SPECIAL REFERENCE TO CORONARY
ANASTOMOSES AND THE ASCENDING AORTA





