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= Abstract =

Background: The measurement of perfusion is very important to understand the physiology of the
tissue level. The QFlow™400 perfusion measurement system is able to measure local tissue perfusion.
The aim of this study was to validate thermal diffusion microprobe (TDM) in estimating myocardial
blood flow during coronary artery occlusion and reperfusion in an animal beating heart model.

Methods: A total of 5 mongrel dogs were entered into the study. A left thoracotomy was performed
under general anesthesia. After the left anterior descending coronary artery (LAD) was exposed, a TDM
was inserted in the myocardium at the exposed LAD distributed area. The local myocardial perfusion
To find the usefulness of TDM in a beating
The k value or tissue conductivity should not exceed

was measured before, during and after LAD occlusion.
heart, k values were checked during the study.
6.23 mW/cm’C in this system.

Results:
perfusion was 52.0 + 18.3 ml/min/100 g. During LAD occlusion, the local myocardial perfusion was
decreased to 18.4 = 12.0 ml/min/100 g. At 10, 20 and 30 minutes after LAD reperfusion, the perfusion
was recovered to 38.5 + 23.2, 27.2 + 17.4 and 36.2 + 17.2 ml/min/100 g, respectively, but the values
at 20 and 30 minutes of reperfusion were significantly lower compared to baseline value.

All the k values were below 6.23 mW/cm’C in this study. Baseline local myocardial

Conclusions: We could use the QFlow 400 perfusion measurement system to measure myocardial
injury produced by ischemia and subsequent reperfusion in a beating heart. With this system, we found
that the local myocardial perfusion was not recovered to the baseline level in early state of the coronary

reperfusion. (Korean J Anesthesiol 2002; 42: S 1~S 4)
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INTRODUCTION

Perfusion is defined as the rate of replenishment of

blood volume at the level of the capillary network. The
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measurement of perfusion is very important to understand
the physiology at the tissue level. The laser-Doppler flow-
metry (LDF), radioactive microsphere and other tech-
niques have been used to measure tissue perfusion so far.
But the results using LDF are affected by hematocrit,
erythrocyte velocity, tissue type, and etc.” The radioactive
microsphere technique is suitable for animal models, but
is not appropriate for clinical measurements.” The QFlow™
400 perfusion measurement system is designed by Ther-
mal Technologies Corporation in USA to measure local

tissue perfusion. This system, using thermal diffusion
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microprobe (TDM), is characterized by minimally inva-
sive, continuous and real-time use.” There are several
reports to validate the usefulness of this system. These
validation studies were carried out in liver, brain, kidney,
prostate and skin in human and animals.”® But there is
no data in beating heart with this system. Local tissue
perfusion is disturbed during ischemia and reperfusion in
organs. So we tried to validate the usefulness of QFlow™
400 perfusion measurement system in estimating local
myocardial perfusion before and after coronary artery oc-

clusion in an animal beating heart model.
METHODS

A total of 11 mongrel dogs, weighing 20-25 kg, were
entered into the study. The anesthesia was induced by 20
mg/kg thiopental sodium and 0.2 mg/kg vecuronium bro-
mide followed by tracheal intubation after 2 minutes.
Mechanical ventilation was done with 50% nitrous oxide
in oxygen and 1 vol% enflurane with a tidal volume of
15 ml/kg and a respiratory rate of 12/min.

A left thoracotomy was performed at the S5th or 6th
intercostal space and left anterior descending coronary
artery (LAD) was exposed for occlusion and release. A
TDM (Thermal technologies Co., USA) was inserted in
the myocardium perfused by the exposed LAD. For this
technique, we used a 18 gauge angiocatheter. After the
epicardium was punctured with angiocatheter, the TDM
was advanced 1.5 cm length obliquely through the
punctured site. To prevent the TDM displacement

during cardiac contraction, the microprobe was sutured

Table 1. The k Value in QFlowTM4OO Perfusion

To find the usefulness of TDM in beating heart, the k
value were checked during the study. The k value or tissue
conductivity should not exceed of 6.23 mW/cmC in this
system. The k value exceeding 6.23 mW/cm’C indicates
inappropriate microprobe positioning or other artifacts.

After a sufficient stabilization period (20-30 minutes
after surgical preparation), baseline local myocardial per-
fusion was measured. The exposed coronary artery was
then occluded with a clip for a period of 15 minutes, and
the perfusion was measured. The perfusion was also mea-
sured at 10, 20 and 30 minutes after LAD reperfusion. The
average local myocardial perfusion values were calculated

with 1 minute data at each measuring time. The amount

+

of perfusion was presented as mean SD. Statistical
analysis of the data was performed by analysis of general
lineal model (repeated measures) with SPSS program
(version 10.0). Probability values < 0.05 were considered

significant.

RESULTS

In this study, we excluded 6 animals in the statistical
analysis because they developed ventricular fibrillation
immediately after reperfusion.

To find the usefulness of TDM in beating heart, the k
value were checked. All the k values were below 6.23
mW/cm°C in this study (Table 1).

The change in local myocardial perfusion during the
LAD occlusion and reperfusion are presented in Fig. 1.
Baseline local myocardial perfusion was 52.0 + 18.3 ml/

min/100 g. During LAD occlusion, the local myocardial

Measurement System in Beating Canine Heart

After reperfusion (min)

. During
Baseline .
LAD occlusion 10 20 30
k value
o 5.76 + 0.21 5.40 + 0.02 6.21 + 0.07 5.83 + 0.09 5.67 + 0.02
(mW/cm™C)

Values are mean t SD. K: tissue conductivity value, LAD:

in place.

left anterior descending coronary artery.
perfusion was decreased to 18.4 = 12.0 ml/min/100 g. All
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Fig. 1. Schematic presentation of local myocardial per-
fusion change during left anterior descending coronary
artery (LAD) occlusion and reperfusion in beating canine
heart. TDM: thermal diffusion microprobe. The numerics
are mean + SD. *: P < 0.05, significantly different from
the baseline.

6 dead animals had nearly O ml/min/100 g perfusion
during LAD occlusion.

In the immediate reperfusion period, the perfusion was
abruptly increased to far over 250 ml/min/100g (the max-
imum range of QFlowTM400 system is 250 ml/min/100g)
for 3 to 5 minutes (Fig. 1). At 10, 20 and 30 minutes after
LAD reperfusion, the perfusion was recovered to 38.5 +
23.2,27.2 £ 17.4 and 36.2 + 17.2 ml/min/100 g, respec-
tively, but the values at 20 and 30 minutes of reperfusion

were significantly lower compared to baseline value.
DISCUSSION

Perfusion is a primary factor in the local transport of
heat, nutrients, drugs, oxygen and waste products. It means
that the key determinant of tissue oxygenation and sub-
strate delivery is tissue perfusion. So the ability to measure
tissue perfusion is a key point to the understand both
normal and pathologic physiology.

Many techniques, such as LDF and radioactive micro-
sphere method have been developed to measure tissue
blood flow.®® The LDF uses the erythrocyte velocity by
doppler and the signal depends on the hematocrit, eryth-
rocyte velocity, vascular geometry, etc.” The radioactive

microsphere technique is suitable for animal models, but

is not appropriate for clinical measurements.

Many authors have tried to evaluate myocardial func-
tion. Most studies used hemodynamics, blood flow, myo-
cardial oxygen tension, and requirement of antihyper-
tensive drugs as parameters for myocardial function.”'”

But they did not measure local myocardial perfusion
directly. In this study, we used TDM in QFlow 400
perfusion measurement system which was designed by
thermal technologies corporation to measure local tissue
perfusion. This TDM has been devised for the sensitive,
continuous, minimally invasive, and real-time monitoring
of local tissue perfusion. Several studies have validated the
usefulness of this system to measure local tissue per-
fusion."”™ This system is simple, repeatable and provides
real-time simultaneous perfusion. The accuracy of per-
fusion with this system is highly dependent on proper
placement of microprobe, and on maintenance of proper
placement against motion disturbance. There have been no
studies using this system in beating heart models so far.
So we first tried to validate the usefulness of this system
with k value in beating animal heart. Since tissue contains
water, protein and fat, tissue conductivity (k value) can not
exceed that of water (6.23 mW/cm°C). Therefore, the k
value over 6.23 mW/cm’C may indicate inappropriate
microprobe positioningz) and the perfusion value may be
inappropriate. In this study, all k values before and after
LAD occlusion were below 6.23 mW/cm°C. The baseline
local myocardial perfusion measured by QFlow 400 per-
fusion measurement system was 52.0 + 18.3 ml/min/100 g.

The perfusion during LAD occlusion was decreased to
35% of baseline value. This result may indicate that
collaterals from other conduit coronary arteries, such as
right coronary and circumflex artery, supply some area of
LAD territory despite of the LAD occlusion. But 6 dead
animals had nearly O ml/min/100 g perfusion value and
developed ventricular fibrillation immediately after re-
perfusion.

The local myocardial perfusion was abruptly increased
up to 250 and more ml/min/100 g immediately after LAD
reperfusion. The duration of this state was about 3-5
minutes. In this period, the QFlow’ 400 perfusion mea-

surement system could not measure the perfusion value
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(unphysiologic measurement). We think that the reason for
this is due to the hyperemic state after reperfusion.

One of the interesting results in this study was that the
local myocardial perfusion was not recovered to the
baseline level for quite a while after LAD reperfusion.

This phenomenon may have resulted from the impaired
microcirculation distal to the LAD distributed area during
immediate reperfusion period. Many substances such as
free radical, cytokine, prostaglandins, and other peptides
may play a role in this mechanism.” So the local tissue
perfusion change may be a very important and reliable
parameter in ischemia or reperfusion state when we need
to consider the reperfusion injury.

In conclusion, even though the measurement of
perfusion was impossible in hyperemic state just after
reperfusion, we could use QFlow'™400 perfusion mea-
surement system to measure myocardial perfusion during
ischemia and subsequent reperfusion in a beating heart.
With this system, we could find that the local myocardial
perfusion was not recovered to the baseline level in early

state of the coronary reperfusion.
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