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Abstract

{J. Extra-Corpor. Technol. 19(4] pp. 415-419 Winter
1987,) The temperature of the myocardium during
cardioplegic arrest is an indication of the extent to
which that area has received both hypothermic and
chemical protection. Regional myocardial tempera-
tures were examined during asanguineous cardiople-
gic arrest to assess differences in temperatures,
examine regional rates of rewarming, and to identify
maximum temperature gradients. Myocardial tem-
peratures were measured at the left ventricular apex,
the right ventricular free wall and the interventricu-
lar septum in twenty patients undergoing coronary
artery bypass using multidose asanguineous cardio-
plegic arrest. Aortic root temperatures were mea-
sured to identify the temperature of the cardioplegia
and left heart blood temperatures during venting.
Temperatures in the left ventricular apex ranged
from 13.9° to 21.3°, right ventricular free wall from
15.9° to 21.9°, and the interventricular septum

This work conducted at the Hospital of the University of
Pennsylvania, Philadelphia, PA

Direct communications to: William B. Pelley, PSICOR, Inc.,
16818 Via del Campo Court, San Diego, CA 92127

Abstract submitted December 15, 1984
Manuscript submitted March 15, 1986
Accepted for publication August 20, 1987

Volume 19, Number 4, Winter 1987

from 13° to 23.6°. Temperature variations in the
three areas were as great as 15° and as little as 2°.
Myocardial temperatures are 1) not predictable due
to the nature of coronary artery disease, 2) variable
despite optimal delivery technique, and 3) may vary
due to cannulation and systemic blood temperature.

Introduction

Delivery of hypothermic asanguineous cardioplegic
solution (CPS) into the aortic root and subsequent
aortic root venting has become an accepted method of
myocardial protection and decompression during car-
diac operations. !¢ The method of cardioplegic delivery,
the degree of hypothermia, the content of the CPS and
the extent of myocardial protection have all been exam-
ined by previous investigators.”!! Presumably, the tem-
perature of the myocardium during cardioplegic arrest
is an indication of the extent to which that area has
received both hypothermic and chemical protection. By
the nature of the coronary artery disease being treated,
however, delivery of cardioplegic solution may not be
uniform throughout the myocardium.!'? Heterogenous
myocardial protection might lead to heterogeneous
myocardial injury. Suboptimal regional protection
might predispose to local contractile injury and even
post-operative arrhythmias.!*!® Personal experience
has shown that most surgical groups do not assess the
degree of myocardial protection, some measure septal

The Journal of Extra-Corporeal Technology 415

Article available at RffpS7/lect.edpsciences.ord or


https://ject.edpsciences.org
https://doi.org/10.1051/ject/1987194415

temperature, while a few groups monitor multiple sites.

The purpose of this study was: 1) to examine regional
myocardial temperature during asanguineous multidose
cardioplegic arrest; 2) to assess differences in post-
arrest temperature that might predispose to non-
uniform injury; 3) to examine regional rates of warming
that might identify the zones at greatest risk; and 4) to
identify maximum temperature gradients that might
predispose to heterogeneous injury promoting post-
operative arrhythmias.

Materials and Methods

Twenty patients undergoing elective coronary artery
bypass procedures were studied. Following standard
anesthesia induction, the patients were cannulated with
an ascending aortic arch cannula and a single venous
cannula in the right atrium. CPS was delivered through
a roller pump. Aortic root pressures were maintained at
80 mm of mercury during CPS administration. The
initial CPS dose was given for 2 minutes and subse-
quent CPS doses were administered into the aortic root
for 1 minute each at the conclusion of each distal
anastomosis. The left ventricle was decompressed via
the cardioplegic cannula with gravity drainage to the
venous line of the cardiopulmonary bypass circuit.
Topical cooling was utilized during aortic crossclamp-
ing.

Myocardial temperatures were measured at the aortic
root, the left ventricular apex, the right ventricular free
wall, and the interventricular septum. The aortic root
temperature was measured to give an indication of CPS
delivery temperature and left heart blood temperature
during venting. Multiple myocardial temperature
probes were used which had been checked against each
other for accuracy.* Nasopharygeal and arterial blood
temperatures were also measured. Immediate pre-
cardiopulmonary bypass baseline temperatures were
recorded. With initiation of cardiopulmonary bypass,
the patient was cooled to 26° C. When the heart
fibrillated, temperatures were again recorded and the
aorta was cross-clamped and cardioplegic solution
delivered. Temperatures were recorded at the comple-
tion of CPS delivery and every two minutes thereafter
for the duration of the cross-clamp time.

Statistical analysis was performed using a statistical
package for IBM computers.®

Results

During CPS administration, aortic root pressures
were maintained at 80 mm of mercury. Cardioplegic

a TM, TMPN, Shiley Laboratories, Santa Ana, CA 92714
b Stats-2, Statsoft, 2832 East 10th Street, Tulsa, OK 74104
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solution flows varied from 200 ml to 400 ml per min-
ute. Initial cardioplegic doses ranged from 400 ml to
700 ml, and subsequent doses generally delivered at
the conclusion of each distal anastomosis ranged from
100 ml to 450 ml. Table 1 illustrates the temperature
results at the conclusion of the initial dose of cardiople-
gia. There were no statistically significant differences
in the three areas. Patients with multiple, stenotic
lesions received less CPS than others due to the nature
of their disease.

Crystalloid CPS temperature ranged from 1.4° to
15.4° during infusion. Higher CPS temperatures
occurred in the latter stages of aortic cross clamping,
particularly if rewarming had begun. During the period
of aortic cross clamping, the temperature in the aortic
root ranged from 16.6 to 26.9°. These temperature
ranges are probably the result of not using bi-caval
cannulation and total cardiopulmonary bypass. The
temperatures in the left ventricular apex ranged from
13.9° to 21.3° while the right ventricular free wall
ranged from 15.9° to 21.9°. The temperatures in the
interventricular septum ranged from 13° t0 23.6°. The
arterial blood temperatures ranged from 24.2° to 28.4°
and the nasopharyngeal temperatures were 26.4° to
28.4°. Individual temperature differences between any
of the four areas measured in the heart were as great as
15° and as little as 2°. The mean temperature at
fibrillation, in the aortic root was 25 °, the left ventricu-
lar apex was 15°, the right ventricular free wall was
18°, and the septum was 10°. The mean arterial blood
temperature was 20° and the nasopharyngeal was 28°
(Figure 1).

Discussion

Measurement of temperature on the myocardium in
three locations, the left ventricular apex, right ventricu-
lar free wall, and septum, and measurement of aortic
root blood temperature have indicated a heterogeneity
of temperatures across all four regions. Although
regional myocardial temperature differences are well
described in the literature, the effects of these indepen-
dent temperature differences have not been well exam-
ined. Differences in cardioplegic delivery systems is
one explanation for the variability in their temperatures
across the myocardium. The method of cardioplegia
administration, the pressure and/or flow during cardio-
plegia delivery, the volume of CPS used, the type of
solution used (blood or crystalloid), the temperature of
the CPS, and the duration of the CPS administration
will ultimately affect the degree of hypothermic cardio-
plegia arrest. Grover and associates described the dif-
ferences in administration of CPS via roller pump and
that of the pressurized bag administration of cardiople-
gic solution.?® Results of their study indicated that the
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Table 1
Temperatures at End of First Infusion (Arrest)

Pt. Qb AO LV RV Sp LV-RV LV-SP RV-SP
# ml/min C C C C
1 325 7.8 14.4 18.8 8.1 -4.4 6.3 10.7
2 350 3.2 11.6 17.5 8.6 -5.9 3.0 8.9
3 300 34 14.1 24.6 14.7 -10.5 -0.6 9.9
4 325 4.9 8.4 3.5 10.9 4.9 -2.5 -7.4
5 300 8.0 18.0 17.2 11.7 0.8 6.3 5.5
6 325 5.6 11.4 19.8 8.8 -8.4 2.6 11.0
7 270 7.9 13.4 17.2 14.1 -3.8 -0.7 3.1
8 325 5.7 14.6 16.8 12.2 -2.2 2.4 4.6
9 300 5.9 21.6 14.7 16.3 6.9 5.3 -1.6
10 300 4.4 13.3 10.7 15.3 2.6 -2.0 -4.6
11 300 4.4 12.2 10.4 14.9 1.8 -2.7 -4.5
12 325 6.5 10.8 16.1 9.5 -5.3 1.3 6.6
13 325 2.0 17.8 7.5 12.0 10.3 5.8 4.5
14 260 6.7 13.1 12.9 8.1 0.2 5.0 4.8
15 300 6.1 15.3 10.1 14.7 5.2 0.6 4.6
16 200 4.2 17.0 13.3 14.6 3.7 2.4 -1.3
17 300 3.5 15.5 13.3 14.5 2.2 1.0 -1.2
18 300 2.9 11.2 14.8 10.5 -3.6 0.7 4.3
19 300 1.4 10.2 5.2 2.8 5.0 7.4 2.4
20 300 7.4 18.0 18.0 20.1 0.0 -2.1 -2.1
Mean 301.50 5.0950 14.0950 14.1200 12.1200 -0.0250 1.9750 2.0000
SD 31.3763 1.9819 3.2346 5.1404 3.8513 5.4011 3.2157 5.7686
T Value -0.018 1.756 1.393
P Value 0.9336 0.0835 0.1686

LV = Left Ventricular Apex, RV = Right Ventricular Free Wall,
SP = Interventricular Septum, Qb = Cardioplegia delivery flow,
AO = Aortic Root

pressurized bag method of administering CPS might
limit the pressure delivered at the aortic root. Engle-
man and coworkers described a high volume crystalloid
22 1 CPS technique purporting to provide additional
hypothermic protection. Additionally, the high volume
cardioplegic system appears to provide a more rapid

ature

Ternper:
o
i

1+ 4 metabolic recovery.?!

::: The protective effects of systemic hypothermia have
o also been studied by numerous authors. Recently
5 4 Rosenfeldt and associates found that deep systemic

hypothermia had additional protective effects on the
myocardium; however, the protection offered by sys-
temic hypothermia may vary with venous cannulation

T T T T T T T T

[ 2 + 6 a 10 2 14 18 8 z0 22 24 26
in minutes

a + RV o SP s A0 x AR v NP

Figure 1: Regional Myocardial Temperature Variations

LV = Left Ventricular Apex, RV = Right Ventricular Free
Wall, SP = Interventricular Septum, AO = Aortic Root, AB
= Arterial Blood, and NP = Nasopharyngeal
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techniques.?? Warming of the right side of the heart by
venous blood return has been implicated as the cause of
suboptimal right heart preservation. The addition of
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cold topical solutions around the myocardium during
CPS infusion, continuous drip during the operation,
and intermittently during the operation have led to
additional hypothermic protection of the myocardium.
Chiu indicates that topical hypothermia alone is inade-
quate protection, but in conjunction with infused car-
dioplegic solution provides more homogeneous
hypothermia.?> Hearse and Harlan have indicated that
regions subject to inadequate preservation can be pre-
dicted from the pre-operative angiogram.?*?% Areas
distal to significant lesions tend to remain warmer.
Intraaortic pressure of approximately 80 mm of mer-
cury is necessary to deliver cardioplegic solution past
the coronary stenosis.

Aortic root perfusion pressures of approximately 80
mm of mercury and as high as 85 to 100 mm of
mercury as measured by Bretschneider in his myocar-
dial temperature mapping studies are accepted as ade-
quate for cardioplegic solution infusion.?® Despite the
monitoring of myocardial temperature, CPS tempera-
ture, and aortic root perfusion pressure, the results are
conflicting. Fisk and associates have reported that intra-
myocardial temperatures are not predictable and may
differ up to 17° C. between the anterior and posterior
left ventricular sites.?’ This lack of predictability and
variability in temperature may be due to such factors as
collateral circulation or the ability of various cardiople-
gic vehicles to bypass stenosed areas.

Hilton and Ekroth have demonstrated the signifi-
cance of critical coronary stenosis on the maldistribu-
tion of hypothermia across the myocardium.?®%
Summarizing Rosenfeldt and Hartz in their work on the
safety limits of solution pressure and temperature, CPS
infusion pressures as high as 150 mm of mercury were
used safely and solution temperature as low as 0° C.
were infused into the myocardium via the aortic root
with preservation of myocardial function.’*3! They
report that the use of colder cardioplegic solutions and
higher infusion pressures may have an additional pro-
tective effect on areas not normally perfused.

In conclusion, there are many variables which may
affect adequate myocardial protection during cardiople-
gic arrest. Temperature, flow, pressure, stenotic
lesions, and hypertrophied muscle may all affect pres-
ervation techniques, as well as cannulation and time
between infusions. The only effective method of ensur-
ing adequate protection seems to be continuous temper-
ature mapping of the entire heart. However, this is an
impractical solution to the problem. While there may
be some controversy over the effects of these variables,
it is important to recognize that they exist, in order to
be more adequately prepared to deal with complica-
tions.
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