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T'ransesophbageal Atrial Pacing in Anestbetized
Patients with Coronary Artery Disease

Hemodynamic Benefits Versus Risk of Myocardial Ischemia

Charles W. Hogue, Jr., M.D., * Victor G. Dévila-Romén, M.D.,t Charles Pond, M.D.,* Edward Hauptmann, M.D., *

David Braby, M.D.,* Demetrios G. Lappas, M.D. *

Background: Transesophageal atrial pacing (TEAP) provides
prompt and precise control of heart rate and improves he-
modynamics in anesthetized patients with bradycardia and
hypotension. The authors’ purpose in this study was to ex-
amine the hemodynamic benefits of TEAP versus the risk of
myocardial ischemia in patients about to undergo coronary
artery bypass surgery.

Methods: Hemodynamics, ventricular filling pressures,
mixed venous oxygen saturation, and end-diastolic, end-sys-
tolic, and fractional area change of the left ventricle, deter-
mined by transesophageal echocardiography (TEE), were
measured after anesthesia induction with 30 ug/kg fentanyl
and at incremental TEAP rates of 65, 70, 80, and 90 beats/min
(bpm) in 40 adult patients. Monitoring for myocardial isch-
emia was accomplished with 12-lead electrocardiograms and
biplane TEE assessment of left ventricular regional wall mo-
tion. Hemodynamics, electrocardiograms, and TEE measure-
ments at each TEAP rate were compared with baseline awake
measurements (except TEE) and with measurements obtained
after anesthesia induction before TEAP.

Results: Sinus bradycardia occurred in 15 patients after
anesthesia induction and was associated with a hypotensive
response and a decrease in cardiac output in 10 patients. In
these patients, TEAP restored diastolic blood pressure and
cardiac output to baseline values at TEAP rates of 65 and 80
bpm, respectively. Stroke volume was similar to baseline mea-
surements after anesthesia induction and at TEAP rates of 65,
70, and 80 bpm, but was significantly reduced from baseline
at TEAP 90 bpm. Myocardial ischemia was detected in 7 and
5 patients at a TEAP rate of 80 and 90 bpm, respectively.
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Conclusions: Control of heart rate with TEAP restores in-
traoperative hemodynamics to baseline in patients in whom
bradycardia and a hypotensive response develop before cor-
onary artery bypass surgery. When using TEAP for patients
with severe coronary artery disease, these results support us-
ing the lowest TEAP rate titrated to achieve optimal hemo-
dynamics, while closely monitoring for myocardial ischemia,
especially at TEAP rates > 80 bpm. (Key words: Cardiac pacing:
transesophageal. Coronary artery disease: myocardial isch-
emia. Echocardiography: transesophageal. Surgery: coronary
artery bypass.)

INDIVIDUALS with coronary artery disease have a lim-
ited ability to augment coronary blood flow commen-
surate with an increase of myocardial oxygen de-
mands."* In the presence of restriction to coronary ar-
terial blood flow, increased myocardial oxygen
consumption secondary to increased heart rate can
provoke myocardial ischemia and worsen ischemic in-
jury.'=” Consequently, reduction in heart rate intra-
operatively is usually viewed favorably as promoting
myocardial oxygen metabolic balance in patients with
coronary artery disease. In this group of patients, how-
ever, bradycardia often results in hypotension and re-
duced coronary perfusion pressure, which, potentially,
also may precipitate myocardial ischemia.® In addition,
bradycardia may lead to hemodynamic compromise in
patients with dilated cardiomyopathy or more serious
dysrhythmias in patients with sick sinus syndrome or
prolonged QT intervals.®'*

The treatment of bradydysrhythmias during anesthesia
may be problematic. Chronotropic drugs can either be
ineffective or cause tachycardia and dysrhythmias.'' ="
Temporary cardiac pacing using epicardial, transve-
nous, or transcutancous methods is not always clinically
feasible on an emergent basis, and is also associated
with other limitations.">'® It was reported that trans-
esophageal atrial pacing (TEAP) provides prompt, ef-
fective, and precise control of heart rate in patients
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with sinus bradycardia and atrioventricular junctional
rhythm during anesthesia.'>"'"'7'® Increased cardiac
output and coronary perfusion pressure also was dem-
onstrated to result from TEAP in patients undergoing
coronary artery bypass graft (CABG) surgery.'>'*!7

Hemodynamic improvements associated with TEAP
in patients with coronary artery disease may, however,
be complicated by the development of myocardial
ischemia at high heart rates.'”” In studies of TEAP in
CABG surgical patients, researchers found no evidence
of myocardial ischemia.'>'*!” Monitoring for ischemia
in these studies was limited and, perhaps, episodes of
myocardial ischemia would have been detected with
more intensive monitoring.'®~*' Therefore, whether
optimal hemodynamics using TEAP can be attained
while avoiding myocardial ischemia is not clear. Our
purpose in this study, therefore, was to prospectively
(1) evaluate the effects of TEAP at several incremental
heart rates on hemodynamics and other parameters of
left ventricular (LV) function, and (2) assess for the
development of myocardial ischemia during TEAP
through use of 12-lead electrocardiographic (ECG) and
transesophageal echocardiographic (TEE) monitoring
in anesthetized patients before CABG surgery.

Methods and Materials

All procedures of this study met the approval of our
Institutional Review Board and received individual in-
formed consent. Forty-five patients scheduled for elec-
tive CABG surgery were enrolled. Coronary angiogra-
phy was performed before surgery, and the degree of
coronary arterial stenosis was quantified according to
standard institutional procedures. Patients were eXx-
cluded from this study for the following: emergency
procedures, combined valvular surgery, myocardial in-
farction < 3 months before surgery, left ventricular
ejection fraction < 35%, left main coronary artery ste-
nosis > 70%, intraaortic balloon pump, preexisting
cardiac pacemakers, atrioventricular conduction ab-
normalities, atrial fibrillation, left bundle branch con-
duction block, left ventricular hypertrophy, preoper-
ative digoxin use, and esophageal varices, stricture, or
tumor.

Preoperative cardiac medications were continued
until the time of surgery, and the patients were pre-
medicated with morphine sulfate, lorazepam, and sco-
polamine. Patient monitoring included radial arterial
and oximetric pulmonary arterial catheters (Opticath,
Abbott Laboratories, North Chicago, IL) and a 12-lead
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ECG (PageWriter XLi, Hewlett Packard). Anesthesia was
induced with 30 ug/kg fentanyl, and vecuronium was
given for muscle relaxation. After tracheal intubation,
a TEAP electrode catheter (TAPCATH, Arzco Medical
Systems, Vernon Hills, IL) was inserted to 50 cm from
the infraalveolar ridge to pacing electrodes. A biplane
TEE probe (Hewlett Packard Sonos OR, Andover, MA)
was inserted. After TEE probe placement, the TEAP
electrode was withdrawn to the level of maximal atrial
depolarization and connected to a pulse generator
(Model 7A, Arzco Medical Systems, Vernon Hills, IL).

Protocol
Before anesthesia induction, a 12-lead ECG and base-

line hemodynamic measurements were obtained. He-
modynamic measurements included systolic, mean and
diastolic systemic and pulmonary arterial pressures,
central venous pressure, pulmonary capillary wedge
pressure, cardiac output, stroke volume, systemic and
pulmonary vascular resistance, and mixed venous 0ox-
ygen saturation. Cardiac output was determined by
thermodilution through use of the average of three
room temperature, saline injectate measurements. At
any study point, cardiac output measurements that var-
ied by >10% of the previous measurement were dis-
regarded, and the measurement was repeated. Hemo-
dynamic measurements and 12-lead ECG were repeated
after tracheal intubation. At this time, baseline TEE im-
ages of the LV also were obtained. Cardiac pacing was
initiated with a pulse width of 10 msec and varying
amplitude (10-20 mA), as required to ensure atrial
capture. Atrial pacing was performed in an incremental
manner in each patient at 65, 70, 80, and 90 beats/
min (bpm), with each rate maintained for 3-5 min. If
the patient’s rate was >65 bpm, pacing was started at
70 bpm. Patients with heart rates > 70 bpm were €Xx-
cluded from analysis. The pacing study protocol was
performed in the absence of surgical or other patient
stimulation. Hemodynamic measurements, 12-lead
ECG, and TEE recordings were repeated at the end of
each specified pacing heart rate. The pacing protocol
was terminated if myocardial ischemia was detected
clinically, as judged by the clinicians carrying for the
patient, using either the operating room ECG monitor
or 12-lead ECG for diagnosis.

Echocardiography

The biplane TEE probe was positioned to obtain im-
ages of the LV at the mid-papillary muscle level in two
planes: the transverse—short axis plane, in which the
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septal, anterior, lateral, inferior—posterior walls can be
visualized, and the longitudinal long-axis plane, in
which inferior, anterior, and apical walls are imaged.
Echocardiographic images were recorded on VHS tape
and later arranged in a split screen, side-by-side, cine-
loop format for comparison of baseline images with
those obtained at each pacing rate with the order of
the images scrambled. The recorded echocardiograms
were reviewed off-line by an experienced echocar-
diographer blinded to hemodynamic data and TEAP
rates (ECG not recorded on TEE images). Regional wall
motion was assessed through use of a semi-quantitative
score (1 = normal wall motion, 2 = hypokinesis, 3 =
akinesis, 4 = dyskinesis) of the images at baseline and
at each paced heart rate, using a 12-segment modifi-
cation of the system recommended by the American
Society of Echocardiography.?? Left ventricular end-di-
astolic (EDA) and end-systolic (ESA) areas also were
measured off-line by planimetry at the endocardial /
blood border interface from images obtained in the
short-axis view at the mid-papillary muscle level. Care
was taken to ensure that the imaging plane was the
same for all measurement intervals. The average of three
EDA and ESA measurements were determined at base-
line, after anesthesia induction, and at each paced heart
rate. Fractional area change (FAC = (EDA — ESA)/EDA)
also was calculated. Based on FAC determinations ob-
tained immediately after anesthesia induction, left
ventricular function was categorized as normal if FAC

«

= 45%, or moderately reduced for FAC < 45%

Myocardial Ischemia Definitions

Twelve-lead ECGs obtained at each point in the pro-
tocol were reviewed independently by two physicians.
The ECG definition of myocardial ischemia was =1 mV
shift in the ST segment from the isoelectric point de-
termined 60 ms after the J point. Inclusion of a shift
in the ST segment as compatible with a myocardial
ischemic episode required the acceptance of both re-
viewers. The echocardiographic definition of myocar-
dial ischemia was an increase in LV regional wall mo-
tion score of greater than 1 grade compared with base-
line. The intra-individual concordance of our laboratory
using this TEE method for the determination of new
regional wall motion changes was determined to be
92%, and the inter-individual concordance was 93% .2
The development of myocardial ischemia at each TEAP
Tate was considered for episodes meeting the ECG and/
or cchocardiographic definitions determined off-line
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(7.e., not based on responses determined during pacing
protocol).

Data Analysis

Hemodynamic and TEE-derived measures of LV di-
mension were compared with baseline measurements
obtained before anesthesia induction (hemodynamic
measurements only) and after anesthesia but before
TEAP. To assess hemodynamic improvements with
TEAP, sinus bradycardia was defined as heart rate < 60
bpm, and bradycardia-associated hypotension was de-
fined as mean arterial pressure < 70 mmHg or decreases
in mean arterial pressure > 25% compared with values
obtained before anesthesia induction. Continuous data,
determined to be distributed normally by Bartlett’s test,
were analyzed with one-way analysis of variance with
Bonferroni correction for multiple comparisons. Dis-
crete data were analyzed with Fisher’s exact test. Sig-
nificance was considered for values of P < 0.05.

Results

Five patients were eliminated from analysis because
of heart rate > 75 bpm after anesthesia induction (n
= 4) or because of technical difficulties with TEAP (n
= 1). Demographic information for the remaining 40
patients is shown in table 1, with patients grouped by
the presence or absence of bradycardia associated with
a hypotensive response after anesthesia induction. Fif-
teen patients had heart rates < 60 bpm after anesthesia
induction, and 3 of these patients had heart rates < 50
bpm. Of the 15 patients with bradycardia, 10 met the
criteria for having hypotension. No episodes of atrio-
ventricular junctional rhythm were observed. There
were no differences in age between patients with and
without hypotension during anesthesia induction, nor
were there differences between these two groups with
respect to medication use before surgery or with the
other characteristics listed. Likewise, there were no dif-
ferences in the distribution of coronary artery stenosis
between patient groups, with the exception of no pa-
tients in the hypotensive group having left main cor-
onary arterial stenosis from 50-70%. There also were
no differences between groups in the number of pa-
tients with normal or moderately reduced LV function
or in baseline wall motion score. Characteristics for
those patients with evidence of myocardial ischemia
developing during TEAP, regardless of hemodynamic
response to induction of anesthesia, are listed in table
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Table 1. Demographic Information for Patients with and
without Hypotension and for Patients from Both Groups
Developing Myocardial Ischemia with TEAP

Myocardial
No Hypotension  Hypotension Ischemia
(n = 30) (n=10) (n=12)
Age* 642 +76 675+11.8 622+838
Hypertension 12 (40%) 9 (90%) 5 (42%)
Diabetes mellitus 5 (17%) 3 (30%) 2 (17%)
History of MI 1 (48%) 5 (50%) 8 (67%)
Tobacco use 0 (83%) 0 3 (25%)
Medication
p-blockers 7 (57% 8 (80%) 9 (75%)
Ca** channel blockers (37% 5 (50%) 6 (50%)
Nitroglycerin 8 (60%) 10 (100%) 9 (75%)
ACE inhibitors 8 (27%) 4 (40%) 4 (33%)
Aspirin 19 (63%) 8 (80%) 8 (67%)
Heparin 10 (33%) 4 (40%) 5 (42%)
Coronary arterial stenosis
LAD >70% 27 (90%) 10 (100%) 11 (92%)
Circumflex >70% 19 (63%) 4 (40%) 7 (58%)
RCA >70% 24 (80%) 8 (80%) 10 (83%)
Left main 50-70% 6 (20%) 0 2 (17%)
LV function
Normal 6 (20%) 1 (10%) 2 (17%)
Moderately reduced 4 (80%) 9 (90%) 10 (83%)
Baseline wall motion
score* 141+34 13.8% 34 139x25

j-adrenergic blocking drugs; Ca**
left anterior de-
left ventricular.

Ml = myocardial infarction; g-blockers =
channel blockers = calcium channel blocking drugs; LAD =
scending coronary artery; RCA = right coronary artery; LV =

* Mean + SD.

1. There were no significant differences between pa-
tients with and without myocardial ischemia for any of
the patient characteristics listed, including baseline LV
function and wall motion score.

Hemodynamic and echocardiographic results are
shown in table 2. Heart rate was higher (72 = 7 bpm)
before anesthesia induction in patients in whom brady-
cardia and a hypotensive response later developed
compared with patients who remained normotensive
after anesthesia induction (60 = 10 bpm; P = 0.004).
Baseline awake heart rate and heart rate after anesthesia
induction were no different in patients with or without
myocardial ischemia with TEAP. There were no other
differences observed in the baseline hemodynamic
measurements between patients with and without hy-
potension or between patients with and without myo-
cardial ischemia. After anesthesia induction and tra-
cheal intubation, systolic, diastolic, and mean systemic
and systolic pulmonary arterial pressures and cardiac
output were all significantly lower than baseline awake
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measurements in patients in the hypotensive group.
Compared with baseline awake measurements, there
were no significant differences in any of the hemody-
namic measurements after anesthesia induction in pa-
tients without hypotension.

[nstitution of TEAP resulted in increases in the he-
modynamic parameters compared with measurements

obtained immediately after anesthesia induction, al-
though most of the measurements remained signifi-

cantly less than baseline measurements. Systemic dia-
stolic blood pressure and cardiac output, however,
were restored to values similar to those measured be-
fore anesthesia induction at TEAP rates of 65 bpm and
80 bpm, respectively. Compared with awake values,
stroke volume was no different after anesthesia induc-
tion or with TEAP rates of 65, 70, and 80 bpm, but
was significantly less than awake baseline ata TEAP rate
of 90 bpm. Compared with baseline awake values, there
were no significant changes observed in pulmonary di-
astolic arterial pressure, central venous pressure, pul-
monary capillary wedge pressure, mixed venous oxy-
gen saturation, or vascular resistances after anesthesia
induction or with TEAP in the hypotensive group. De-
creases in ESA and EDA with each successive paced
heart rate in the hypotensive group were not signifi-
cantly different from measurements after anesthesia in-
duction. There also was no difference in FAC at each
TEAP rate.

Results of 12-lead ECG and TEE monitoring for myo-
cardial ischemia at each TEAP rate are shown in table
3. No episodes of myocardial ischemia were observed
after anesthesia induction. In 12 (30%) patients, evi-
dence of myocardial ischemia during TEAP developed.
Myocardial ischemia was not observed at TEAP rates of
65 and 70 bpm. Seven patients had myocardial ischemia
at a TEAP rate of 80 bpm, with 5 of these patients having
the ischemic episode diagnosed on the basis of TEE
criteria and 2 patients based on both ECG and TEE cri-
teria. Five patients had new evidence of myocardial
ischemia at a TEAP rate of 90 bpm, whereas myocardial
ischemia detected at a TEAP rate of 80 bpm persisted
at a TEAP rate of 90 bpm in 5 additional patients. In 2
patients, the study protocol was aborted at a TEAP rate
of 80 bpm, because of the clinical diagnosis of myo-
cardial ischemia (confirmed by off-line analysis). Myo-
cardial ischemia was detected off-line in 5 other pa-
tients at a TEAP rate of 80 bpm, but in these patients,
the ischemic episodes were not detected clinically and,
therefore, the pacing protocol continued to a TEAP rate
of 90 bpm. In patients who developed myocardial
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Table 2. Hemodynamic and Echocardiogra
Patients with Bradycardia and Hypotension

phic Results at Baseline, after Anesthesia Induction, and at Each TEAP Rate for

Awake Anesthesia 65 beats/min 70 beats/min 80 beats/min 90 beats/min

Heart rate (beats/min) 72 +7 59 + 6* — = —
Systolic BP (mmHg) 156 + 17 107 + 14* 110 + 12* 113 + 14* 119 + 14* 121 + 17+
Diastolic BP (mmHg) 70 =10 51 + 3* 57 +6 58 +8 60 +9 62 + 11
Mean arterial pressure

(mmHg) 102 + 11 69 + 5* 76 + 8* 77 +11* 81+ 11* 83 + 14*
Systolic PAP (mmHg) 43+ 8 30 + 5* 30.7 + 5* 28 + 6* 28 + 5* 30 + 5*
Diastolic PAP (mmHg) 14+ 3 16 + 3 16 + 3 15 5 16 + 4 17 + 4
CVP (mmHg) 13+£5 11+4 12 3 10+3 11.4 10+ 4
PCWP (mmHg) 15+ 6 11+4 12+ 4 1155 11+4 13+4
SV (ml/beat) 65 + 17 59 + 11 57+9 54 +9 52+9 45 + 7*
CO (I/min) 5+1.1 3 +0.5* 4 +0.5" 4 +0.6* 4+0.7 4+05
PVR (dyne-s-cm™) 230 + 70 219 + 34 213 + 60 192 + 64 210 + 74 192 + 55
SVR (dyne-s-cm™) 1,442 + 341 1,373 + 228 1,449 + 281 1,418 + 296 1,357 + 244 1,521 + 150
Svo, (%) 80+ 5 81+3 81+4 81+5 83 + 4 85+ 3
EDA (cm?) — 17 + 4 16 £ 5 15+ 5 14+ 4 14+5
ESA (cm?) — 8+2 8+3 7+3 7 +£2 =3
FAC — 0.54 + 0.07 0.51 + 0.08 0.54 + 0.08 0.52 + 0.08 0.54 + 0.08

TEAP = transesophageal atrial pacing; MAP = mean arterial pressure; PAP = pulmonary artery pressure; BP = blood pressure.

*P < 0.05 versus Awake.

ischemia at a TEAP rate of 90 bpm, the diagnosis of the
ischemic episode was based only on ECG criteria in 2
patients, on TEE criteria in 5 patients, and on both TEE
and ECG criteria in 3 patients. Myocardial ischemia
during TEAP occurred in 7 patients without hypoten-
sion after anesthesia induction and in 5 patients from
the hypotensive group (P = n.s.). There were no dif-
ference in any of the hemodynamic parameters, in-
cluding cardiac filling pressures during myocardial
ischemia compared with measurements from patients
without ischemia at the same TEAP rate. Evidence of
myocardial ischemia resolved after several minutes in
those patients in whom the ischemic episodes were
detected clinically.

Table 3. Number of Patients Experiencing Myocardial
Ischemia Based on ECG Criteria Only, TEE Criteria Only, or
Both ECG and TEE Criteria at Each TEAP Rate

TEAP Rate (beats/min) n ECG Only TEE Only TEE and ECG
65 0 0 0 0
70 0 0 0 0
80 7 0 5 2
90 10 2 5 3

ECG = electrocardiography; TEE = transesophageal echocardiography; TEAP
= transesophageal atrial pacing.
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Discussion

A major concern with the use of TEAP in patients
with coronary artery disease is that of precipitating
myocardial ischemia with increased heart rates.’”” In
studies of patients undergoing CABG surgery, research-
ers reported no evidence of myocardial ischemia with
TEAP at the heart rates used.'*'*'” In these reports,
however, monitoring for myocardial ischemia was lim-
ited to 7-lead ECG monitoring that included lead Vs.
The detection of myocardial ischemia perioperatively
can be increased with the use of more ECG leads and
by monitoring of regional myocardial function with
TEE.'"”~?! In contrast to previous studies, when using
these more sensitive monitoring methods, myocardial
ischemia was observed in the current study in 30% of
patients during TEAP, occurring at heart rates of 80 and
90 bpm in 7 and 5 patients, respectively. To focus on
the effects of TEAP on myocardial oxygen balance, we
attempted to limit the number of potential variables
that could contribute to the development of myocardial
ischemia. Therefore, TEAP was performed in the ab-
sence of surgical stimulation and at a time when systolic
arterial blood pressure, left ventricular dimension, and
pulmonary capillary wedge pressure were all similar
to those measured before TEAP, suggesting that the only
variable increasing myocardial oxygen consumption
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was faster heart rate. The presence of myocardial isch-
emia in 5 patients using both 12-lead ECG and TEE
criteria also suggests that, although the number of
myocardial ischemic episodes may decrease with
stricter diagnostic criteria (i.e., change in regional wall
motion score > 1), the observations that myocardial
ischemia may occur with TEAP would appear to persist.
The development of myocardial ischemia is complex,
and depends on a dynamic balance of multiple variables
affecting the myocardial oxygen supply/demand ratio.
In this study, no episodes of myocardial ischemia were
observed at TEAP rates of 65 and 70 bpm. We cannot
exclude the possibility that the observation period in
this study after each increase in heart rate (3-5 min)
was inadequate and that myocardial ischemia could
have occurred at TEAP rates < 80 bpm had we main-
tained TEAP at these rates longer. Laboratory and clin-
ical investigations indicate, however, that in the pres-
ence of restriction to coronary artery blood flow, myo-
cardial ischemia will become evident in 2—3 min when
oxygen consumption is suddenly increased.’#7**7*¢ In
subjects with coronary artery disease, increases in cor-
onary blood flow in response to pacing-induced in-
creases in heart rate and myocardial oxygen consump-
tion also were shown to reach a steady level within 6
s, suggesting that the new level of myocardial oxygen/
demand is achieved quickly.' Regardless, most spon-
tancous myocardial ischemic episodes before CABG
surgery occur without acute increases in heart rate and
appear more dependent on myocardial oxygen supply
than on increased demand.?'*7*® Therefore, because
of these dynamic myocardial oxygen supply/demand
characteristics, maintenance of TEAP at any rate, even
<80 bpm, in this population of patients does not pre-
clude the development of myocardial ischemia.
Hemodynamic improvements with TEAP in CABG pa-
tients with bradycardia and systemic hypotension was
reported.'*'*17 Backofen et al.'* showed increases in
mean and diastolic systemic arterial pressures from 66
+11to 78 = 11 mmHg and 47 £ 7 to 59 = 8 mmHg,
respectively, with TEAP rates of 68 and 78 bpm in pa-
tients who receive large doses of fentanyl for CABG
surgery. Our results confirm these findings and those
from other investigations in which researchers observed
significant increases in systolic, mean, and diastolic
systemic arterial pressures with TEAP in patients un-
dergoing coronary artery surgery.'*'” Similar to these
other studies, increases in cardiac output, albeit mod-
est, also were observed with TEAP. We also showed
that coronary artery perfusion pressure can be restored
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ar to that measured in the awake state

to a level simil
with a TEAP rate as low as 65 bpm. This study also
extends prior reports by documenting the TEE effects
of incremental TEAP.

Experimentally, chronotropic-associated improve-
ments in cardiac output reach a maximum above which
further increases in heart rate will no longer increase
cardiac output.” In these canine experiments, the pla-
teau of heart rate-related increases in cardiac output
occur between 90 and 180 bpm.? In patients without
myocardial ischemia during diagnostic stress testing,
atrial pacing at heart rates between 107 = 12 bpm and
132 + 15 bpm also were shown to result in no change
in cardiac output, but to progressively decrease stroke
volume.?’ Improvements in cardiac output with TEAP
in this study were related to the increase in heart rate
because stroke volume and actually decreased at a TEAP
rate of 90 bpm (table 2). Taken together, these results
suggest not only that the risk of myocardial ischemia
increases with incremental increases in TEAP rates, but
that the hemodynamic benefits of higher heart rates
may be limited in this population of patients.

As previously noted, limitations exist with the use of
both ECG and TEE to assess for myocardial ischemia,
including that of intermittent and noncontinuous sam-
pling.?"*"*! The use of biplane TEE in the current study
enabled us to obtain transverse and longitudinal images
of the LV, thereby increasing the myocardial segments
evaluated.>?> However, it is possible that myocardial
ischemia may have occurred in myocardial segments
not assessed by two-dimensional imaging. Changing
loading conditions of the heart secondary to faster heart
rates and tethering effects from areas of prior ischemic
damage of the myocardium also could have unmasked
areas of regional LV contractile dysfunction that could
be misinterpreted as resulting from myocardial isch-
emia.’*?! Despite these limitations, 12-lead ECG mon-

itoring was shown to have a sensitivity rate of approx-
imately 67% in the detection of myocardial ischemia
during diagnostic TEAP stress testing.”® Under similar
conditions, TEE was shown to have sensitivity and
specificity rates of 90-93% and 87-100%, respectively,
in the detection of myocardial ischemia, and to be
highly concordant with scintigraphic findings of myo-
cardial ischemia.?* In addition to the above consider-
ations, other limitations of this study include the short
pacing interval used and the failure to assess for myo-
cardial injury with postoperative CK-MB enzymes, tro-
ponin I, or serial ECGs. Our goal, in the current study,
was to evaluate for the risk of developing myocardial
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ischemia with TEAP. Whereas serial ECGs and myocar-
dial enzyme information may have been interesting in
light of our findings, evaluating whether the use of TEAP
in patients with coronary artery disease can contribute
to myocardial injury would require a larger number of
patients to achieve statistical power.

Based on our data, increasing the heart rate with TEAP
restores hemodynamics in anesthetized patients in
whom bradycardia and hypotension develop before
CABG surgery. In patients with severe coronary artery
disease, these results suggest that TEAP rate should be
titrated to the lowest rate at which optimal hemody-
namic improvements are achieved, while closely mon-
itoring for myocardial ischemia, especially at rates
>80 bpm.

The authors thank Dr. Terri Monk and Dr. Kriton Filos, for their
support and contributions to the completion of this study.
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