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Transesophageal Atrial Pacing for the Treatment of Dysrhythmias in Pediatric Surgical Patients

WILLIAM J. GREELEY, M.D.,* J. G. REVES, M.D.}

Cardiac dysrhythmias occur frequently in pediatric
patients with congenital heart defects during general
anesthesia, and may cause hemodynamic instability.'
Urgent treatment of hemodynamically significant dys-
rhythmias in children during surgery heretofore has re-
quired antiarrhythmic therapy where efficacy is unpre-
dictable. Alternatively, emergency transvenous cardiac
pacing, which is highly invasive and technically difficult,
is possible. We report two cases where transesophageal
atrial pacing was successfully performed in pediatric
surgical patients in the treatment of hemodynamically
significant dysrhythmias during general anesthesia.

REPORT OF Two CASES

Case 1. A 4-day-old, 3.1-kg neonate with Ebstein's anomaly (right
ventricular dysplasia, tricuspid regurgitation, and Wolff-Parkinson-
White syndrome) and pulmonary atresia was anesthetized for a right
modified Blalock-Taussig (BT) shunt. At the time of the procedure,
the patient had severe hypoxemia due to reduced pulmonary blood
Aow despite prostaglandin E; therapy. Chest radiograph showed car-
diomegaly and echocardiogram demonstrated generalized hyper-
trophy of both ventricles in addition to the abovementioned structural
defects. The electrocardiogram showed right atrial enlargement, bi-
ventricular hypertrophy, and pre-excitation syndrome (WPW). Prior
to surgery, the patient developed several episodes of a wide QRS
tachycardia (heart rates 240-260 bpm associated with hypotension)
which was diagnosed as a reentrant supraventricular tachycardia
(SVT) with antegrade conduction along the accessory pathway. These
episodes were initially treated with cardioversion; the patient was then
given aloading dose of procainamide (6 mg/kgiv), and acontinuous iv
infusion of procainamide (50 g« kg™ »min™') was begun. Digoxin was
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contraindicated because of the tendency to accelerate conduction in
the accessory pathway; propranolol was inadvisable because of the
presence of cardiomegaly and signs of congestive heart failure; and
verapamil was not administered because of the propensity of this drug
to produce significant hypotension in infants. Upon achieving thera-
peutic levels of procainamide, the episodes of SVT were well con-
trolled.

General anesthesia was induced and maintained with sufentanil (10
ug/kg) and pancuronium (0.1 mg/kg)iv witha Flo, of 1.0. Ventilation
was controlled, and the patient was placed in a left lateral position for
the surgical procedure. In addition to standard noninvasive monitor-
ing, a radial artery catheter was inserted for the continutous measure-
ment of arterial blood pressure and monitoring of arterial blood gases.
A 12-French cardioesophagoscope (Portex Inc., Wilmington, M A) was
placed in the esophagus to the point of maximal atrial waveform, as
previously reported, and used for dysrhythmia detection, as well as
auscultation of heart and breath sounds.! During dissection of the
pulmonary artery and surgical manipulation of the heart, sudden onset
of a wide QRS tachycardia at 240 bpm associated with hypotension
(mean arterial pressure = 30~35 mmHg) was observed (fig. 1A). Im-
mediate cardioversion was indicated, but internal defibrillation re-
quired extension of the incision across the midline and external defi-
brillation required immediate breakdown of the sterile surgical field.
Therefore, an urgent attempt at esophageal pacing was performed.
The two esophageal electrode wires at the proximal end of the car-
dioesophagoscope were attached to a pacing pulse generator, and
atrial pacing with the esophageal catheter was begun-at a rate of 320
bpm and a pulse width of 3 ms. The current was increased until cap-
ture was achieved at 10 mA. The pacing artifact obscured the QRS,
and pacing was confirmed by monitoring the arterial pressure wave-
form. Atrial overdrive pacing was continued for 55, and then the pulse
generator was turned ofl. We observed the immediate return of the
rhythm to a sinus mechanism at a rate of 150 bpm on the ECG limb
leads and the return of the arterial blood pressure to normal (fig. 1B).
A second, similar intraoperative episode of SVT was observed and
successfully treated in the same manner. The remainder of the opera-
tive course was uneventful, and the patient was taken to the pediatric
intensive care unit in satisfactory condition.

The postoperative course was marked by persistent respiratory fail-
ure due to congestive heart failure and right hemi-diaphragm paralysis
requiring mechanical ventilation. On the 6th postoperative day, the
patient underwent an uneventful fiberoptic bronchoscopy under gen-
eral anesthesia to determine reversible causes of respiratory failure. At
the time of bronchoscopy, the entire esophagus was directly examined
through the bronchoscope, and no evidence of esophageal injury was
visualized. Because of the paradoxical motion of the paralyzed right
diaphragm during spontancous breathing contributing to ventilatory
dependency, the patient wasscheduled fora diaphragmatic plication at
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F16. 1. Case 1. A, Continuous
surface ECG recording in limb

the 20th day of age. At the time of surgery, the patient was receiving iv
dopamine, iv furosemide for heart failure, and a procainamide iv in-
fusion at therapeutic plasma levels for control of atrial tachyarrhyth-
mias, Anesthesia was induced and maintained with sufentanil (10
ng/kg)and pancuronium (0.1 mg/kg) iv with a Fig, of 1.0 and con-
trolled ventilation. The anesthetic and operative courses were unre-
markable, excepting two episodes of SVT associated with surgical
stimulation. Both episodes of SVT were successfully treated with
overdrive pacing of the atrium with the cardioesophagoscope using
the pulse generator. The trachea was extubated on the 3rd postopera-
tive day, and the patient was discharged from the hospital on the 10th
postoperative day, receiving quinidine for control of SVT due to
WPW syndrome, There was no apparent morbidity associated with the
repetitive esophageal rapid atrial pacing.

Case 2. A 2-day-old, 3.3-kg neonate with a univentricular heart and
pulmonary atresia was anesthetized for a left modified Blalock-Taussig
shunt because of systemic hypoxemia. At the time of surgery, ventila-
tion was controlled and a dopamine infusion for inotropic support and
prostaglandin E; for maintenance of ductus arteriosus (PDA) patency
and pulmonary blood flow were initiated. Monitoring included pulse
oximetry and arterial blood pressure using a radial artery catheter.
General anesthesia was induced and maintained with sufentanil (10
ng/kg) and pancuronium (0.1 mg/kg) iv. Ventilation was controlled
during the operative procedure. After completion of the proximal
subclavian artery-to-Gortex graft anastomosis, the left pulmonary ar-
tery (PA) was cross-clamped to complete the distal anastomosis be-
tween the left PA and the Gortex graft. Because total pulmonary
blood flow was PDA-dependent and the application of the cross-clamp
partially occluded the PDA, pulmonary blood flow was compromised.
While performing this distal anastomosis, the patient exhibited sys-
temic arterial oxygen desaturation closely followed by bradycardia.
Despite atropine and isoproterenol administration and correction of a
metabolic acidosis, bradycardia persisted and perfusion remained

lead Il of a wide QRS tachycar-
dia (220 bpm), associated with
hypotension (40/25). B. After
treatment of the supraventricu-
lar tachycardia with rapid atrial
transesophageal overdrive pac-

ing, the continuous ECG
recording in the esophageal
lead shows sinus rhythm (150
bpm) and normal blood pres-
sure.

poor. The surgeon suggested that 5 min was required to complete the
procedure, and that immediate reapplication of the cross-clamp was
not possible. Thus, atrial pacing with cardioesophagoscope was at-
temipted. Pacing was begun using a pulse generator at a rate of 150
bpm and a pulse width of 3 ms. The current was increased until cap-
turc was achieved at 8 mA. Pacing was continued until the anastomosis
was completed and the cross-clamp was removed. During the period of
atrial pacing, lasting 8 min, no further deterioration of systemic oxy-
genation or arterial blood gases was seen. The remainder of the opera-
tive course was uneventful. In the postoperative period, the patient
was unable to be weaned from the ventilator due to the development
of an intercurrent pneumonia, and died on the 6th postoperative day
during an episode of gram negative sepsis. Autopsy revealed no gross
or microscopic evidence of any esophageal damage duc to pacing.

DISCUSSION

Intraoperative dysrrhythmias occur occasionally in
pediatric patients with cardiovascular disease, and may
cause hemodynamic instability or life-threatening ven-
tricular dysrhythmias.! Emergency therapy heretofore
has consisted of antiarrhythmic drugs, cardioversion,
transvenous pacing, or pacing from epicardial wires.
The response to pharmacologic treatment may be un-
predictable and/or delayed. Transvenous pacing in
young infants requires access to the central circulation,
and is technically difficult and time consuming. Cardio-
version or pacing from epicardial wires requires expo-
sure to the heart under sterile conditions.

Esophageal pacing offers a useful, rapid, minimally
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FIG. 2. An intraoperative
transesophageal ECG re-
cording showing maximal
atrial electrogram ampli-

P
tude (p) representing prox-
J J (\JN imity of atrial electrical de-
| i polarization. Also shown is
|J| %RE erﬂl.” ur\ the ventricular activity

(QRS) and the relationship

of atrial to ventricular activ-

ity. This pattern on the

esophageal eclectrogram
identifies the correct insertion depth necessary for optimal atrial pac-
ing from the esophagus.

Esophageal Lead

invasive, well-tolerated method of treating dysrhyth-
mias. Cardiac pacing from an electrode within the
esophagus was originally proposed in 1952 by Zoll,* and
then demonstrated by Burack and Furman.® Recent
work by Gallagher ¢t al.* in adult patients and by Ben-
son ¢t al.® in children have stressed the usefulness and
safety of this technique in the treatment of life-threaten-
ing tachyarrhythmias in non-operative settings. More-
over, in the Benson e al. study, esophageal pacing in
children was superior to antiarrhythmic therapy in the
treatment of SVT and its use was recommended as a
first line of therapy. In the operating room, Backofen ¢t
al.® demonstrated the reliability of transesophageal pac-
ing in controlling heart rates in adult patients who re-
quire temporary pacing for bradycardia during anes-
thesia.

Our cases suggest that emergency esophageal pacing
ininfants and children is feasible, and probably prefera-
ble, to emergency insertion of a transvenous catheter or
drug therapy. In case one, SVT was terminated by
rapid transesophageal atrial overdrive pacing, convert-
ing the rhythm to a normal sinus rhythm. In the second
case, emergency transesophageal pacing was instituted
for the treatment of sinus bradycardia, providing hemo-
dynamic stability allowing the surgical procedure to be
completed. In both cases, a cardioesophagoscope (Por-
tex, Inc., Wilmington, MA) with an esophageal bipolar
lead with a 22-mm interelectrode distance was posi-
tioned in the esophagus. Benson ef al.” found this inter-
electrode bipolar spacing to be the most efficacious and
safest for transesophageal pacing.” Correct catheter in-
sertion depth is critical to minimize pacing threshold,
and may be predicted by the location of the maximal
bipolar atrial electrogram amplitude (fig. 2).” In our
patients, the thresholds needed to capture the atrium
from the esophagus were 8-10 mA at a pulse duration
of 3 ms. This amount of current is comparable to that
used for cardiac pacing using epicardial leads, and is
due to the optimal pacing characteristics of the cardio-
esophagoscope and the ease with which the atrium can
be captured in infants and children. The current neces-

CLINICAL REPORTS

Anesthesiology
V 68, No 2, Feb 1988
sary for transesophageal pacing these two patients was
considerably lower than the reported levels of 75 mA at
a pulse width of 2 ms in animals required to produce
esophageal burns.® In each patient, capture of the
atrium was easy and reliable, and the energy levels from
the pacing pulse generator did not produce demonstra-
ble problems. There were no complications or side ef-
fects associated with the transesophageal pacing. This
was determined by visual inspection of the esophagus
during esophagoscopy in one patient and at autopsy in
the other.

Drug therapy and DC cardioversion are standard and
effective means of treating dysrhythmias which occur in
the intraoperative period. There are occasions when
these treatment modalities may be preferable to cardiac
pacing therapy. However, for the treatment of many
dysrhythmias, cardiac pacing alone or in combination
with drug therapy may be the treatment of choice. The
major advantages of esophageal cardiac pacing over
drug therapy are that the onset and termination of pac-
ing is immediate, safe, effective, and avoids the side
effects of drug therapy. We recommend the use of
esophageal atrial pacing in any pediatric patient where
rapid atrial overdrive pacing is required to treat atrial
dysrhythmias, such as paroxysmal atrial tachycardia,
atrial flutter, or other ectopic supraventricular tachy-
cardias. Additionally, this technique is recommended
for the treatment of severe sinus bradycardia if atrio-
ventricular conduction is intact, where overriding the
spontancous slow heart rate is accomplished by pacing
the atria transesophageally. In the final analysis, the
choice of therapy must be determined on the basis of
clinical circumstances of each patient. Because neither
ventricle is adjacent to the esophagus, experimental and
clinical attempts by numerous groups to transesopha-
geally pace the ventricle have been unsuccessful.*
Therefore, this technique is not recommended in situa-
tions where complete heart block is present and /or ven-
tricular pacing is desired.

In conclusion, we describe two cases demonstrating
the value of the esophageal lead for transesophageal
atrial pacing in the treatment of intraoperative dys-
rhythmias. This technique appears to offer an effective,
rapid, minimally invasive, well-tolerated method of
treating dysrhythmias in children during surgery. The
severity of hemodynamic instability during tachyar-
rhythmias and the lack of reliable intraoperative pacing
capability in children emphasizes the usefulness of
transesophageal atrial pacing in the pediatric age group.
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Epidural Analgesia with Low-dose Bupivacaine and Fentanyl for Labor and Delivery in a
Parturient with Severe Pulmonary Hypertension

DoN E. ROBINSON, M.D.* CrAlG H. LEICHT, M.D., M.P.H.}

The maternal mortality among women who have pri-
mary pulmonary hypertension ranges between 40 and
60%."? Consistent hemodynamic features include pul-
monary artery pressures in excess of 30/15 mmHgora
mean PAP > 25 mmHg, right ventricular hypertrophy,
and, eventually, heart failure with a low fixed cardiac
output.® Spinal or epidural anesthesia is often avoided*
in these patients because severe cardiovascular compli-
cations can arise when systeric vascular resistance and,
hence, venous return are acutely decreased by the anes-
thetic-induced sympathectomy. We describe the use of
a low-dose bupivacaine and fentanyl mixture for the
management of labor and delivery in sucha patient with
severe pulmonary hypertension.

REPORT OF A CASE

A 28-yr-old woman, 162 cm, 66 kg, gravida 7, para 3, was admitted
at 30 weeks of gestation because of worsening dyspnea on exertion
with associated syncopal episodes. ‘Her cardiopulmonary symptoms
dated from 5 yr prior to admissionand had begunimmediately follow-
ing her last delivery. Physical examination showed a grade 111/VI
holosystolic murmur, best heard at the pulmonic area, and without
radiation to the neck. Pitting edema to the knees was present in both
lower extremities, as well as jugular venous distention to 4 cm above
the clavicle with the head elevated 30°. ECG revealed right ventricular
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hypertrophy, right axis deviation, and sinus tachycardia. Chest radio-
graph demonstrated cardiomegaly, a prominent pulmonary artery,
and cephalad distribution of flow in the pulmonary vasculature. Sys-
temic arterial blood pressure was 82/52 mmHg with a heart rate of
105 bpm. Cardiac catheterization data included a pulmonary artery
pressure (PAP) of 75/38 mmHg with a mean of 52 mmHg, right
ventricular pressure of 75/23 mmHg, and right atrial pressure of 23
mmHg. Pulmonary capillary wedge pressure (PCWP) was 13 mmHg.
While breathing room air, arterial blood gas analysis revealed pHa
7.49, Pap, 100 mmHg, Paco, 26 mmHg, and BE - 1.6 mEq/L. He-
matocrit was 29.6%, with normal serumn electrolytes.

Digoxin and diuretic therapy were initiated and supplemental oxy-
gen administered via nasal prongs, resulting in a rapid and marked
resolution of the patient’s symptoms of congestive heart failure. Be-
cause & pulmonary scan showed multiple perfusion defects with a nor-
mal ventilation scan, multiple pulmonary emboli were considered a
possible etiology of her condition. Anticoagulation was instituted and
maintained by a heparin drip at 1000 U /h until 3 days prior (o deliv-
ery. By the morning of the planned delivery, all coagulation studies
were within normal limits,

When the fetal lung profile was deemed mature by amniocentesis at
35 weeks, the patient was brought to the main operating room for
clective induction of labor. Monitors included fetal heart tones, toco-
dynmometer, ECG, pulse oximetry (Nellcor™), arterial line, urinary
catheter, and Aow-directed pulmonary artery catheter. Cardiac output
(CO) was measured by thermodilution, Initial hemodynamic parame-
ters were: blood pressure 98,/56 mmHg, heart rate 95 bpm, CVP 8
mmHg, PAP 53/20 mmHg with PCWP 3 mmHg, and CO 3.5 |/min.
Systemic vascular resistance (SVR) and pulmonary vascular resistance
(PVR) were calculated to be 1417 dyn +sec/cm® and 640 dyn - sec/
am®, respectively. Arterial blood gas just prior to induction of labor, on
02 4 I/min vie nasal prongs, showed pH 7.41, Pag, 160 mmHg, Pace,
29 mmHg, and BE —5 mEq/Il. An epidural catheter was uneventfully
placed at the L2-3 interspace in the sitting position,

After ascertaining the absence of intravascular or subarachnoid ef-
fect from a 3-ml test dose of 1.5% lidocaine with 1:200,000 epineph-
rine, a total of 8 ml of a solution containing 0.125% bupivacaine and
fentanyl 5 ug/ml was carefully titrated via the epidural catheter in
incremental doses of <3 ml over a period of 15-20 min. When the
onset of epidural blockade could be demonstrated by loss of sensation
to cold and pinprick over the T9 to L4 dermnatomes bilaterally, labor
was induced with iv pitocin, The patient labored with her head cle-
vated at 30° above horizontal and with a hip roll in place at all times.
Hemodynamic measurements after institution of epidural blockade
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