CONGENITAL HEART DISEASE
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The bidirectional Glenn operation may be particu-
larly useful as an intermediate procedure before
Fontan correction in highrisk patients. From Oc-
tober 1989 through February 1992, 50 patients 1
to 60 months old (median 12) have undergone a
bidirectional Glenn operation. Diagnoses included
hypoplastic left heart syndrome in 21 patients,
pulmonary atresia with intact ventricular septum
in 10, tricuspid valve atresia in 9, other complex
univentricular heart defects in 9, and Ebstein’s
anomaly in 1. Mean pulmonary vascular resis-
tance was 2.2 = 0.2 Wood U (range 0.5 to 7.3)
and mean pulmonary artery area Nakata index
was 318 = mm2/m? (range 80 to 821). Additional
procedures were performed in 17 patients, includ-
ing pulmonary artery reconstruction in 15 (29%)
and bilateral caval anastomoses in 5 (10%). There
were 4 hospital deaths (8%). Two deaths resulted
from myocardial infarction in patients with pulmo-
nary atresia with intact ventricular septum and si-
nusoids and 1 from severe pulmonary vascular
disease in a patient with hypoplastic left heart
syndrome. There was 1 late death from pneumo-
nia. Actuarial survival is 92 + 4% at 1 month and
beyond, with a mean followupof134 = 1
months. Risk factor analysis showed that puimo-
nary vascular resistance >3 Wood U and pulmo-
nary artery distortion were associated with in-
creased mortality. Twelve patients have under-
gone a Fontan procedure at a mean duration after
bidirectional Glenn of 18 months with 1 death
(8%). The bidirectional Glenn procedure provides
excellent palliation in high-risk patients and ap-
pears useful as a staging procedure before
Fontan correction.

(Am J Cardiol 1993;71:959-962)

From The Department of Surgery, Section of Thoracic Surgery and The
Department of Pediatrics, Division of Pediatric Cardiology, C.S. Mott
Children’s Hospital, The University of Michigan School of Medicine,
Ann Arbor, Michigan. Manuscript received September 24, 1992;
revised manuscript received and accepted November 6, 1992.

Address for reprints: Edward L. Bove, MD, 2120 Taubman Center,
Box 0344, 1500 East Medical Center Drive, Ann Arbor, Michigan
48109.

he Fontan principle has been applied for the treat-
ment of patients with increasingly complex forms

of congenital heart disease. Most high-risk pa-
tients require a variety of palliative operations early in
life. Accordingly, it is important at the time of these pal-
liative operations to minimize conditions known to
increase the risk for the Fontan operation. Some condi-
tions that increase this risk include pulmonary artery dis-
tortion, elevated pulmonary vascular resistance, pul-
monary hypertension, poor ventricular function, atrio-
ventricular valve regurgitation, complex anatomy and
young age.!” Palliative procedures that result in in-
creased pressure or volume overload on the systemic
ventricular chamber are likely to diminish the chances
of a successful Fontan.* The bidirectional Glenn proce-
dure directs superior vena cava blood to the undivided
pulmonary arteries and can provide satisfactory system-
ic oxygen saturation without ventricular volume over-
load. This procedure has received increased attention re-
cently as a potentially useful intermediate step, often
combined with additional reconstructive procedures, in
high-risk patients before the Fontan operation.>~ This
report reviews our experience and interim observations
in 50 patients who underwent the bidirectional Glenn
procedure at the University of Michigan Medical Cen-
ter. Early- and intermediate-term results were analyzed
to assess operative risk, adequacy of palliation and suit-
ability for Fontan correction.

METHODS

Patients: The records of 50 consecutive infants and
children undergoing the bidirectional Glenn procedure
from October 1989 through February 1992, at C.S. Mott
Children’s Hospital of The University of Michigan were
reviewed. There were 27 men and 23 women ranging in
age from 1 to 60 months (median 12). Diagnoses were
hypoplastic left heart syndrome in 21 patients, pul-
monary atresia with intact ventricular septum in 10, -
cuspid atresia in 9, double-inlet left ventricle in 5, het-
erotaxy syndrome in 4 and Ebstein’s anomaly in 1. Four
of the 10 patients with pulmonary atresia and intact ven-
tricular septum had significant right ventricular coronary
connections. All patients underwent complete preopera-
tive evaluation including 2-dimensional and Doppler
echocardiography and cardiac catheterization. The pul-
monary artery index was determined by the method of
Nakata et al® Pulmonary arteries were considered
hypoplastic if this index was <200 mm?/m?2.
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TABLE I Risk Factors for Death After Bidirectional Glenn

Operation
Mortality (%) p
Risk Factor if Present Value
Age <1 year 3/24 (13%) NS
Nakata index <200 mm?2/m2 2/14 (14%) NS
Diagnosis

1/21 (5%) NS
2/10(20%) NS

Hypoplastic left heart syndrome
Pulmonary atresia with intact ventricular
septum

Tricuspid atresia 1/9(11%) NS

Double-inlet left ventricle 0/5 (0%} NS
Heterotaxy syndrome 0/4 (0%) NS
Ebstein's anomaly 0/1 (0%) NS
Ejection fraction <50% 3/15 (20%) NS
Concomitant operative procedure (excluding  1/17 (6%) NS
PA reconstruction)
PA reconstruction 4/15(27%) 0.006
Pulmonary vascular resistance >3 Wood U 3/7 (43%) 0.005

PA = pulmonary artery.

Patients with hypoplastic left heart syndrome gener-
ally underwent the bidirectional Glenn procedure be-
tween 4 and 6 months of age as part of a protocol of
staged repair leading to Fontan correction. Patients with
pulmonary atresia and intact ventricular septum who
were not candidates for a 2-ventricle repair underwent a
bidirectional Glenn procedure as intermediate palliation
before Fontan. Patients in all other anatomic subsets
underwent operation when significant symptoms were
present, most often progressive hypoxemia or exercise
intolerance. In each, at least 1 significant risk factor for
the Fontan procedure was present. These risk factors
included age <1 year in 27 patients, significant pulmo-
nary artery distortion in 15, hypoplastic pulmonary arter-
ies (Nakata index <200 mm?%m?) in 14, ejection fraction
<50% in 12, pulmonary vascular resistance >3 Wood U
in 7, and significant atrioventricular valve regurgitation
requiring repair in 2.

Forty-seven patients (94%) underwent prior palliative
procedures including 44 Blalock-Taussig shunts and 3
pulmonary artery bands. Fifteen of the Blalock-Taussig
shunts were performed as isolated procedures and 29
were performed as part of other palliative procedures.
Twenty-one concomitant procedures were performed in
17 patients. These included 11 atrial septectomies, 3 tri-
cuspid valve excisions, 2 atrioventricular valve repairs, 2
outlet foramen enlargements, I Damus-Kaye-Stansel
connection, 1 lung biopsy and 1 pacemaker insertion.
Five bilateral bidirectional Glenn procedures were per-
formed in patients with bilateral superior vena cavae.
Fifteen patients with pulmonary artery distortion under-
went pulmonary artery reconstruction with bidirectional
Glenn. Of these, 12 received patch angioplasty and 3
received interposition conduits between the right and left
pulmonary arteries.

Surgical technique: All operations were performed
using cardiopulmonary bypass with mild to moderate
hypothermia. A single cannula was placed in the right
atrium for venous return and the superior vena cava was
temporarily occluded during the anastomosis. If central
venous pressure became significantly elevated during
superior vena cava occlusion, a small cannula was in-

serted in the innominate vein for decompression. Anas-
tomosis of the superior vena cava to the pulmonary ar-
tery was performed with continuous polypropylene su-
ture for the posterior half of the suture line, and inter-
rupted polypropylene sutures for the anterior half to
prevent anastomotic narrowing. In 19 patients, the divid-
ed cardiac side of the superior vena cava was anas-
tomosed to the inferior surface of the right pulmonary
artery and an intraatrial polytetraffuoroethylene patch
was then placed to close the internal orifice of the supe-
rior vena cava.

Data analysis: All data were analyzed using SAS
software. Survival was determined using standard actu-
arial techniques.!® The following risk factors were ex-
amined by both univariate (Fisher exact and Student’s ¢
test) and multivariate linear regression methods to de-
termine their effect on survival: age, diagnosis, pulmo-
nary vascular resistance, pulmonary artery reconstruc-
tion, Nakata index, concomitant procedures and ejection
fraction, Age, pulmonary vascular resistance and ejec-
tion fraction were examined as both categorical and con-
tinuous variables. A Student’s ¢ test was used to de-
termine differences between preoperative, postoperative
and follow-up oxygen saturations. All values are report-
ed as mean t SE unless otherwise specified. The 70%
confidence limits were calculated. A p value <0.05 was
considered significant.

RESULTS

Survival: There were 4 hospital deaths (8%, 70%;
confidence limits, 4 to 12%). Two resulted from myo-
cardial ischemia in patients with pulmonary atresia and
intact ventricular septum and significant right ventricu-
lar coronary connections, and 1 resulted from severe
pulmonary vascular disease in a patient with hypoplas-
tic left heart syndrome and marked pulmonary artery
distortion, There was 1 late death due to pneumonia
caused by respiratory syncytial virus. Actuarial survival
was 92 + 4% at 1 month and beyond. Risk factor analy-
sis (Table I) failed to demonstrate an increased risk for
death related to age, diagnosis, pulmonary artery hypo-
plasia, ejection fraction, or concomitant procedures oth-
er than pulmonary artery reconstruction. However, pul-
monary vascular resistance >3 Wood U and the need for
pulmonary artery reconstruction did predict increased
operative mortality. After univariate analysis all risk fac-
tors were entered into a stepwise multiple logistic anal-
ysis which failed to identify any additional risk factors,
alone or in combination, that predicted increased risk of
death.

Oxygen saturation: Oxygen saturation was 77 + 6%
at preoperative cardiac catheterization, 79 + 5% just
before hospital discharge, and 80 + 6% at the time of most
recent follow-up. A significant difference was found
between preoperative and late follow-up oxygen satura-
tions (p <0.05), but not between preoperative and hospi-
tal discharge values. Two patients remained severely cyan-
otic after the bidirectional Glenn procedure with oxygen
saturations of 61 and 62%. These patients had pulmonary
vascular resistances of 7.3 and 2.6 Wood U and received
4 mm systemic to pulmonary artery shunts with improve-
ment in oxygen saturation to 70 and 78%, respectively.
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Morbidity: Major postoperative complications in-
cluded prolonged pleural effusions in 2 patients. Conser-
vative measures were eventually successful in 1 patient.
In the other, thoracotomy with pleurodesis and thoracic
duct ligation were necessary. One patient sustained a left
phrenic nerve palsy. A left-sided cerebrovascular ac-
cident occurred in 1 patient who has a residual minor
neurologic deficit. One patient with profound hypoxemia
after the bidirectional Glenn procedure underwent reop-
eration to ligate a previously undiagnosed left superior
vena cava.

Fontan procedure: To date, 12 patients have under-
gone the Fontan operation at a mean of 18 months after
the bidirectional Glenn procedure, with 1 death (8%).
Their diagnoses were hypoplastic left heart syndrome in
7, pulmonary atresia with intact ventricular septum in 2,
tricuspid atresia in 2 and double-inlet left ventricle in 1.
Risk factors present at the time of bidirectional Glenn
procedure and those present at the time of Fontan are
listed in Table II. Pulmonary artery reconstruction was
not required in any patient at the time of the Fontan pro-
cedure. Prolonged pleural effusions developed in 2
patients.

DISCUSSION

The results of this experience suggest that although
the bidirectional Glenn procedure can be safely per-
formed in most patients who otherwise represent a high
risk for the Fontan operation, pulmonary artery distor-
tion and pulmonary vascular resistance in excess of 3
Wood U are significant risk factors for death. To de-
crease the risk of the bidirectional Glenn procedure,
careful attention to the timing and choice of preliminary
palliative procedures should favorably influence the in-
cidence of significant pulmonary artery distortion and
pulmonary vascular disease.

Implications for initial and subsequent pallia-
tion: When pulmonary overcirculation exists in patients
with a functional single ventricle, disconnection of the
main pulmonary artery and restriction of pulmonary
blood flow through a limited systemic to pulmonary
shunt are recommended early in life. Systemic to pul-
monary artery shunts may cause distortion of the pul-
monary arteries, and the ventricular volume overload
that results from these shunts may produce ventricular
dysfunction.*!! For these reasons, we prefer the bidirec-
tional Glenn procedure rather than placement of an ar-
terial shunt in patients beyond the neonatal period who
are not otherwise candidates for a Fontan procedure.

Initial palliation for patients with functional single
ventricle and pulmonary hypoperfusion is usually ac-
complished with a 5 mm polytetrafluoroethylene sys-
temic to pulmonary artery shunt. Shunts of this size are
well-tolerated by most patients and provide effective pal-
liation for at least 1 year. In patients with hypoplastic
left heart syndrome, however, the balance between the
pulmonary and systemic circulations is more delicate,
especially in the early postoperative period. Although
oxygen saturation is lower, use of 3.5 or 40 mm shunts
has been associated with more stable postoperative
hemodynamics after the Norwood procedure. However,
cyanosis tends to progress more rapidly with such small

TABLE Hl Risk Factors Present at Time of Bidirectional Glenn
Procedure and at Time of Subsequent Fontan Operation Among
12 Patients Undergoing Both Procedures

No. with Factor
Present at

No. with Factor
Present at Time of

Risk Factor Bidirectional Glenn  Time of Fontan

Age <1 year 4 0
Nakata index <200 mm2/m? 3 0
Ejection fraction <50% 3 2
Pulmonary artery distortion 3 0
Atrioventricular valve insuffi- 2 0

ciency
Pulmonary vascular resistance 3 2

>2 Wood U

shunts, and the bidirectional Glenn procedure may be
required at an earlier age.

implications for ventricular function: The bidirec-
tional Glenn procedure should be performed early in life
to reduce the volume load on the functional single ven-
tricle and improve ventricular function. We have avoid-
ed pulmonary artery banding in these patients because
this may result in progressive ventricular hypertrophy
from obstruction of the outlet foramen in hearts with a
subaortic chamber. Furthermore, we prefer to remove all
other sources of pulmonary blood flow, since the bi-
directional Glenn alone results in a satisfactory systemic
saturation in nearly all patients, reserving the addition of
a small shunt for those with unacceptable hypoxemia.
syndrome or pulmonary atresia with intact ventricular
septum: Because our previous experience with either
early (<1 year) Fontan procedures or placement of an
additional systemic to pulmonary artery shunt has prov-
en unsatisfactory in patients with hypoplastic left heart
syndrome, the bidirectional Glenn procedure was added
as the second stage of the reconstruction.” Similarly, be-
cause of unsatisfactory results achieved in patients with
pulmonary atresia with intact ventricular septum, pa-
tients with this diagnosis who were not candidates for a
2-ventricle repair have undergone a bidirectional Glenn
procedure as intermediate palliation before Fontan. This
may be particularly important when significant right ven-
tricular coronary connections are present. These con-
nections occur in 63% of patients with this condition,
and coronary artery stenoses with right ventricular—
dependent coronary blood flow may be found in approx-
imately 15% of these.!? If these patients are otherwise
acceptable candidates for ultimate Fontan, we perform a
bidirectional Glenn procedure at approximately 4 to 6
months of age. The Fontan is accomplished approxi-
mately 1 year later using the lateral intraatrial tunnel
modification which allows fully saturated pulmonary
venous blood to enter the right ventricle and coronary
arteries.!> With the advent of the fenestrated Fontan,
indications for a bidirectional Glenn procedure over an
early Fontan may be in a state of flux. However, we
think that patients in these 2 anatomic subsets in partic-
ular are managed equally well or better by intermediate
bidirectional Glenn procedure.

implications for patients with increased pulmonary
vascular resistance: Although elevated pulmonary vas-
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cular resistance and pulmonary artery distortion do not
preclude a successful bidirectional Glenn procedure, our
data suggest that the risk of mortality is high when the
pulmonary vascular resistance is >3 Wood U or when
there is significant pulmonary artery distortion requiring
reconstruction. If cyanosis remains severe after a bi-
directional Glenn, a small supplemental systemic to pul-
monary artery shunt may be added, as in the 2 patients
in this series. The hemodynamic effects of pulsatile pul-
monary flow with a bidirectional Glenn procedure have
been studied by Matsuda, and the safety and efficacy of
this technique have been demonstrated.!

Technical considerations: Anastomosis of both
ends of the divided superior vena cava to the right pul-
monary artery with placement of a prosthetic patch over
the internal orifice of the superior vena cava is a tech-
nical modification similar in purpose to the ‘‘hemi-
fontan” procedure described by Douville et al.1> As the
inferior end of the cavopulmonary connection is already
made, all that remains at the time of Fontan is to remove
the intraatrial patch and place the lateral intraatrial tun-
nel. To date, 3 patients in our series with this modifica-
tion have undergone the Fontan. The inferior cavo-
pulmonary connection was of adequate size in 2 and
there was no thrombus in the “‘blind’’ limb between the
pulmonary artery and the patch. We chose to use car-
diopulmonary bypass in all patients in order to optimize
exposure for the anastomoses and support systemic oxy-
genation since all other sources of pulmonary blood flow
were interrupted.

In conclusion, the bidirectional Glenn procedure is a
useful operation that results in effective palliation with-
out ventricular volume overload. Furthermore, it pro-
vides the setting in which to ameliorate anatomic and
physiologic factors that increase Fontan risk and is par-
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ticularly beneficial for the young infant with complex
congenital heart disease.
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