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Anomalous Hepatic Venous Drainage into the Left Atrium:
An Unusual Cause of Hypoxemia

James K Stoller MSc MD FAARC, Robert M Hoffman MD,
Richard D White MD, and Roger BB Mee MB ChB

A 50-year-old woman with life-long hypoxemia and digital clubbing had a transient ischemic attack
at age 47, without identifiable vascular or cardioembolic sour ce. Extensive wor k-up revealed a 20%
anatomic shunt (while breathing 100% oxygen) and evidence of an intrapulmonary shunt (an
agitated saline, contrast-enhanced transesophageal echocardiogram showed bubbles in the left
atrium and in 3 of the 4 visualized pulmonary veins) but without evidence of the hepatopulmonary
syndrome, intrapulmonary arteriovenous malformations, or any intracardiac shunt. She had the
congenital anomalies of cleft palate and lip and inferior vena caval interruption with azygos con-
tinuation, and anomalous hepatic venous drainage into the left atrium. In keeping with the sparse
evidence of 12 previously reported patients with anomalous hepatic-venous-to-left-atrial drainage,
the intrapulmonary shunt was believed to result from the diversion of hepatic venous blood from
the pulmonary circulation. Surgical correction of the anomalous drainage and restoration of he-
patic venous drainage into the right atrium immediately improved oxygenation, and follow-up
contrast-enhanced echocar diography 3 monthsafter the surgery showed resolution of the associated
intrapulmonary shunt. This case extends the spar se available evidence with this unusual combina-
tion of congenital anomalies, reminds cliniciansto consider unusual causes of right-to-left shunt and
of paradoxical embolization, and invites clarification of the mechanism by which anomalous hepatic
venous drainage into the left atrium allows reversible intra-pulmonary right-to-left shunt. Key
words: hypoxemia, right-to-left shunt, anatomic shunt, anomal ous hepatic venous drainage. [Respir Care

2003;48(1):58—62]

I ntroduction

Anatomic shunts that permit venous admixture with ox-
ygenated blood cause hypoxemia that is refractory to the
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administration of supplemental oxygen.* Though uncom-
mon, well-recognized causes of anatomic shunt include:
intrapulmonary right-to-left shunt (such as occurs with ar-
teriovenous malformations? or intrapulmonary vascular di-
latation in hepatopulmonary syndrome34 or “pulmonary
telangiectasia’s), andintracardiac shunt with predominately
right-to-left flow® (such as may accompany atrial septal
defect or ventricular septal defect with Eisenmenger’ sphys-
iology).

To extend the spectrum of causes of anatomic right-to-
left shunt leading to hypoxemia, we describe the unusual
case of a middle-aged woman with longstanding hypox-
emia found to have anomalous hepatic venous drainage
into her left atrium. Concomitant congenital anomalies
included interruption of the intrahepatic inferior vena cava
with azygos extension, and cleft palate and lip. Another
unusual aspect of this patient’s findings was echocardio-
graphic evidence of an intrapulmonary shunt (agitated sa-
line, contrast-enhanced echocardiogram showed bubbles
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in 3 of the 4 visualized pulmonary veins), which resolved
after surgical diversion of hepatic venous blood to the
right atrium.

Case Presentation

A 50-year-old woman was referred to the Cleveland
Clinic Foundation for evaluation of life-long dyspnea on
exertion and hypoxemia without platypnea. She had un-
dergone cleft lip and palate repair in childhood for a con-
genital defect.

She reported having had blue, clubbed digits since her
earliest memory. Her medical history included a reported
pulmonary embolism after childbirth, for which she was
anticoagulated for 6 months. A second pulmonary angio-
gram was performed 1 year later to assess persistent hy-
poxemia and failed to show evidence of either acute or
chronic thromboembolism. Therewasno history of chronic
liver disease or known hepatic risk factors. At age 47, she
experienced a transient ischemic attack for which antico-
agulation was resumed and continued until her current
referral. Over severa years before her referral, she had
undergone an extensive workup at several institutions,
whichincluded anormal chest radiograph, abdominal com-
puted tomography that showed a normal liver and spleen
and azygos extension of the inferior vena cava, and a
contrast-enhanced surface echocardiogram showing bub-
blesin 3 of 4 visualized pulmonary veins, consistent with
an intrapulmonary shunt. A prior technetium®™ pyrophos-
phate lung scan showed no uptake over brain and kidneys
(estimated shunt 2.8%), and a pulmonary angiogram was
normal (ie, with no pulmonary emboli, no visible arterio-
venous malformations, and no “spongy” vasculature to
suggest intrapulmonary vascular dilatations [Figure 1]). A
shunt study in which she breathed 100% oxygen estimated
a 20% shunt.

On presentation to the Cleveland Clinic, her physical
examination showed digital clubbing, cyanosis, aclear chest
examination without bruits, normal cardiac examination,
and no stigmata of chronic liver disease. Her blood oxygen
saturation (measured via pulse oximetry) on room air, in
the sitting position, was 86%, with no further desaturation
on standing. Liver function tests were normal.

Our evaluation included a 100% oxygen shunt study
that confirmed a 19.6% shunt (P,o, 253 mm Hg, Pco, 34
mm Hg while on 100% oxygen) and, on suspicion of a
right-to-left shunt involving abdominal vessels, a gadolin-
ium-enhanced magnetic resonance image of the chest and
abdomen, with injection through the femoral vein. This
study confirmed her known azygos extension of the infe-
rior vena cava and revealed complete anomalous drainage
of the hepatic veins into the left atrium (Fig. 2). Cardiac
catheterization showed normal pulmonary artery pressures
(32/12 mm Hg, mean 20 mm Hg).
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Fig. 1. A: Right pulmonary angiogram. B: Left pulmonary angio-
gram.
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Fig. 2. Magnetic resonance image of abdomen and chest shows
the inferior vena cava, the azygos extension, and the anomalous
entry of the hepatic veins into the left atrium.

Surgical repair successfully diverted the hepatic venous
blood to the right atrium by excising the intrapericardial
vena cava and hepatic veins from the left atrium and anat-
omizing the hepatic veinsto the right atrium. The patient’s
intra-operative oxygenation improved dramatically but in-
completely; an arterial blood gas sample while on 100%
oxygen showed a P,o, of 520 mm Hg, suggesting postop-
erative persistence of some anatomic shunt. At a 3-month
postoperative follow-up visit, her resting, room-air, pulse-
oximetry saturation was 98%, and a repeat agitated saline,
contrast-enhanced echocardiogram showed resolution of
the pre-operativeintrapulmonary shunt (ie, no bubbleswere
visible in the left-sided cardiac chambers).

Discussion

Our patient’s unusual clinical presentation highlights
several noteworthy features:

1. Anomalous hepatic venous drainage into the left
atrium, causing an anatomic right-to-left shunt and, along
with the associated intrapulmonary shunt, sequelae of hy-
poxemia

2. Suspected paradoxical embolism as a cause of her
transient ischemic attack, probably through the anomal ous
hepatic-venous-to-left-atrial shunt

3. The association of an intrapulmonary shunt with the
anomalous hepatic venous drainage

4. Concomitant congenital anomalies, including cleft lip
and palate and intrahepatic inferior vena caval interruption
with azygos extension to the superior vena cava
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5. Successful surgical repair with correction of theanom-
alous venous drainage and subsequent resolution of the
intrapulmonary right-to-left shunt

Though review of the literature does not indicate a rec-
ognized syndrome that subsumes all the congenital anom-
alies present in our patient, an extensive MEDLINE search
(1966 —July 2002, using the search terms “anomalous ve-
nous drainage, hepatic veins, left atrium”) identified 12
earlier-reported patients with anomalous hepatic venous
drainage into the left atrium (Table 1).727 In 7 of those
patients, the hepatic venous drainage into the left-sided
circulation was a consequence of a cardiac surgical shunt
procedure,®10.12-14.16 ywhereas 5 patients’ 8111517 have been
described with congenital anomal ous hepatic venousdrain-
age into the left atrium. Notably, unlike our patient, all the
described patients were children (ages 20 months to 12
years), and in none was cleft palate and lip reported. Asin
our patient, azygos extension of the inferior vena cavawas
present in 2 of the previously reported individual s'>17 with
congenital anomal ous hepatic venous drainage into the left
atrium, and was also described in 2 children2.16 in whom
the anomal ous hepatic venous drainage developed after
a cardiac procedure, either a Kawashima operation (a
procedure that creates a total cavopulmonary shunt by
creating an end-to-side anastomosis between the supe-
rior vena cava [with azygos or hemiazygos flow] and
the confluent pulmonary artery)i2 or closure of a ven-
tricular septal defect with resection of right ventricular
outflow obstruction.16

The unusual constellation of congenital anomalies in
our patient invites embryologic explanation. Indeed, in an
early report of anomal ous hepatic venous drainage into the
left atrium, Y ee® suggested that the malformation involves
abnormal enlargement of the sinus venosus (the precursor
of the heart) and preservation of the right subcardinal vein.

We speculate that the anomalous hepatic venous drain-
age into the left atrium provided the conduit for paradox-
ical embolism that caused our patient’s transient ischemic
attack at age 47. In the absence of our ng the patient
close in time to the ischemic event (ie, she was first re-
ferred to the Cleveland Clinic only several years later),
several indirect lines of evidence support this suggestion:

1. No cardioembolic source was evident.

2. The patient’s youth at the time of the ischemic event
argues against carotid disease as a cause.

3. No patent foramen ovale or other cardiac-level com-
munication wasfound on subsequent transesophageal echo-
cardiography conducted specifically to look for sources of
right-to-left flow.

4. Recurrent cerebral ischemia has been described as a
conseguence of anomalous hepatic venous drainage into
the left atrium.18
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Table 1. Available Reports of Anomalous Hepatic Venous Drainage into the Left Atrium
Author Year Patients (n) Presentation Associated Anomalies’Comments
Naga et a” 1966 1 12-year-old girl Left atrium communicates with coronary sinus through a 1.5-
cm ostium; hepatic vein opened into the coronary sinus
Yeed 1968 1 20-month-old boy with cyanosis Tetralogy of Fallot; anomalous pulmonary venous drainage
into right atrium; right-sided aortic arch; patent foramen
ovale; bicuspid pulmonary valve
Guenthard et a® 1990 1 11-year-old with cyanosis after Blalock Hepatic vein drained to right-sided, physiologically left atrium;
shunt for subpulmonary stenosis subpulmonary stenosis; common atrium; common
atrioventricular valve
Hirayama et al’© 1991 1 5-year-old boy Double-outlet right ventricle; mitral atresia; pulmonic stenosis
Mantri et a1t 1994 1 12-year-old girl Infundibular pulmonic stenosis; bifurcated inferior vena cava
with drainage into coronary sinus and entry of hepatic vein
Knight and Mee'2 1995 1 Infant with progressive hypoxemia after Left atrial isomerism; double-outlet right ventricle; hypoplastic
Kawashima operation left ventricle; subpulmonic stenosis; azygos extension of
inferior vena cava; intrapulmonary shunt regressed after
anomalous hepatic venous blood was redirected
Fernandez- 1996 2 5-year-old girl with cyanosis following Double-outlet right ventricle; hypoplastic left ventricle;
Martorell et al3 fenestrated Fontan procedure for anomalous pulmonary venous drainage to right atrium
tricuspid atresia; anomalous hepatic
vein to right atrium was included in the
pulmonary venous atrium following
procedure.
2-year-old boy with cyanosis following Double-outlet right ventricle; mitral atresia; pulmonary atresia;
Fontan procedure, anomalous hepatic D-malposition of the great vessels
venous drainage as above.
Tofeig et a4 1998 1 67-month-old underwent Fontan Right atrial isomerism; common atrium; small left ventricle with
procedure, after which cyanosis atrioventricular septal defect; double-outlet right ventricle;
developed because of hepatic venous pulmonary stenosis, hepatic venous return was occluded with a
entry into the pulmonary venous atrium. septal occluder, with restoration of norma oxygenation
Lee et a1 1998 1 9-year-old with cyanosis and clubbing Azygos extension of the inferior vena cava; intrapulmonary
right-to-left shunt accompanied the anomalous hepatic
venous drainage to left atrium; the intra-pulmonary shunt
resolved after the hepatic veins were diverted to the right
atrium
Duncan et a5 1999 1 12-year-old boy with cyanosis Visceral heterotaxia; dextrocardia; ventricular septal defect;
right ventricular outflow tract obstruction; secundum atrial
septal defect; left inferior vena cava; azygos extension of
inferior vena cava; thoracic left isomerism
Johnson et al” 2002 1 11-year-old boy with total anomalous Azygos extension of a left-sided inferior vena cava; secundum

systemic venous return

atrial septal defect; left-sided superior vena cava; mild factor
VIII deficiency; asplenia

5. The absence of angiographically visible intrapulmo-
nary right-to-left shunt makes the intrapulmonary shunt an
unlikely conduit for paradoxical embolization.

Based on thisassessment, surgical diversion of theanom-
alous hepatic venous drainage into the pulmonary circu-
lation allowed us to recommend cessation of her antico-
agulation several months after the surgery.

Another unusual aspect of this patient’s presentation is
the concurrent presence of an intrapulmonary right-to-left
shunt accompanying the anomalous hepatic venous drain-
age. Widely recognized causes of intrapulmonary shunt,
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such asintrapulmonary dilatations accompanying the hepa-
topulmonary syndrome,34 pulmonary arteriovenous mal-
formations in Rendu-Osler-Weber syndrome,2 or “pulmo-
nary telangiectasia’s were excluded in our patient by the
absence of liver disease and by the normal pulmonary
angiogram. Rather, we suspect that the cause of the in-
trapulmonary shunt in this patient was the exclusion of
hepatic venous blood from the lung. Indeed, this mecha-
nism has been amply described in children undergoing
Glenn shunt (superior vena cavato right pulmonary artery
anastomosis), Fontan procedure (atriopulmonary anasto-
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mosis to allow bilateral pulmonary arterial flow), and Ka-
washima shunt procedure for tricuspid atresia, where in-
trapulmonary shunt have been described as developing in
up to 21% of patients undergoing the procedure.r® Fur-
thermore, such shunts have been shown to regress when
the hepatic venous drainage is diverted back through the
pulmonary circulation.*417 Similarly, intrapulmonary shunt
has been described in a patient like ours with anomalous
hepatic venous drainage to the left atrium accompanying
inferior vena cavainterruption and azygos extension of the
inferior vena cava.l> As in our patient, that patient’s in-
trapulmonary shunt regressed with surgical correction of
the anomalous venous drainage.

Regarding the putative mechanism by which intrapul-
monary shunt develops, several investigators'216 have pro-
posed that the exclusion of a hepatic factor from the pul-
monary circulation allows shunt development. Based on
observations of lakes of dilated, thin-walled vessels and
chains of clustered, smaller vessels in the lungs from 2
children in whom intrapulmonary shunt developed after
cardiac surgery, Duncan et al6 speculated that this factor
may be an inhibitor of endothelial proliferation. The sim-
ilarity to the development of intrapulmonary vascular di-
latations in patients with the hepatopulmonary syndrome
invites speculation about whether nitric oxide could be
implicated in inducing the observed vascular changes.20.21
Aswith thereversal of intrapulmonary vascular dilatations
in the hepatopulmonary syndrome following liver trans-
plantation,22 further evidence of a humoral mediator isthe
reversal of the intrapulmonary shunt after surgical diver-
sion of anomalous hepatic venous blood into the pulmo-
nary circulation and the ipsilateral, single-lung angio-
graphic appearance of intrapulmonary shunt when hepatic
venous blood is excluded from only one lung.t®

In summary, this report of a patient with hepatic venous
drainage into the left atrium extends the sparse available
evidence about this unusual anomaly. Asin a few earlier
reports, our patient also experienced an intrapulmonary
shunt accompanying the anomalous hepatic venous drain-
age, which regressed after surgical correction of the anom-
alous hepatic venous drainage. Indeed, these prior reports
documenting disappearance of the intrapulmonary shunt once
the hepatic venous drainage was diverted to the right atrium
suggest that exclusion of hepatic venous blood from the lungs
can predispose to a reversible intrapulmonary shunt.
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