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Introduction

Abstract

A Portopulmonary Venous Anastomosis (PPVA) is a direct Portalhypertensionisacommon complication of cirrhosis. The
vascular connection between the portal venous system and the increased pressure in the portal system leads to the development
pu}hmo?iary VedinS. C}llose to t;e 1egt atri:xm. We describe al patient of portosystemic collateral vessels. Many pathways of collateral
with advanced cirrhosis and moderately severe Hepatopulmonary s : . .
Siliins ([ b wien ([POTL)) wew Goimvsieis by o W communication petween the port.al an('i syst.emlc c%rculatlon
resolution computed tomographic scan. In order to reduce the have been described [1,2]. Some cirrhotic patients with portal
symptoms of hypoxia in our patient, we sequentially performed hypertension develop collateral communication between the
Transjugular Intrahepa.tlc Pprtosystemlc Shunt (TIPS). followed portal system and the pulmonary veins [3,4]. These collaterals
by a catheter based obliteration of the PPVA. The case raised three h b lled Port 1 v Anast is (PPVA
questions which were addressed through an extensive literature ave been called Portopulmonary Venous Anastomosis ( ).
review. The term PPVA differentiates direct portal to pulmonary vein

e RGeS T advnesd @lios, wE: i e feareney anastomosis from the intra-pulmonary shurllts associated \{Vlth
of PPVA? Our literature review suggests that the frequency of finding the Hepatopulmonary Syndrome (HPS). This report describes
a PPVA in patients with portal hypertension depends on the imaging a cirrhotic patient diagnosed with HPS. He was not a candidate

technique used. Transhepatic or transvenous portal venography
may demonstrate PPVA in about 20% of patients with cirrhosis
and varices. Limited published experience with contrast enhanced

for liver transplantation. In the setting of progressive symptoms
of defective oxygenation, further studies were done to find an

(bubble) echocardiography suggests that PPVA may be present in additional treatable cause of hypoxemia. Computed tomography
about 30% of such patients. An increasing number of case reports revealed a PPVA connecting a large paraesophageal varices to the
o P lnewe bz oulililies| o meesl yeeis, TG elbeseiion right inferior pulmonary vein. We hypothesized that the shunt
indicates that routine use of High Resolution Computed Tomography : . ) .
(HRCT) and magnetic resonance imaging is able to identify PPVA in may be contributing to the hypoxemia. We also hypothesized
cirrhotic patients. The visualization of PPVA with HRCT depends on that the hypoxia might be improved if the portal pressure was
the timing of the contrast injection and the expertise of the viewer. reduced or if the PPVA was obliterated. There is limited data in

Among cirrhotic patients with PPVA, what is the clinical the literature about the relation between PPVA and clinically
significance of the PPVA? There are multiple causes of clinically significant hypoxia.

significant hypoxia in patients with cirrhosis. A PPVA is a right to
left shunt that, theoretically, could be associated with clinically Case Report
significant systemic arterial hypoxemia or emboli. There is not
definitive evidence in the published literature that PPVA alone causes The patient was a 52 year old male incarcerated in the state

clinically significant hypoxia in cirrhotic patients. PPVA is, however, prison system. In August, 2012, he was admitted to a large referral

a documented important risk factor for systemic emboli when needle . h ital fu . a L led
or catheter techniques are used to treat or prevent bleeding from prison hospital for minor trauma. ose questioning reveale

gastroesophageal varices. episodes of dizziness and near syncope while standing. He had a

What is the evidence that the obliteration of a documented PPVA past medical history of HCV associated cirrhosis (MELD score 13),
will improve oxygenation in a cirrhotic patient with hypoxemia? systemic arterial hypertension, and hyperlipidemia. He also had
Modern imaging methods may demonstrate a PPVA when patients a history of mild Portosystemic Encephalopathy (PSE) and non-

with cirrhosis are investigated because of hypoxia. Previous authors
have argued that the right to left shunting of blood in a PPVA does not
have enough flow to significantly lower arterial oxygen concentration.

bleeding gastric and esophageal varices. Physical examination
showed cutaneous spider angiomata, central cyanosis, and

Our report documents that the obliteration of a PPVA can be bilateral symmetric upper extremity digital clubbing. Laboratory

accomplished. However, our patient’s oxygenation did not improve values showed hemoglobin of 14.1 g/dL, platelets of 38,000 /mm?,
with obliteration of the PPVA. We do not believe that PPVA causes 3 . e

. s and leukocyte count 3,800/mm?. During the hospitalization the
hypoxia. But knowledge of the frequency and clinical significance of ) . .

PPVA is important for the care of patients with cirrhosis. patient was noted to have abnormal peripheral pulse oximetry

. . o . o .
Tk Bl Tysssaton TS, Hywd, Gtk on ron())m air: supine 83%; standomg 75%. The oximetry correctfed
Balloon-occluded Retrograde Transvenous Obliteration (BRTO) to 95% when he breathed 40% oxygen by face mask. Arterial
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blood gases on room air showed pH 7.44, pCO, 28 mmHg, p0, 72
mmHg, and HCO, 19 mEq/dL. The chest radiograph was normal.
Computed Tomography (CT) of the chest with intravenous
contrast showed portosystemic collaterals and no findings
suggestive of large or numerous intraparenchymal pulmonary
arteriovenous shunts. A PPVA was not reported. Spirometry and
diffusing capacity for carbon dioxide were normal. The alveolar
arterial gradient was 82mmHg on room air (normal for age is
less than 17). With the patient on 100% oxygen, the Pa0, was
421mmHg, with a calculated shunt fraction of 19.3% (normal
< 5%). A contrast enhanced echocardiogram was obtained.
Agitated saline was injected via the right antecubital vein.
Bubbles were first seen in the right atrium and then appeared in
the left atrium after three heartbeats. The whole clinical picture
(cirrhosis, hypoxemia, orthodeoxia, platypnea, and positive
contrast echocardiogram) supported the diagnosis of HPS. The
patient was discharged on continuous oxygen by nasal cannula at
two liters per minute.

Seven months later he was admitted for PSE precipitated by
methicillin sensitive staphylococcus bacteremia. During recovery
from the PSE, the patient complained of worsening hypoxemia
and related symptoms. He had several episodes of near syncope
when he took a shower without oxygen. He required 40% FiO,
to prevent exertional dyspnea. A series of investigations were
performed to find possible causes of hypoxemia in addition to
HPS. A ventilation perfusion lung scan showed a low probability
for pulmonary embolism. A right heart catheterization showed
normal right sided pressures (RA mean pressure 6mmHg, RV
pressure 22/1, PA 22/11, mean PA pressure 40, PCWP 10).
An intra-cardiac echocardiogram showed no evidence of a
PFO. Contrast enhanced echocardiography was repeated and
confirmed HPS. Bubbles were first seen in the right atrium and
then appeared in the left atrium after four heartbeats.

A thoracic high resolution CT angiogram with pulmonary
embolism protocol was performed to look for a large
intrapulmonary arteriovenous malformation amenable to
embolization. No intrapulmonary shunt was visualized. However,
the CT demonstrated a collateral venous connection between a
paraesophageal varices and the right inferior pulmonary vein. A
non enhancing low density area was noted within the contrast
filled right inferior pulmonary vein and the left atrium. This
“filling defect” was the pseudothrombus formed from the mixing
of non contrast blood from the PPVA with the contrast in the left
atrium (Figure 1) [5]. On review of his prior CT scan, the PPVA
had been present, but was missed (Figure 2).

Because he was incarcerated, he was not a candidate for liver
transplant, the standard treatment for HPS. We hypothesized
that the PPVA may be contributing to his hypoxemia, along
with the HPS. Various therapeutic options were discussed with
consulting services and the patient. Catheter based transportal
shunt obliteration was considered, but the risk of systemic
embolization appeared considerable. The patient was counseled
about the risks and benefits of a Transjugular Intrahepatic
Portosystemic Shunt (TIPS), a reported treatment for HPS
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and a possible way to reduce flow through the PPVA. TIPS was
performed. Portal pressure was initially found to be 14 mmHg.
After the procedure, portal pressure dropped to 9 mmHg with
a central venous pressure of 6 mmHg and a final portosystemic
gradient of 3 mmHg. After creation of TIPS, contrast was injected
into the coronary (left gastric) vein and no significant shunting
to the pulmonary vein was noted. There were no significant
complications.

The following benefits in our patient’s clinical course
were noted after TIPS: improved sense of well-being; oxygen
requirements decreased; ability to perform all tasks with 2 L/
min oxygen by nasal cannula; oxygen saturation remaining in the
low 90s. He also had no signs of portosystemic encephalopathy
after the procedure.

Over the next two months the patient experienced worsening
pulmonary symptoms and progressive decrease in sense of well-
being. After informed consent, the patient was readmitted for
catheter based obliteration of the PPVA. On the day of admission,
he was complaining of dyspnea. His oxygen saturation was
85% on room air. The procedure was performed under general
anesthesia. In conjunction with cardiologists, interventional
radiology obtained venous access in both femoral veins and right
internal jugular vein. The internal jugular vein was used by the
radiologist to perform contrast injection and deployment of the
plugs and coils.

Both femoral veins were used by the electrophysiology
cardiologist. The right femoral vein was used to insert the trans-
septal needle to gain access to the left atrium. The left femoral
vein was used to insert the intra-cardiac ultrasound probe.
This intra-cardiac echo was used to assess the anatomy of the
inter-atrial septum. The left femoral vein was also used for the

Figure 1: Axial image of CT thorax, showing the PPV as a “filling defect”
in delayed venous phase.
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Figure 3: Injection of coronary vein using the internal jugular access
through the TIPS showing PPVA.

electrophysiology catheter which could record and pace in the
event of an abnormal cardiac rhythm.

Injections of the coronary vein using the internal jugular
access while passing through the TIPS were performed to
visualize the PPVA (Figure 3). Trans-septal puncture was
performed using fluoroscopic and intracardiac echo guidance
to obtain trans-septal access from right atrium into left atrium
(LA) which was confirmed by LA pressure of 18 mmHg. The
right inferior pulmonary vein was cannulated and access into the
PPVA was achieved. The trans-septal sheath was used to place
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a long 6 French guiding cannula into the PPVA that measured
6 mm in diameter. Through this sheath, three 8mm Amplatzer
plug devices were used to embolize the anastomosis. This
was augmented by several 10 mm Nestor coils through a long
Berenstein 5 French catheter. At the conclusion of the procedure,
the PPVA was completely occluded (Figure 4).

There were no complications from the procedure. However,
the patient remained hypoxic, requiring oxygen supplementation
continuously since the procedure.

Literature Review

PubMed was used to search the medical literature using
“portopulmonary venous anastomosis” as the search terms
(with and without a hyphen or space). Fourteen articles were
identified. An article was considered relevant if it described one
or more patients with PPVA as defined above. Eleven out of 14
articles were relevant. Articles were read and the references in
the articles were searched and new articles were retrieved and
read. Searching and reading references were repeated until
no new articles were retrieved. In total, 15 relevant articles
describing 43 patients with PPVA were retrieved. The articles
provided useful information regarding three major questions
raised by our case.

Among patients with advanced cirrhosis, what is the
frequency of PPVA?

Eight articles [3,6-12] were relevant to this “frequency”
question. Each of these articles describes a series of subjects
with cirrhosis who were investigated with a technique capable of
proving the presence or absence of a PPVA (Table 1).

Figure 4: Injection of contrast through the femoral access showing total
occlusion of PPVA post coiling.
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Three studies from the 1950s used post-mortem injection
portography to investigate the venous anatomy of cirrhosis
[6,7,11]. Six out of 51 (12%) cadavers with cirrhosis showed a
PPVA.

In 1961 investigators used intrasplenicinjection of radioactive
krypton 85 to identify a PPVA in 1 of 12 (8%) subjects with
cirrhosis [12]. Solubilized radioactive krypton gas is removed
from the blood during one pass through the lungs. An injection
of krypton 85 into the spleen (portal vein) is usually associated
with no rise in arterial krypton, unless there are intrapulmonary
shunts (HPS) or PPVA. The investigators injected krypton 85 into
the spleen of 12 patients with cirrhosis. Because of krypton’s
removal by the pulmonary alveolar-capillary interface, most
subjects had trivial amounts of krypton in blood drawn from the
radial artery. One patient had a very large post-injection arterial
concentration of krypton. In this patient, injection of krypton into
a peripheral vein was not associated with an increased arterial
krypton, thus ruling out intracardiac and intrapulmonary shunts.

Two studies in the 1980s, described subjects with portal
hypertension who were studied with transhepatic portography
[9,10]. Collectively, these very similar studies demonstrated
a PPVA in 11 out of 53 (21%) subjects. A subset of 15 subjects
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underwent imaging by both transhepatic portogram and
a contrast enhanced (bubble) echocardiogram [10]. PPVA
was demonstrated in 5 subjects (33%). Intracardiac and
intrapulmonary shunts were ruled out by the absence of left
atrial bubbles after bubble injection into the inferior vena cava.
The similarity of the methods using radioactive krypton 85 and
contrast enhanced (bubble) echocardiography is apparent.

Two studies used balloon occlusion retrograde transvenous
venography in 40 subjects with cirrhosis [3,8] to demonstrate
PPVAin 7 subjects (18%). In one study [8],a subset of subjects had
imaging with both the balloon-occluded retrograde transvenous
venography and contrast enhanced (bubble) echocardiography.
PPVA was demonstrated in 6 out of 19 (32%). This study suggests
that contrast enhanced echocardiography is a more sensitive test
for identifying PPVA than either transhepatic portography or
balloon occlusion retrograde transvenous venography.

The literature review identified 7 articles [5,13-18] that
presented a total of 10 case reports of PPVA found at autopsy or
in routine clinical care. These isolated case reports have some
relevance to the “frequency” question. They demonstrate the role
of improved imaging technology, over time, in determining the
frequency of PPVA. In the 40 years from 1956 until 1996, there

Table 1: Published case series relevant to the frequency of PPVA in portal hypertension.

Purpose of Test Used to Identify Number Number with Comments References
Study PPVA Tested PPVA (%)
Anatomic
- . (Schoenmackers &
- 0,
s.tudy qf Post-mortem portography 7 1(14%) No clinical details Vieten, 1953) [11]
cirrhosis
Anatomic L. . (Doehner etal,
study of Post-mortem portography 34 3 (9%) No clinical details 1956) [7]
cirrhosis
Anatomic
. . (Calabresi &
- 0,
s'tudy o.f Post-mortem portography 10 2 (20%) No clinical details Abelmann, 1957) [6]
cirrhosis
Frequency . . .
of PPVA in Splenic injection of Kr85 12 1(8%) No correlation of O, saturation with (Shaldon et al., 1961)
. . PPVA [12]
cirrhosis
Ability of
method to | Transhepatic portography 22 4 (18%) No clinical details (Sano etal., 1982) [9]
show PPVA
Ability of .
T h h 1, 1984
method to rans epagli)feortograp y 31 7(23%) Same series as below ﬁ?)l]]o etal, 1984)
show PPVA
Ability of Transhepatic
method to portography plus bubble 15 5(33%) Same series as above ﬁgl]lo etal, 1984)
show PPVA echocardiography
Ability of Balloon-occluded .
method to retrograde transvenous 21 3 (14%) For control of variceal hemorrhage g’;mra etal, 2013)
show PPVA venography
Ability of Balloon-occluded .
method to retrograde transvenous 19 4 (21%) For control of variceal hemorrhage E}(]arlya etal, 2014)
show PPVA venography alone
. Balloon-occluded
Ability of retrograde transvenous . (Kariya et al., 2014)
method to 19 6 (32%) For control of variceal hemorrhage
venography plus bubble (8]
show PPVA )
echocardiography
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were only two case reports of PPVA discovered at autopsy or in
routine clinical care [13,18]. But in the last 16 years, there have
been eight case reports in five articles [5,14-17]. The increasing
number is due to the use of advanced high resolution computed
tomography and magnetic resonance imaging in routine clinical
care.

Some of the eight case series in the Table have relevance to
the “significance” question. The study of Shaldon et al. [12] was
performed to see if PPVA could explain the varying degree of
finger clubbing and hypoxia seen in 12 patients with cirrhosis.
They demonstrated the presence of a PPVA shunt in one out of
the 12 patients. But the authors could not correlate the positive
result (presence of PPVA in one patient) with the severity of
finger clubbing or hypoxia in the 12 patients. That is, the single
patient with a very large PPVA had an oxygen saturation of 96%.
But cirrhotic patients with severe hypoxia and finger clubbing
had no PPVA. The authors gives the following argument to make
the case that PPVA could not cause significant hypoxia. Given
that portal venous oxygen saturation would never be lower than
75%, 20% of the cardiac output would have to pass through the
PPVA to reduce the arterial oxygen saturation to 95%. The total
splanchnic inflow rarely exceeds 25% of the cardiac output. For
the PPVA to cause hypoxia, almost the entire portal flow would
have to go through the shunt. They conclude that PPVA does not
cause clinically significant hypoxia.

Four case series in the Table [3,8-10] were prompted by
reports of systemic embolization associated with needle or
catheter techniques used to treat or prevent bleeding from
gastroesophageal varices [19]. The authors hypothesized that
occult PPVA could increase the risk of systemic embolization as a
complication of treating gastroesophageal varices with sclerosing,
thrombosing, or occluding materials. Miura et al. [3] reviewed
evidence for systemic embolization associated with endoscopic
sclerotherapy for gastroesophageal varices with cyanoacrylate
and percutaneous transhepatic obliteration of gastroesophageal
varices with gel foam. Ellman et al. [19] reported two cases in
which particles of gel foam used to embolize the coronary and
short gastric veins passed into the systemic arterial circulation,
presumably through a PPVA. Embolization to the brain, spleen
and heart occurred.

These case reports (7 articles, 10 cases of PPVA) gives an
incomplete information regarding the clinical significance of
PPVA [4,13-18]. The oldest case report (1956) was an autopsy
finding on a patient with cirrhosis who had a PPVA demonstrated
by postmortem angiogram [13]. Although the patient had severe
cardiopulmonary disease complicating cirrhosis, there is no
convincing evidence that the PPVA was clinically significant. The
next case report was from an interventional radiology group
who encountered a patient with a PPVA during their routine
clinical use of transhepatic portography for the care of patients
with cirrhosis [18]. The PPVA was without an apparent clinical
significance. In each of the remaining eight case reports the
PPVA was an incidental finding discovered while rendering care
for individual cirrhotic patients [5,14-17]. In two case reports
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[14,17] the authors believed that the PPVA caused significant
cardiac and pulmonary disease. In our opinion, the clinical
details given by the authors cannot conclusively relate the
patients’ clinical conditions with the presence of the PPVA. There
is no convincing published evidence that, PPVA is associated with
clinically significant hypoxia.

We were not able to find any published experience of
obliteration of a PPVA in an attempt to improve oxygenation in
a patient with cirrhosis. Most reported patients with PPVA have
been asymptomatic. The published literature does not support
an association of PPVA with hypoxia. Our patient had minimal
symptoms when first seen. However, he fulfilled the criteria for
HPS [20]: liver disease (cirrhosis with portal hypertension), an
oxygenation defect (room air partial pressure of oxygen less than
80 mmHg), and positive findings on contrast enhanced (bubble)
echocardiography (contrast appearing in the left atrium after
three heartbeats).

Physicians taking care of cirrhotic patients with hypoxia
are supposed to look for a treatable cause. In the review of
HPS by Rodriguez-Roisin et al. [20] the authors list, multiple
reversible causes of hypoxemia that may coexist with HPS. They
recommend that patients with moderately severe HPS (alveolar
arterial oxygen gradient = 15 mm Hg and arterial oxygen levels
less than 80 mm Hg) should be studied with HRCT with proper
imaging sequencing [20]. Such a scan can identify pulmonary
emboli and other pulmonary vascular disease. In addition, the
CT scan may identify one or more very large intrapulmonary
arteriovenous shunts that could be eradicated by catheter based
obliteration [21]. If a PPVA is found, the “obliteration” question is
bound to come up.

Webelieve thatan increasing number of patients with HPS will
be found with an incidental PPVA in the process of gettinga HRCT
for evaluation of hypoxia caused by any of the above conditions.
The frequency of finding a PPVA with HRCT will depend on the
sequences for imaging after the contrast bolus: 30 seconds for
the pulmonary arterial phase, 60 seconds for the portal phase,
and 120 seconds for equilibrium phase [3]. Our patient’s PPVA
was visualized on the 60 second portal phase (Figures 1 and 2).
The frequency will also depend on the radiologist’s knowledge of
and suspicion for, PPVA. The PPVA was missed on our patient’s
first HRCT.

The pathway that led to the discovery of our patient’s PPVA
is likely to be repeated in the routine care of chronic liver
disease patients. Patients with cirrhosis develop hypoxia that is
investigated with HRCT that may demonstrate a PPVA. Itis likely
that other clinicians will ask the “obliteration” question. For our
patient the procedure appeared to achieve the anatomic goal:
obliteration. But it did not improve oxygenation. It is unlikely
that we will treat hypoxia with PPVA obliteration in the future.

Discussion

PPVA as a consequence of portal hypertension was first
reported by Schoenmackers & Vieten [11] in 1953. The
development of advanced body imaging, especially HRCT, has
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led to increasing numbers of case reports [3-5]. Based on our
interpretation of the literature review, the frequency of PPVA
in a patient with advanced cirrhosis, with known varices, is
likely between 20% and 30%. The frequency of finding a PPVA
is dependent on the chosen technique: transhepatic portal
venography or balloon occluded retrograde transvenous portal
venography - 20%; portal venography plus contrast enhanced
echocardiography - 30%; HRCT with proper timing of imaging
- unknown. Even though many patients with advanced cirrhosis
have had a HRCT, there has not been a large published case series
that has reported the frequency of finding PPVA in that risk group
using HRCT.

But what is the evidence that PPVA, if found, ever causes
clinically significant hypoxia? The previously published case
series and case reports provide no solid evidence that PPVA
causes hypoxia. Time and experience has supported Shaldon’s
[12] theoretical case against PPVA causing hypoxia. Their final
opinion was that a PPVA in a patient with cirrhosis and portal
hypertension does not cause hypoxia, cyanosis, or clubbing. We
concur. We do not recommend preforming CT scans routinely in
hypoxic cirrhotics to look specifically for PPVA.

Our patient had HPS. TIPS has been used to successfully treat
hypoxemia associated with severe HPS [22-28]. Failure of TIPS to
improve oxygenation in HPS has also been reported [29,30]. The
cause of the beneficial effect of the TIPS is likely multifactorial.
TIPS has been used and recommended as a bridge to Orthotopic
Liver Transplantation (OLT), the gold standard treatment
for HPS. Because of the failure of TIPS to effectively treat our
patient’s HPS, we proceeded with catheter based obliteration of
the PPVA. This was performed without complication. However,
there was no convincing evidence of improvement in arterial
oxygen saturation or pulmonary symptoms.

In conclusion, we believe that PPVA is common in cirrhotic
patients with portal hypertension. The frequency of PPVA
identification in such patients depends on the frequency of
properly performed portal venography and HRCT scanning.
If such investigations unexpectedly reveal a PPVA during the
routine care of a patient with portal hypertension, it is likely that
the PPVA has no clinical significance. If the patient has hypoxia,
then HPS or some other cardiopulmonary disease is more likely
the cause of hypoxia than the PPVA. The main clinical significance
of PPVA is the risk it poses for systemic emboli if needle or
catheter based techniques are used to treat or prevent bleeding
from gastro-esophageal varices. Obliteration of the PPVA is likely
to be important in that circumstance. In other circumstances, as
in our patient, obliteration may not be justified.
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