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Abstract
AIM: To assess the impact of  transjugular intrahepatic 
portosystemic shunt (TIPS) on pulmonary gas exchange 
and to evaluate the use of TIPS for the treatment of 
hepatopulmonary syndrome ( HPS ).

METHODS: Seven pat ients, three of them with 
advanced HPS, in whom detailed pulmonary function 
tests were performed before and after TIPS placement 
at the University of Alabama Hospital and at the Hospital 
Clinic, Barcelona, were considered.

RESulTS: TIPS patency was confirmed by hemodynamic 
evaluation. No changes in arterial blood gases were 
observed in the overall subset of patients. Transient 
arterial oxygenation improvement was observed in only 
one HPS patient, early after TIPS, but this was not 
sustained 4 mo later.

COnCluSIOn: TIPS neither improved nor worsened 
pulmonary gas exchange in patients with portal 
hypertension. This data does not support the use of 
TIPS as a specific treatment for HPS. However, it does 

reinforce the view that TIPS can be safely performed 
for the treatment of other complications of portal 
hypertension in patients with HPS.

© 2005 The WJG Press and Elsevier Inc. All rights  reserved.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) 
has been used increasingly in patients with cirrhosis 
complicated by bleeding varices and refractory ascites[1]. 
Recently, TIPS has also been proposed as a potential 
treatment for pulmonary vasodilatation associated with 
cirrhosis, the so-called hepatopulmonary syndrome (HPS)[2-7]. 
However, both hemodynamic and metabolic effects of  
TIPS have been widely studied, little data exists on the 
effects of  TIPS on pulmonary gas exchange in patients 
with portal hypertension.
    HPS occurs when intrapulmonary vasodilatation 
causes abnormal pulmonary gas exchange in the setting 
of  liver disease[8]. The abnormalities in pulmonary gas 
exchange result from microvascular dilatation and involve 
varying degrees of  ventilation-perfusion imbalance, 
oxygen diffusion limitation (diffusion-perfusion defect), 
and increased intrapulmonary shunting[9]. Although the 
natural history of  HPS is poorly understood, pulmonary 
gas exchange abnormalities are generally progressive, even 
in the setting of  clinically stable hepatic dysfunction[10]. 
Currently, liver transplantation is the only therapeutic 
approach that can resolve HPS. However, perioperative 
mortality remains high (16-38% within 1 year) and appears 
to be greatest in those with more advanced HPS[11,12].
    HPS has been described most commonly in patients 
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with cirrhosis of  the liver, although it has also been 
reported in patients with severe acute hepatitis and in 
non-cirrhotic portal hypertension[13-15]. These findings 
suggest that portal hypertension plays an important role 
in the development of  intrapulmonary vasodilatation 
and in the occurrence of  HPS. TIPS, by correcting 
portal hypertension[1], could improve HPS. Indeed, 
TIPS may be an attractive alternative therapeutic option 
in selected patients with advanced HPS who are not 
transplant candidates or in whom liver function is well 
preserved, particularly if  HPS is of  sufficient severity to 
increase transplant mortality or if  the waiting time for 
transplantation is expected to be prolonged. However, the 
small number of  case reports published to date have had 
variable clinical features and results, and the majority TIPS 
placement was performed for an acute indication other 
than HPS[2–7]. Therefore, it is difficult to determine if  TIPS 
specifically improves HPS. In addition, TIPS is known to 
further exacerbate the hyperdynamic circulation present in 
patients with cirrhosis and portal hypertension, a fact that 
might trigger or increase pulmonary vasodilatation and 
adversely effect pulmonary gas exchange[16-19]. 
    Accordingly, in the present study, we aimed to assess the 
impact of  TIPS on pulmonary gas exchange in patients 
with portal hypertension and to evaluate the use of  TIPS 
for the treatment of  HPS.

MaTeRIaLS aND MeThODS
Patients submitted to TIPS treatment at the University of  
Alabama Hospital and at the Hospital Clínic, Barcelona, 
were reviewed and the characteristics of  patients in whom 
pulmonary function was evaluated in a period of  less 
than 6 mo before TIPS placement and no more than 
1 year after, were included. In three of  these patients, TIPS 
was placed specifically for the treatment of  HPS. The 
diagnosis of  HPS was made on the basis of  established 
criteria: the presence of  an increase of  alveolar-arterial 
oxygen difference (AaPO2 >15 mmHg); with or without 
hypoxemia; and evidence of  pulmonary vascular dilatation 
by means of  contrast-enhanced echocardiography and/or 
nuclear isotope lung perfusion scanning, in the context 
of  liver disease[8-10]. The presence of  mild intrinsic 
cardiopulmonary disease was not considered as an 
exclusion criterion for the diagnosis of  HPS[20,21].
    Before TIPS placement, all patients underwent 
measurements of  forced spirometry, plethysmography, 
and single-breath carbon monoxide diffusing capacity 
(DLCO) after correcting appropriately for hemoglobin 
concentration. Arterial blood gases were collected while 
breathing room air in the upright position. The AaPO2 
was calculated according to the alveolar gas standard 
equation using 0.8 as the standard respiratory exchange 
ratio. Arterial blood gases were repeated after a 20-min 
period of  100% oxygen breathing in an upright position in 
patients with HPS.
    The TIPS procedure was similar in both institutions 
and has been previously described[1]. After TIPS, patients 
underwent close fol low-up with US-Doppler and 

hemodynamic evaluation of  TIPS patency. Clinical and 
biochemical evolution, pulmonary gas exchange analysis, 
and systemic and pulmonary hemodynamics after TIPS 
placement were recorded for at least 1 mo following TIPS.

ReSULTS
Pulmonary gas exchange was assessed before and after 
TIPS placement in seven patients. Three patients had 
HPS and the specific indication for TIPS in each of  
these patients was treatment of  HPS. The remaining four 
patients had no HPS, but one of  them had mild hypoxemia 
due to a moderate obstructive ventilatory pattern, and the 
indication for TIPS in these patients was variceal bleeding 
in three and refractory ascites in one. Demographic and 
clinical data are summarized in Table 1. TIPS substantially 
reduced the portal pressure gradient (PPG) (from 15±2 
to 5±2 mmHg). In each case, the PPG immediately after 
TIPS was below 12 mmHg. In addition, during follow-
up, TIPS patency, defined as a PPG <12 mmHg, was 
confirmed by hemodynamic evaluation. The clinical course 
of  pulmonary function in patients without HPS was stable 
during all the study period. Pulmonary function tests and 
gas exchange data before and at least 3 mo after TIPS 
placement in patients with normal gas exchange prior to 
placement are shown in Table 2. As shown, TIPS neither 
influenced arterial blood gases nor pulmonary function 
tests in these patients. 
    Individual data of  patients with HPS are shown in 
Table 3. All patients had advanced HPS as evidenced by 
PaO2<60 mmHg with low PaCO2 values; only Patient 
#2 responded favorably to 100% oxygen administration. 
Patients #1 and #2 had a mild restrictive ventilatory 
pattern possibly related to a coexistent diffuse interstitial 

HPS (n = 3) Non-HPS (n = 4)

Sex (M/F) 2/1 4/–
Age (yr) 50±22 48±10
Smoking (n) 1 4
Current - 2
Past 1 2
Etiology of chronic liver disease (n)
Hepatitis C 1 1
Alcohol abuse 1 3
Idiopathic portal hypertension 1
Child–Pugh score A/B/C (n) 1/2/– 1/2/1
Presence of esophageal varices 3 4
Gastrointestinal bleeding 2 3
Ascites 1 1
Hepatic encephalopathy – –
Cutaneous spider nevi 3 3
Concomitant respiratory symptoms
Digital clubbing 3 –
Dyspnea 3 1
Cyanosis 3 –
Indication of TIPS
Variceal bleeding – 3
Refractory ascites – 1
Hepatopulmonary syndrome 3 –

Table 1 Demographic and clinical characteristics (mean±SD, n)

TIPS: transjugular intrahepatic portosystemic shunt；Query: please check 
the change made.
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lung disease (Patient #1) and unilateral pleural fibrosis 
(Patient #2), respectively. Pulmonary angiography 
excluded the presence of  arterio-venous communications. 
Ventilation-perfusion (VA/Q) studies in these two patients, 
using the multiple inert gas elimination technique[22], was 
consistent with HPS, showing increased intrapulmonary 
shunt (43% and 11% of  cardiac output) with a mild to 
moderate degree of  VA/Q mismatch, characterized by areas 
with low VA/Q units (6.4% and 0.1% of  cardiac output). 
All three patients exhibited a very severely reduced diffusing 
capacity (<25% predicted). Transient improvement in 
arterial oxygenation was observed in only one patient 
early after TIPS placement (Patient #1) but this was 
not maintained 4 mo later despite TIPS patency. In the 
other two patients, no improvement in gas exchange was 
observed early after TIPS and progressive deterioration in 
arterial oxygen saturation was evident at 4 mo in Patient 
#2 and at 4 wk in Patient #3 after TIPS. Patient #1 was 
excluded for liver transplantation because of  the potential 
coexistence of  diffuse interstitial pulmonary disease 

and severe hypoxemia with a poor response to 100% 
oxygen breathing. He died of  progressive deterioration 
of  pulmonary, hepatic, and renal function. Patient #2 was 
transplanted, 8 mo after TIPS placement. At the time of  
liver transplantation, he had persistent severe oxygenation 
abnormalities. Ten months after orthotopic liver transplant 
(OLT), pulmonary gas exchange was markedly improved 
with normal arterial oxygenation and contrast-enhanced 
echocardiography confirmed resolution of  intrapulmonary 
vasodi latat ion. Pat ient #3 was excluded for l iver 
transplantation due to severe hypoxemia. Subsequently, 
she developed progressive hypoxemia 4 wk after TIPS and 
died of  multisystem organ failure one week later.

DISCUSSION
Portal hypertension is characteristically associated with a 
hyperkinetic circulation reflected by an increased cardiac 
output and splanchnic and peripheral vasodilatation[23]. A 
number of  mechanisms contribute to these hemodynamic 
changes including increased bioavailability of  vasodilators, 
such as nitric oxide[23]. HPS is most commonly observed 
in the setting of  portal hypertension and likely appears 
to result from a disequilibrium between vasodilator and 
vasoconstrictor factors in the pulmonary microcirculation. 
Increased production of  nitric oxide has also been 
proposed as one major determinant of  pulmonary 
vascular dilatation in human HPS[24]. However, whether 
the same mechanisms that drive the splanchnic and 
peripheral vasodilatation are operative in the pulmonary 
microvasculature in HPS is still unknown.
    Since HPS is associated with the presence of  portal 
hypertension, portal pressure reduction through TIPS 
placement may be a useful therapeutic alternative. Till date,Till date, 
six case reports have evaluated the effects of  TIPS on gas 
exchange in HPS[2–7]. Surprisingly, five demonstrated some 

Table 2 Pulmonary gas exchange before and after TIPS placement 
in patients without HPS (mean±SD)

PaO2: partial pressure of arterial oxygen; PaCO2: partial pressure of arterial 
carbon dioxide; AaPO2: alveolar to arterial oxygen partial pressure gradient; 
FEV1: forced expiratory volume at 1 s; FVC: forced vital capacity; FEV1/FVC: 
ratio of forced expiratory volume at 1 s to forced vital capacity; DLCO: single-
breath carbon monoxide diffusing capacity.

Pre-TIPS Post-TIPS

PaO2 (mmHg) 95±16 95±27
PaCO2 (mmHg) 29±6 31±7
AaPO2 (mmHg) 18±12 18±20
FEV1 (% pred) 72±9 74±5
FVC (% pred) 76±6 80±2
FEV1/FVC 75±10 76±8
DLCO (mL/(min×mmHg)) 22±4 20±5
DLCO (% pred) 67±13 63±9

Table 3 Pulmonary gas exchange and hemodynamics before and after TIPS placement in patients with HPS

FEV1: forced expiratory volume at 1 s; FVC: forced vital capacity; TLC: total lung capacity; DLCO: single-breath carbon monoxide diffusing capacity; PaO2: 
partial pressure of arterial oxygen; PaCO2: partial pressure of arterial carbon dioxide; AaPO2: alveolar to arterial oxygen partial pressure gradient; PAP: mean 
pulmonary artery pressure; PVR: pulmonary vascular resistance; SVR: systemic vascular resistance; QT: cardiac output; PP: portal pressure; IVCP: inferior vena 
cava pressure; PPG: portocaval pressure gradient.

Pre-TIPS Post-TIPS <1 mo Post-TIPS >4 mo
Patients # 1 # 2 # 3 # 1 # 2 #  3 # 1 # 2 # 3
FEV1 (% pred) 69 77 100
FVC (% pred) 66 77 113
FEV1/FVC 77 80 82
TLC (% pred) 68 70 83
DLCO (% pred) 21.3 24 8
PaO2 (mmHg) 32 59 28 58 61 31 33 34 –
PaCO2 (mmHg) 27 28 35 31 27 38 26 34 –
AaPO2 (mmHg) 88 54 78 53 69 71 87 73 –
PaO2 100% O2 breathing (mmHg) 64 606 86 – – – – – –
PAP (mmHg) 14.5 9 18 – 8 22 20 8 –
PVR (dyn.s/cm5) 49 31 111 – 21 82 38 18 –
SVR (dyn.s/cm5) 773 415 1 174 – 400 922 549 560 –
QT (L/min) 9.0 10.4 6.47 – 11.2 7.8 10.5 11.3 –
PP (mmHg) 22 16 19 14 11 22 18.5 11 –
IVCP (mmHg) 5 4 3 7 2.5 19 8 2.5 –
PPG (mmHg) 17 12 16 7 8.5 3 10.5 8.5 –



Martínez-Pallí G et al. TIPS and pulmonary gas exchange                                                                                  6861

degree of  improvement in oxygenation. However, short-
term (<1 mo) duration of  follow-up in two patients[2,3] 
and the presence of  coexistent hepatic hydrothorax in 
the third one[4] limit the evaluation of  the utility of  TIPS 
for hypoxemia in these cases. In two other reports[5,6], 
with a longer follow-up (>7 mo), arterial desaturation 
improved after TIPS and in one of  these, a 11 year-old 
female with biliary atresia, gas exchange improvement was 
associated with a remarkable reduction in intrapulmonary 
shunt[6]. In the sixth report[7], TIPS failed to improve 
arterial hypoxemia in one patient. Altogether these reports 
suggest that portal pressure reduction per se does not 
consistently improve pulmonary gas exchange in HPS.    
    Portal pressure reduction after TIPS is also associated 
with an exacerbation of  the hyperdynamic circulatory 
state, an effect that persists for at least 3 mo following 
TIPS placement[16-19]. During this time, pulmonary vascular 
resistance may also decline[17,18,25]. The mechanisms by 
which TIPS accentuate the hyperdynamic circulation 
are not well understood but may involve porto-systemic 
shunting of  vasoactive substances through the TIPS 
which alter NO production[17,26-28]. The net result could 
enhance pulmonary vasodilation, thereby resulting in 
the development and/or worsening of  HPS. In two 
of  our patients with HPS who underwent TIPS, we 
confirmed obviously decreased systemic and pulmonary 
vascular resistance early after placement. Despite these 
hemodynamic changes, arterial oxygenation did not 
significantly deteriorate. In addition, in our four other 
patients without HPS who underwent successful TIPS, 
no changes in gas exchange were shown following TIPS 
placement. These findings complement and extend the 
findings of  prior reports and support that the exacerbation 
of  the hyperdynamic state following TIPS placement is 
not associated with arterial oxygenation worsening.
    The portal pressure gradient (PPG) was reduced below 
10 mmHg in each of  our patients who underwent TIPS 
for HPS. Despite this, none of  them had a sustained 
improvement in arterial blood gases. One patient did have 
a transient improvement in arterial oxygenation early after 
TIPS placement. Conceivably, one explanation for this 
improvement could be improved ventilation-perfusion 
matching induced by a rise in cardiac output resulting 
in increased blood flow, selective redistribution to the 
upper lobes of  the lung, where vasodilatation is typically 
less severe in HPS. A similar mechanism may have been 
operative in the study by Selim et al[4] where oxygenation 
improved after TIPS in association with a rise in cardiac 
output despite significant persistent intrapulmonary 
shunting. Alternatively, the increased cardiac output may 
improve PaO2 through increased mixed venous PO2, other 
things being equal. Our study and patients were different 
from prior case reports in that our group represented 
patients who specifically underwent TIPS for HPS. In 
four of  the six prior reports, another acute indication 
for TIPS was present, including variceal bleeding and 
hepatic hydrothorax. The presence and resolution of  other 
major complications of  portal hypertension could have 
influenced favorably arterial blood gases in these cases. 

In addition, our patients had more severe gas exchange 
abnormalities than those in prior studies and it is unknown 
whether or not the severity of  pulmonary vasodilatation 
may modulate the response to TIPS. Finally, our findings 
are clearly different from the report by Paramesh et al[7], 
where TIPS placement resulted in a sustained and dramatic 
improvement in both pulmonary vasodilatation and arterial 
oxygenation. However, this case involved a child with 
biliary atresia and whether pathophysiologic mechanisms 
and responses to portal decompression in this setting are 
applicable to adults with other causes of  liver disease is 
unknown[7].
    In summary, our findings suggest that treatment 
with TIPS in patients with portal hypertension has no 
deleterious effects on pulmonary gas exchange, despite 
coexisting exacerbation of  the hyperdynamic circulatory 
state. However, portal decompression with TIPS as a 
specific therapy for HPS is ineffective. This data supports 
the use of  TIPS in patients with HPS for the treatment of  
other accepted indications for TIPS, but not as a specific 
therapy to improve arterial oxygenation defects in HPS.
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