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Perspective

Image guided portal vein access techniques in TIPS creation and 
considerations regarding their use
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Abstract: Transjugular intrahepatic portosystemic shunt (TIPS) is a difficult procedure to perform and accessing 

the portal vein is a very challenging step. There are three broad categories of image guided TIPS creation 

techniques. Each technique has its advantages and disadvantages. TIPS procedure carries some risk of complications 

regardless of the guidance technique employed. The technology for TIPS has evolved in parallel with the expanding 

indications for TIPS. Ultrasound guidance technique offers a safe option, particularly for patients with challenging 

anatomy. Patient safety should always come first and the US guided technique should be more routinely used. 

Experience is the main factor in the success of TIPS. Other factors to consider in reducing the all-cause morbidity 

and mortality are patient selection, patient management and the clinical setting.
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Transjugular intrahepatic portosystemic shunt (TIPS) is a 
difficult procedure to perform in interventional radiology 
and it carries some risks of morbidity and mortality. TIPS 
creates a new connection between the portal vein and 
the hepatic vein. This procedure lowers portal venous 
pressure by shunting blood from the portal to the systemic 
circulation. It is less invasive than surgical shunting. 
Technical success in TIPS is defined as the successful 
creation of a shunt between the right hepatic vein and 
intrahepatic branch of the right portal vein. However, 
locating and accessing the portal vein is very challenging 
and it is considered the rate-limiting step of the procedure. 
Multiple attempts are sometimes required to access the 
portal vein. Portal venous bifurcation is extra-hepatic in 
some patients. Puncture of the right portal vein at least 
1–2 cm distal to the portal venous bifurcation should 
guarantee an intra-hepatic puncture. Indications for TIPS 
include acute variceal hemorrhage, refractory ascites, gastric 
antral vascular ectasia, hepatic hydrothorax, hepatorenal 
syndrome, Budd-Chiari syndrome, hepatopulmonary 
syndrome, and portal vein thrombosis.

Gipson et al. described three broad categories of 
image guided techniques: (I) fluoroscopic guidance 
with portography [contrast medium or carbon dioxide 
(CO2)]; (II) marker wire guidance; and (III) ultrasound 
(US) guidance (1). Each technique has its advantages and 
disadvantages. Fluoroscopic guidance with portography 
is currently the most widely used technique (1). X-ray 
machines for fluoroscopy are available internationally and 
most physicians who perform TIPS are familiar with this 
technique. Yet, this technique has more radiation exposure 
to the physician and the patient, compared to other 
techniques. A study from Sweden found that patient skin 
doses usually exceed the threshold values for erythema  
(2 Gy) with the fluoroscopically guided technique (2). The 
use of iodinated contrast medium can be nephrotoxic and 
this presents a problem in patients with renal insufficiency. 
In the United States, the number of patients with chronic 
renal failure is increasing. Iodinated contrast can also 
cause an allergic reaction. The hepatic vein and the portal 
vein are separated by the liver parenchyma, and the 
contrast agent cannot flow through to the portal venous 
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system. The portal vein is therefore not visible when the 
needle is advanced through the liver. CO2, on the other 
hand, causes no allergic reaction or renal toxicity. Wedged 
venography can only offer a 2-dimensional view and in 
challenging cases, information on the 3-dimensional 
relationship between the hepatic vein and the portal 
vein is required. Due to low viscosity, CO2 can diffuse to 
the surrounding areas, not to the portal vein branches, 
resulting in low resolution images. More than one CO2 
injection may be required to obtain a good portogram. 
In addition, with manual injection of CO2, it is possible 
to deliver excessive volumes of CO2. Forceful injection of 
the iodinated contrast or explosive delivery of CO2 can 
cause liver laceration, subcapsular hematoma, and intra-
abdominal bleeding.

The marker wire guidance technique is useful in 
patients with ascites (3). But, placement of a marker is 
invasive and vessel trauma can sometimes occur. Gipson et 
al. found that fluorscopy time, cumulative radiation dose 
or air kerma, contrast volume and total procedural time 
were reduced with US guidance compared to fluoroscopic 
guidance (1). In addition, fluoroscopy time and contrast 
agent volume were reduced with US guidance compared 
to marker wire guidance (1). US allows for real-time 
localization of the needle tip in relation to the portal 
vein. In one study, using sonography as a guiding tool 
has reduced the complication rate from 17% to 3% (4). 
This technique can ensure a single needle pass to access 
the portal vein (5). One disadvantage of this technique 
is that a second clinician is needed to perform the US. 
It also exposes the sonographer to radiation. Moreover, 
sonographic imaging can be obscured by obesity, ascites 
and bowel gas in the peritoneal cavity. Similar to wedged 
venography, US can only provide 2-dimensional images. 
Another disadvantage of intravascular US is that femoral 
vein puncture is needed to insert the transducer and this 
causes additional discomfort to the patient. When an 
intravascular US probe is used, there is an increased cost 
of $1,365 per procedure (6). 

TIPS procedure carries some risk of complications 
regardless of the guidance technique employed. Technique-
related complications can include short term (within 30 days 
of the procedure) and long term (after 30 days), and fatal 
and non-fatal complications. When TIPS was first used, 
complication rates were higher due to blind puncture of the 
portal vein, without any image guidance. As the number 
of needle passes for portal vein increases, the incidence 
of nontarget organ injury also increases. Technique-

related short term complications result from injury to the 
surrounding structures such as hepatic artery, gallbladder, 
and biliary ducts. Some of these complications can be fatal. 
Hepatic artery puncture can result in a life-threatening 
hemorrhage. Injury to the hepatic artery can also 
contribute to liver ischemia and infarction. Puncture of the 
gallbladder can result in cholecystitis, hemobilia and biliary 
peritonitis. Furthermore, fistulas can develop between 
the biliary or arterial system and portal vein. Intrahepatic 
hematomas or subcapsular hematomas can also occur 
days after the procedure, especially in patients who are on 
anticoagulation medication. Transcapsular puncture can 
lead to hemoperitoneum and laceration of the liver capsule 
is possible in patients with small livers from cirrhosis. As 
mentioned above, portal venous bifurcation can be extra-
hepatic and dissection of the portal vein in its extrahepatic 
part can lead to rapid bleeding. Hepatic encephalopathy 
and shunt occlusion are two long term complications and 
they are rarely fatal if detected and treated early. Hepatic 
encephalopathy after TIPS is common and it can be seen 
with any guidance technique. In contrast, shunt occlusion 
can depend on the technique because multiple needle passes 
can cause bile leakage into the stent and lead to shunt 
dysfunction. Polytetrafluoroethylene (PTFE) covered stents 
can decrease the incidence of shunt occlusion (7). Radiation 
dermatitis is another non-fatal complication related to 
technique. Radiation is less of a concern today due to the 
fact that modern imaging rooms offer improved protection 
from radiation. 

There are three principal scoring systems to predict 
mortality from TIPS: APACHE II, Child-Pugh and 
MELD. Although these scoring systems are not perfect, 
they are commonly used to estimate risks and to select 
patients for the procedure. Patients with an APACHE II 
score higher than 20 have a greater risk for early mortality. 
Tzeng et al. reported that APACHE II score is not useful for 
Asian patients (8). Child-Pugh score of greater than 12 is 
associated with high risk of postprocedural death. For Asian 
patients, the score cut-off is 11 (8). Additionally, the Child-
Pugh classification cannot discriminate among class C patients 
because it uses parameters such as ascites and encephalopathy 
which are based on subjective interpretation (9). The MELD 
score is superior to Child-Pugh score in predicting the 
3-month post TIPS mortality (9). Casadaban et al. found that 
MELD is also useful for the emergency setting, besides the 
elective setting (10). It has been validated in Korea, United 
States and Europe (9,11). Mortality is higher in patients 
with a MELD score of 18 or above but in Asian patients, the 
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score cut-off is 20 (8). The accuracy of the model decreases 
for long-term (after 3 months) predictions of mortality (9). 

Mortality from TIPS also depends on the specific clinical 
setting. Gipson et al. found no differences in outcome 
between the elective, emergent and urgent settings, but 
their results were based on a retrospective study within a 
single institution and using a small sample size (1). In the 
emergency setting, there are many cases of uncontrolled 
variceal hemorrhage and they have a higher risk of 
mortality. In cases of active variceal bleeding unresponsive 
to endoscopic and pharmacotherapy, early TIPS placement 
must be done (within 72 h after admission) (12). Russo et al. 
reported that urgent TIPS placement was associated with 
shunt stenosis (13). Elective TIPS have decreased mortality 
rates (14). Patient selection also influences outcome after 
TIPS. Patients with pre-existing comorbid conditions 
have increased risk for an unfavorable outcome following 
TIPS (15). Likewise, periprocedural management plays a 
role in patient survival. Ordering labs, imaging tests and 
draining ascites must be done before TIPS. Patients should 
receive IV hydration before contrast injection and must 
be followed-up with Doppler US. Lastly, according to 
Trivedi et al., post-TIPS outcome is a function of patient 
demographic and socioeconomic factors (16).

There are papers that state that technical success of 
TIPS is related to the experience level of the interventional 
radiologist. Technical success rates improved in parallel 
with experience at a medical center in China (17). Similarly, 
in an Israeli medical center, experience is the main factor 
in determining the success of TIPS (18). Keller et al. found 
that technical failure rates were higher in institutions 
that have performed less than 100 TIPS procedures (19). 
An experienced, skillful team is necessary to ensure the 
high technical success of TIPS and to avoid its potential 
procedural complications (20). Therefore, patients should 
be transferred to a center with TIPS placement experience. 
In the United States, teaching or academic hospitals 
performed 78.7% of TIPS in 2012 (14). Moreover, 
academic centers have the expertise for dealing with 
complications associated with TIPS and imaging equipment 
is readily available. In Japan, some hospitals rarely perform 
TIPS and it is a challenge to maintain the necessary skills 
in those hospitals (3). Diverse experience levels may 
explain the difference in survival rates from Japan, United 
States, Canada, France, Germany, Italy and Spain (21). For 
residents to gain experience, there is a potential role for 
TIPS simulation training. 

The technology for TIPS has evolved in parallel with 

the expanding indications for TIPS. TIPS is also indicated 
for some pediatric patients. There are reports of using 
cone-beam CT or MRI in combination with fluoroscopy 
to guide TIPS (22,23). These new technologies are still 
in experimental stages and they are costly and not widely 
available. They require special software, hardware and 
work stations. There is a lack of multicenter prospective 
randomized studies for TIPS. Future studies can explore 
the overall feasibility, including cost effectiveness and 
quality of life, between the image guidance techniques. 
Most of the time, the decision on guidance technique is not 
criteria or indication based, but rather a result of operator 
preference (1). Rössle reported that in medical centers 
using sonography during the puncture process, TIPS 
complications were almost abolished (21). As reported by 
Gipson et al., US guidance technique offers a safe option, 
particularly for patients with challenging anatomy such as 
Budd-Chiari syndrome (1). Patient safety should always 
come first and the US guided technique should be more 
routinely used. Gipson et al. stressed the importance of 
radiation exposure in choosing a guidance technique in 
TIPS. However, radiation dose should not be the only 
priority as there are other more serious life-threatening 
complications and the amount of exposure is so small that 
it is almost impossible to cause cancers. Finally, technique 
is only one part of the procedure and there are other things 
to consider. Experience is the main factor in the success 
of TIPS. Other factors to consider in reducing the all-
cause morbidity and mortality are patient selection, patient 
management and the clinical setting. 
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