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Abstract

Purpose—Assess national trends in utilization, demographics, hospital characteristics, and
outcomes of patients undergoing surgical or percutaneous portal decompression since the
introduction of the transjugular intrahepatic portosystemic shunt (TIPS).

Materials/Methods—Retrospective analysis of patients undergoing surgical portal
decompression and TIPS using Medicare Physician Supplier Procedure Summary files from
January 2003 through December 2013 and National/Nationwide Inpatient Sample data from 1993,
2003, and 2012. Utilization rates normalized to annual number of Medicare enrollees, estimated
means, and 95% confidence intervals were calculated.

Results—Medicare total annual utilization rate for all portosystemic decompression procedures
decreased 6.5% during the study period, from 15.3 in 2003 to 14.3 in 2013 per 1,000,000. TIPS
utilization increased 19.4% (10.3 to 12.3 per 1,000,000) while open surgical shunt utilization
decreased by 60.0% (5.0 to 2.0 per 1,000,000). TIPS represented 86% of all procedures in 2013.
From 1993 to 2012, mean age increased slightly (53.0 to 55.5 years, p-value <0.05). The
percentage of procedures performed at teaching hospitals increased, while in-hospital mortality
and length of stay decreased by 42% (p<0.05) and 20% (p<0.05), respectively. Of factors
evaluated, performance of procedures on an elective basis was the most influential on in-hospital
mortality (p<0.01, all years studied) and length of stay (p<0.0001, all years studied).

Conclusions—Approximately two decades following the introduction of TIPS, utilization of all
portal decompression procedures has remained relatively stable. TIPS represents the dominant
portal decompression technique. In-hospital mortality and mean length of stay following
decompression have decreased, partially due to performance of procedures during elective
admissions.
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Introduction

Methods

In 1902, Gilbert (1) coined the term “portal hypertension” to describe structural changes in
the portal circulation that could cause gastrointestinal bleeding. Portal decompression
procedures can be life-saving for patients who have complications of portal hypertension,
such as variceal bleeding or as cites that cannot be controlled with endoscopic or medical
treatments. Vidal (2) used a portocaval shunt for the first time in a human in 1903; the
patient lived for 4 months following the surgery (3). Nonselective shunts, such as portocaval
or mesocaval shunts, decompress the entire portal system by diverting all portal blood flow
but are generally associated with a higher risk of hepatic encephalopathy and liver failure
(4). Selective shunts, such as the distal splenorenal shunt (DSRS), were first introduced by
Warren in the 1960s (5). Selective shunts attempt to preserve some portal flow while
decompressing varices (6). Overall, the various types of surgically created shunts provide
>90% control of variceal bleeding and carry similar survival rates (5, 7-9).

The concept of a percutaneously inserted metallic shunt for portosystemic decompression
was originally described by Rosch et al. in 1969 (10), but the first human case of
transjugular intrahepatic portosystemic shunt (TIPS) creation was not reported until 1989
(11). The first large series of patients who underwent TIPS followed soon after, in 1993
(12). TIPS placement technique was further advanced in the early 2000s with the
introduction of e-PTFE covered stent grafts, which have improved patency (13-15).

It is widely believed that TIPS is now the most commonly performed portal decompression
procedure. This has been shown using data from a single state (16-17), but not at the
national level. It is also not known what effects, if any, the introduction of a minimally
invasive alternative to surgical decompression has had on the clinical and hospital setting
where portal decompression surgery is performed, and on patient outcomes at a population
level. The purpose of this study therefore was to 1) report on long-term national trends in the
utilization of portal decompression procedures and 2) evaluate temporal trends in patient
demographics, hospital characteristics, and outcomes of patients who underwent portal
decompression since the advent of TIPS.

To assess long-term national utilization trends, Medicare provider claims from the Physician
Supplier Procedure Summary (PSPS) Master Files from 2003 through 2013 were obtained
from the Centers for Medicare and Medicaid Services. These files aggregate claims
information for all patients with Medicare Supplemental Medical Insurance (Medicare Part
B). PSPS claims data were extracted at 2-year intervals between 2003 and 2013 using
Current Procedural Terminology codes for the following portal decompression procedures:
open portocaval shunt, open renoportal shunt, open caval-mesenteric shunt, open
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splenorenal shunt — proximal, open splenorenal shunt — distal, and transvenous intrahepatic
portosystemic shunt insertion. Utilization rates were normalized to annual number of
Medicare Part B enrollees (18) and reported as number of procedures per 1,000,000
enrollees. To assess temporal trends in utilization, percent change over time were calculated
for the normalized utilization numbers for each calendar year. This part of our study
employs similar methodology to that described for other studies of national trends in
procedural utilization (19-22).

To evaluate trends in patient demographics and outcomes and characteristics of hospitals
where portal decompression procedures were performed, we obtained National/Nationwide
Inpatient Sample (NIS) data from the Healthcare Cost and Utilization Project (HCUP)
database from 1993, 2003, and 2012. NIS is the largest publicly available all-payer inpatient
health care database in the United States. NIS contains data on patient demographics,
clinical outcomes, hospital characteristics, and resource utilization for 20% of hospital stays
in the United States, which equates to over 7 million hospitalizations a year. All patients
who underwent portal decompression procedures were identified with the International
Classification of Diseases, Ninth Revision, Clinical Modification code for intra-abdominal
venous shunt (39.1). Sampling weights provided by HCUP were used to produce estimates
of population means and 95% confidence intervals (CI) for the total number of patients in
the United States who underwent portosystemic decompression, their demographic
characteristics, characteristics of the hospitals where the procedures were performed, in-
hospital mortality and mean length of stay. Indications for decompression were classified
based on diagnosis codes into variceal bleeding, ascites, variceal bleeding and ascites,
hydrothorax/effusion, Budd-Chiari, cirrhosis/chronic liver disease, and other. If multiple
diagnoses were identified, the most specific was used. Population estimates were considered
statistically different if 95% Cls did not overlap. Regression analyses were performed using
methods to account for use of sample survey data; results were considered significant if
p<0.05.

All data analyses were performed using commercially available software (SAS Version 9.3,
SAS Institute, Cary, North Carolina and Excel 2010, Microsoft, Redmond, Washington).
Institutional review board approval was not required because these public domain data do
not involve individually identifiable health information.

Between 2003 and 2013, the annual utilization rate for all portosystemic shunt procedures
performed in the Medicare population decreased from 15.3 to 14.3 per 1,000,000 enrollees,
a decrease of 6.5%. The utilization rate for TIPS procedures during this time increased
19.4% (from 10.3 to 12.3 per 1,000,000) while it decreased by 60.0% for all open surgical
shunts (from 5.0 to 2.0 per 1,000,000). The most commonly performed open surgical shunt
remains the portocaval shunt, followed by the splenorenal shunt. In 2003, TIPS insertion
represented 67.3% of all portosystemic shunt procedures whereas in 2013 it represented
86.1% of all procedures (Figure 1).
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In the wider population represented in the NIS dataset, patient demographics remained
similar between 1993 and 2012, as summarized in Table 1. Overall, patients who received
portosystemic shunts tended to be in their mid-50s, with a white, male predominance.
Between 1993 and 2012, there was a slight increase in the mean patient age, from 53.0 (95%
Cl: 51.6-54.4) to 55.5 (95% CI: 54.6-56.3) years old. The other demographic characteristics
did not change significantly in this time period. There was a trend toward increased
proportion of portosystemic decompression procedures occurring during elective
admissions, from 21% (95% CI: 16-26%) to 28% (95% CI: 24-31%) of overall admissions.
Indications for portal decompression are listed in Table 2. The four most common
indications were variceal bleeding, ascites, variceal bleeding and ascites, and cirrhosis/
chronic liver disease.

The majority of portosystemic decompression procedures occurred at large, academic
hospitals in urban locations (Table 3). Between 1993 and 2012, the percentage of procedures
performed at teaching hospitals increased from 60.7% (95% CI: 50.7-70.8%) to 78.7%
(95% CI: 76.5-81.0%). The proportion of procedures performed at large hospitals (defined
as the top one-third of hospitals in a given region and location/teaching combination by bed
size) or urban hospitals (defined as located in a metropolitan statistical area) did not change
significantly. Similarly, the proportion of procedures occurring at hospitals with larger
decompression procedure volumes (defined as greater than 12 procedures per year) stayed
relatively stable.

In-hospital mortality decreased during our study period for overall and non-elective
admissions while mean length of stay (LOS) decreased for overall admissions (Table 4).
Inhospital mortality for all patients undergoing decompression procedures decreased by
42%, from 1993, where in-patient mortality rate was 18.4% (95% ClI: 14.4-22.3%) to 2012,
where it was 10.5% (95% CI: 8.9-12.3%). In-hospital mortality for non-elective admissions
decreased from 21% (95% Cl: 16-25%) to 13% (95% CI: 11-15%) over the time period.
The mean LOS in 1993 was 13.4 days (95% CI: 12.0-14.7 days) compared with 2012,
where it was 10.7 days (95% CI: 9.9-11.4 days), a decrease of 20.1%. As expected, mean
LOS was shorter for elective admissions in all years studied, with mean LOS for non-
elective admissions almost twice that for elective admissions in 2013 (12.3 days compared
to 6.4 days).

Exploratory analysis was performed to assess the factors associated with decreased in-
hospital mortality and LOS over the course of the study period (Table 5). Multivariable
regression modeling of all factors that had changed significantly over the course of the study
period (patient mean age, teaching hospital status) and elective versus non-elective
admission found that admission status was the only variable that was consistently associated
with increased mortality (p<0.01, all years studied), with an odds of in-hospital mortality
2.5-3.6 times higher for non-elective compared to elective admissions. LOS was also
associated with admission status across all years (p<0.0001, all years studied), with
estimated mean LOS 5.3-6.2 days longer for non-elective admissions. Unexpectedly, older
age was associated with shorter mean LOS, although the difference was minimal (0.6-1.2
days shorter per 10 years older age, p<0.05). Teaching hospital status was also associated
with longer mean LOS in 2003 and 2012 (2.0-2.1 days longer, p<0.05).
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Discussion

Chronic liver disease and cirrhosis is the 12t most common cause of death in the United
States, accounting for approximately 36,000 deaths per year, or 115 deaths per 1,000,000
population (23). Portal hypertension is a major complication seen in chronic liver disease
and can result in bleeding esophageal varices, refractory ascites, hepatic hydrothorax,
hepatorenal syndrome, and hepatopulmonary syndrome. Portal decompression procedures
have proven benefits in secondary prevention of variceal bleeding and ascites that cannot be
controlled via endoscopic or medical treatments (24-25). Portal decompression may also be
used in the setting of hepatic hydrothorax and Budd-Chiari syndrome (26).

Over the past two decades, there have been many advances in the medical and procedural
treatments of cirrhosis and portal hypertension. One of the largest changes with regard to
portal decompression has been the development of TIPS as an alternative to surgical shunts.
Results of multicenter prospective randomized trial published in 2006 (27) showed DSRS
and TIPS to be similarly efficacious in the control of refractory variceal bleeding in Child—
Pugh class A and B patients. Both resulted in similar short and long-term survival and
similar costs (28) but reintervention rate was significantly greater for TIPS compared with
DSRS. On the other hand, a more recent analysis in 2010 (29) of three prospective
randomized trials and one retrospective case-controlled study concluded that surgical
shunting had improved 2-year survival and less frequent shunt failure compared with TIPS.

Despite the lack of evidence showing superiority of TIPS over surgical shunts, TIPS has
become much more common than surgical shunts. In the Medicare population, TIPS
placements increased 51% between 2003 and 2013, while open surgical procedures
decreased by about the same percentage. TIPS represented 86% of all portal decompression
procedures performed in 2012. In a study including data between 2002-2005 from a single
state, Rosemurgy et al. found a similar preference for TIPS, with TIPS performed 12 times
more often than surgical shunts (17).

The exact reasons for the shift to TIPS cannot be derived from our data, but may include
provider or patient preference for a minimally invasive procedure over open surgery. TIPS
may be a more viable option in the non-elective or unstable patient. Additionally, TIPS may
be a more viable intervention in patients with poor modified MELD of Childs-Pugh scores
due to lower risk of complications and faster recovery (30). Physician volumes have been
shown to be correlated with outcomes for portal decompression surgery but not with TIPS
(16), and lack of expertise within the surgical community with performing these complex
operations may also be a contributor to the observed long-term trends (31).

Although there is an overwhelming preference toward the use of TIPS, utilization rate per
1,000,000 Medicare patients for all decompression procedures has remained similar from
2003 to 2013. This is likely a result of the fact that the indications for portal decompression
procedures (surgical or TIPS) have not changed, and that they remain reserved primarily for
patients with portal hypertension that fail to respond to a combination of pharmacological/
medical and endoscopic therapy (32).
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From 1993 to 2012, patient gender, race and primary discharge diagnoses of those
undergoing portal decompression were similar, while mean age increased slightly. The top
indications for portal decompression were variceal bleeding and/or ascites in 2003 and 2012.
There was a slight shift in distribution of where these procedures are being performed, with
more being done at teaching/academic hospitals (60.7% in 1993 versus 78.7% in 2012).
Additionally, the observed in-hospital mortality and mean LOS has significantly decreased,
which is likely multifactorial. Of factors that we were able to elucidate from the NIS
database, increasing completion of these procedures on an elective basis seems to be the
most influential on decreasing mortality. Improvements in patient selection, surgical/
procedural technique, and periprocedural management also likely contributed to these
findings.

Our study has limitations. Medicare data used for the trend analysis portion of this study is
predominately composed of claims for services to the elderly; therefore, the younger
population may have different utilization rates. Additionally, PSPS files are composed of
aggregate claims, which do not provide detailed patient specific factors such as
demographics, comorbidities, and LOS. However, Medicare data have the advantage of
representing complete claims data on about 25% of all physician services provided in the
United States. Furthermore, the data collection method of PSPS files is uniform through
multiple years. To complement the PSPS data, we also analyzed NIS data from the HCUP
database, which is composed of hospital discharge data for individuals covered by Medicare,
Medicaid, private insurance and the uninsured. This allowed us to evaluate a broader patient
population and analyze primary diagnoses, hospital characteristics, LOS, and patient
demographics such as sex, age, and race. However, our analysis is limited by apparent
inconsistencies in coding practices over the time period studied. For example, analysis of
indications for decompression from the 1993 showed that the vast majority of patients
(73.4%) did not have a more specific diagnosis beyond cirrhosis/chronic liver disease; it is
unlikely that such a large proportion of patients did not have a more specific indication (e.g.
variceal bleeding) for portal decompression. Finally, as with all claims or discharge
summary data, there is the possibility of miscoded or absent data, as accuracy of the
database is dependent upon adequate documentation and coding performed as part of routine
clinical and billing practice.

Conclusion

Approximately two decades following the introduction of TIPS, the overall utilization for all
portal decompression procedures has remained stable, with increasing preference toward the
use of TIPS over open surgical shunting. The in-hospital mortality and mean LOS following
portal decompression have decreased, in part due to performance of procedures during
elective admissions.
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Figure 1. Trends in portal decompression shunts from 2003 to 2013
Line graphs correspond the number of procedures per 1,000,000 Medicare enrollees (left y-

axis). TIPS and open surgical shunt bar graphs correspond to percentage of all portal
decompression procedures (right y-axis).
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Table 1

Patient demographics and admission status by year

1993

2003

2012

Number of discharges

4,624

5,780

5,880

Mean age, years (95% CI)

53.0 (51.6 — 54.4)

55.3 (54.2 — 56.3)

55.5 (54.6 — 56.3)

Gender, percentage (95% CI)

Male 60 (57 — 63) 66 (64 — 69) 65 (62 — 68)

Female 39 (30-48) 34 (31-36) 35(32-38)
Race, percentage (95% CI)

White 61 (52 - 70) 59 (52 - 67) 66 (63 — 70)

Non-white 39 (30 - 48) 41 (33 -48) 34 (30 - 37)
Admission type, percentage (95% CI)

Elective 21 (16 - 26) 28 (21-34) 28 (24 -31)

Non-Elective 79 (74 - 84) 72 (66 — 79) 72 (69 - 76)
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Table 2

Indications for portal decompression by year

1993 2003 2012

Number of admissions

by indication (%0)

Variceal bleeding

471(10.2) 2,026 (35.2) 2,140 (36.4)

Ascites 64 (1.2) 1,780 (30.8) 1,330 (22.6)
Variceal bleeding and ascites 77 (1.7) 1,223 (21.0) 1,800 (30.6)
Hydrothorax/effusion 18 (0.5) 97 (1.7) 105 (1.8)
Budd-Chiari 46 (0.9) 15(0.2) 15 (0.3)
Cirrhosis/chronic liver disease 3,418 (73.4) 451 (7.9) 305 (5.2)

Other

530 (12.1) 188 (3.2) 185 (3.1)
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Hospital characteristics by year

Table 3

1993

2003

2012

Hospital type, percentage (95% CI)

Large

65.2 (54.3 — 76.0)

78.1(71.1 - 85.1)

73.9(70.7-77.1)

Urban

98.9 (98.6 — 99.1)

98.4 (97.4 - 99.5)

98.6 (98.2 — 98.9)

Teaching

60.7 (50.7 — 70.8)

76.3 (70.4 - 82.3)

78.7 (76.5 — 81.0)

High case volume (>12/year)

46.7 (39.2 - 54.3)

57.6 (50.7 — 64.5)

55.3 (48.2 - 62.4)"

*
Data from 2011 used due to change in NIS sampling design rendering 2012 hospital-level volume data not comparable to previous years.
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In-hospital mortality and length of stay by year

Table 4

1993

2003

2012

In-hospital mortality, percentage (95% CI)

Overall

18.4 (14.4- 22.3)

12.4 (10.5 - 14.5)

10.6 (8.9 - 12.3)

Elective admission

9.6 (4.9-14.2)

4.9 (1.5-8.3)

46 (2.5-6.8)

Non-elective admission

20.7 (16.0 - 25.5)

15.3 (12.9 - 17.7)

12.9 (10.8 - 15.0)

Mean length of stay, days (95% CI)

Overall

13.4 (12.0 - 14.7)

11.3 (10.1 - 12.5)

10.7 (9.9 - 11.4)

Elective admission

9.0(7.1-10.9)

75(5.0-9.9)

6.4 (5.2-17.6)

Non-Elective admission

145 (12.9 - 16.1)

12.7 (11.5 - 14.0)

12.3 (11.4-13.2)

J Am Coll Radiol. Author manuscript; available in PMC 2016 December 01.

Page 13



Page 14

Perry and Kwan

Author Manuscript

T000°0> ST'9- T000°0> v€'G- T000°0> 09°G- uolssiwpe A1
2000 60°C 9700 96'T 190 §9°0 [endsoy Buryoes
€000 cTo- €200 80°0- ¢100 90°0- aby

anjea-d rlog anjen-d rlog anjena-d rlog Aels Jo y1bua

T00°0> orTe- T00°0> 09°€- ¥00°0 05°¢- uolssiwpe aAll8|3
18¢°0 9.0 L6T°0 T 8/8°0 1670 fendsoy Buryoea
[4400] 00T 1700 00T ¢86°0 00T aby

anjea-d  oneasppo  anjea-d  oneasppO  anfea-d  onelisppo  9baryYdSIP 03 [BAIAINS

414 €002 €66T S3|qelien

Ae1s Jo yibusj pue abueyasip 01 [BAIAINS JO S|apow uolssalbal ajdnniy

G 9lqel

Author Manuscript

Author Manuscript

Author Manuscript

J Am Coll Radiol. Author manuscript; available in PMC 2016 December 01.



