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Randomized trials of endoscopic therapy and transjugular
intrahepatic portosystemic shunt versus portacaval shunt for
emergency and elective treatment of bleeding gastric varices in
cirrhosis

Marshall J. Orloff, MD2, Robert J. Hye, MD?2, Henry O. Wheeler, MDP, Jon I. Isenberg, MDP,
Kevin S. Haynes, MDP, Florin Vaida, PhD¢, Barbara Girard, MS?, and Karen J. Orloff, MSW2

aDepartment of Surgery, the Division of Gastroenterology and Hepatology, San Diego, CA

bDepartment of Surgery, Department of Medicine, and the Department of Family and Preventive
Medicine/Biostatistics and Bioinformatics, San Diego, CA

¢Department of Surgery,University of California, San Diego Medical Center, San Diego, CA

Abstract

Importance.—Bleeding esophageal varices has been studied extensively, but bleeding gastric
varices (BGV) has received much less investigation. However, BGV has been reported in <30% of
patients with acute variceal bleeding. In our studies of 1,836 bleeding cirrhotics, 12.7% were
bleeding from gastric varices. BGV mortality rate of 45-55% has been reported. The BGV
literature has mainly involved retrospective case reports, often with short-term follow-up.

Objective.— We sought to describe the results of a prospective, randomized, controlled trial
(RCT) in unselected, consecutive patients with BGV comparing endoscopic therapy (ET) with
portacaval shunt (PCS, n = 518), and later comparing emergency transjugular intrahepatic
portosystemic shunt (TIPS) with emergency portacaval shunt (EPCS; n = 70).

Design, setting, and participants.—/nitially, our RCT involved 518 patients with BGV
comparing ET with direct PCS regarding control of bleeding, mortality rate, and disability. When
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entry of patients ended, the RCT was expanded to compare emergency TIPS with EPCS (h = 70).
This RCT of BGV was separate from our other RCTs of bleeding esophageal varices.

Interventions.—Initially, ET was compared with PCS. In the second part of our RCT,
emergency TIPS was compared with emergency PCS (EPCS).

Main outcome measures.—Outcomes were survival, control of bleeding, portal-systemic
encephalopathy (PSE), quality of life, and direct costs of care. In the RCT of ET versus PCS, 28
and 30%, respectively, were in Child class C. In the expanded RCT of TIPS versus EPCS, 40 and
419, respectively, were in Child class C. Permanent control of BGV was achieved in 97-100% of
patients treated by emergency or elective PCS, compared with 27-29% by ET. TIPS was even less
effective, achieving long-term control of BGV in only 6%. Survival rates after PCS were greater at
all time intervals and in all Child classes (P < .001). Repeated episodes of PSE occurred in 50% of
TIPS patients, 16—17% treated by ET, and 8-11% treated by PCS. Shunt stenosis or occlusion
occurred in 67% of TIPS patients, in contrast with 0-2% of PCS patients.

Conclusion.—These results support the conclusion that PCS is uniformly effective, whereas ET
and TIPS are not very effective.

V ARICEAL HEMORRHAGE IS the most lethal form of gastrointestinal bleeding and the most
common cause of death in patients with cirrhosis of the liver. Bleeding from ruptured
esophageal varices has been studied extensively, but much less investigation has been
directed at the problem of bleeding gastric varices (BGV). Yet, gastric varices have been
observed in as many as 65% of patients with portal hypertension,1~* and bleeding from
gastric varices has been reported to occur in as many as 30% of patients with acute variceal
bleeding.>~7 In our ongoing prospective studies of 1,836 cirrhotic patients who underwent
portacaval shunt (PCS) for portal hypertension-related bleeding, 12.7% were bleeding from
gastric varices. The mortality rate of BGV has been reported to be as great as 45-55%.%-8

Treatment of BGV has been uncertain and often empiric. Much of the literature on treatment
of BGV has involved retrospective evaluations of small series of cases or case reports, often
with short-term follow-up.>:6:4-15 Moreover, analysis of the results of treatment often has
been based on series of cases that included patients with gastric varices caused by disparate
underlying diseases as if they were a single condition.

To determine the effectiveness of treatment of BGV in cirrhosis, we conducted a prospective
randomized, controlled trial (RCT) in 518 consecutive unselected patients in whom we
compared 2 established forms of therapy with regard to control of bleeding, mortality rate,
and disability. One-half of the patients underwent endoscopic therapy (ET), consisting of
variceal sclerotherapy and/or variceal band ligation, and one-half endoscopic therapy direct
PCS. After entry of patients into the RCT of ET versus PCS was concluded, the RCT was
expanded to compare emergency transjugular intrahepatic portosystemic shunt (TIPS) versus
emergency PCS (EPCS). Seventy patients with acute active bleeding were randomized in the
expanded RCT, 36 to TIPS and 34 to EPCS. This is a report of the results of our RCT. We
wish to make it clear that this RCT of BGV was separate and distinct from our other recent
RCTs, both of which dealt with bleeding esophageal varices. It was started >10 years before
our RCT of endoscopic sclerotherapy versus EPCS16 and 19 years before our RCT of TIPS
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versus EPCS,17 both of which dealt with the emergent treatment of bleeding esophageal
varices.

PATIENTS AND METHODS

Design of study.

The study was conducted at University of California, San Diego (UCSD) Medical Center
and the UCSD-affiliated San Diego Veterans Administration Hospital. All physicians
involved in the study cared for patients at both hospitals. By prior agreement, patients were
referred to the 2 UCSD hospitals by physicians caring for patients in hospitals in the
counties of San Diego, Imperial, Orange, Riverside, and Kern, with a combined population
of 9.5 million. The addition of patients referred from the 5 adjacent counties made it
possible to enter in the RCT a substantial number of patients with BGV, a form of variceal
hemorrhage that is substantially less common than bleeding esophageal hemorrhage. The
objectives were to compare in unselected, consecutive patients with BGV resulting from
cirrhosis of the liver, the influence on survival rate, control of bleeding, quality of life
(QOL), and economic costs of 2 standard forms of treatment: ET, consisting of repetitive
sessions of intravariceal injection sclerotherapy, or variceal band ligation or both modalities
aimed at variceal obliteration, and direct PCS. By “unselected,” we mean that all patients,
without exception, who entered the 2 UCSD hospitals with BGV and cirrhosis were
included. The 2 forms of treatment were compared in 220 patients who were bleeding
actively and required emergent therapy, and separately in 298 patients who were referred for
elective treatment having recovered from =1 episodes of BGV elsewhere. Eligibility for the
study included bleeding of a magnitude that required =2 units of blood transfusion.
Diagnosis was based on endoscopic demonstration of BGV, absence of bleeding from
esophageal varices, and absence of any other lesion that could account reasonably for the
bleeding. All patients underwent the same diagnostic workup and initial therapy, and were
randomized to the 2 treatment groups after the diagnosis of cirrhosis-related BGV was
made. The study protocol and consent forms were approved by the UCSD Human Subjects
Committee (Institutional Review Board) and the National Institutes of Health before the start
of the study and at regular intervals thereafter. Patients were entered in the RCT from
August 15, 1977, until December 15, 1997, and follow-up was continued until July 31, 2011.
After entry of patients into the RCT of ET versus PCS ended on December 15, 1997, the
RCT was expanded to compare TIPS with EPCS. Seventy patients were randomized in the
expanded RCT (36 to emergency TIPS and 34 to EPCS) and follow-up was continued until
July 31, 2011. Figure 1 is a consort flow diagram that shows the overall design and conduct
of the RCT.18-20

Informed consent.

\oluntary consent to participate in the study was obtained in writing by a physician co-
investigator from every patient before randomization to the treatment groups, and witnessed
by a third party who was not involved in the study. Consent was obtained after the patient
received a thorough explanation of the study that included the risks and benefits of all
treatment options, including those not provided by the study. When it was not possible to
obtain informed consent because of an altered sensorium, 2 patient advocates were assigned
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to the patient from a panel of senior faculty physicians who were not involved in the study to
determine whether consent should be given. The procedure for obtaining consent and the
consent form were regularly reviewed and approved by the Human Subjects Committee
(Institutional Review Board) and the National Institutes of Health.

Randomization.

Patients were randomized after BGV was proven by emergency endoscopy, and after
cirrhosis was indicated by history, physical examination, results of liver function tests, and,
in many cases, previous liver biopsy, and after informed consent was obtained. Emergency
endoscopy showed that only BGV and no other lesion could reasonably account for the
bleeding. Randomization was accomplished by drawing an instruction card from a serially
numbered, opaque, sealed envelope prepared by a biostatistician according to a block
randomization design that was unknown to the physicians conducting the study. Informed
consent for participation in the study was obtained from every patient before endoscopy.
There were no escape clauses or crossover provisions in the protocol; 259 patients were
randomized to each treatment group. In the ET groups, 105 patients underwent emergency
treatment, and 154 patients had elective treatment. In the PCS group, 115 patients underwent
emergency operation, and 144 patients had an elective shunt. In the expanded RCT, 36
patients were randomized to emergency TIPS and 34 patients to EPCS. Before
randomization, all patients had received =2 units of blood transfusion.

Emergency diagnostic workup.

All patients underwent the same diagnostic workup that has been described in detail in our
previous RCTs of bleeding esophageal varices published in 2009, 2012, and 2014.16.17.21 |n
addition, Doppler duplex ultrasonography was performed at the bedside in the intensive care
unit to determine the patency of the portal vein (PV) and to estimate the volume of ascites.
In patients who required emergency treatment, the diagnostic workup was completed within
2—7 hours. Patients in the ET group underwent ultimately a percutaneous or transjugular
needle liver biopsy if they had not previously had a liver biopsy.

Shortly after initial contact, as soon as the results of the diagnostic workup were known, the

patients were assigned to Child risk classes using the 5 criteria originally proposed by Child

and Turcotte for assessing hepatic functional reserve.2? The widely used quantitative method
of Campbell and associates, 23 use of which we have reported previously,16:17:21 was used to

decrease subjectivity by assigning points to each of Child’s 5 criteria.

Liver transplantation evaluation.

Bleeding varices in cirrhosis has been considered an indication for liver transplantation (LT).
It has been proposed that LT be considered the treatment of choice for “patients with
advanced liver disease after failure of EST,”24:25 and for “all patients with end-stage liver
disease (Child group C) and variceal bleeding ...in the absence of any
contraindications.”24-26 Regrettably, there have been no RCTs of LT after any of the
emergency modalities of therapy for BGV to support or contradict these proposals.
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In our RCT, beginning with the index admission and regularly thereafter, all patients were
evaluated by the UCSD LT program for indications for LT. If and when patients exhibited
progressive liver failure, they underwent extensive evaluation for LT. As part of our analysis,
we examined the question of the need for LT after the life-threatening problem of BGV had
been addressed.2” In addition, the effect of EST or EPCS on the conduct and outcome of LT
was examined. As a supplement to the RCT data, we analyzed our results regarding LT in
1,300 unrandomized patients in whom we performed PCS beginning in 1978, 600 as an
EPCS and 700 electively.

Hepatocellular carcinoma.

In patients with cirrhosis, hepatocellular carcinoma (HCC) is a frequent cause of death.28-30
Detection of HCC in cirrhotic patients with BGV has not been studied. All patients
underwent screening for HCC by serial abdominal ultrasonography at study entry and
whenever possible every 6 months, and serial measurements of serum a-fetoprotein at study
entry and monthly for the first year, then every 3 months thereafter. Additionally, CT was
performed during the index admission and subsequently when a questionable or suspicious
abnormality was found on ultrasonography.

Direct cost of care.

There have been no reports of the costs of any of the widely used forms of emergency
treatment of BGV. In this RCT, the 2 groups were compared with regard to charges as a
reflection of the direct costs of care. Complete UCSD charges were obtained for every
patient entered in each RCT continuously for >10 years. In addition, all referring hospitals
and referring physicians signed agreements to provide complete records of charges as they
occurred. Before initiation of the study, the UCSD Medical Center agreed to provide
promptly copies of all hospital and outpatient charges on all patients at the time when the
patients and insurance carriers were billed. Similarly, the UCSD Medical Group, which does
the professional fee billing for all physicians who care for patients at UCSD Medical Center,
agreed to provide promptly copies of all professional fee bills.

Initial emergency therapy.

ET.

The 290 patients who required emergency treatment for active BGV received the same initial
therapy while the diagnostic workup was in progress. The initial therapy regimen has been
described in detail in ou0072 previous publications.16:17:21.22 |n the later years of the study,
octreotide acetate, a somatostatin analog, was given as a continuous intravenous infusion at a
rate of 50 pg/h to temporarily control bleeding. Emergency ET was undertaken at the
bedside in the intensive care unit within 8 hours of study entry. EPCS and TIPS were
undertaken within 24 hours of initial contact and usually within <8 hours. Broad-spectrum
antibiotics before and for 3 days after primary therapy were given routinely to patients in
both groups.

From 1977 to 1990, all patients randomized to ET received endoscopic sclerotherapy. ET
consisted of intravariceal injection of each varix with <1 mL of 1.5% sodium tetradecy!l
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sulfate at a time. Variceal band ligation became available in 1990. Initially, the device that
was available delivered only 1 band at a time (Bard Interventional Products, Tewksbury,
MA). Subsequently, a multiband ligating device was used (Endoloop; Olympus Optical Co.,
Center Valley, PA). From 1990 to 1997, depending on the findings initially and at each
follow-up session, a given patient underwent either variceal sclerotherapy or band ligation.
The senior gastroenterologist/endoscopist made the decision on which endoscopic modality
to use. ET was repeated 8 days, then 22 days, then 6 weeks after initial treatment, and then
every 3 weeks until varices were obliterated. ET was performed by board-certified attending
gastroenterologists experienced in this form of treatment. A needle liver biopsy was
performed in patients who did not have a previous biopsy and confirmed the diagnosis of
cirrhosis in each patient.

Our technique of direct PCS has been described previously.3! Side-to-side PCS was
performed in 246 patients (95%), and end-to-side PCS was done in 13 patients.
Intraoperative pressure measurements were made before and after PCS by direct needle
puncture of the PV and inferior vena cava (I\VC), using a saline solution manometer
positioned at the level of the IVC. Post-shunt PV-IVC pressure gradient was <50 mm saline
solution in 258 of the 259 patients. A large, wedge liver biopsy was obtained from all
patients and confirmed the diagnosis of cirrhosis in each case. EPCS was undertaken within
24 hours of initial contact and usually within <8 hours in the 115 patients who were bleeding
actively.

A standard, widely used TIPS procedure was performed beginning with right jugular vein
access through which a 40-cm long, 10-F sheath was advanced into the right atrium.17 After
pressure measurements were obtained, the 10-F sheath was advanced into the right or middle
hepatic vein (HV), and >4 liver biopsy specimens were obtained. Next, a 45-cm-long, 16-
gauge Rodsch-Uchida needle system was advanced into the HV over a guidewire, and the
catheter—trochar apparatus was advanced toward the expected location of the right PV or left
PV if the middle HV was used. Next, a direct portal venogram and portal pressures were
obtained. Then, the intrahepatic track was dilated with a balloon catheter, and the 10-F
sheath system was advanced into the PV. A 12-mm diameter Wallstent was inserted, and the
stent was dilated with a balloon. Additional stents were inserted to produce a smooth track
from the PV bifurcation to the right HV. The portosystemic gradient was measured, and, if
necessary, the shunt was dilated with a balloon until the gradient was <10 mmHg. If
necessary, additional stents were placed. If varices still opacified, variceal embolization was
performed through the catheter in the PV.

Posttreatment therapy.

All patients in the PCS and TIPS groups and patients in the emergency ET group were
admitted to the same surgical intensive care unit to which they had been admitted initially.
They received a monitoring and therapy regimen that has been described in detail in our
previous publications.18:17.21 The patients and their families were given detailed dietary
instructions by a dietitian and received repeated counseling about abstinence from alcohol.

Surgery. Author manuscript; available in PMC 2019 February 11.
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The patients were tested for dietary protein tolerance of <80 g/d and were discharged from
the hospital with a diet limited to 60 g protein and 2 g sodium salt per day.

Lifelong follow-up.

All patients were followed in a designated portal hypertension clinic, biweekly for the first 4
weeks, monthly for the remaining 11 months of the first postoperative year, and every 3
months thereafter. At each clinic visit, clinical status was evaluated and the presence or
absence of portal-systemic encephalopathy (PSE) was determined by a battery of tests that
included a series of timed number connection tests, evaluation of mental status by a senior
attending faculty physician, examination for asterixis, and measurement of arterial blood
ammonia. In addition, measurements were made of blood count, hepatic function, renal
function, psychomotor function, and fluid and electrolyte balance. A dietitian employed full-
time by the RCT counseled the patients and their families at each clinic visit on restricting
dietary protein intake to 60 g/d and sodium salt intake to 2 g/d. Abstinence from alcohol was
emphasized at each clinic visit. Biochemical serum markers for HCC were measured at
regular intervals. Each year, PCS patency and function were assessed by Doppler duplex
ultrasonography or shunt catheterization with pressure measurements and angiography. In
the ET group, upper endoscopy was performed by a board-certified attending
gastroenterologist every 6 months and, if indicated, ET was applied. A concerted and highly
successful effort was made to ensure regular follow-up and to trace patients who missed
appointments. Two research study nurses and a social worker were employed full time by
the RCT to assist with follow-up. The few patients (7= 6) who moved from the referral area
were put in contact with a physician well-known to us who agreed to see the patient
regularly and return completed study data forms to us. The 1-, 5-, 10-, and 15-year follow-up
rates were 100%, 97%, 97%, and 92%, respectively. All patients were operated on >10 years
ago. There were no dropouts or withdrawals from the study, largely as a result of the
concerted efforts of the entire BGV treatment team.

Criteria for failure of therapy.

Failure of therapy was defined as persistent or recurrent portal hypertension-related bleeding
(1) requiring transfusion of =4 units of packed red blood cells or whole blood during the first
7 days after initial ET or PCS, or (2) after the first 7 days, requiring transfusion of =8 units
of blood during any 12-month period, or (3) after the attending faculty endoscopist had
previously declared the gastric varices obliterated or gone.

Quantitation of PSE.

PSE was quantitated during hospitalizations and at each clinic visit by grading 4 variously
weighted components on a scale of 0 to 4: mental state, asterixis, number connection test,
and arterial blood ammonia. A PSE index was calculated according to the method of Conn
and Liberthal,32 in which the scores of the 4 components were added to yield a PSE sum,
which was then divided by the maximum possible PSE sum. Mental state was given a weight
of 3 and the other components a weight of 1. To increase objectivity, a senior faculty
hepatologist/gastroenterologist who was not otherwise involved in the bleeding esophageal
varices study evaluated the patients for PSE during the clinic visits. The hepatologist/
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gastroenterologist was “blinded” in that he was not told what therapy the patient had
received. Details of our assessment of PSE have been described in a recent publication.33

Data collection.

Sixteen data forms pertinent to the events in the course of each patient were completed by
attending physicians, residents, nurses, and social workers at the time that each event
occurred. Beginning with initial contact and continuing through follow-up, detailed data
obtained from the history, physical examination, laboratory tests, endoscopic findings, x-ray
studies, and operative findings were recorded and analyzed. Throughout the study, 220
categories of data were recorded on standard forms and entered into a computer program for
analysis. In addition to the hospital medical record, an individual patient research study file
was maintained and brought to the portal hypertension clinic at each visit. Autopsies were
obtained on all patients who died in the study hospital and were attended by =1 co-
investigators in the study.

Statistical analysis.

Primary outcomes were mortality and treatment failure. Sample size computations assumed
that patients would be followed for a minimum of 5 years, and that a log-rank test for
survival would be conducted at the 2-sided 5% level. Based on a power of 0.9 to detect a
significant difference between groups, it was estimated that 250 patients per group would be
required, or a total of 500 patients. Comparison between treatment groups, separately for
emergency interventions and elective interventions, used the Student #test for numeric
variables and Fisher’s exact test for categorical variables.

Overall comparisons of the 2 treatment arms involving all subjects were done as follows: for
the primary endpoint, overall survival was determined using Kaplan—-Meier analysis, and the
comparison between groups via the log-rank test. Overall survival at each time point (30
days, and 1, 5, 10, and 15 years) was done using the Mantel-Haenszel test, stratified by type
of intervention (emergency or elective). Comparison of survival among alcohol abstainers
was done using the Fisher exact test. Comparisons of control of bleeding, incidence of
recurrent PSE, improvement of liver function, distribution of Child class, and return to work
or housekeeping were done using the Mantel-Haenszel test stratified by type of intervention.
All analyses were performed using the R statistical platform. All randomized patients were
included on the basis of intention to treat.

Crossover treatment.

When the protocol of our study was designed and approved by the Institutional Review
Board, the External Advisory, Data Monitoring and Safety Committee recommended that
crossover rescue therapy for failed ET or PCS not be included, because it was anticipated
that it would not be possible to apply crossover therapy uniformly. The anticipated lack of
uniformity proved to be true, because many patients who failed primary ET rebled and died
outside of our institution where PCS was not available, for example, at home or at a hospital
near their home to which they were taken by ambulance, as required by law. In contrast,
when ETor PCS failed, patients were urged to undergo whatever potentially life-saving
pharmacologic, radiologic, or operative therapy was available to them. Every effort was
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made to save the lives of patients who developed recurrent bleeding. Whenever possible,
every effort was made to facilitate rescue treatment.

RESULTS
Rapidity of emergency therapy.

In all, 290 patients were actively bleeding and required emergency therapy. The median time
from onset of bleeding to entry in a referring hospital was 6.5 hours in the 149 patients
randomized to ET. The median time in the referring hospital before arrival at UCSD was
13.4, 14.0, and 12.8 hours, respectively. The median time from entry in the RCT at UCSD to
EPCS, EST, or TIPS was 10.4, 13.8, and 14.0 hours, respectively, but was <24 hours in all
patients. Active bleeding had been observed within 4 hours before entry in the RCT in all
patients. Obviously, in this RCT of acute BGV, the diagnostic workup and emergency
treatment were accomplished rapidly.

Patient characteristics.

Table | summarizes the clinical characteristics at the time of initial contact in the 588
patients with BGV, 290 of whom received emergency treatment and 298 of whom were
referred for elective treatment. Ages ranged from 25 to 78 years. Mean age was 49 years in
ET patients and 50 years in PCS patients. There were no differences in any of the clinical
variables between patients who received ET, those who unde0072went PCS either
emergently or electively, and patients who received emergency TIPS. All patients had proof
of BGV by endoscopy and of cirrhosis by liver biopsy. A history of alcoholism was obtained
from 84 to 90% of the patients, and positive serologic tests for hepatitis were obtained in
15-16% of patients in the main RCT. Because serologic tests for hepatitis, particularly
hepatitis C, were not available in the early years of the study, it is likely that the incidence of
posthepatitic cirrhosis with or without alcoholism was greater. The incidence of serious risk
factors, such as ascites, jaundice, and PSE, was substantial. The number of patients in
quantitative Child risk class C ranged from 28 to 41%.

Gastric varices were classified during initial endoscopy according to the system proposed by
Sarin et al® (Fig 2), which also shows the incidence of the various types in patients
randomized to ET or PCS. Patients who underwent endoscopy in the years before the Sarin
classification was reported were classified retrospectively from detailed notes recorded at
each endoscopic examination. Those detailed observations maintained in the patient research
medical record made it possible to apply the Sarin classification accurately in retrospect.
Gastroesophageal varices (GOV), which appear as continuations of esophageal varices.
Junctional GOV extending along the lesser curvature of the stomach, classified as GOV,
were found in 13- 14% of patients. GOV extending into the gastric fundus along the greater
curvature classified as GOV, were observed in 60-62% of patients. Isolated gastric varices
(IGV) in the absence of esophageal varices were found in the fundus of the stomach in 20—
22% of patients (IGV1), and in the corpus, antrum, or pylorus in 3-6% of patients (IGV>).
Esophageal varices were present on admission or had been treated previously by ET in 73—
76% of patients. BGV of the types reported to be of greatest risk for hemorrhage and death,
namely GOV», IGV, and IGV>, occurred in 87% of patients.
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Findings at surgery.

Table Il summarizes important findings at operation in the 293 patients who underwent
emergency (/7= 149) or elective (7= 144) PCS. Direct PCS was performed in all patients
and was a side-to-side anastomosis in 95%. All patients had portal hypertension with a PV-
IVC pressure gradient that averaged 257 mm saline in the EPCS group and 259 mm saline in
the elective PCS group. PCS decreased the mean PV-IVVC gradient to 22 mm saline in the
patients treated emergently and 20 mm saline in the patients treated electively. The PV-1VC
gradient decreased to <50 mm saline in all but 1 patient. Cardiac output measured
intraoperatively before and after PCS indicated a hyperdynamic circulation in more than
three-fourths of the patients. Skin-to-skin operative time was <4 hours in 89% of the EPCS
group (mean, 3.3 hours) and 96% of the elective PCS group (mean, 3.1 hours). All patients
had cirrhosis on gross examination and on liver biopsy.

Control of bleeding.

Survival.

Data on control of bleeding are presented in Table I1l. EPCS promptly controlled BGV
permanently in 97% of 115 patients. In <25 years of follow-up of patients who underwent
EPCS, only 2 patients developed recurrent portal hypertension-related bleeding. Similarly,
elective PCS prevented recurrent variceal bleeding for <25 years in all but 1 of 144 patients.

In contrast, ET was of limited effectiveness in controlling BGV and in preventing recurrent
bleeding. Emergency ET controlled active BGV initially in 82% of 105 patients, but 33%
developed recurrent bleeding within 30 days of admission to the hospital, and 77% had
recurrent variceal hemorrhage during 5 years of follow-up after randomization. Only 27% of
the patients who underwent emergency and then repeat ET had permanent control of
bleeding for <5 years or until death. Among the 154 patients who underwent elective ET,
71% developed recurrent variceal bleeding, and only 29% had permanent control of bleeding
for <5 years or until death.

In the expanded study of TIPS in 36 patients, the median PV-1\VVC pressure gradient before
TIPS was 24 mmHg (range, 12-44) and after TIPS had decreased to 6.5 mmHg (range, 0-
18). At the conclusion of the procedure, TIPS was considered a technical success in 94% of
the patients and indeterminate in 6%. TIPS-specific follow-up by color Doppler
ultrasonography, angiography, esophagogastroduodenoscopy, and regular clinical
examinations was conducted rigorously. TIPS stenosis or occlusion was demonstrated in 34
of these patients (94%). They developed a mean of 3 episodes of TIPS stenosis or occlusion,
a total of 32 episodes in thefirst postentry year, and 26 episodes in the second year after
entry. Of these 34 patients, 30 (88%) with TIPS malfunction underwent revision of the TIPS
by balloon angioplasty or insertion of =1 additional stents. The revisions failed in 93% of the
patients, and success was indeterminate in an additional 7%. The durability of TIPS was
disappointing.

Table IV presents the survival and follow-up rates of patients with BGV. Figure 3 illustrates
the 15-year Kaplan—Meier survival plots for patients treated by ET and those treated by PCS
and TIPS. All patients were eligible for >8 years of follow-up. Follow-up rates for both
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treatment groups at 1, 5, 10, and 15 years were 100%, 97%, 97%, and 92%, respectively.
Survival of patients who required emergency treatment for active bleeding was greater at all
time points after EPCS than after emergency then repetitive ET (£ < .001). Almost twice as
many patients both survived 30 days and left the hospital alive after EPCS than after
emergency ET. Five and 10 years after entry in the study, survival of patients treated by
EPCS was 3-fold greater than that of patients treated by emergency ET.

The initial survival rates of patients treated electively by ET and PCS were similar, at 93%
and 99%, respectively; however, within 1 year and thereafter, there was a greater survival
rate in the PCS group than in the ET or TIPS groups (P< .001), largely because of recurrent
variceal hemorrhage in patients who received ET or TIPS. Five, 10, and 15 years after entry
in the study, there was a 2-fold greater survival rate in the elective PCS group than in the
elective ET group.

Patients with alcoholic cirrhosis in both treatment groups who abstained from drinking had a
substantially greater survival rate than those who continued to drink alcohol. Five-year
survival rate in the ET treatment group was 62% in the 42 patients who abstained versus
24% in the remainder of the ET group. Similarly, the 5-year survival rate in the PCS
treatment group was 88% in the 86 patients who abstained versus 61% in the remainder of
the PCS group.

In the expanded RCT of TIPS versus EPCS involving 70 patients over 10.5 years, survival
after EPCS was similar to that observed in the preceding RCT of EPCS versus EST. In
striking contrast, the survival rate of the 36 patients randomized to TIPS was 55% at 1 year,
36% at 3 years, 20% at 5 years, and 15% at 7 years.

QOL was defined in our RCT as freedom from PSE, long-term PCS patency, abstinence
from alcohol, improvement in liver function, improvement in Child class, return to work or
housekeeping, and avoidance of the need for LT. Table V presents data on QOL during the
first 5 years after treatment for BGV. Approximately one-third of the patients in each group
had PSE preoperatively on initial contact, by past history documented in the medical record,
or at both times. Before discharge from the hospital, all patients were tested for dietary
protein tolerance, and all were observed to tolerate 80 g/d of protein intake. During
followup, a concerted effort was made at each clinic visit to identify PSE by evaluation of
mental status, testing for asterixis, use of a series of timed number connection tests, and
measurement of arterial blood ammonia. Ten percent of patients had a single episode of PSE
usually during the first few months after discharge from the hospital, and then had no further
problems as hepatic function improved. These patients did not require prolonged treatment
with lactulose, neomycin, or more than the usual 60 g/d dietary protein restriction. Recurrent
postdischarge PSE that required dietary protein restriction to <60 g/d and chronic therapy
with lactulose and neomycin occurred in 16-17% of patients treated by ET and 8-10% of
patients who underwent PCS. Recurrent PSE was defined as =2 episodes of PSE in patients
who were discharged from the index hospital admission and survived =30 days. Eighty
percent of patients in each group who had recurrent PSE had PSE pre-operatively. Onset was
in the first postoperative year in 70% of patients with recurrent PSE. Patients with recurrent
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PSE required hospitalization =1 times. Hospitalizations were usually precipitated by dietary
indiscretion, alcohol abuse, or occasionally by infection. Patients who abstained from
alcohol and adhered to simple dietary instructions that restricted protein intake to 60 g/d had
a negligible incidence of PSE.

The PCS was shown to be patent by Doppler duplex ultrasonography or by angiographic
studies in all but 3 of the 293 patients who underwent PCS. Those 3 patients were the only
ones among the 293 patients who developed recurrent variceal bleeding after PCS, an
incidence of 1%. In contrast, 73% of the patients treated by emergency ET and 71% of those
who underwent elective ET had recurrent variceal hemorrhage. No patient with a PCS who
died was found to have thrombosis of the shunt at autopsy.

A history of chronic alcoholism was obtained in 419 of the 518 patients with BGV.
Abstention from alcohol during 5 years of follow-up occurred in 65% of the patients in each
treatment group.

Results of liver function tests in patients who survived 1 and 5 years after initial ET showed
improvement in 48% and 50%, respectively. In patients treated by PCS, results of liver
function tests showed improvement in 75% who survived 1 year and 78-80% who survived
5 years.

Quantitative Child risk class was determined at each clinic visit and compared with the risk
class assigned before treatment. Five years after emergency ET, 21% of the survivors were in
class A (versus 10% before ET), 42% were in class B (versus 62% before ET), and 37%
were in class C (versus 28% before ET). In the elective ET group, 5 years after ET, 40%
were in class A, 40% were in class B, and 20% were in class C. Generally, there was a
decline in hepatic function in the emergency ET patients and a modest improvement in
hepatic function in survivors of elective ET. Worsening liver function was related to
recurrent BGV. In contrast, patients treated by PCS had a marked improvement in hepatic
function throughout the 5 years post-operatively, related likely to freedom from recurrent
hemorrhage. In the EPCS group, 75% of patients were in class A (versus 10% before PCS),
18% were in class B (versus 60% before PCS), and 7% were in class C (versus 30% before
PCS). Similarly, 5 years after elective PCS, 80% were in class A, 15% were in class B, and
5% were in class C.

Excluding patients who were =65 years of age and who were classified as retired, 41-43%
of the 5-year survivors of ET, and 64-65% of the 5-year survivors of PCS were employed
gainfully or engaged in full-time housekeeping for part or all of the first 5 years of follow-

up.

LT has been used with some frequency as treatment in patients with end-stage alcoholic
cirrhosis and bleeding esophagogastric varices. Of the 419 patients in this study who
survived 30 days and were discharged alive from the hospital, only 6 (1.4%) became
candidates for LT. Alcoholism was the reason why some patients were not LT candidates.
Furthermore, control of bleeding and improvement in liver function, particularly in patients
who underwent PCS, obviated the need to consider LT.
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Direct costs of care.

The total post-index charges were greater in patients who were treated by EST or TIPS
compared with those who underwent PCS (P < .001), and the total overall charges for
emergency and long-term care required over a number of years were greater in patients who
received emergency followed by long-term repetitive EST, or by TIPS related to duration of
survival and, therefore, days or years during which care was required. PCS was significantly
less expensive than EST or TIPS in every aspect of care except for the index admission.
Charges for post-index care per year in the emergency EST and EPCS groups, respectively,
were a mean $108,500 versus $25,100 (P <.001). Total overall charges were a mean
$168,100 per year in the emergency EST group versus $39,400 per year in the EPCS group
(P<.001).

Of particular note were the charges for patients who failed emergency EST and underwent a
rescue PCS. Charges for such patients were significantly greater than the charges required
by emergency EST patients who did not have a rescue shunt as well as by the patients who
underwent EPCS. This finding is noteworthy because the main use of surgical shunts in
recent years in the United States and abroad has been as elective rescue treatment for failure
of ET and other forms of treatment of esophageal varices. Our study indicates that such use
of surgical shunts is not only substantially less effective than EPCS, but also is much more
costly.

The reasons why EPCS was less costly than emergency EST and TIPS are very likely a
consequence of differences in effectiveness of emergency treatment of BGV. The most
important determinants of the effectiveness of therapy are survival rate, control of bleeding,
and incidence of recurrent PSE. As we have observed in our recent reports, compared with
emergency EST and TIPS, EPCS produced a significantly greater survival rate, was much
more effective in controlling bleeding, and was followed by less than one-half the incidence
of PSE.16’17'21

DISCUSSION

BGV can be a serious problem in cirrhotic patients with portal hypertension. Although the
reported incidence has varied widely, there is no doubt that gastric varices occur with
considerable frequency, they often bleed, and they are associated with a high mortality when
they bleed. The treatment of BGV has been uncertain. No acceptable, standard therapy has
been established by definitive investigations. Various therapeutic measures have been used,
most of them derived from experience with treatment of bleeding esophageal varices. These
measures include endoscopic, radiographic, and operative procedures. Current management
of BGV has been summarized in informative reviews by Irani, Tripathi, and Ryan and their
associates3-15 in 2011, 2006, and 2004. These reviews contain 122, 80, and 161 references,
respectively. The reader should consult these reviews for literature references to reports of
the results of the various forms of therapy.

Endoscopic variceal sclerotherapy has been the most widely used method of treating BGV.
Sodium tetradecyl sulfate, ethanolamine oleate, 50% glucose solution, and absolute alcohol
have been used as sclerosants. Control of acute BGV has been reported in 40-100% of
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patients, but rebleeding occurred in 16-90% of patients, often from deep sclerotherapy-
induced ulcers, and these ulcers have been difficult to control by repeated endoscopic
variceal sclerotherapy. Complication rates have been high, ranging from 19 to 82%. Elective
endoscopic variceal sclerotherapy as prophylaxis to prevent recurrent bleeding has been
followed by rebleeding in 16-70% of patients. In most of the studies, the period of follow-up
has been short.

Endoscopic variceal ligation with a multiband ligator has been used in a small number of
patients with gastric varices to control active bleeding and, electively, to prevent bleeding.
Follow-up periods have been short; in 1 randomized trial, almost one-half of the patients had
HCC. Because of difficulty in ligating large varices, a detachable snare has been introduced
to occlude the base of the varix. Initial control of bleeding has been reported to be high, but
still, recurrent bleeding has been reported in <72% of patients.

Endoscopic variceal injection of bovine and human thrombin, called fibrin glue, has been
used in treatment of BGV in a small number of patients, most of whom had follow-up of <1
year. The reports do not permit a meaningful analysis of the effectiveness of thrombin
injections. Thrombin produces rapid blood clotting by converting fibrinogen to fibrin and
promoting aggregation of platelets. Bovine thrombin is no longer used because of the risk of
prion transmission. The cost of human thrombin is substantial, the substance is difficult to
obtain, and the US Food and Drug Administration has not yet approved the commercial
product.

Endoscopic variceal injection of cyanoacrylate (A-butyl-2-cyanoacrylate or histoacryl), a
tissue adhesive that polymerizes rapidly on contact with blood to form a hard substance, has
been used with increasing frequency to treat BGV in other countries, but has not been
approved by the US Food and Drug Administration. Some authors consider it to be the most
effective agent in controlling bleeding, and the treatment of choice in BGV. In the largest
series of actively bleeding patients reported to date, Kind et all! reviewed retrospectively
their 12-year experience with emergency and repetitive endoscopic variceal injection of
cyanoacrylate in 174 cirrhotic patients with BGV who were followed for a mean of 36
months. Initial hemostasis was obtained in 97.1% of the patients. Early rebleeding (within
30 days) occurred in 15.5% of the patients, and the 30-day mortality rate was 19.5%. Of the
140 patients who left the hospital alive, 18.6% experienced late rebleeding. The overall
incidence of recurrent bleeding based on the entire group of 174 patients was 30.4%. The 3-
year survival rate was 45.7%.

Use of cyanoacrylate has been associated with some serious complications.
Thromboembolic events have been reported and include cerebral infarction, pulmonary
embolism, portal and splenic vein thrombosis, and splenic infarction. Septic complications
have included bacteremia, mediastinitis, retrogastric abscess, and perforation of the stomach
and esophagus. In addition, damage to the endoscope from polymerization of the
cyanoacrylate is an ever-present risk.

Recently, 2-octyl cyanoacrylate, an agent related to histoacryl, was approved by the US Food
and Drug Administration for skin closure, and a short-term investigational study of use of
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this agent to treat 25 patients with BGV has been conducted with US Food and Drug
Administration approval. Data to determine the effectiveness and safety of this agent are
insufficient.

Two radiographic techniques have been used to treat BGV, namely, balloon-occluded
retrograde transvenous obliteration of gastric varices (BRTO) and TIPS. BRTO has been
used mainly in Japan but not in the United States. Based on the observation that a
spontaneous gastrorenal shunt is often present in patients with fundal varices, catheterization
of the shunt and occlusion by a balloon is possible. With the shunt occluded, a sclerosant
such as ethanolamine oleate is injected into the gastric varices and allowed to remain for
several hours until blood clots have occluded the varices. Most of the patients who
underwent BRTO had gastric varices that had not bled. BRTO has not been tested
sufficiently in the emergency control of BGV or in the prevention of recurrent bleeding. In
reports from Japan, BRTO is described as being successful in obliterating non-BGV and in
preventing recurrence of the varices. A negative feature of BRTO has been worsening of
esophageal varices in as many as 67% of patients because of increase in portal pressure
resulting from occlusion of the gastrorenal shunt.

Unlike all the measures of therapy described thus far, TIPS is a definitive treatment of portal
hypertension and in that regard is similar to surgical portosystemic shunts. TIPS has been
very effective initially in controlling active bleeding from esoph-ageal varices,” and in a
small number of patients, most of whom were unresponsive to endoscopic and
pharmacologic therapy, TIPS was similarly effective initially in controlling BGV. The main
problem with TIPS is the high rate of stenosis or occlusion, which approaches 100% by 3
years.

Recently, we completed and in 2012 reported the results of a 10-year-long RCT of
emergency treatment of bleeding esophageal varices in which we compared TIPS versus
EPCS in 154 unselected, consecutive patients with cirrhosis and acute bleeding esophageal
varices.1” EPCS was superior to TIPS in all outcome measures (P < .001). Permanent
control of bleeding was achieved in 97% of patients treated by EPCS but in only 22%
treated by TIPS. Median survival was >10 years after EPCS versus 1.99 years after TIPS.
Recurrent PSE was 3 times more frequent in the TIPS patients than in the EPCS group (61%
vs 21%). Importantly, the shunt remained permanently patent in 99% of patients after EPCS
but in only 16% of patients treated by TIPS. Moreover, TIPS revision failed in 80% of the
patients in this group.

It was hoped that the TIPS patency rate would be improved by the use of a
polytetrafluorethylene-covered stent, but such has not proved to be the case. Studies of TIPS
in which covered stents were compared with bare stents were summarized recently (in 2010
and 2011) by Clark et al under the direction of Rosemurgy, a group that has been involved
for more than a decade in studies of TIPS and surgical portosystemic shunts.343> Clark et al
concluded that “the early data with covered stents indicate no differences in rates of
encephalopathy or survival between covered and noncovered TIPS.” There is no reason to
believe that the results of TIPS treatment of BGV in patients with cirrhosis would be any
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better or that the rate of TIPS patency and prevention of rebleeding will approach that of
surgical PCS.

Given the substantial failure rate of all forms of endoscopic and radiographic therapy of
BGYV, it is surprising that the reported experience with surgical treatment is meager. There
are 2 categories of surgical therapy, namely, devascularization procedures and portal-
systemic shunts. Devascularization procedures have involved devascularization of the distal
esophagus and proximal stomach, or proximal gastrectomy, combined with splenectomy.
36-41 The largest series reported to date has involved 42 patients who underwent gastric
devascularization and splenectomy as an emergency in 4, electively in 15, and
prophylactically before any bleeding occurred in 12. During a mean follow-up period of 46
months, there was no recurrent bleeding and the actuarial 5-year survival rate was 76%. In
reports of smaller series of patients, elective use of devascularization procedures has been

quite successful, but emergency surgery has been associated with a high operative mortality
rate.36.37

Although there are many reports of prospective studies of portal-systemic shunts in
treatment of bleeding esophageal varices,16:17:21.31 almost no information has been reported
on the specific use of surgical shunts in the emergency or elective treatment of BGV in
cirrhosis. In this report, we believe for the first time, we have presented results of a study
comparing PCS with ET in a prospective RCT involving 518 unselected patients with
cirrhosis and BGV. In this RCT, the results of PCS were impressively superior to those of ET
in every respect, and the differences were highly significant (Table VI). ET was effective in
emergency control of active BGV (82% control), although not as effective as PCS (98%
control); however, 33% of the emergency ET group developed recurrent bleeding within 30
days, whereas none of the patients treated by EPCS had recurrent bleeding. The results of
PCS are consistent with our previously reported experience with PCS in treatment of
bleeding esophageal varices.16:17:21 permanent control of bleeding in the entire group of 518
patients was achieved by PCS in 98%, but by ET in only 28%. Recurrent bleeding played a
major role in the high mortality rate associated with ET.

The 30-day survival rate, which included discharge alive from the hospital, was 78% for
patients treated by EPCS, but only 41% for patients who underwent emergency ET. The
survival rate for EPCS is similar to our previously reported 30-day survival rate for EPCS in
the treatment of bleeding esophageal varices.16:17:21 |n the entire group of 518 patients,
survival rates after 1, 5, 10, and 15 years in the ET group were 51, 30, 25, and 19%,
respectively, and in the PCS group were 84, 70, 63, and 56%, respectively, all significant
differences. As we have reported previously, alcoholic patients who abstained from drinking
had an enhanced 5-year survival rate-——62% in the ET group and 88% in the PCS group.

QOL was significantly better in patients treated by PCS than in those treated by ET, in large
part owing to freedom from recurrent bleeding. Approximately one-third of the patients in
each group had preoperative PSE. Recurrent PSE that required treatment and diminished the
QOL occurred in 17% of the patients treated by ET and 9% of those treated by PCS. The
low incidence of recurrent PSE in the PCS group is consistent with our previously reported
experience that includes a study of patients in Child risk class C.16:17:21.3342 \\fe attributed
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the low incidence of PSE to the uniform prevention of recurrent gastrointestinal bleeding,
improvement in hepatic function in a majority of the patients, and the intense, concerted,
rigorous follow-up that emphasized restriction of dietary protein intake to 60 g/d.

An important factor in the effectiveness of PCS was the low incidence of long-term shunt
thrombosis. Only 3 of the 259 patients treated by PCS developed occlusion of the PCS, an
incidence of 1%. This low incidence of shunt thrombosis is similar to our previously
reported experience.16:17.2142 shynt occlusion is a failure of operative therapy and is usually
followed by recurrence of bleeding. Shunt occlusion rates of 12, 15, and 29% for
conventional portal-systemic shunts, and 14, 17, and 23% for distal splenorenal shunts have
been observed in RCTs.43 Reports of mesocaval interposition shunt from respected centers
have described occlusion rates of 24, 33, and 53%.44-46 As mentioned previously, the major
shortcoming of TIPS has been a high rate of stenosis and occlusion.

Other factors that influence QOL are abstinence from alcohol and improvement in liver
function. There is no doubt that resumption of alcoholism decreases the long-term survival
rate.47-49 Sixty-five percent of the patients in both groups abstained from alcohol for <5
years. Abstention was emphasized at each follow-up clinic visit. Liver function tests were
performed at each of the regular outpatient follow-up visits. Results of liver function tests
showed improvement after 1 year in 48% of the ET group and 75% of the PCS group, and
after 5 years in 50% of the ET patients and 74% of the PCS patients. Improvement in liver
function was reflected in improvement in quantitative Child risk class. In the 5-year
survivors, 68% of patients treated by PCS and 23% of patients who underwent ET improved
their Child risk class. In the PCS group after 5 years, 78% of the patients were in risk class
A and only 6% remained in risk class C. Finally, 65% of the PCS patients and 42% of the
ET patients who were not of retirement age were employed gainfully or engaged in full-time
housekeeping for part or all of the initial 5-year follow-up period.

LT is an important measure of treatment for patients with end-stage alcoholic cirrhosis who
have abstained from drinking for a considerable duration of time and who are unlikely to
survive for >1 year despite control of variceal bleeding. Such patients are few. Only 6 of the
419 patients in our study who were discharged alive from the hospital (1.4%) became
candidates for LT. The reasons for the small number include recent or continued alcoholism,
patient refusal, unavailability of a donor liver, and, most important, improvement in liver
function with control of bleeding, particularly in the PCS group, which obviated the need to
consider LT.

The suggestion has been made frequently that direct PCS compromises subsequent LTand
should be avoided in potential LT candidates. Further-more, if a surgical shunt is necessary,
it has been proposed that the hepatic hilum be avoided and a mesocaval or splenorenal shunt
be used. These suggestions are refuted by available data. At least 8 studies have shown that a
previous portal-systemic shunt, regardless of type, had no influence on the outcome of LT.
24,26,50-55 Fyrthermore, the incidence of shunt thrombosis, a critical factor in the selection of
the type of shunt, has been <1% in all of our studies of direct PCS including the current one,
16,17.21,42 compared with 24-53% for mesocaval interposition shunts using synthetic grafts.
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44-46 Most important, the vast majority of patients with BGV do not become candidates for
LT.

In conclusion, results of the RCT reported herein support the conclusion that PCS, under
both emergency and elective circumstances, is very effective treatment of BGV owing to
cirrhosis, whereas ET is not very effective. Of the 293 patients entered in the PCS arms of
the trial, only 3 had portal hypertension-related bleeding at any time after PCS. Furthermore,
PCS had a 99% permanent patency rate, led to 5-and 10-year survival rates of 70 and 65%,
respectively, had a low incidence of recurrent PSE, and in many patients led to an acceptable
QOL with improvement in liver function in 79% and in quantitative Child risk class in 68%.
These results of PCS are superior to the reported results of all forms of endoscopic and
radiographic therapy of BGV. Table VI summarizes the results of our RCT.
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Overall design and conduct of the 2-part, prospective, randomized, controlled trial is shown
in a consort flow diagram. £PCS, Emergency portacaval shunt; £S7, endoscopic
sclerotherapy; 7/PS, transjugular intrahepatic portosystemic shunt.18-20
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Fig 2.

Clissification of types of gastric varices according to the system of Sarin et al® and
incidence of the various types in 518 patients with bleeding gastric varices randomized to
treatment by endoscopic therapy (ET) or portacaval shunt (PCS). GOV/, Junctional
gastroesophageal varices extending along the lesser curvature of the stomach; GOV,
gastroesophageal varices extending into the gastric fundus along the greater curvature;
IGV/, isolated gastric varices in the fundus of the stomach; /GV/, isolated gastric varices in
the corpus, antrum, or pylorus of the stomach.
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Fifteen-year Kaplan—Meier survival plots for 588 patients treated emergently and electively
by endoscopic therapy (EST; 7= 259), portacaval shunt (PCS; n=293), and transjugular

intrahepatic portosystemic shunt (7= 36).
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