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Abstract 

AIM: To examine hospitalization rates for variceal hemorrhage and relation to cause of cirrhosis during an era of increased cirrhosis prevalence.

METHODS: We performed a retrospective review of patients with cirrhosis and gastroesophageal variceal hemorrhage who were admitted to a tertiary care referral center from 1998 to 2009. Subjects were classified according to the etiology of their liver disease: alcoholic cirrhosis and non-alcoholic cirrhosis. Rates of hospitalization for variceal bleeding were determined. Data were also collected on total hospital admissions per year and cirrhosis-related admissions per year over the same time period. These data were then compared and analyzed for trends in admission rates.

RESULTS: Hospitalizations for cirrhosis significantly increased from 611 per 100000 admissions in 1998-2001 to 1232 per 100000 admissions in 2006-9 (P value for trend < 0.0001). This increase was seen in admissions for both alcoholic and non-alcoholic cirrhosis (P values for trend < 0.001 and < 0.0001 respectively). During the same time period, there were 243 admissions for gastroesophageal variceal bleeding (68% male, mean age 54.3 years, 62% alcoholic cirrhosis). Hospitalizations for gastroesophageal variceal bleeding significantly decreased from 96.6 per 100000 admissions for the time period 1998-2001 to 70.6 per 100000 admissions for the time period 2006-2009 (P value for trend = 0.01). There were significant reductions in variceal hemorrhage from non-alcoholic cirrhosis (41.6 per 100000 admissions in 1998-2001 to 19.7 per 100000 admissions in 2006-2009, P value for trend = 0.007). 

CONCLUSION: Hospitalizations for variceal hemorrhage have decreased, most notably in patients with non-alcoholic cirrhosis, and this may reflect broader use of strategies to prevent bleeding. 
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Core tip: Strategies to prevent gastroesophageal variceal bleeding, a morbid complication of cirrhosis, have been largely unchanged for 15 years. With the rising burden of cirrhosis over this time, it might be predicted that there would be a parallel increase in hospitalization rates for this complication. The findings from this study show that hospitalization rates for variceal bleeding are in fact decreasing, specifically in non-alcoholic cirrhosis. This raises the possibility that reductions in hospital admissions for variceal bleeding are attributable to more widespread use of prophylactic measures, and that expansion of these measures in patients with alcoholic cirrhosis could further reduce hospitalizations.

INTRODUCTION
Chronic liver disease is currently the twelfth leading cause of death in the United States; most liver disease-related deaths are the result of complications of cirrhosis. In particular, in 2007, 14406 and 14759 deaths were attributable to alcoholic and non-alcoholic cirrhosis, respectively. This represented an increase of 3.4% since 2006[1].

Development of gastroesophageal varices is a serious complication of cirrhosis. At the time of diagnosis of cirrhosis, esophageal varices are present in almost half of all patients and develop at a rate of approximately 7% per year[2]. The 1-year rate of a first variceal hemorrhage is approximately 12%. The short term mortality rate associated with variceal hemorrhage is over 15% and can be as high as 30% in patients with decompensated (Child’s Class C) cirrhosis[2]. Thus, prevention of variceal bleeding is a critical goal in the management of cirrhosis. The use of nonselective beta-adrenergic receptor blockade and endoscopic band ligation for prophylaxis of variceal hemorrhage emerged in the 1980s and mid-1990s, respectively[3-7]. These strategies have been associated with a decline in mortality related to esophageal hemorrhage[8].

During this same era, however, cirrhosis and its complications have become significantly more prevalent, with increases from 18% to over 50%[9,10]. In the face of this rise in the burden of cirrhosis, it is therefore unknown whether the use of currently available prophylactic strategies would offset a parallel expected increase in the rate of variceal hemorrhage. Insights into this issue come from an analysis of a large nationwide hospital discharge database[11]. In this study, the hospitalization rate for bleeding varices increased from 1988 to 1996 and then fell between 1996 and 2002. Although these findings suggested that the changes reflected advances in prophylactic strategies, the data were obtained over a time period when such strategies were evolving. 

Strategies to prevent variceal bleeding were codified in the form of practice guidelines in 1997[12] and no new strategies have emerged since. Thus, if an ongoing decrease in the incidence of variceal bleeding was observed in a more recent era, the expectation is that this would reflect increased utilization of effective prophylactic strategies. To test this, we assessed the rates of hospital admissions for variceal hemorrhage during the time period when prophylactic strategies for prevention of variceal hemorrhage had been well established (1998 to 2009). In addition, to our knowledge, no study has investigated whether the etiology of cirrhosis (alcohol-related or non-alcohol-related) has an impact on the rate of variceal hemorrhage. A secondary aim of the study was therefore to determine if the etiology of cirrhosis (alcohol-related vs non-alcohol related) correlated with rates of variceal hemorrhage in this era.

MATERIALS AND METHODS
This was a retrospective, cross-sectional review for all hospital admissions for gastroesophageal variceal hemorrhage to an intensive care unit at a tertiary referral center (University of Vermont/Fletcher Allen Health Care) between 1998 and 2009. Patients were initially identified based on International Classification of Disease (ICD-9) codes for upper gastrointestinal bleeding: esophageal varices with bleeding (456.0); esophageal varices in disease classified elsewhere with bleeding (456.20); hematemesis (578.0); blood in stool/melena (578.1) and hemorrhage of gastrointestinal tract, unspecified (578.9). 

Bleeding secondary to variceal hemorrhage was confirmed by review of the inpatient hospital record and endoscopy database. Bleeding was attributed to varices if one of the following criteria was met: (1) actively bleeding varices visualized on endoscopy; (2) varices identified on endoscopy with stigmata of recent hemorrhage; or (3) clinical presentation consistent with upper gastrointestinal bleed (melena or hematemesis) and presence of varices on endoscopy with no other etiology for bleeding identified. Eligibility criteria for further inclusion were a diagnosis of cirrhosis and age at least 18 years. 

Demographic and outcomes data were analyzed for the entire cohort, and subgroup analysis was performed according to the etiology of cirrhosis (alcoholic versus non-alcoholic). Patients admitted with their first variceal bleed were defined as “Index Bleeds”. Patients admitted with their second or greater episode of variceal bleeding were defined as “Rebleeds”. A model of end stage liver disease (MELD) score was calculated[13], where possible, when same day laboratory data were available.

During the same time period, data were collected on total hospital admissions per year and cirrhosis-related admissions. Cirrhosis-related admissions were categorized further by etiology using ICD-9 hospital billing codes: alcoholic cirrhosis of liver (571.2) and cirrhosis of liver NOS (571.5). Patients younger than 18 years old were excluded.

Variceal bleeding data were then directly compared to cirrhosis-related and total admission data and evaluated for trends. 

Data on placement of transjugular intrahepatic portosystemic shunt (TIPS) were obtained using procedure volumes reports generated using the radiology information system for exam codes: SPTIPS, SPHEPATVEN and SPHEPATVNWO.

Statistical analysis

Using Pearson’s 2 test for two proportions, we calculated that a sample size of n = 129 would result in 90% statistical power to detect a 15% change in variceal bleed % (at an alpha level of 0.05). 

For analyses of linear trends over time for numeric variables, linear regression analysis was employed to calculate Pearson correlation coefficients, and to determine statistical significance of trends. A “P value” of less than 0.05 was deemed statistically significant.

For analyses of linear trends over time for categorical variables (percentage positive responses of total for dichotomous variables), logistic regression analysis and/or analysis of two-way contingency tables (for Cochran-Mantel-Haenszel nonzero correlation statistics) were done. Using these methods, statistical significance of linear trends were determined, along with corresponding odds rates. A “P value” of less than 0.05 was deemed statistically significant.

RESULTS
Study population

A total of 1719 inpatient admissions were identified with upper gastrointestinal bleeding based on hospital discharge diagnosis. After review of the inpatient records, 243 admissions satisfied the criteria for bleeding attributable to gastroesophageal varices for the period 1998-2009 (Table 1). Approximately half of these were index bleeds. The mean age was 54.33 years, approximately two thirds of patients were male, and nearly all were white. Cirrhosis was attributed to alcohol in 62% of the patients. When compared to non-alcoholic cirrhotics, the patients with alcohol-related variceal bleeding were significantly younger and more likely to be male. The average MELD score could be calculated for the years 2000-2009 and did not statistically change during this period nor did the average MELD for the cohort change over time (P value for trend = 0.20, Pearson correlation coefficient 0.44) (Figure 1). The average MELD score did not differ statistically between the two groups (P = 0.27).

Hospitalizations for cirrhosis

During the study period, total admissions for cirrhosis increased by more than 100% (Figure 2), from 611 per 100000 admissions in 1998-2001 to 1232 per 100000 admissions in 2006-2009 (P value for trend ≤ 0.0001). Increases were observed regardless of etiology of cirrhosis. Admissions for alcoholic cirrhosis increased 52% during the study period, from 369 per 100000 admissions in 1998-2001 to 560 per 100000 admissions in 2006-2009 (P value for trend ≤ 0.001). Admissions for non-alcoholic cirrhosis increased 175%, from 244 per 100000 admissions in 1998-2001 to 672 per 100000 admissions in 2006-2009 (P value for trend ≤ 0.0001).

Hospitalizations for variceal hemorrhage

As shown in Figure 3A, the overall hospitalization rate for variceal bleeding decreased significantly from 96.6 per 100000 admissions in 1998-2001 to 70.6 per 100000 admissions from 2006-2009 (P value for trend = 0.01). When analyzed according to etiology, the hospitalization rate for variceal hemorrhage related to alcoholic cirrhosis did not statistically decrease during the study period (55 per 100000 admissions in 1998-2001, 50.9 per 100000 admissions in 2006-2009; P value for trend = 0.297). By contrast, hospitalization for variceal hemorrhage from non-alcoholic cirrhosis decreased significantly from 41.6 per 100000 admissions in 1998-2001 to 19.7 per 100000 admissions in 2006-2009 (P value for trend = 0.007).

As shown in Figure 3B, hospitalizations for index bleeding did not significantly change in either group (alcoholic cirrhosis: 23.48 per 100000 admissions in 1998-2001 to 30.91 per 100000 admissions in 2006-2009, P value for trend = 0.95, OR = 1.00; non-alcoholic cirrhosis: 29.14 per 100000 admissions in 1998-2001 to 10.92 per 100000 admissions in 2006-2009, P value for trend = 0.13, OR = 0.94).

Admission trends differed when there was a history of previous variceal hemorrhage. Hospitalizations for variceal rebleeding decreased for the overall study population (Figure 3C), from 51.85 per 100000 admissions in 1998-2001 to 28.72 per 100000 admissions in 2006-2009 (P value for trend = 0.007, OR = 0.93). This decrease remained significant after controlling for age (P value for trend = 0.01, OR = 0.93), and was seen specifically among patients with non-alcoholic cirrhosis (P value for trend = 0.02, OR = 0.91) but not in the alcoholic cirrhosis group (P value for trend = 0.11, OR = 0.95). 

In parallel with the increased number of hospitalizations for cirrhosis, there was a significant increase in the number TIPS placements (Figure 4, P value for trend = 0.0006, Pearson correlation coefficient 0.84). A total of 101 TIPS were placed for all indications between 1998 to 2009, but the minority (47) were placed for portal hypertensive gastrointestinal bleeding. As can be shown in Figure 4, the number of TIPS placed for this indication fluctuated over the study period, but did not statistically significantly increase (P value for trend = 0.11, Pearson correlation coefficient 0.48).

Outcomes for variceal hemorrhage

Hospital deaths associated with variceal bleeding decreased significantly during the study period (Figure 5), from 20.09 per 100000 admissions in 1998-2001 to 9.83 per 100000 admissions in 2006-2009 (P value for trend = 0.04, OR = 0.914). This decrease was not statistically significant after controlling for age (P value for trend = 0.1). However, when controlling for age, death from variceal bleeding in the non-alcoholic cirrhotic group significantly decreased from 12.26 per 100000 admissions in 1998-2001 to 2.18 per 100000 admissions in 2006-2009 (p value for trend = 0.02, OR = 0.83); by contrast variceal hemorrhage-related death in the group with alcoholic cirrhosis did not significantly change (7.83 per 100000 admissions in 1998-2001 to 7.65 per 100000 admissions in 2006-2009, p value for trend = 0.86, OR = 0.99). Length of stay decreased significantly for the alcoholic cirrhosis bleeds (10.47 d in 1998-2001 to 5.71 d in 2006-2009), but not for the non-alcoholic cirrhosis bleeds (10.45 d in 1998-2001 to 7.39 d in 2006-2009), or the overall study population (10.12 d in 1998-2001 to 6.32 d in 2006-2009) (P value for trend = 0.03, 0.48, and 0.13; Pearson correlation coefficient = -0.062, -0.23, and -0.45 respectively). 

Non-selective beta-blocker therapy

During the study period, 82 of 243 (33%) variceal bleeds occurred in patients taking non-selective beta-blockers (carvedilol, nadolol or propanolol)(NSBBs). Among patients with index bleeds, 17.7% were taking NSBBs, and this was significantly lower than the proportion of patients with re-bleeds (51.3%) who were taking NSBBs (P < 0.0001) (Figure 6). NSBB use did not change over time in the study cohort (35% of patients in 1998-2001 vs 38% patients in 2006-2009, P value for trend = 0.82). There was no significant trend in NSBB use over time in either the index-bleed or non-index bleed subgroups (P value for trend = 0.20 and 0.95 respectively).

DISCUSSION
This study has evaluated trends in hospitalizations to an intensive care unit for variceal bleeding during a period when pharmacological and endoscopic therapies for prevention of this problem were well-established and largely unchanged, as supported by published practice guidelines[12,14]. Our findings show that despite increasing hospitalization rates for cirrhosis of all causes, hospitalization rates for variceal bleeding have actually decreased, specifically in patients with cirrhosis from non-alcoholic etiologies.

Our observations extend those of previous work, which showed an increase in admissions from variceal bleeding from 10.9 to 12.4 per 100000 between 1988-1990 and 1994-1996, and then a decrease to 10.6 per 100000 in 2000-2002. During this entire period, strategies to prevent variceal hemorrhage were still evolving, and the prevalence of cirrhosis was increasing. Interactions between these two factors may have accounted for the changing incidence in hospitalizations. As shown in the present study, there has been a continued decrease in admissions for variceal bleeding, between 1998-2001 and 2006-2009, an era in which hospitalizations among cirrhotic individuals has continued to increase. The lack of an expected increase in variceal bleeding raises the possibility that enhanced application of prophylactic therapies may be offsetting the increasing burden of cirrhosis and thus the pool of patients at risk for bleeding from gastroesophageal varices. This is supported by published surveys, which showed increased adoption of such therapies by gastroenterologists in response to publication of practice guidelines[15]. Since our study did not show that index bleeding has decreased, it may be that these strategies have been mainly effective in the secondary prevention of variceal bleeding, at least among patients with non-alcoholic cirrhosis.

An alternative explanation for the reduction seen in variceal rebleeding could be increased placement of TIPS, which has evolved to become the standard of care in refractory variceal bleeding[14,16-21]. Whilst we observed an increase in TIPS placement over the study period, the overall number of TIPS placed was small in comparison to the cirrhotic population at risk for variceal hemorrhage. Thus, other factors are likely to be more important contributors to changing trends in hospitalizations for variceal bleeding.

There was a low rate of NSBB use in our cohort, particularly among those with index bleeds. Several factors may account for this. Among index bleeders, it is possible that not all patients underwent screening endoscopy prior to the episode of variceal bleeding, that some patients were intolerant of these agents, or that some did not adhere to medical recommendations. The significantly higher rate of NSBB use in rebleeding patients may be explained by more uniform adoption of consensus guidelines for secondary prophylaxis of variceal hemorrhage, but problems related to drug tolerance and patient adherence may have resulted in less than uniform drug usage. Our study was not designed to address these issues, but this would be appealing to assess in the future.

It is also notable that while admissions for variceal bleeding from non-alcohol-related variceal bleeding at our institution have significantly decreased, those from alcohol-related cirrhosis have been stable. One possible explanation for the difference in variceal bleeding rates between the two groups is that in patients with alcoholic cirrhosis, alcohol ingestion increases portal pressure[22], a major driving force for variceal hemorrhage. Alternatively, patients with alcoholic cirrhosis may not have similar access, in comparison with patient with nonalcoholic cirrhosis, to beneficial prophylactic measures. Since active alcoholism may negatively affect adherence to prescribed medications[23], it is possible that this may translate among patients with alcoholic cirrhosis into decreased utilization of measures to prevent variceal bleeding. This concept is further supported by our findings that rebleeding from varices has decreased only in non-alcoholic cirrhosis. Efforts to improve delivery and utilization of prophylactic therapies for variceal bleeding in patients with alcohol-related cirrhosis may result in similar reductions of bleeding.

A second major finding of this study is that in-hospital mortality associated with gastroesophageal variceal bleeding has decreased. This extends a decrease in mortality that was initially observed 30 years ago, which paralleled the emergence of robust targeted pharmacologic, endoscopic, and interventional radiologic treatments for control of variceal hemorrhage. Although such decreases were initially observed in clinical trials, they have been confirmed in larger populations, most recently in an analysis of a nationwide hospital database between 1988 and 2004[24]. It is striking that we have observed a continued decrease in mortality over a more recent time period, an era in which targeted therapies for variceal bleeding have not changed. The observed decrease in mortality is unlikely to be related to the prevalence of decompensated liver disease (a known risk factor for adverse outcomes in variceal hemorrhage[2]) in our patient cohort as the mean MELD score, an index of liver disease severity[13], did not change during the study period. It is tempting to speculate that the decrease in in-hospital mortality reflected changes in management not directly targeted to varices per se, such as administration of broad-spectrum antibiotics to prevent adverse sequelae (e.g., spontaneous bacterial peritonitis, bacteremia) of variceal bleeding, which have been shown to decrease mortality[14,25]. Although this study was not designed to look at infectious outcomes, it is interesting to note that age-adjusted mortality decreases were seen in the non-alcoholic cirrhotic group but not in patients with a history of alcohol use, a known risk factor for increased mortality in critical illness accompanied by infections[26,27]. Whether the etiology of cirrhosis, and in particular, ongoing alcohol consumption influences the effectiveness of prophylactic antibiotics on morbidity and mortality of variceal hemorrhage is an intriguing question for future study. 

Two additional points merit comment. First, because our study used ICD-9 coding data to identify patients, it is possible that patients hospitalized for variceal bleeding were missed by our analysis. However, this is unlikely, since the endoscopy database was examined in parallel, which allowed us to capture patients that would otherwise have been overlooked. Second, our study was performed in a single center in a predominantly rural region with limited ethnic diversity. As of 2010, 95.2% of the population of Vermont was reported as of white ethnicity[28]. Thus, it would be important to test whether our findings extend to other populations. 

Collectively, our findings show that despite a large increase in admissions for cirrhosis for over a decade, hospitalizations and in-hospital mortality for variceal bleeding are decreasing, specifically in patients with non-alcoholic cirrhosis. This suggests that current management strategies for the prevention and treatment of variceal bleeding are having a positive impact on these outcomes. Since a decrease in hospitalizations was not observed for patients with index bleeds, this raises the possibility that cirrhosis was not recognized prior to the bleeding episode or that programs to diagnose and treat varices in asymptomatic cirrhotic patients have not been optimized. Improving access to preventative measures in such patients, and in particular, those with alcoholic cirrhosis, could potentially further reduce future hospitalizations for variceal hemorrhage.

COMMENTS
Background

The prevalence of cirrhosis, a consequence of long-term liver injury, has been increasing. Cirrhosis often leads to portal hypertension, and complications from portal hypertension, such as gastroesophageal variceal hemorrhage, result in significant morbidity and mortality. These adverse outcomes have been improved by prophylactic measures established well over 15 years ago, including endoscopic variceal ligation and non-selective beta-blockers, but treatment advances have been limited more recently. It is unknown how this limitation has influenced hospitalization trends during this more recent era.

Research frontiers

In analysis of tends for gastroesophageal variceal hemorrhage in an era in which preventative strategies were improving, prior work has shown that there has been a reduction in hospitalizations for this complication. In this study, the authors have sought to examine whether this trend has been maintained during an era in which no new preventative strategies have emerged, and whether such trends have been influenced by the etiology of cirrhosis.

Innovations and breakthroughs

In contrast to prior work, which analyzed trends for gastroesophageal variceal hemorrhage during an era of improving prophylactic strategies, the present study confines the analysis to a more recent era, in which such strategies have not improved further. The results show that hospitalizations for gastroesophageal bleeding have been decreasing, particularly in cirrhosis of non-alcoholic etiology. This raises the possibility that enhanced application of prophylactic therapies has offset the increasing burden of cirrhosis.

Applications

These findings suggest that in the absence of new prophylactic strategies against gastroesophageal bleeding, future reductions in hospitalizations for this complication of cirrhosis are likely to come from increased adherence to existing preventative programs. The authors suggest that new research be devoted to quality improvement in this area.

Terminology 

Cirrhosis is a disorder, in response to chronic injury of extensive scar formation and distortion of blood flow within the liver. In cirrhosis, progressive resistance to liver blood flow increases pressure in the portal vein, the major blood vessel that supplies the liver. This condition, portal hypertension, can lead to several complications, including formation of gastroesophageal varices, engorged veins that are present beneath the interior surface of the esophagus and stomach. When the pressure in the portal vein increases above a critical value, bleeding from gastroesophageal varices can occur. Two strategies have been used successfully to prevent this problem, endoscopic techniques that directly apply elastic bands to obliterate esophageal varices, and medications (non-selective beta-blockers) that lower the pressure in the portal vein. 

Peer review

This manuscript evaluates the hospitalization trends for variceal bleeding during a period when the prevalence of cirrhosis has increased. The study is well designed, all the section (from abstract to conclusions) are well written, and the topic is interesting for the readers.
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FIGURE LEGENDS
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Figure 1  Mean model of end stage liver disease scores for study population per year. P value = 0.20 reflects trend for MELD scores for cirrhosis of all causes. P value = 0.27 reflects comparison of ALC and NALC groups. MELD: Model for end-stage liver disease; All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.
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Figure 2  Admissions with cirrhosis per 100000 IP visits based on etiology of cirrhosis. P values are for trend. All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.
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Figure 3  Trends in admissions for variceal bleeding per 100000 inpatient visits based on etiology of cirrhosis. A: Total variceal bleeds; B: Index variceal bleeds; C: Variceal rebleeding. P values are for trend during study period. All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.
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Figure 4  Transjugular intrahepatic portosystemic shunt placement 1998-2009. P values are for trend. TIPS: Transjugular intrahepatic portosystemic shunt; GI: Gastrointestinal.
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Figure 5  Hospital deaths per 100000 admissions based on etiology of cirrhosis. P value is for trend. All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.
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Figure 6  Non-selective beta-blocker usage amongst patients with variceal index bleeding and recurrent variceal bleeding. NSBB: Nonselective beta-blocker. P values are for trend.

FOOTNOTES

P- Reviewer: Stanciu C, Weber FH    S- Editor: Ma YJ    L- Editor: A    E- Editor: Wang CH  

Table 1  Baseline characteristics of study population based on etiology of cirrhosis  n (%)


�
Overall �
ETOH�
Non-ETOH�
P value�
�
No. ICU admissions�
243�
151�
92�
�
�
Mean age�
       54.33�
       52.92�
     58.25�
  0.002�
�
Male sex�
165 (67.9)�
119�
46�
  0.003�
�
White ethnicity�
235 (96.7)�
147�
88�
0.04�
�
Nonselective beta-blocker�
  82 (33.7)�
  45�
37�
0.51�
�
Index bleed�
128 (52.6)�
  78�
50�
0.07�
�
Deaths�
  43 (17.6)�
  22�
21�
0.88�
�
ETOH denotes alcoholic cirrhosis; Non-ETOH denotes non-alcoholic cirrhosis. ICU: Intensive care unit.
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