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Abstract

Background & Aims: Anesthesia services for endoscopic procedures have proliferated with the
promise of increased comfort and safety. Cirrhosis patients are higher risk for sedation, yet limited
data are available describing anesthesia complications in this population.

Approach & Results: This cross-sectional study utilized the National Anesthesia Clinical
Outcomes Registry, a multi-center quality improvement database from 2010 to 2015. Cirrhosis
patients undergoing an endoscopy were identified by ICD 9/CPT codes. The outcome of interest
was serious anesthesia-related complication defined as cardiovascular, respiratory, neurologic,
drug-related, patient injury, death, or unexpected admission. A mixed effects multivariate logistic
regression model determined odds ratios between variables and serious complications adjusting for
potential confounders. In total, 9,007 endoscopic procedures were performed among cirrhosis
patients; 92% were esophagogastroduodenoscopies. A majority (81%) were American Society of
Anesthesiologists (ASA) class >=3 and 72% had a history of hepatic encephalopathy, ascites,
varices, hepatorenal syndrome, or spontaneous bacterial peritonitis identified by ICD-9/CPT
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codes. In total, 87 complications were reported, 33 of which were serious. The frequency of
serious complications was 0.4% or 378.6 per 100,000 procedures (95% CI 260.8, 531.3). A
majority of serious complications were cardiovascular (21/33) including 15 cardiac arrests.
Serious complications were significantly associated with ASA4/5 (OR 3.84; 95% CI 1.09, 13.57)
and general anesthesia (OR 4.71; 95% CI 1.20, 18.50) adjusting for age, sex, ASA class,
anesthesia type, inpatient status, portal hypertension history, and variable complication reporting
practices.

Conclusions: Anesthesia complications among endoscopic procedures in cirrhosis are rare
overall. Serious complications were predominantly cardiac and associated with sicker patients
undergoing general anesthesia. The complexity of end stage liver disease may warrant more
intensive care during endoscopic procedures including anesthesia monitoring.

Keywords

anesthesia-directed sedation; general anesthesia; gastrointestinal endoscopy; complication;
cirrhosis

Introduction

Anesthesia services for gastrointestinal (GI) endoscopic procedures have risen dramatically
over the past decade (1,2) with the promise of increased safety, patient comfort, and
efficiency (2,3). Propofol anesthesia has been shown to be safe and effective in patients with
cirrhosis undergoing esophagogastroduodenoscopy (EGD)(4), colonoscopy, and endoscopic
retrograde cholangiopancreatography (ERCP) (5). However, limited data are available
describing specific anesthesia-associated complications in this population. Moreover, it
remains unclear whether anesthesia directed sedation (ADS), predominantly using propofol
as compared to a combination or opioids and benzodiazepines, is associated with increased
complications in this population (6).

Professional guidelines recommend that any individual with the diagnosis of cirrhosis,
significant hepatic fibrosis (>20 kPa on elastography) and thrombocytopenia (platelets <
150,000) should undergo variceal screening with an upper endoscopy (7). Variceal screening
or surveillance is then recommended every 1-3 years depending on the individual. Patients
with cirrhosis also undergo colonoscopy and other endoscopic procedures for screening,
diagnostic, and therapeutic purposes. Given that patients with cirrhosis are considered higher
risk for sedation and undergo endoscopic procedures on a routine basis, often with the
assistance of anesthesia administered procedural sedation, it is imperative to understand their
risk for anesthesia-associated complications.

Among all patients undergoing endoscopic procedures, some studies have suggested
increased risk of aspiration pneumonia (8,9), colonic perforation, bleeding, and
cardiovascular events with ADS, as compared to endoscopist-directed sedation (10). Other
studies have shown no increased risk of complication after accounting for disease severity
and case complexity, suggesting that these factors may confound this relationship (11-14).
Because sicker patients, including those with end-stage liver disease, are more likely to
require anesthesiologist support, it is difficult to interpret the current literature in terms of
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true risks associated with deep sedation for cirrhosis patients undergoing endoscopic
procedures.

The aim of this study was to identify the prevalence of anesthesia-associated complications
among cirrhosis patients undergoing endoscopic procedures with ADS, and to investigate
potential risk factors for serious complications including patient, facility, and procedural
factors adjusting for potential confounders.

Database and Population

This cross-sectional study utilized the National Anesthesia Clinical Outcomes Registry
(NACOR), a national registry comprised of inpatient and outpatient surgical, as well as
anesthesia procedure data conducted at over 2700 facilities across the U.S. since January 15t
2010. NACOR comprises the largest anesthesia database in the U.S. and was developed as a
quality improvement initiative sponsored by the Anesthesia Quality Institute (AQI) under the
auspices of the American Society of Anesthesiologists (ASA). Over 150 variables are
reported including preoperative risk factors (e.g., patient data including age, sex,
International Classification of Diseases (ICD) 9 codes, ASA classification), intraoperative
variables (e.g., procedure type as defined by surgical and anesthesia current procedural
terminology (CPT) codes, procedure duration) for patients undergoing both surgical and
other procedures with anesthesia support in various inpatient and outpatient settings. Data
are automatically imported from each clinical site’s electronic medical record (EMR) and
audited regularly by the AQI. Outcomes data including complications are available only if
reported by the anesthesia provider at a clinical site. NACOR has been used previously for
other epidemiological studies of anesthesia utilization, complications, and quality (15,16).

The population of interest included individuals with cirrhosis or portal hypertension
complications as identified by ICD-9 or CPT codes. To identify cirrhosis patients, validated
ICD-9 codes for cirrhosis were utilized (ICD-9: 571.2, 571.5, 571.6) (17). Portal
hypertensive complications were identified by ICD-9 or CPT codes including, hepatic
encephalopathy (ICD-9: 572.2, 572.3, 572.4), variceal hemorrhage (ICD-9: 456.0, 456.1,
456.2, 456.21 or CPT: 43243, 43244), spontaneous bacterial peritonitis (ICD-9: 567.23) or
ascites (ICD-9: 789.59) (Figure 1) (18-20). Other large database studies have shown that the
use of at least two or more 1CD-9 codes for cirrhosis had a high positive predictive value in
identifying individuals with cirrhosis (18,21,22). Given that this anesthesia database
recorded only diagnosis codes relevant to the GI procedure at hand, in order to optimize the
sensitivity of the case definition, we considered a single ICD-9 code for cirrhosis or portal
hypertensive complication sufficient to identify individuals with cirrhosis. The population
was therefore defined as having one or more ICD-9 or CPT code for cirrhosis or a portal
hypertensive complication (Supplemental Table 1).

Endoscopic procedures included in this study were EGD with or without endoscopic
ultrasound (EUS), enteroscopy, flexible sigmoidoscopy, colonoscopy, and endoscopic
retrograde cholangiopancreatography (ERCP). Pediatric cases (<18 years) were excluded, as
well as gastrointestinal surgical cases performed in the operating room. Anesthesia
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techniques including regional or spinal/epidural sedation were excluded given they would
unlikely be performed during endoscopic GI procedures. This study received exemption
from the University of North Carolina Institutional Review Board due to its use of
deidentified data.

Variables and Outcomes of Interest

For all endoscopic procedures, we investigated the following variables: patient
characteristics (age, sex, ASA classification), facility characteristics (U.S. region, hospital/
center type, facility volume), procedure type (EGD/enteroscopy/EUS, colonoscopy/flexible
sigmoidoscopy, ERCP), other procedural characteristics (day/night shift, emergent/inpatient
status, weekday/holiday status), and anesthesia characteristics (case duration, sedation type).
If more than one sedation type was listed, general anesthesia took precedence and was
reported as the primary anesthesia type. Facility volume was defined as the number of
concurrent cases taking place with anesthesia services at the time of procedure, and was
categorized via tertiles as low volume (<= 16 concurrent cases), medium volume (17-45
concurrent cases), and high volume (>46 concurrent cases). These could include non-Gl
procedures with anesthesia services. Case duration was defined as anesthesia start to finish
time (and therefore is generally longer and not equal to endoscopy procedure duration). Case
duration was also categorized in tertiles as short (<25 minutes), medium (25-37 minutes),
and long (>37 minutes).

A total of 47 different anesthetic complication outcomes can be recorded by an anesthesia
provider at the end of a case and reported in NACOR. Examples of complications include
arrhythmia, cardiac arrest, hypotension, death, aspiration, hemodynamic instability,
admission, and extended post-procedure recovery unit stay, among others. These
complications were grouped into 7 categories: 1) respiratory, 2) cardiovascular, 3) drug-
related, 4) neurologic, 5) patient injury, 6) unplanned admission, and 7) death (Table 1).
Because the NACOR database primarily collects data on anesthesia and its complications,
no specific Gl or endoscopic procedural outcomes are recorded in this database. For
example, rates of perforation are not available in this database. Our primary outcome of
interest was a composite outcome of any serious complication defined as a respiratory,
cardiovascular, drug, neurologic, patient injury, unplanned admission and/or death
complication. We also determine the frequency of each anesthesia-related complication
individually.

Statistical Analysis

We examined means, standard deviations, and shapes of distributions for each continuous
variable (case duration and facility volume), and frequencies for each categorical variable
(patient, facility, procedural, and anesthesia variables described above). Variables including
procedure type, day of the week, month, shift, holiday status had no missing data. For
certain variables indicating rare events that were likely to be reported with high specificity,
missing data were imputed as negative. For example, cases not classified as ‘emergent’ were
assumed to be non-emergent or elective cases.

Hepatology. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lieber et al.

Results

Page 5

We performed bivariate comparisons of each variable with the dichotomous outcome of
serious complication using Pearson’s chi-square tests for categorical predictors, and t-tests
or individual logistic regression models for continuous predictors. We also examined
relationships among the predictor variables for any instances of collinearity that could affect
the validity of modeling estimates. Frequency of complications was calculated by dividing
the number of complications by the total number of procedures with complete complication
data reported (defined as the total cases at risk for complication).

We fit a logistic regression model to determine risk factors that best predicted the probability
of developing a serious anesthetic complication reported as odds ratios. Mixed effects
modeling was used to account for variability in practice, facility, and provider reporting of
complications. More specifically, an identification code for practice, facility, and provider
was used in the final hierarchical model to account for potential reporting bias. Our final
multivariable logistic regression analysis was restricted to observations that had non-missing
data. The final mixed effects model consisted of variables that were reported to be associated
with complications in the literature (e.g. ASA, sedation type), potential predictors of
complications that could be clinically relevant (e.g. age, sex), as well as those variables that
were statistically significant on bivariate analysis (e.g. geographic region, facility type,
facility volume, shift). This model was further reduced by eliminating variables that were
not significant via likelihood ratio testing. Interaction was tested between procedure type
and all other variables. Two-tailed p values are reported and p < 0.05 was considered
statistically significant. Stata 15 (Stata Corporation, College Station, TX, USA) was used for
all analyses.

Patient and Facility Characteristics

The NACOR database comprises over 20 million procedures performed from 2010 to 2015
across the U.S. including 2,756 participating facilities. Our sample consisted of a total 9,007
endoscopic procedures performed in individuals with cirrhosis identified by ICD-9/CPT
code (Figure 1). On univariate analysis, the population was 37% female with a median age
of 58 years (Table 2). A majority of cases (81%) were ASA class 3 or greater (i.e. ASA 3: a
patient with severe systemic disease; ASA 4: severe systemic disease that is a constant threat
to life; ASA 5: a moribund patient who is not expected to survive without the procedure).
Over half had an ICD-9 or CPT code identifying a decompensation/complication of cirrhosis
including varices (59.6%), portal hypertension (8.9%), ascites (2.6%), hepatic
encephalopathy (0.4%), or hepatorenal syndrome/spontaneous bacterial peritonitis (0.5%).

About half of procedures were performed in the Northeast (52.1%), with just under a quarter
in the Midwest (24.6%). Over half of cases were performed in a University hospital (50.8%),
followed by just under a third of cases at community hospitals (29.2%). Regarding case
volume, 34% of procedures were performed in low volume facilities, and 33% and 30%
were performed in medium and high volume facilities, respectively.
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Procedural and Anesthesia Characteristics

EGDs comprised the vast majority of procedures (92.4%), and about a third (31.7%) of all
cases had a CPT code associated with varices or band ligation (i.e. CPT codes 43243,
43244). A majority of cases were non-emergent (95.9%) and performed during daytime
hours (93.9%), with just under half of cases performed in an inpatient setting (46.1%).
Regarding anesthesia type, a majority of cases were performed with MAC/moderate
sedation (74.6%) as compared to general anesthesia (25.3%).

Prevalence of Anesthesia-Associated Complications

Among a total of 87 complications recorded from 2010 to 2015, the most common type of
complication was post-procedural (61/87; 70%) including nausea, vomiting, or post-
procedural pain symptoms. A total of 33 serious complications (0.38%) occurred, a majority
of which were cardiovascular (21/33; 64%) including 15 cardiac arrests, 3 episodes of
hemodynamic instability, and 3 episodes of clinically significant hypotension (Table 3). The
frequency of serious complications was 0.4% or 378.6 per 100,000 procedures (95% CI
260.8, 531.3). This is equivalent to roughly 1 serious complication per 264 cases. A total of
3 deaths, 6 respiratory complications, and 1 neurologic complication occurred. The
frequency of death was 40.0 per 100,000 procedures (95% CI 8.2, 116.7) or 1 in 2500 cases.

Given the high proportion of serious cardiac complications seen, we examined the
relationship between cardiac complications and comorbidities including heart disease and
non-alcoholic fatty liver disease (NAFLD) identified by ICD-9 codes (Supplemental Table
3). Out of the total population, 291 (3%) had a cardiac comorbidity, 46 of whom had a
diagnosis of congestive heart failure. Only 1 serious complication (cardiac arrest) was
identified among those with a cardiac comorbidity. We separately identified 1,884 cases of
NAFLD using previously described methods (23). Among them, a total of 7 serious
complications occurred, 6 of which were cardiac (5 cardiac arrests and 1 clinically
significant episode of hypotension).

Predictors of Serious Complications: Unadjusted Bivariate Analysis

On unadjusted bivariate analysis, sex, ASA, US region, facility type, shift time, and
anesthesia type were associated with serious complications (Supplementary Table 2).
Associations between these variables and specific types of complication (e.g. cardiovascular,
respiratory) are depicted in Supplementary Table 2. Among cardiovascular complications,
higher ASA, Southern U.S. region, non-University hospitals, outpatient status, and general
anesthesia were associated with increased proportion of cardiovascular complications.

Predictors of Serious Complications: Mixed Effects Multivariable Model

Among the 9,007 endoscopic procedures patients with cirrhosis or portal hypertensive
complication, 7,025 observations had complete outcomes data to be included in the final
mixed effects multivariable model. Table 4 depicts the unadjusted and adjusted odds ratios
for serious complications associated with variables age, sex, ASA status, anesthesia type,
inpatient status, and history of portal hypertensive complication. On multivariable analysis,
serious complications were significantly associated with ASA 4/5 (OR 3.84; 95% CI 1.09,
13.57) and general anesthesia (OR 4.71; 95% CI 1.20, 18.50) adjusting for age, sex, ASA
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class, anesthesia type, inpatient status, history of portal hypertension complication, as well
as facility, practice and provider ID using hierarchical/mixed-effects modeling to account for
varying complication reporting practices (Table 4). Non-significant variables such as age,
sex and history of portal hypertensive complication were kept in the final model given their
suspected clinical importance. Other variables were removed given large number of missing
observations or non-significance.

Discussion

This large, multi-center study of endoscopic procedures with anesthesiology services is the
first to report the prevalence of complications among individuals with cirrhosis. Overall,
serious complications were uncommon (0.38%), but were higher than that calculated for the
general population (0.34%) (24). A majority of serious complications were cardiovascular in
nature. Serious complications were significantly associated with higher ASA and general
anesthesia, suggesting that complexity and severity of disease may drive the risk of
complication.

With the rise of anesthesia-directed sedation (ADS) for endoscopy and the need for frequent
variceal screening or surveillance among individuals with cirrhosis, it is imperative to
understand the safety of deep sedation and general anesthesia among this population.
Propofol is one of the most commonly used medications during Gl endoscopic procedures
performed with ADS. Among patients with cirrhosis, the pharmacokinetic profile of
propofol is particularly appealing given its short duration of action, quick metabolism, and
no dose adjustments required in patients with liver disease (25). A meta-analysis
demonstrated that it has more rapid sedation and recovery, without a statistically significant
increase in hypotension, hypoxemia, bradycardia, or worsening of encephalopathy, as
compared to midazolam in this patient population (25). One of the major concerns of
propofol anesthesia in patients who are heavy drinkers is the risk of a paradoxical reaction.
This is more common and more severe in patients with alcoholic liver disease, and has been
identified as a risk factor for procedural interruption in cases of variceal bleeding (26).
However, at least one study found that in cirrhosis patients undergoing endoscopic
sclerotherapy, propofol sedation actually led to lower frequency of body movements and
higher operator satisfaction than midazolam (27). While there are concerns regarding
propofol’s effect on delaying psychomotor performance in cirrhotic patients, at least one
study has found this not to be the case (28).

Our findings also suggest that ADS is safe in cirrhosis with a low rate of serious
complications. Our calculated frequency of any complication was 1.0% (992.7
complications per 100,000 endoscopic procedures) with serious complications accounting
for 0.38% of cases (378.6 complications per 100,000 procedures). While these prevalence
calculations may underestimate the actual risk of an anesthesia-related complication given
under-reporting of complications, they were actually higher than estimates of complication
prevalence in the general population undergoing endoscopic procedures. In a large
retrospective observational cohort of individuals undergoing endoscopy, propensity-adjusted
serious adverse event risks were calculated and found to be 0.20% of ADS colonoscopies
and 0.39% of ADS endoscopies (12). These estimates were comparable to frequencies of
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SAEs among cases with endoscopist-directed sedation in that study. Similarly, using the
same NACOR database, we calculated an overall frequency of serious complications to be
0.34% for the general population (24). Our slightly higher estimate of 0.38% serious
complications (primarily among upper endoscopies) may indeed reflect an increased risk of
complication in cirrhosis that can be explained by disease complexity including
coagulopathy, as well as tenuous fluid and mental status changes.

Interestingly, cardiac complications comprised a majority of serious complications,
suggesting that individuals with cirrhosis are higher risk for cardiac events with ADS. There
is evidence to suggest that cirrhosis in and of itself is a risk factor for cardiovascular disease.
Features of chronic liver disease including hepatic steatosis, insulin resistance, and lipid
dysregulation have been shown to amplify cardiovascular risk regardless of lipid profile,
especially in alcoholic, NAFLD, chronic hepatitis C infection (29). Moreover, hemodynamic
changes related to vasodilation and hyperdynamic circulation are unique features of cirrhosis
that can lead to cardiac dysfunction and cardiomyopathy (30). With the growing population
of NAFLD and concomitant metabolic syndrome, cardiovascular disease is certainly
expected to become more prevalent among individuals with cirrhosis. Interestingly we found
that among 1,884 NAFLD patients identified in our population, serious complications were
predominantly cardiac (6/7) and included 5 cardiac arrests.

The increased risk of serious complications with higher ASA and general anesthesia can be
explained by the fact that sicker individuals are at higher risk for complications. However,
given the inability to assess Model for End Stage Liver Disease (MELD) or Child-Pugh
scores, it is difficult to assess precisely the degree to which severity of liver disease
contributed to this risk. General anesthesia involves a deeper level of anesthesia that
consequentially may lead to more medication-related complications such as hypotension,
hypoxia, aspiration, and so forth, regardless of patient disease severity or case complexity,
and regardless of whether the patient is endotracheally intubated or not. It should be
acknowledged that cases initiated using MAC/sedation are likely to be converted to general
anesthesia if certain complications arise, and therefore, reverse causation could also explain
this observed association, as well. However, our suspicion is that the higher odds of serious
complications among general anesthesia may be reflective of a sicker, more complex patient
population receiving this anesthetic type.

This study has several limitations, many of which are related to using a database such as
NACOR, and identifying a cohort based on ICD-9 and CPT codes. While NACOR is the
largest anesthesia QI database in the US, there is still a large portion of data missing from
institutions that do not submit information to the database. Cases were selected based on
ICD-9 and CPT codes and may have been subject to incorrect coding. Moreover, while
validated 1CD-9 codes were used to identify individuals with cirrhosis, these ICD-9 codes
were recorded in the context of an endoscopic procedure; hence, cases among cirrhosis
patients may have been missed, especially if the GI procedure was unrelated to their liver
care (e.g. screening colonoscopy for colorectal cancer, diagnostic endoscopy for non-
variceal bleeding). For this reason, inpatient procedures may have been better captured than
outpatient procedures in this dataset.
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While markers of disease severity, such as ASA status and clinical features of
decompensated cirrhosis were investigated, specific data such as laboratory values and body
mass index were not available in this database. This limited our ability to more fully account
for disease severity and case complexity including not being able to assess MELD or Child-
Pugh score. Lastly, how anesthesia providers chart anesthetics may differ at various
institutions. For example, an anesthetic where propofol is the main drug utilized, but the
patient is not intubated, may be charted as MAC at one institution, but charted as a general
anesthetic elsewhere. While this is likely consistent at specific locations, there is potential
variation across sites in this regard.

Many of the limitations of this study were mitigated by the volume of endoscopic cases
(>9,000) and the numerous risk factors investigated. Our data source includes a diverse array
of inpatient and outpatient practices throughout multiple geographic regions, and the
geographic variability of procedures performed with ADS was similar to that reported using
a nationally representative data sample of Americans with employer-based health insurance
(10). This study explored novel predictors of complications including patient, facility,
procedure, and anesthesia-specific variables that have not been investigated previously. More
specifically facility type, daytime/overnight shift, and case complexity as measured by case
duration and facility volume have never been characterized before. We also tried to account
for patient disease severity by including variables such as ASA class and inpatient vs.
outpatient location for endoscopic procedures. Given that complications are voluntarily
reported by anesthesia providers, there may be significant under-reporting and potential
reporting bias given certain providers may be less inclined to report their complications (31).
To account for this variability in reporting practices, we used mixed effects modeling and
adjusted our analysis by facility, practice, and provider ID. In this sense, we were able to
distinguish a true association with increased serious complications that did not merely
reflect the excellent reporting of complications by certain practices, facilities, or providers.
Even if the frequency of complications was under-reported in this study, we uncovered
significant independent risk factors for serious complications, namely ASA class 4/5 and
general anesthesia cases.

In conclusion, this large, multi-center study investigated anesthesia complications among
endoscopic procedures in cirrhosis. The prevalence of serious complications in cirrhosis was
low overall. Serious complications were predominantly cardiac in nature, and were
associated with sicker patients (higher ASA) undergoing procedures in outpatient settings,
suggesting the potential need for higher level, tertiary care for these patients given the
complexity of their liver disease. This study suggests that anesthesia services in endoscopy
are safe in cirrhotic patients; however, patient and providers should be aware of potential
higher risks of cardiac complications in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total Gastrointestinal Procedures with ADS
(N = 3,053,828)

Non-Gastrointestinal Cases (N=20,460,463)

Total Gastrointestinal Procedures with Reported Outcomes
(N =527,089)

Facilities Did Not Report Outcomes (N=2,526,739)

Other Gastrointestinal Procedures (N=50,936)

Total Gastrointestinal Procedures of Interest:
EGD, Enteroscopy, ERCP, Flexible, Sigmoidoscopy, Colonoscopy
(N =428,947)

* CPT Codes 43197-43198, 44500-45327, 45355, 45395-45910

Excluded (N=47,206)
* Pediatric Cases Age <18 years (n=24,468)
* OR or unclassified location Gl procedures (n=22,017)

Adult Gastrointestinal Procedures (non-OR Cases)
(N = 428,947)

« Epidural/Spinal Anesthesia (n=99)
* Regional Anesthesia (n=58)

+ ASA 6 (n=11)

* Hemorrhoidectomy (n=553

{ Excluded (N=419,940)

Adult Gl Procedures in Patients with Cirrhosis or Portal Hypertension
ICD-9 (cirrhosis): 571.2, 571.5, 571.6
ICD-9 (portal HTN/decompensation): 456.0, 456.1, 456.2, 456.21, 572.2, 572.3, 572.4, 567.23, 789.59
CPT code for variceal procedure: 43243, 43244
(N =9,007)
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