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Background & Aims: Diabetes and obesity affect develop-
ment of nonalcoholic fatty liver disease. Nonalcoholic fatty liver
disease increases susceptibility to hepatic injury and limits re-
generative capacity, which might increase adverse outcomes in
acute liver failure. There is no difference in the prevalence of
diabetes in acute liver failure patients when compared with the
general population, but no large studies have examined the
relationship of obesity to incidence or outcome of acute liver
failure. Methods: Seven hundred eighty-two adult patients
with acute liver failure were prospectively enrolled from 1998 -
2004. Body mass index, history of diabetes, and outcome were
recorded. Multivariable logistic regression was used for the
analysis. Results: Compared with 30.4% of adults in the
National Health and Nutrition Examination Survey III, 29.1%
of adult patients with acute liver failure were obese (P = .542).
Obese patients had 1.63 times the odds of transplantation or
death as nonobese patients (1.04-2.55, P = .033). Severely obese
patients had 1.93 times the odds of transplantation or death
(1.02-3.62, P = .042). There were no differences in the propor-
tion of patients listed for transplantation, with body mass index
greater or less than 30, 35, or 40 (P = .264, P = .112, P = 244,
respectively). Obese patients had 3.4 times the odds of dying
after transplantation (1.29-8.87, P = .01). Conclusions:
Obesity does not appear to be more prevalent in acute liver
failure. However, obese and severely obese patients had signif-
icantly poorer outcomes when they developed acute liver fail-
ure. This difference is not explained by weight discrimination in
listing patients for transplantation, despite evidence for poorer
post-transplant outcomes.

here is strong evidence for the involvement of diabetes and

obesity in the development of nonalcoholic fatty liver
disease (NAFLD). NAFLD is a well-described feature of the
metabolic syndrome that includes type II diabetes (T2DM),
obesity, hypertension, and hyperlipidemia. NAFLD affects 10%-
24% of the general population and 58%-75% of the obese
population. Diabetes affects 7.8% of the U.S. adult population,
and about 50% of patients with diabetes have NAFLD.! The
combination of diabetes and obesity might pose an added risk;
among severely obese patients with diabetes, 100% were found
to have at least mild steatosis, 50% had steatohepatitis, and 19%
had cirrhosis.” Diabetes and obesity are known to be the 2
strongest predictors of fibrosis in NAFLD.?

There has been a considerable body of research to examine
how steatosis causes liver damage. Both obese patients and
patients with T2DM have increased insulin resistance. Insulin
normally suppresses lipolysis; therefore, insulin resistance in-
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creases circulating levels of free fatty acids, which are taken up
by the liver. Increased intrahepatic levels of fatty acids represent
a potential source of oxidative stress (free electrons, H,O,, and
reactive oxygen species) from increased beta oxidation of fatty
acids by hepatocyte mitochondria. Oxidative stress also stimu-
lates cytokine production, which can cause hepatocyte injury
and inhibit hepatic regeneration. Previous studies in animals
and humans with NAFLD have shown that fatty livers are more
vulnerable than normal livers to oxidative stress, sudden in-
creases in free fatty acid supply, endotoxin/cytokine-mediated
injury, and ischemia or other causes of ATP depletion.” There-
fore, most obese diabetics have baseline evidence of underlying,
clinically silent liver disease, which has been shown to be sus-
ceptible to further insults, and to have limited capacity for
regeneration,>® both factors that could render persons with
NAFLD more susceptible to severe acute liver failure than the
average population.

There are 2 studies linking acute liver failure (ALF) with
diabetes, not specifically related to drug toxicity.”® A cohort
study compared 173,643 veterans with diabetes with 650,620
controls and followed them for the occurrence of ALF during a
period of 5 years.” After controlling for comorbid disease, age,
sex, ethnicity, viral hepatitis, chronic liver disease, and alcohol-
ism, a relative risk of 1.4 for developing ALF was observed
among diabetics (P < .0001). Davern et al® used the Acute Liver
Failure Study Group (ALFSG) database to examine the preva-
lence of diabetes in patients with ALF, comparing this with
appropriately matched controls from National Health Interview
Survey (NHIS). They found that although the prevalence of
diabetes was slightly higher in the ALF patients (5.3%) than in
the general United States population (4.8%), the difference was
not significant (P = .565).

There are no large studies that address the relationship
between obesity and the incidence and outcome of ALF. Cald-
well and Hespenheide® have published the only study linking
obesity (body mass index [BMI| >30) with ALF. This was a
retrospective description of 5 obese patients with no history of
liver disease who presented with liver failure during a 4- to
16-week course and had biopsies suggestive of NAFLD. Four

Abbreviations used in this paper: ALF, acute liver failure; ALFSG,
Acute Liver Failure Study Group; BMI, body mass index; MELD, Model
for End-stage Liver Disease; NHANES lll, National Health and Nutrition
Examination Survey; NHIS, National Health Interview Survey; NAFLD,
nonalcoholic fatty liver disease; T2DM, type Il diabetes mellitus.
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patients died of liver failure complicated by multiorgan failure
4-16 weeks after the onset of symptoms, and one underwent
successful urgent transplantation.

We hypothesized that obesity is more common in patients
with ALF than in appropriate control populations, and that
obesity, defined as a BMI =30 kg/m?, and/or a history of
diabetes would predict poor outcome in patients with ALF.

Methods

The ALFSG is a National Institutes of Health/National
Institute of Diabetes and Digestive and Kidney Disease-funded
group of 24 academic centers established in 1998 to better
define the epidemiology and outcome of ALF in the U.S. All
patients enrolled into the ALFSG study have, by definition, an
international normalized ratio >1.5, evidence of hepatic en-
cephalopathy, and an illness of less than 26 weeks with no
history of chronic liver disease. Because all subjects are encepha-
lopathic, written informed consent is obtained from legal next
of kin. Data are collected on separate admission and outcome
case report forms, with outcome defined as liver transplanta-
tion, discharge, or death 3 weeks after admission. This study
was performed according to the institutional review board
guidelines of each of the 24 centers of the ALFSG and the
ALFSG ancillary studies committee.

Adult patients with ALF (n = 782) were prospectively iden-
tified from January 1, 1998 -December 31, 2004, and baseline
prospective data were collected on each patient’s study center,
age, gender, race, height, weight, medical history of diabetes,
comorbid illness, Model for End-stage Liver Disease (MELD)
score, etiology of ALF, and outcome at 3 weeks after enrollment
in the study.

The distribution of BMIs in the ALFSG cohort was com-
pared with a representative gender-adjusted U.S. BMI distribu-
tion estimated by the National Health and Nutrition Examina-
tion Survey (NHANES III) by using a Fisher exact test.

For the analysis, the primary predictor was obesity (BMI =30
vs <30). BMI (kg/m?) was calculated from weights (kg) and
heights (cm) measured on admission to the study. World
Health Organization criteria for BMI classification were used:
underweight, <18.5; normal, 18.5-24.9; overweight, 25-29.9;
obese, 30-34.9; severely obese, 35-39.9; very severely obese, >40.
History of diabetes was defined as either mention of diabetes in
medical history or at least one oral hypoglycemic medication or
long-acting insulin on admission to the study. Comorbid illness
was defined by using the Charlson comorbidity index.'® MELD
score was calculated by using the standard equation: (0.957 X
In(creatinine mg/dL) + 0.378 X In(bilirubin mg/dL) + 1.120 X
In(INR) + 0.643) X 10.

The primary outcome for the analysis was spontaneous sur-
vival versus liver transplantation and/or death from ALF.'“"
We examined 3-week outcomes for this study, because the
initial study follow-up for the ALFSG database occurs at 3
weeks after hospitalization, transplantation, or death. In prior
studies from this group, 93% of patients had a definitive out-
come at 3 weeks."?

The patients with BMI recorded in the database had their
baseline characteristics compared by outcome, by using Fisher
exact and Wilcoxon tests for nonparametric data. The baseline
characteristics of the patients with recorded BMI were then
compared with those of patients with missing BMI data by
using Fisher exact and Wilcoxon tests. In crude analysis, uni-
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variate relationships were tested by using logistic regression. To
determine whether obesity was related to outcome in ALF after
adjusting for all other clinical variables, a multivariable logistic
regression model was developed. The predictors included in the
model were chosen on the basis of previously published studies
of factors known to be predictive of outcome in ALF (etiology,
MELD"), or predictors that were significant in univariate test-
ing. The outcomes and frequency of listing for transplant for
patients with BMI >35 and >40 were examined, as well as
post-transplant outcomes. All analyses were performed by using
SAS for Windows version 9.1.3 statistical software (SAS Insti-
tute Inc, Cary, NC). All analyses were 2-tailed. A P value of less
than .05 was considered to indicate statistical significance.

Results
Patient Population

Of the 782 adult patients in the ALFSG database, 573
(73.3%) had BMI recorded. Table 1 shows the baseline charac-
teristics of these 573 patients by outcome. The mean BMI for
patients who underwent transplantation or died (28.8 * 8.3
kg/m?) was significantly greater than that of spontaneous sur-
vivors (26.6 £ 7.1 kg/m?, P = .0001). Table 2 shows the baseline
characteristics of the 209 missing patients as compared with the
patients with BMI recorded. There were no significant differ-
ences between these 2 groups. One hundred sixty-seven (29.1%)
adult ALF patients were obese, compared with 30.4% of adult
Americans in the NHANES III database (P = .542)."°

Table 1. Baseline Demographics of Patients by Outcome

Spontaneous Death and/or
survival transplant
(n = 255) (n = 318) P value
Mean age () 38.7 13,5 39.8 £ 145 .318
% Female 65.5% (167) 66.7% (212) .790
White 82.1% (206) 71.9% (220)
African American 9.9% (25) 15.7% (48)
Hispanic 2.4% (6) 5.2% (16) .056
Asian 3.9% (10) 5.9% (18)
Native American 1.6% (4) 1.3% (4)
History of diabetes 5.9% (15) 6.3% (20) .863
Mean BMI 26.6 = 7.1 28.8 = 8.3 .0001
Charlson comorbidity
score
0 78% (199) 80.5% (256)
1-2 16.9% (43) 15.4% (49)
>2 5.1% (13) 4.1% (13) .736
Mean MELD 28.4 = 9.9 36.3 + 9.6 <.0001
Etiology of ALF
Acetaminophen 64.7% (165) 31.1% (99)
Drug-induced liver 5.5% (14) 15.4% (49)
injury
Viral hepatitis 9.8% (25) 12.6% (40)
Indeterminate 9.4% (24) 19.5% (62) <.0001
Autoimmune hepatitis 2.4% (6) 9.1% (29)
Acute fatty liver of 1.2% (3) 0.3% (1)
pregnancy
Wilson’s disease 0 3.8% (12)
Other 7.1% (18) 8.2% (26)
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Table 2. Baseline Demographics of People With Missing
BMI vs Recorded BMI

DO NOT REPRODUCE OR DISTRIBUTE

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 4, No. 12

Table 4. Adjusted Relationship of BMI to Outcome in ALF

Odds Confidence
Predictor ratio interval P value
Obesity (BMI =30) 1.63 1.04-2.55 .033
Age 0.99 0.98-1.01 .849
Male sex 1.81 1.16-2.80 .008
Charlson score 1-2 vs O 1.11 0.65-1.92 .704
Charlson score >2 vs O 0.89 0.65-1.23 479
African American vs white 1.76 0.94-3.29 .079
Other race? vs white 1.93 0.99-3.77 .054
MELD 1.10 1.07-1.12 <.0001
Drug-induced vs 4.85 2.35-10.02 <.0001
acetaminophen
Indeterminate vs 3.92 2.08-7.40 <.0001
acetaminophen
Viral vs acetaminophen 1.80 0.95-3.41 .073
Other etiology? vs 1.47 0.70-3.11 .310

Missing BMI  BMI recorded
(n = 209) (n =573) P value

Mean age (y) 40.1 = 14.1 393+ 14.1 375
% Female 71.8% (150) 66.1% (379) .143
White 76.7% (158) 76.5% (426)
African American 7.8% (16) 13.1% (73) .057
Hispanic 7.8% (16) 4.0% (22)
Asian 6.8% (14) 5.0% (28)
Native American 0.9% (2) 1.4% (8)
History of diabetes 4.8% (10) 6.1% (35) .603
Charlson comorbidity score

0 80.4% (168) 79.4% (455) .344

1-2 14.3% (30) 16.1% (92)

>2 5.3% (11) 4.5% (26)
Mean MELD 31.8 £ 10.1 32.8*+10.5 .225
Etiology of ALF

Acetaminophen 42.1% (88) 46.1% (264) 519

Drug-induced liver injury 14.8% (31) 11.0% (63)

Viral hepatitis 11.5% (24) 11.3% (65)

Autoimmune hepatitis 4.3% (9) 6.1% (35)

Acute fatty liver of 1.4% (3) 0.7% (4)

pregnancy

Wilson’s disease 1.4% (3) 2.1% (12)

Other 10.5% (22) 7.7% (44)
Outcome

Spontaneous survival 43.1% (90) 44.5% (255) .745

Transplant and/or death  56.9% (119) 55.5% (318)

Predictors of Outcome in Acute Liver Failure

The significant crude predictors of outcome in ALF in-
clude obesity, race, etiology of ALF, and MELD score (Table 3).
More obese patients than nonobese patients underwent trans-

Table 3. Unadjusted Odds of Death and/or Transplant

Odds Confidence
Predictor ratio interval P value

Obesity (BMI =30) 1.98 1.36-2.88 .0004
History of diabetes 1.07 0.54-2.14 .840
Age 1.01 0.99-1.02 321
Male sex 1.05 0.74-1.49 767
Charlson score 1-2 vs O 0.89 0.57-1.39 597
Charlson score >2 vs O 0.92 0.71-1.20 532
African American vs white 1.80 1.07-3.02 .027
Other race? vs white 1.78 1.00-3.16 .049
Study center number? 482
MELD 1.09 1.07-1.11 <.0001
Drug-induced vs 4.32 2.29-8.14 <.0001

acetaminophen
Indeterminate vs 3.19 1.89-5.37 <.00001

acetaminophen
Viral vs acetaminophen 1.97 1.14-3.41 .015
Other etiology® vs 1.78 0.94-3.38 .077

acetaminophen

a0ther race includes Native American, Asian, and Hispanic.

bThis univariate regression was done with a class statement, treating
study center as a categorical variable (24 categories). The P value
presented is the Wald x2 P value with 23 degrees of freedom.
Other etiology includes shock liver, mushroom toxicity, autoimmune hepa-
titis, Wilson’s disease, acute fatty liver of pregnancy, Budd Chiari syndrome.
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acetaminophen

NOTE. To describe the goodness of fit of the final model, the Hosmer-
Lemeshow test for the model has a x? value of 9.63 with P = .291
with 8 degrees of freedom.

a0ther race includes Native American, Asian, and Hispanic.

bOther etiology includes shock liver, mushroom toxicity, autoimmune
hepatitis, Wilson’s disease, acute fatty liver of pregnancy, Budd Chiari
syndrome.

plantation or died (67.1% and 50.7%, respectively; P = .0004).
On the basis of univariate analysis, an obese patient with ALF
had 1.98 times the odds (1.36-2.88, P = .0004) of undergoing
transplantation or dying as compared with someone who was
not obese. History of diabetes was not a significant univariate
predictor of outcome. As shown in Table 4, even when adjusting
for age, sex, race, history of diabetes or other comorbid illness,
MELD score, and etiology of ALF, obese patients with ALF had
1.63 times the odds (1.04-2.55, P = .033) of undergoing trans-
plantation or dying as compared with nonobese patients. Se-
verely obese patients (BMI =35) with ALF had 1.93 times the
odds of transplantation or death (1.02-3.62, P = .042) com-
pared with patients with BMI <35.

By separating the outcomes into death and transplantation
while still controlling for age, sex, race, history of diabetes and
other comorbid illness, MELD score, and etiology of ALF, obese
patients with ALF had 1.35 times the odds of dying (0.89-2.06,
P = .162) and 1.58 times the odds of undergoing transplanta-
tion (0.99-2.53, P = .055), whereas severely obese ALF pa-
tients had 1.26 times the odds of dying (0.72-2.19, P = .414)
and 1.92 times the odds of undergoing transplantation
(1.07-3.47, P = .030).

Of the 19 (3.3%) ALF patients who were both obese and
diabetic, 63.2% underwent transplantation or died versus 55%
of the nonobese, nondiabetics (P = .640).

Figure 1 illustrates that as the BMI increases for patients
with ALF, when compared with the patient with a normal BMI
(18.5-24.9), the odds of dying or undergoing transplantation
significantly increases. The overall test for trend had a P value
of .044.

Obesity and Etiology of Acute Liver Failure

Of all patients with acetaminophen-related ALF, obese
patients were significantly under-represented compared with
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Figure 1. Odds of death or transplantation by increasing BMI. As
BMI increases for patients with ALF, when compared with the ALF
patient with normal weight (BMI, 18.5-24.9), the odds of dying or un-
dergoing transplantation significantly increases for obese (BMI,
30-34.9) and severely obese (BMI, 35-39.9) ALF patients. The overall
test for trend has a P value of .044.

nonobese patients, when one would expect the proportion of
obese patients to be similar to overall prevalence of obesity in
the U.S. population (18.9% vs 81.1%, P < .00001). Of all patients
with autoimmune hepatitis, obese patients were significantly
over-represented compared with nonobese patients (48.6% vs
51.4%, P = .012). Obese patients were also significantly over-
represented in ALF caused by shock liver, mushroom toxicity, and
Budd-Chiari syndrome (45.5% vs 54.6%, P = .016) (Figure 2). Of
all patients with BMI recorded, acute fatty liver of pregnancy
occurred only in obese patients (n = 4).

Obesity and Liver Transplantation

There was no significant difference in the proportion of
patients listed for transplant with BMI greater or less than 30
(46.1% vs 40.6%, P = .264), BMI greater or less than 35 (50.6%
vs 40.9%, P = .112), and BMI greater or less than 40 (51.3% vs
41.6%, P = .244). Obese patients had 3.4 times the odds of
dying after transplantation as nonobese patients (1.29-8.87,
P = 01)

Discussion

Several recent studies have noted associations between
obesity and ALF. Canbay et al'® retrospectively examined 34
patients with acute and acute-on-chronic liver failure. They
found that BMI was significantly higher in acute-on-chronic
liver failure than in ALF (P < .002). Kanda et al'” retrospectively
examined 31 non-severe acute hepatitis patients, 24 severe acute
hepatitis patients, and 14 fulminant hepatitis patients and
found that mean BMI was not different between the non-severe
and severe/fulminant groups, but that the 2 morbidly obese
patients studied both developed more severe liver failure.

With the benefit of the large, prospective ALFSG cohort, this
study represents an opportunity to examine BMI trends in a
large population with a uniform definition of ALF. Obesity was
no more prevalent in this adult ALF population than in a
noninstitutionalized adult U.S. population (NHANES III), im-
plying that obesity or underlying NAFLD does not increase the
risk of developing ALF itself. However, obesity was at least 60%
more likely to be associated with poor outcome in ALF, specif-
ically death or the need for liver transplantation. This relation-
ship holds even when one controls for age, gender, and race, all
of which affect the prevalence of obesity, as well as controlling
for etiology of ALF, MELD score, and comorbid illness, which
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affect outcome. Interestingly, diabetes alone and concurrent
diabetes and obesity had no further impact on patient outcome
in ALF than obesity alone, suggesting that BMI is a more
important predictor of outcome than diabetes.

A limitation of this study is that about one fourth of the
patients in the database had no BMI recorded. However as
shown in Table 2, these patients were very similar to the pa-
tients with recorded BMI with respect to outcome and other
clinical characteristics. The lack of BMI data recorded in this
proportion of patients was likely attributable to the logistically
difficult task of measuring BMI, particularly height, in critically
ill patients in the intensive care unit. In fact, for the majority of
patients with missing BMI, there was no height measurement
recorded on the case report form. We were also unable to
validate the accuracy of the measurements of height and weight
in those who had BMI recorded at any study center or to
distinguish whether they were estimates or actual measured
values. However, we believe that weights were routinely checked
in the intensive care unit setting, and heights were reasonably
estimated and not subject to inherent bias.

Surprisingly, the Charlson comorbidity score used to repre-
sent a patient’s comorbidities was not predictive of outcome
in univariate analysis. This could potentially be explained by the
fact that patients with ALF tend to be quite young, and the
majority had no comorbid illness (80% had a Charlson score
of 0), meaning that fewer people with higher Charlson scores
might have limited the power of this association. In addition,
although male gender was not a significant predictor of out-
come in univariate analysis, when controlling for all other
factors in the multivariate model, it appeared that male gender
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Figure 2. BMI and etiology of ALF. Distribution of etiology of ALF
differed significantly between nonobese and obese patients in ALF as a
result of acetaminophen, autoimmune hepatitis and shock liver, mush-
room toxicity, and Budd-Chiari syndrome. Of all patients with acetamin-
ophen-related ALF, obese patients were significantly under-repre-
sented compared with nonobese patients, when one would expect the
proportion of obese patients to be similar to overall prevalence of obe-
sity in the U.S. population (18.9% vs 81.1%, P < .00001). Of all patients
with autoimmune hepatitis, obese patients were significantly over-rep-
resented compared with nonobese patients (48.6% vs 51.4%, P =
.012). Obese patients were also significantly over-represented in ALF
caused by shock liver, mushroom toxicity, and Budd-Chiari syndrome
(45.5% vs 54.6%, P = .016).
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is almost twice as likely to predict poor outcome in ALF. In the
multivariate model, gender was collinear with MELD, and there
was a significant difference in the mean MELD score of men
versus women (35.4 £ 9.9 vs 31.5 = 10.5, P < .0001). To our
knowledge, there are no prior data showing gender differences
in MELD score.

There were significant differences in distribution of the eti-
ologies of ALF between obese and nonobese patients in our
study. In particular, the difference in prevalence of ALF caused
by acetaminophen between obese and nonobese patients was
dramatic, despite similar survival rates in the 2 groups. Whereas
these data suggest that obese patients appear to be less suscep-
tible to ALF from acetaminophen, further information regard-
ing the profile of all acetaminophen users would be required to
reliably distinguish whether (1) obese patients are less likely to
use acetaminophen; or (2) they experience less hepatotoxicity
for a given exposure to acetaminophen. In addition, an expla-
nation for the observation that obese patients are less suscep-
tible to ALF from acetaminophen is not known. One study
showed that maximal acetaminophen plasma concentrations
are reached at significantly later times and are significantly
lower in obese patients compared with controls, implying a
lower rate of absorption.'® Also, animal and human studies
have shown that the absolute clearance of acetaminophen from
plasma is increased in obese subjects, a result of increased
formation and clearance of glucuronide and sulfate conju-
gates."? In fact, conjugating capacity has been shown to increase
proportionally to total body weight, presumably as a result of
increased nutritional stores.*® It has also been shown that obese
Zucker rats possess higher total hepatic glutathione content as
a result of greater liver weight.?" Collectively, decreases in ab-
sorption and increases in conjugation and clearance of acet-
aminophen and its metabolites could explain the observed
decreased frequency of ALF caused by acetaminophen in obese
patients.

We showed that obese patients with ALF had 3.4 times the
odds of dying after transplantation as nonobese patients, which
has been previously shown and used as evidence to limit liver
transplantation in severely obese patients.*>>* Interestingly,
although there was no significant difference in frequency of
listing patients for transplantation on the basis of different
BMI, patients with BMI >30, >35, and >40 all trended toward
being more frequently listed than patients with BMI below
those thresholds. Although there are no uniform criteria for
listing for transplantation in ALF, all centers in the ALFSG
listed ALF patients if they experienced clinical worsening and
had no contraindications to transplantation. Although these
are not strict or measurable criteria for listing, we believe they
are not inherently biased, or that the decision to list a patient is
not drawn from the prognostic variables uncovered in this
study. Therefore, we believe that our findings reflect not only
the lack of discrimination in listing obese patients for trans-
plantation but also the fact that obese patients with ALF tend
to do more poorly and are therefore more frequently listed for
transplantation.

In summary, obesity does not appear to be more prevalent in
ALF than in a representative sample of the U.S. noninstitution-
alized, civilian population. However, obese and morbidly obese
patients had significantly poorer outcomes in ALF, even when
controlling for age, gender, race, comorbid illness, MELD score,
and etiology of ALF. This difference is also not explained by
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weight discrimination in listing patients for transplantation.
Diabetes did not post a significant additive risk for poor out-
come for obese patients. In addition to MELD and etiology of
ALF, obesity appears to be a powerful clinical marker of poor
outcome in ALF, and the inclusion of BMI in future prognostic
models for ALF appears to be warranted.

Appendix

U.S. Acute Liver Failure Study Group, 1998-2006: Wil-
liam M. Lee (Principal Investigator), Julie Polson, Linda Hynan,
Joan Reisch, Carla Pezzia, Joe Webster, University of Texas
Southwestern Medical Center, Dallas, Texas; Anne Larson, Uni-
versity of Washington, Seattle, Washington; Tim Davern, Uni-
versity of California, San Francisco, California; Paul Martin,
Mount Sinai School of Medicine, New York, New York; Timo-
thy Macashland, University of Nebraska, Omaha, Nebraska; J.
Eileen Hay, Mayo Clinic, Rochester, Minnesota; Natalie G. Mur-
ray, Baylor University Medical Center, Dallas, Texas; Obaid
Shakil Shaikh, University of Pittsburgh Medical Center, Pitts-
burgh, Pennsylvania; Andres Blei, Northwestern University
Medical School, Chicago, Illinois; Kenneth Ingram, Atif Zaman,
Oregon Health Sciences University, Portland, Oregon; Steven
Han, University of California, Los Angeles, California; Robert
Fontana, University of Michigan Medical Center, Ann Arbor,
Michigan; Brendan Mcguire, University of Alabama at Birming-
ham, Birmingham, Alabama; Raymond T. Chung, Anna Ruth-
erford, Massachusetts General Hospital, Boston, Massachusetts;
Alastair Smith, Duke University Medical, Durham, North Caro-
lina; Michael L. Schilsky, New York Presbyterian Hospital, New
York, New York; Adrian Reuben, Medical University of South
Carolina; Andres Riera, Santiago Munoz, Albert Einstein Med-
ical Center, Philadelphia, Pennsylvania; Mical Campbell, Ra-
jender Reddy, University of Pennsylvania, Philadelphia, Penn-
sylvania; Todd Stravitz, Virginia Commonwealth University,
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