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Abstract

dialysis.

mortality following ANVUGIB events.

captured to discriminate mortality was modest (c=0.68).

Background: Impaired kidney function is an established predictor of mortality after acute nonvariceal upper
gastrointestinal bleeding (ANVUGIB); however, which factors are associated with mortality after ANVUGIB among
patients undergoing dialysis is unknown. We examined the associations among demographic characteristics,
dialysis-specific features, and comorbid conditions with short-term mortality after ANVUGIB among patients on

Methods: Design: Retrospective cohort study. Setting: United States Renal Data System (USRDS), a nation-wide
registry of patients with end-stage renal disease. Participants: All ANVUGIB episodes identified by validated
algorithms in Medicare-covered patients between 2003 and 2007. Measurements: Demographic characteristics and
comorbid conditions from 1 year of billing claims prior to each bleeding event. We used logistic regression
extended with generalized estimating equations methods to model the associations among risk factors and 30-day

Results: From 2003 to 2007, we identified 40,016 eligible patients with 50,497 episodes of ANVUGIB. Overall 30-day
mortality was 10.7% (95% Cl: 104-11.0). Older age, white race, longer dialysis vintage, peritoneal dialysis (vs. hemodialysis),
and hospitalized (vs. outpatient) episodes were independently associated with a higher risk of 30-day mortality.
Most but not all comorbid conditions were associated with death after ANVUGIB. The joint ability of all factors

Conclusions: We identified a profile of risk factors for 30-day mortality after ANVUGIB among patients on dialysis
that was distinct from what had been reported in non-dialysis populations. Specifically, peritoneal dialysis and
more years since initiation of dialysis were independently associated with short-term death after ANVUGIB.
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Background

Acute nonvariceal upper gastrointestinal bleeding
(ANVUGIB) is common among patients on dialysis
and associated with poor outcomes. Using a stringent
criterion to ascertain ANVUGIB events from Medicare
claims, the occurrence rate of ANVUGIB among patients
on dialysis was estimated at 57 episodes per 1000
person-years [1], almost two orders of magnitude higher
than in the general population. Approximately 12% of
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patients died within 30 days after the event [1]. Wasse
et al. have previously analyzed the United States Renal
Data System (USRDS) to identify risk factors for incident
upper gastrointestinal bleeding (UGIB) among patients
with end-stage renal disease (ESRD) [2]. However, there
are no reports on the risk factors for outcomes after UGIB
in this population.

Although ANVUGIB is a potentially life-threatening
condition, most patients in the general population are
at low risk for mortality and often die from other
complications, rather than from bleeding itself [3].
Determinants of mortality following ANVUGIB in the
general population included age, certain comorbidities
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(including cardiovascular disease, liver disease, kidney
function, and malignancy), specific endoscopic findings,
and biometric and laboratory data at presentation (such as
blood pressure and hemoglobin concentrations) [4-7]. We
conducted the present study to establish predictors of
30-day mortality after ANVUGIB in a national cohort of
U.S. patients undergoing dialysis. While we expected
several established risk factors for mortality on dialysis
to also be associated with short-term mortality after
ANVUGIB, we focused on identifying risk factors that
are of particular pertinence to the bleeding event, such
as history of earlier ANVUGIB episodes, whether the
bleeding was peptic ulcer-related, as well as the care setting
of its diagnosis and the most recent dialysis modality
before the event. We also hypothesized that risk factors
might be modified by age, sex, race, and dialysis modality.

Methods

Data source

We used the USRDS database for this study. The USRDS
contains health care claims submitted by providers
to Medicare on most patients with ESRD receiving
maintenance dialysis care or kidney transplantation in
the U.S. Most patients with ESRD qualify for Medicare
coverage independent of their age, which enables research
on a large number of subjects younger than 65 years, a
population for whom Medicare claims are usually not
available.

Study population

We analyzed all patients who underwent maintenance
dialysis in the US between January 1, 2003 and December
31, 2007. Only those patients continuously covered by
traditional fee-for-service Medicare at least for one year
before the ANVUGIB episode were included to ensure
adequate and uniform ascertainment of comorbidities.
Patients under the age of 18 years or whose kidney function
recovered were excluded.

Identification of ANVUGIB episodes

From claims collected during periods of Medicare eligibility
only, we identified ANVUGIB events using a modified
stringent criterion proposed by Targownik et al. [8]. As
described in recent work [1], ANVUGIB events were
defined from a group of ICD-9 diagnostic codes,
which specify the identified cause of the bleeding,
such as gastroesophageal laceration-hemorrhage (530.7)
or gastric ulcer with hemorrhage (531.0). Additionally
we included several important lesion-specific events
not considered by Targownik et al. [8] (e.g., 537.83
for angiodysplasia of stomach and duodenum with
hemorrhage; 537.84 for Dieulafoy lesion (hemorrhagic)
of stomach and duodenum). Detailed codes are listed
in Additional file 1.
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To avoid lack of specificity while ascertaining ANVUGIB
events from outpatient claims, we defined a single
ANVUGIB event based on the presence of two outpatient
claims within a 7-day time period. Alternatively, one
outpatient claim was considered sufficient if it was
accompanied by a claim for esophagogastroduodenoscopy
performed on the same date [9]. Further, if the onset dates
of two events were within a 30-day period, these two
events were counted as a single episode and the earlier
event was used as the index date marking the beginning
of follow-up [9].

Study outcomes

The primary outcome of interest was short-term (30-day)
mortality following an episode of ANVUGIB, defined as
having died within 30 days of the ANVUGIB diagnosis
date regardless of discharge status [9,10].

Candidate predictors

We obtained patient-level characteristics such as age,
sex, race, vintage (time since first ESRD date), and the
presumed primary kidney disease causing ESRD from the
Medical Evidence Report CMS-2728. We ascertained the
most recent dialysis modality (hemodialysis vs. peritoneal
dialysis) and any history of kidney transplantation
from treatment history files. We used the 60-day file
constructed from the detailed file to avoid the concern
that patients had been switched the modality just for the
event. We ascertained a large number of comorbidities
from one year of inpatient and outpatient claims preceding
the ANVUGIB event using validated algorithms,
where available: diabetes, heart failure, coronary artery
disease, chronic obstructive pulmonary disease, cerebral
vascular disease, hypertension, arrhythmia, valvular heart
disease, peripheral vascular disease, chronic liver disease,
and malignancy [1]. To define prior ANVUGIB history,
we traced back to all available claims in our database
(since 1996).

Statistical analysis

We used logistic regression models to evaluate the
associations among potential risk factors and 30-day
mortality. As each subject was eligible to contribute more
than one episode, correlations among observations within
subject are expected. We applied generalized estimating
equations (GEE) with an exchangeable working correlation
structure to adjust for the expected dependence of
observations within each patient [11]. Since only 0.04% and
0.35% patients had their race and dialysis modality missing,
respectively, we conducted complete case analyses.

We were a priori interested in the interactions of age,
sex, race, and dialysis modality with other risk factors. To
avoid over fitting the data while exploring for interactions
among covariates, we randomly split our data into a
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derivation (60%) and a validation sample (40%). In
this exploratory phase, we fit logistic regression models
assuming independence of observations where each
interaction was added as a covariate to the main effects
model. We applied the minimum Akaike information
criterion (AIC) procedure [12], which selects the model
with the smallest AIC among the set of models tested.
Each model’s AIC is computed in the validation sample
using parameter estimates from the derivation sample. If a
significant interaction were to be found in the derivation
sample, its significance would be validated by a decline in
AIC value in the validation sample.

Once the final model was found, which included all
covariates and validated interactions, it was fit in the
full sample using GEE. We reported unadjusted and
multivariable-adjusted odds ratios (OR) and 99% confi-
dence intervals (CI) for each factor. All analyses were
performed using SAS 9.2 software (The SAS Institute Inc,
Cary, NC).

This work was approved by the Institutional Review
Board of Stanford University School of Medicine and
conducted under a data use agreement to Dr. Winkelmayer
from the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK). This manuscript was reviewed
by NIDDK and approved for submission.

Results

From 2003 to 2007, we identified 50,497 eligible episodes
of ANVUGIB, which were experienced by 40,016 unique
patients. The number of episodes per patient ranged from
1 to 14 [10™ percentile: 1; 90™ percentile: 2]. Characteristics
of the study population are shown in Table 1: the average
age was 63 years and slightly more than half of the episodes
were in men and in whites. The vast majority of episodes
occurred in patients undergoing HD (93.6%), and the
median time since first ESRD treatment was 3.8 years. All
comorbidities were highly common; almost two-thirds
had diabetes and almost three-quarters had been diagnosed
with hypertension in the previous year. One-third of
episodes (17,645) occurred in patients in whom a previous
episode was recorded and 40.6% (7,164) of those previous
episodes occurred before 2003. The diagnosis most
commonly identifying ANVUGIB episodes was gastritis or
duodenitis with hemorrhage (29.1%, Table 2).

Five thousand, four hundred and thirteen patients
died within 30 days of ANVUGIB, representing 13.5%
of patients and 10.7% of episodes. Table 3 lists the
unadjusted and multivariable-adjusted OR and 99% CI
of all independent variables considered in this study. The
full model exhibited only modest discrimination with a ¢
statistic of 0.68 and an R* of 0.04. The 30-day death rate
in the lowest decile of predicted probabilities of death was
2.3%, as compared to 21.9% in the highest decile. Older
age, white race, longer dialysis vintage, peritoneal dialysis
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(vs. hemodialysis), and hospitalized (vs. outpatient) epi-
sodes were associated with higher risk of 30-day mortality
after ANVUGIB. Patients with no recorded history of
ANVUGIB were more likely to die within 30 days after an
episode. Most comorbidities were associated with 30-day
mortality after ANVUGIB except for diabetes mellitus,
coronary artery disease (main effect OR: 1.04; 99% CI
0.92-1.18), and hypertension.

Only one interaction satisfied the validation criteria
outlined in the Methods section (see Additional file 2):
sex modified the association between coronary artery
disease and 30-day mortality after ANVUGIB, where the
odds of death were 13% lower in men with coronary
artery disease than those without, whereas there was no
association between coronary artery disease and death in
women (Table 3).

Discussion

We built a contemporary cohort using validated stringent
algorithms and captured initial and repeat ANVUGIB
episodes. Our sample size was uniquely and sufficiently
large to empower us to investigate thoroughly numerous
factors and interactions even under a very stringent type I
error (0.01) and to split our data to avoid reporting
false positive interactions. Furthermore, we tested the
associations between dialysis specific parameters (such as
dialysis modality and dialysis vintage) and ANVUGIB
mortality for the first time. To our knowledge, this is the
first population-based claims data analysis dedicated to
studying risk factors for short-term mortality after
ANVUGIB in patients on dialysis.

Cardiovascular disease, current smoking, and risk
factors suggesting more disability had been reported to
associate with a higher risk of UGIB among patients with
ESRD [2]. In addition, we found several dialysis-specific
parameters, such as using peritoneal dialysis rather than
hemodialysis and longer dialysis vintage, to be associated
with short-term mortality. Other predictors including
older age and presence of most comorbid conditions were
also associated with 30-day mortality, results not dissimilar
from studies from non-ESRD populations. Furthermore,
these factors are also risk factors for mortality in ESRD
patients in general, even in the absence of ANVUGIB.

It was previously reported that most patients (79.7%)
who experienced an ANVUGIB episode died of causes
that were not directly bleeding-related. In a study of
more than 10,000 patients in Hong Kong with peptic
ulcer disease-related bleeding, Sung et al. showed that
multi-organ system failure (23.9%), pulmonary conditions
(23.5%) and terminal malignancy (33.78%) were the
most common causes of death [3]. As a result, age,
comorbidities and general health conditions were
consistently found to be strong predictors of ANVUGIB
mortality, whereas bleeding-specific parameters such as
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Table 1 Patient characteristics at each episode, by 30-day survival status

All episodes Survived Deaths
Number (row %) 50497 45084 (89.3) 5413 (10.7)
Age (years; + standard deviation) 629 (£14.7) 62.3 (£14.8) 68.0 (£13.2)
18 to <50 years (%) 10232 (20.3) 9670 (21.4) 562 (104)
50 to <65 years (%) 15148 (30.0) 13775 (30.6) 1373 (254)
65 to <75 years (%) 13492 (26.7) 11864 (26.3) 1628 (30.1)
275 years (%) 11625 (23.0) 9775 (21.7) 1850 (34.2)
Male 27025 (53.5) 24092 (534) 2933 (54.2)
Race
White (%) 25962 (514) 22770 (50.5) 3192 (59.0)
Black (%) 21771 (43.1) 19849 (44.0) 1922 (35.5)
Other (%) 2764 (5.5) 2465 (5.5) 299 (5.5)
Dialysis modality
Hemodialysis (%) 47274 (93.6) 42277 (93.8) 4997 (92.3)
Peritoneal dialysis (%) 3223 (6.4) 2807 (6.2) 416 (7.7)
Dialysis vintage [years; median (IQR)] 38 (22,62 38 (2.2,6.2) 40 (23;64)
26 years (%) 13463 (26.7) 1959 (26.5) 1504 (27.8)
3 to <6 years (%) 17696 (35.0) 15821 (35.1) 1875 (34.6)
1 to < 3 years (%) 19338 (38.3) 17304 (384) 2034 (37.6)
History of comorbid conditions
Diabetes (%) 32181 (63.7) 28625 (63.5) 3556 (65.7)
Hypertension (%) 36939 (73.2) 32925 (73.0) 4014 (74.2)
Coronary artery disease (%) 15147 (30.0) 13299 (29.5) 1848 (34.1)
Cerebral vascular disease (%) 8750 (17.3) 7538 (16.7) 1212 (224)
Heart failure (%) 26833 (53.1) 23437 (52.0) 3396 (62.7)
Arrhythmia (%) 20392 (40.4) 17596 (39.0) 2796 (51.7)
Valvular heart disease (%) 15379 (30.5) 0 (29.5) 2069 (38.2)
Peripheral vascular disease (%) 18792 (37.2) 16231 (36.0) 2561 (47.3)
Chronic obstructive lung disease (%) 13927 (27.6) 1998 (26.6) 1929 (35.6)
Any cancer (%) 4335 (8.6) 3588 (8.0) 747 (13.8)
Upper gastrointestinal cancer* (%) 250 (0.5) 198 (0.4) 52 (1.0)
Chronic liver disease (%) 6423 (12.7) 5530 (12.3) 893 (16.5)
History of kidney transplant (%) 3119 (6.2) 2849 (6.3) 270 (5.0)
History of ANVUGIB (%) 17645 (34.9) 16021 (35.5) 1624(18.9)

Abbreviation: IQR - interquartile range.
* Upper gastrointestinal cancer (ICD-9 diagnosis codes 150-152).

cause of bleeding, endoscopic findings, or treatments were
not consistently associated with short-term outcome of
ANVUGIB [6,13]. As expected, we showed that advanced
age, hospitalized episodes, and most co-morbidities were
independently associated with 30-day mortality after
ANVUGIB among patients on dialysis, similar to findings
from the general population, while bleeding from peptic
ulcer disease rather than from any other cause did not
significantly associate with short-term mortality after
ANVUGIB. Although only 12.7% patients on dialysis had
chronic liver disease, it was the most prominent predictor
among all comorbidities in the full model (OR: 1.59; 99%

CI: 1.43 to 1.76). In other studies of patients in the general
population who experienced an upper gastrointestinal
bleed, mortality following variceal hemorrhage was found
to be higher than after ANVUGIB [6,10]. However, even
for ANVUGIB, cirrhosis and liver failure were important
comorbidities to predict mortality [5,6], which our study
now confirms in a dialysis population. Similarly, patients
with malignancy were more likely to die after UGIB both
in the dialysis and the general population [4,5,14].

We found the association between CAD and mortality
to be overall null, but modified by sex in that men, but not
women, had a lower risk of mortality after a ANVUGIB
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Table 2 Frequencies of specific diagnoses among 50,497
ANVUGIB Episodes

Count Proportion

of episodes
Esophageal ulcer/hemorrhage 6,370 12.6%
Gastric ulcer with hemorrhage 9,788 19.4%
Duodenal ulcer with hemorrhage 5152 10.2%
Peptic ulcer with hemorrhage 1,166 2.3%
Gastrojejunal ulcer with hemorrhage 397 0.8%
Gastritis/duodenitis with hemorrhage 14,702 29.1%
Angiodysplasia/Dieulafoy lesion with hemorrhage 4,479 8.9%
Hematemesis 17,643 34.9%

Note: A single episode might have had more than one diagnosis associated
with it.

episode (13% lower compared with otherwise similar men
without CAD). Rockall et al. reported an unadjusted odds
ratio for mortality of 4.3 (95% CI: 3.2-5.8) of ischemic heart
disease in a prospective multicenter study of 4,185 cases of
acute upper gastrointestinal bleeding [4]. By contrast, Klebl
et al. found more cardiovascular disease (53.8% vs. 39.6%)
among those who survived upper gastrointestinal bleeding
than among those who died [15]. Several other studies
reported only unspecified cardiovascular comorbidity as a
risk factor for ANVUGIB related mortality [5,7,14,16].
Regarding aspirin use, two studies reported associations
between use of aspirin and lower 30-day mortality [13,15],
whereas others found no such association [5,7]. In
reviewing the evidence, it appears that patients with
ischemic heart disease represent a unique subgroup of
ANVUGIB patients, perhaps with a different patho-
physiology of bleeding, and further evaluation of ischemic
heart disease as a risk factor for mortality after ANVUGIB
is needed.

Our finding that patients undergoing peritoneal dialysis
had higher short-term mortality after an ANVUGIB event
compared with otherwise similar patients on hemodialysis
is interesting. The association between dialysis modality
and mortality has been widely studied, and it appears that
older patients, especially women and those with diabetes,
and those with longer vintage experienced better survival
on hemodialysis [17-20]. We did not find any interactions
among dialysis modality and these factors. While it is
possible that peritoneal dialysis patients are more vulner-
able when they experience an ANVUGIB, e.g. due to their
altered gastrointestinal hemodynamics and physiology, it
is also possible that patients undergoing hemodialysis
receive more frequent medical surveillance, including
monitoring of anemia, and ANVUGIB may thus be more
likely to be detected earlier and treated more aggressively.
Whether dialysis adequacy correlated with short-term
outcome after ANVUGIB or not could not be answered
in current study. It is possible that some patients
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undergoing peritoneal dialysis may achieve lower clearance
and be more uremic, which may then contribute to worse
bleeding, reduced hemostasis, and increased mortality risk.
There was a graded increase of risk among patients with
longer vintage. The association with vintage became
significant mainly after adding age and prior ANVUGIB
history into the model. The percentage of prior ANVUGIB
increased with longer vintage (29.4%, 36.2% and 41.3% for
vintage 1-3 years, 3—6 years and >6 years respectively),
while age was negatively correlated with vintage (r=-0.19,
p<0.001). Because prior ANVUGIB and younger age were
associated with better outcomes, they confounded the
association of vintage in the unadjusted model. Compared
to those with dialysis vintage between 1 and 3 years, the
odds ratios for 30-day mortality after ANVUGIB were 1.11
(99% CI: 1.01-1.21) and 1.37 (99% CI: 1.24-1.52) for those
with dialysis vintage of 3—6 years and more than 6 years
respectively. Longer duration of dialysis is associated with
more severe dialysis or uremia related complications,
such as cardiovascular calcification [21] or systemic
amyloidosis [22-24]. These complications might weaken
the capacity of patients on dialysis to pass through the
stress of ANVUGIB. In addition, these complications may
reduce the patient’s capability to achieve hemostasis once
a bleeding occurs.

Prior history of ANVUGIB is another rarely mentioned
factor for mortality after ANVUGIB, which is important
especially for dialysis patients who are at particular risk of
recurrence [1,25,26]. The longitudinal nature of the
USRDS provided useful information on previous events,
which could not be observed in other (prospective)
cohorts with short inclusion and observation periods
[4,5,7,15]. In a study of patients without ESRD, a
history of bleeding ulcers was associated with bleeding
continuation/re-bleeding within 30 days of the initial
ANVUGIB episode, but not with 30-day mortality [13]. In
our study, we considered re-bleeding within 30 days as
being part of the same episode. We observed a 24% lower
mortality for patients with a historical claims indicating
prior ANVUGIB. However, this finding may reflect
survivor bias, a special case of selection bias, or may
be confounded by the duration of Medicare coverage
prior to the index event. Patients who survived a previous
episode of ANVUGIB may be more robust in ways that is
beyond what can be observed in a claims dataset. In
addition, such episodes may have been milder bleeds, and
be followed by other milder bleeding episodes. Further,
patients who survived previous bleeds may have received
adequate intervention, medical treatment, or heightened
surveillance, leading to milder subsequent bleeding
episodes. Unfortunately, the USRDS does not contain
information on medications including eradication of
H. pylori or long-term proton pump inhibitor therapy.
Our findings also suggest that clinicians need to be
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Table 3 Odds ratios for 30-day mortality after acute nonvariceal upper gastrointestinal bleeding
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0Odds ratio (99% Confidence Interval)

Variable Category Unadjusted Adjusted
Age 18 to <50 years 1.0 (reference) 1.0 (reference)
50 to <65 years 1.71 (149 to 1.95) 1.54 (1.34 to 1.77)
65 to <75 years 2.35 (2.06 to 2.68) 2.04 (1.77 to 2.35)
275 years 3.24 (2.84 t0 3.69) 2.79 (242 to0 3.21)
Sex (Males vs. females)* 1.03 (096 to 1.11)

Among patients with CAD

0.94 (0.82 to 1.07)

Among patients without CAD

1.12 (1.02 to 1.23)

Race White 1.0 (reference) 1.0 (reference)
Black 0.69 (0.64 to 0.75) 0.80 (0.73 to 0.87)
Others 0.86 (0.73 to 1.02) 0.96 (0.81 to 1.13)
Vintage 1 to <3 years 1.0 (reference) 1.0 (reference)
3 to <6 years 1.02 (093 to 1.11) 1.11 (1.01 to 1.21)
26 years 1.08 (0.98 to 1.18) 137 (1.24 to 1.52)
Dialysis modality peritoneal vs. hemodialysis 1.25 (1.09 to 1.45) 154 (132 to 1.78)
Bleeding likely peptic ulcer related 0.99 (0.92 to 1.07) 0.93 (0.86 to 1.01)
Hospitalized bleeding episode 2.17 (1.86 to 2.54) 11 (1.80 to 2.48)
Diabetes 1.11 (1.02 to 1.20) 1.06 (0.97 to 1.15)
Hypertension 1.07 (098 to 1.16) 0.91 (0.83 to 0.99)
Heart failure 1.56 (1.44 to 1.68) 121 (111 to 1.32)
Cerebrovascular disease 144 (131 to 1.57) 122 (111 to 1.34)
Arrhythmia 1.67 (1.55 to 1.80) 1.29 (1.19 to 1.40)
Cancer 1.85 (1.65 to 2.07) 1.58 (140 to 1.77)
Chronic liver disease 143 (1.29 to 1.58) 159 (143 to 1.76)
Chronic obstructive pulmonary disease 153 (141 to 1.65) 1.20 (1.10 to 1.30)
Peripheral vascular disease 1.60 (148 to 1.72) 132 (122 to 1.44)
Valvular heart disease 148 (1.37 to 1.60) 1.20 (1.11 to 1.31)
History of kidney transplantation 0.77 (0.65 to 0.92) 0.98 (0.82 to 1.19)
History of ANVUGIB 0.79 (0.73 to 0.86) 0.76 (0.70 to 0.82)
Coronary artery disease* 124 (1.15 to 1.34)
Among men 0.87 (0.78 to 0.98)

Among women

1.04 (092 to 1.18)

Abbreviations: ANVUGIB - acute nonvariceal upper gastrointestinal bleed; CAD - coronary artery disease.

* There was evidence for effect modification between sex and CAD in fully-adjusted models. Therefore, effect estimates are presented for sex within strata of CAD
and for CAD within strata of sex. All estimates arose from models that were adjusted for calendar year, age, gender, race, dialysis vintage, modality, history of
renal transplantation, prior ANVUGIB, hospitalized episodes, peptic ulcer related episodes, comorbidities (including diabetes, heart failure, coronary artery disease,
chronic obstructive pulmonary disease, cerebral vascular disease, hypertension, arrhythmia, valvular heart disease, peripheral vascular disease, chronic liver disease

and malignancy), and interaction between sex and coronary artery disease.

particularly vigilant when patients on dialysis experience
an initial episode of ANVUGIB and be aware of the
heightened mortality risk in patients experiencing an
initial bleed.

In the dialysis population, black individuals experience
better long-term survival then whites [27,28]. Compared
to white patients in our cohort, black patients also had
significantly lower risk for 30-day mortality after ANVUIGB
(OR: 0.80; 99% CI: 0.73-0.87) after multivariable adjust-
ments. In the general population, race has been rarely
linked to poor outcome after UGIB. Among elderly

patients admitted with GIB using data from Medicare
Provider Analysis and Review (MedPAR) File and the
VA Patient Treatment File (PTF), 30-day mortality for
black patients was 6.8%, compared with 7.8% for white
patients (p<0.05). The difference remained significant
(1.4%; p<0.05) after adjustment for baseline comorbid
conditions, socioeconomic variables, and hospital effects
[29]. The racial disparities in short-term outcome after
ANVUGIB might result from biologically racial differences
of gastrointestinal pathology or stress reactions which
deserve further study.
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Despite those strengths of this study, we need to
acknowledge certain limitations. The most important
limitation stems from the use of administrative billing
claims to identify the event of interest. However, the
algorithm we used to identify ANVUGIB episodes had
been validated by Cooper et al. [30] and modified by
Targowinik et al. [8]. In addition, we applied a rather
stringent criterion to ascertain ANVUGIB episodes to
increase the specificity of the algorithm. Nevertheless,
severe episodes from which patients died before ANVUGIB
could be diagnosed or coded may not have been captured
by our data.

Another limitation is that we did not have information
on biometric measurements, laboratory results and
endoscopic findings. Hence, the c-statistic of the fully-
adjusted model was only 0.68. However, in daily practice,
such clinical characteristics may remind clinicians of higher
risk of short-term mortality from ANVUGIB in patients on
dialysis, even before laboratory data or endoscopy findings
are available.

In order to ensure correct ascertainments of co-mor-
bidities status from claims, we further restricted our
cohort to only those patients under Medicare as primary
payer for at least one year before the ANVUGIB dates.
Thus, the median dialysis vintage of this cohort (3.8
years) was longer than that of the general prevalent
dialysis population and we do not know whether our
results generalize to those patients dialyzed for less than
one year or to those who have primary payers other than
Medicare.

Conclusions

In conclusion, patients on dialysis represent a unique
subgroup of patients with ANVUGIB exhibiting high
risk for mortality and distinct risk factors. Patients with
older age, longer dialysis vintage, several co-morbidities,
no previous history of ANVUGIB, and those receiving
peritoneal dialysis were at higher risk for 30-mortality
after ANVUGIB.

Ethical approval

The Stanford University School of Medicine Institutional
Review Board approved of this study. The data reported
here have been supplied by the USRDS. The interpretation
and reporting of these data are the responsibility of the
authors and in no way should be seen as an official
policy or interpretation of the US government. This
work was conducted under a data use agreement
between W.C.W. and the National Institute of Dia-
betes, Digestive and Kidney Diseases (NIDDK). This
manuscript was reviewed by NIDDK and approved
for submission.
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Abbreviations

AIC: Akaike information criterion; ANVUGIB: Acute nonvariceal upper
gastrointestinal bleeding; ESRD: End-stage renal disease; GEE: Generalized
estimating equations; USRDS: United States Renal Data System.

Competing interests

W.CW. has served as a scientific advisor or consultant to Affymax, Amgen,
Bayer, Fibrogen, and GlaxoSmithKline. He has received unrestricted research
support from Fibrogen. GM.C. serves on the Board of Directors of Satellite
Healthcare, Inc,, and on the Scientific Advisory Board of DaVita Clinical
Research and has received research support and served as an advisor to
Amgen. No other author has reported any competing interest.

Authors’ contributions

All authors were involved in the study design and concept,
interpretation of results, editing and final approval of manuscript. All
authors had full access to all of the data (including statistical reports
and tables) in the study. All authors take responsibility for the integrity
of the data and the accuracy of the data analysis. All authors read and
approved the final manuscript.

Acknowledgements
We thank the staff of the USRDS (Chronic Disease Research Group) for their
kind assistance.

Grant support

We gratefully acknowledge the generous sponsorship of the Far Eastern
Memorial Hospital, New Taipei City, Taiwan, which supported J.-Y. Y's visiting
scholarship at Stanford University.

Author details

'Division of Nephrology, Department of Medicine, Stanford University School
of Medicine, 1070 Arastradero Rd. Suite 313, Palo Alto, CA 94304, USA.
“Division of Nephrology and Department of Internal Medicine, Far Eastern
Memorial Hospital, No.21, Sec. 2, Nanya S. Rd., Banciao Dist, New Taipei City
220, Taiwan. >Division of Gastroenterology, Department of Internal Medicine,
National Taiwan University Hospital and National Taiwan University College
of Medicine, No.7, Chung Shan S. Rd. (Zhongshan S. Rd.), Zhongzheng Dist,,
Taipei City 10002, Taiwan.

Received: 10 August 2012 Accepted: 24 April 2013
Published: 26 April 2013

References

1. Yang JY, Lee TC, Montez-Rath ME, Paik J, Chertow GM, Desai M,
Winkelmayer WC: Trends in acute nonvariceal upper gastrointestinal
bleeding in dialysis patients. / Am Soc Nephrol 2012, 23:495-506.

2. Wasse H, Gillen DL, Ball AM, Kestenbaum BR, Seliger SL, Sherrard D,
Stehman-Breen CO: Risk factors for upper gastrointestinal bleeding
among end-stage renal disease patients. Kidney Int 2003, 64(4):1455-1461.

3. Sung JJ, Tsoi KK, Ma TK, Yung MY, Lau JY, Chiu PW: Causes of mortality in
patients with peptic ulcer bleeding: a prospective cohort study of 10,428
cases. Am J Gastroenterol 2010, 105(1):84-89.

4. Rockall TA, Logan RF, Devlin HB, Northfield TC: Risk assessment after acute
upper gastrointestinal haemorrhage. Gut 1996, 38(3):316-321.

5. Marmo R, Koch M, Cipolletta L, Capurso L, Pera A, Bianco MA, Rocca R, Dezi
A, Fasoli R, Brunati S, Lorenzini I, Germani U, Di Matteo G, Giorgio P,
Imperiali G, Minoli G, Barberani F, Boschetto S, Martorano M, Gatto G,
Amuso M, Pastorelli A, Torre ES, Triossi O, Buzzi A, Cestari R, Della Casa D,
Proietti M, Tanzilli A, Aragona G et al: Predictive factors of mortality from
nonvariceal upper gastrointestinal hemorrhage: a multicenter study.

Am J Gastroenterol 2008, 103(7):1639-1647. quiz 1648.


http://www.biomedcentral.com/content/supplementary/1471-2369-14-97-S1.pdf
http://www.biomedcentral.com/content/supplementary/1471-2369-14-97-S2.pdf

Yang et al. BMC Nephrology 2013, 14:97
http://www.biomedcentral.com/1471-2369/14/97

20.

21.

22.

23.

24.

25.

26.

27.

28.

Chiu PW, Ng EK: Predicting poor outcome from acute upper gastrointestinal
hemorrhage. Gastroenterol Clin North Am 2009, 38(2):215-230.

Imperiale TF, Dominitz JA, Provenzale DT, Boes LP, Rose CM, Bowers JC,
Musick BS, Azzouz F, Perkins SM: Predicting poor outcome from acute
upper gastrointestinal hemorrhage. Arch Intern Med 2007,
167(12):1291-1296.

Targownik LE, Nabalamba A: Trends in management and outcomes of
acute nonvariceal upper gastrointestinal bleeding: 1993-2003.

Clin Gastroenterol Hepatol 2006, 4(12):1459-1466.

Cooper GS, Kou TD, Wong RC: Outpatient management of nonvariceal
upper gastrointestinal hemorrhage: unexpected mortality in Medicare
beneficiaries. Gastroenterology 2009, 136(1):108-114.

Crooks C, Card T, West J: Reductions in 28-Day mortality following
hospital admission for upper-gastrointestinal hemorrhage.
Gastroenterology 2011, 141(1):62-70.

Sturmer T, Glynn RJ, Kliebsch U, Brenner H: Analytic strategies for recurrent
events in epidemiologic studies: background and application to
hospitalization risk in the elderly. J Clin Epidemiol 2000, 53(1):57-64.
Akaike H: Information theory and an extension of the maximum
likelihood principle. Second Int Symp Inform Theory 1973, 1:267-281.

Lanas A, Aabakken L, Fonseca J, Mungan ZA, Papatheodoridis GV,
Piessevaux H, Cipolletta L, Nuevo J, Tafalla M: Clinical predictors of
poor outcomes among patients with nonvariceal upper
gastrointestinal bleeding in Europe. Aliment Pharmacol Ther 2011,
33(11):1225-1233.

Blatchford O, Davidson LA, Murray WR, Blatchford M, Pell J: Acute upper
gastrointestinal haemorrhage in west of Scotland: case ascertainment
study. BMJ 1997, 315(7107):510-514.

Klebl F, Bregenzer N, Schofer L, Tamme W, Langgartner J, Scholmerich J,
Messmann H: Risk factors for mortality in severe upper gastrointestinal
bleeding. Int J Colorectal Dis 2005, 20(1):49-56.

Chiu PW, Ng EK, Cheung FK, Chan FK, Leung WK, Wu JC, Wong VW, Yung
MY, Tsoi K, Lau JY, Sung JJ, Chung SS: Predicting mortality in patients with
bleeding peptic ulcers after therapeutic endoscopy. Clin Gastroenterol
Hepatol 2009, 7(3):311-316. quiz 253.

Vonesh EF, Moran J: Mortality in end-stage renal disease: a reassessment
of differences between patients treated with hemodialysis and
peritoneal dialysis. J Am Soc Nephrol 1999, 10(2):354-365.

Vonesh EF, Snyder JJ, Foley RN, Collins AJ: Mortality studies comparing
peritoneal dialysis and hemodialysis: what do they tell us? Kidney Int
Suppl 2006, 103:53-11.

Huang CC, Cheng KF, Wu HD: Survival analysis: comparing peritoneal
dialysis and hemodialysis in Taiwan. Perit Dial Int 2008, 28(Suppl 3):515-20.
Vonesh EF, Snyder JJ, Foley RN, Collins AJ: The differential impact of risk
factors on mortality in hemodialysis and peritoneal dialysis. Kidney Int
2004, 66(6):2389-2401.

McCullough PA, Sandberg KR, Dumler F, Yanez JE: Determinants of
coronary vascular calcification in patients with chronic kidney disease
and end-stage renal disease: a systematic review. J Nephrol 2004,
17(2):205-215.

Takayama F, Miyazaki S, Morita T, Hirasawa Y, Niwa T: Dialysis-related
amyloidosis of the heart in long-term hemodialysis patients. Kidney Int
Suppl 2001, 78:5172-176.

Ebert EC, Nagar M: Gastrointestinal manifestations of amyloidosis. Am J
Gastroenterol 2008, 103(3):776-787.

Saito A, Gejyo F: Current clinical aspects of dialysis-related amyloidosis in
chronic dialysis patients. Ther Apher Dial 2006, 10(4):316-320.

Cheung J, Yu A, LaBossiere J, Zhu Q, Fedorak RN: Peptic ulcer bleeding
outcomes adversely affected by end-stage renal disease. Gastrointest
Endosc 2010, 71(1):44-49.

Wu CY, Wu MS, Kuo KN, Wang CB, Chen YJ, Lin JT: Long-term peptic ulcer
rebleeding risk estimation in patients undergoing haemodialysis: a
10-year nationwide cohort study. Gut 2011, 60(8):1038-1042.

Kucirka LM, Grams ME, Lessler J, Hall EC, James N, Massie AB, Montgomery
RA, Segev DL: Association of race and age with survival among patients
undergoing dialysis. JAMA 2011, 306(6):620-626.

Pei YP, Greenwood CM, Chery AL, Wu GG: Racial differences in survival of
patients on dialysis. Kidney Int 2000, 58(3):1293-1299.

29.

30.

Page 8 of 8

Polsky D, Jha AK, Lave J, Pauly MV, Cen L, Klusaritz H, Chen Z, Volpp KG:
Short- and long-term mortality after an acute illness for elderly whites
and blacks. Heal Serv Res 2008, 43(4):1388-1402.

Cooper GS, Chak A, Lloyd LE, Yurchick PJ, Harper DL, Rosenthal GE: The
accuracy of diagnosis and procedural codes for patients with upper Gl
hemorrhage. Gastrointest Endosc 2000, 51(4 Pt 1):423-426.

doi:10.1186/1471-2369-14-97

Cite this article as: Yang et al.: Risk factors of short-term mortality after
acute nonvariceal upper gastrointestinal bleeding in patients on
dialysis: a population-based study. BMC Nephrology 2013 14:97.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
e Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
¢ Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Study population
	Identification of ANVUGIB episodes
	Study outcomes
	Candidate predictors
	Statistical analysis

	Results
	Discussion
	Conclusions
	Ethical approval

	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Grant support
	Author details
	References

