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Abstract
Introduction: Acute kidney injury (AKI) is known to be a marker of mortality in patients with cirrhosis and variceal hemor-

rhage. 
Aim: To study the effect of AKI on hospital-based outcomes in patients with variceal hemorrhage.
Material and methods: We obtained data from the National Inpatient Sample for the years 2016–2018. Study inclusion cri-

teria comprised adult variceal hemorrhage patients who also had AKI. The primary outcome of interest was in-hospital mortality. 
Secondary outcomes were length of stay, hospital charge, shock, blood transfusion, and ICU admission. We also determined the 
independent predictors of mortality in variceal hemorrhage patients using multivariate regression analysis. We used 2 different 
methods: multivariate logistic regression and propensity matching to adjust for confounders.

Results: The number of people included in this study was 124,430, of whom 32,315 (26%) had AKI. Mortality in variceal 
hemorrhage patients with AKI was 30.4% in comparison to 4.8% without AKI. The presence of AKI was associated with increased 
odds of mortality (AOR = 8.28, 95% CI: 7.45–9.20, p < 0.01), ICU admissions (AOR = 4.76, 95% CI: 4.42–5.13, p < 0.01), blood 
transfusion (AOR = 1.24, 95% CI: 1.15–1.32, p < 0.01), and shock (AOR = 3.41, 95% CI 3.07–3.79, p < 0.01). The patients with AKI 
also had increased length of stay and hospital charges. Higher Charlson co-morbidity index, African American race, and being 
admitted to large sized hospital were independently associated with increased mortality.

Conclusions: After analyzing the combined NIS dataset of 2016–2018, we concluded that patients admitted with variceal 
hemorrhage who has AKI are prone to adverse hospital outcomes.

Introduction
Variceal hemorrhage is characterized by bleeding 

from gastroesophageal varices. Varices are dilated sub-
mucosal veins caused by portal hypertension. Portal 
hypertension can result from many causes, the most 
common of which is liver cirrhosis. In cirrhosis, dam-

aged liver architecture creates resistance to intrahepatic 
blood flow and subsequently elevates portal pressures. 
These elevated pressures translate into the formation 
of portosystemic collaterals, which are known as var-
ices. Larger varices have a higher tendency to bleed 
[1]. Bleeding from the varices is associated with a high  
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30-day mortality rate, ranging from 15% to 20% [2]. Oth-
er than size, there are several factors that predict bleed-
ing risk from varices. These include location, size, ap-
pearance, clinical features, and pressure across varices. 

Acute kidney injury (AKI) results from several fac-
tors, most commonly from pre-renal or acute tubular 
necrosis (ATN) [3]. Pre-renal injury results from intra-
vascular volume depletion from any cause, which in-
cludes bleeding of any type. In the setting of cirrhosis, 
there is a reduction in effective arterial blood volume 
(EABV) [4]. The combination of reduced intravascular 
volume with low EABV in cirrhosis can precipitate acute 
renal damage. Some studies have shown that people 
with variceal hemorrhage and AKI have poor short-term 
outcomes [4]. 

Aim
In this article we analyze the National Inpatient 

Sample to find an effect on outcomes from AKI in pa-
tients who present with variceal hemorrhage. 

Material and methods
Study design and data source
This is a retrospective cohort study performed on 

patients admitted with variceal hemorrhages to acute 
care hospitals in the USA between the years 2016 and 
2018. We queried the National Inpatient Sample, which 
is the largest publicly available, all-payer inpatient da-
tabase [5]. The National Inpatient Sample for the years 
2016 to 2018 contains data of more than 21 million 
hospital stays, collected from 48 states plus the District 
of Columbia, which makes it representative of more 
than 97% of the US population. 

The National Inpatient Sample consists of 20% of 
the stratified sample of all discharges from more than 
4000 non-federal acute care hospitals in the USA. These 
20% discharges are then weighted (weight = total 
number of discharges from all acute care hospital in 
the United States divided by the number of discharges 
included in the 20% sample) to make it representative 
of the national population. The data contains both hos-
pital- and patient-level information, which includes de-
mographics (patient age, gender, zip code, and income), 
hospital teaching status, ownership, geographic loca-
tion, and bed size. The dataset contains one principal 
discharge diagnosis, 39 secondary diagnoses, and up to 
25 procedure codes.

Study population
Using NIS, we collected the longitudinal data from 

the years 2016 to 2018. All patients with primary diag-
nosis of variceal hemorrhage were included using the 
International Classification of Disease, 10th revision 

(ICD-10 codes). These selected variceal hemorrhage pa-
tients (ICD-10: I8501, I8511) were further divided into 
2 sub-groups based on the presence or absence of AKI 
as the primary or secondary diagnosis (ICD-10 N170, 
N171, N172, N178, N179). Patients aged below 18 years 
were excluded from the study.

Study variables
The variable of interest was defined by patient and 

hospital level. The patient’s demographics extracted di-
rectly from the NIS included age, gender, race, ethnicity, 
zip code, and insurance status. Hospital level charac-
teristics included in the study were hospital location, 
bed size, and teaching versus non-teaching status. To 
remove the effect of confounding variables some of 
the variables that potentially affected outcome was 
included in the multivariable analysis. These were the 
Charlson comorbidity index, coronary artery disease, 
congestive heart failure history, history of smoking, 
hyperlipidemia, myocardial infarction, diabetes, and 
hypertension. All these variables were identified from 
their respective ICD 10 codes.

Study outcomes
The primary outcome was in-hospital all-cause 

mortality in variceal hemorrhage patients who con-
currently had acute renal failure in comparison to 
variceal hemorrhage patients with no AKI. Secondary 
outcomes measured were morbidity, including the rate 
of hemorrhagic/hypovolemic shock, intensive care unit 
admission rate, need for blood transfusion and need 
for dialysis, length of stay, and total hospital charges. 
All these outcomes were identified using ICD-10 codes. 
Because there are no ICD-10 code for ICU admission, 
patients who required mechanical ventilation, central 
line placement, and pressors during their hospital stay 
were grouped under intensive care admission.

Statistical analysis
Discharge level weights released from the HCUP 

were used to estimate the total number of patients 
admitted with principal diagnosis of acute variceal 
hemorrhage. Analysis was performed using STATA, ver-
sion 16.1. We used the c2 test to determine the dif-
ference between categorical variables, and the t-test 
was done to find the difference between continuous 
variables. Two different methods were used to adjust 
for confounders. First, multivariate regression analysis 
was performed to adjust for potential confounders and 
obtain adjusted odd ratios (ORs). Patient- and hospi-
tal-level variables were included in the multivariate 
regression model, as well as co-morbidities including 
coronary artery disease, congestive heart failure, his-



87
Effect of acute kidney injury on hospital-based outcomes in patients admitted for variceal hemorrhage.  
Analysis of national inpatient sample database

Gastroenterology Review 2023; 18 (1)

tory of smoking, hyperlipidemia, myocardial infarction, 
diabetes, and hypertension. These variables were add-
ed into multivariate regression analysis based on sig-
nificant association seen on univariate analysis with 
a cut-off p-value of 0.2. Logistic regression was used 
for categorical outcomes (in-hospital mortality, shock, 
ICU admission, blood transfusion, need for dialysis), 
and linear regression was performed for continuous 
outcomes (length of stay and total hospital charges). 
In the second method, we used propensity score to 
match variceal hemorrhage patients with AKI versus 
those without. Variables including age, gender, race, 
household income, zip code, insurance status, hospital 
teaching status, hospital region, bed size, and Charlson 
comorbidity index were used to create a multivariate 
regression model to estimate the propensity score for 
AKI in variceal hemorrhage patients. Treatment weights 
were obtained using a double robust method, followed 
by a generalized linear model to match cases with con-
trols [6].

Results
Patient characteristics:
Of the total 21,362,502 hospitalizations between the 

years 2016 and 2018, 124,430 patients with acute vari-
ceal hemorrhage were included in the study (Figure 1).  
Twenty-six percent (32,315) of the patient population 
with variceal hemorrhage had AKI. The mean age of pa-
tients with AKI was 58 years. 69% of the patients with 
AKI were males. Most of the patients with variceal hem-
orrhage and concurrent AKI were white (63.4%), had 
higher Charlson comorbidity index, belonged to the low 
seriocomic group, were treated in large urban teaching 
hospitals, and were insured by Medicare. Similar trends 
were seen in variceal hemorrhage patients without AKI. 
Smoking history was found in 21% of the patient pop-
ulation. More than 30% of the cohort had a history of 
diabetes and/or hypertension. Baseline characteristics 
of patients are summarized in Table I.

Intensive care admission
Patients with AKI required ICU care more often than 

patients with normal renal function 36.6% vs. 13.2% (Ta-
ble II). On multivariate regression analysis it was found 
that patients with AKI had greater chance of ICU admis-
sion (AOR = 4.76, 95% CI: 4.42–5.13, p < 0.01). Similar 
results were seen on propensity-matched analysis (AOR 
= 11.8, 95% CI: 2.39–58.56, p < 0.01) (Tables III and IV).

Hemorrhagic/hypovolemic shock
13.3% of patients admitted with variceal hemor-

rhage who had AKI went into shock, as compared to 

3.82% of those without AKI (Table II). On adjusted 
multivariate regression analysis patients with AKI had 
a 3-fold increased chance of shock compared to those 
without AKI (AOR = 3.41, 95% CI: 3.07–3.79, p < 0.01). 
On propensity-matched analysis, patients with AKI 
also showed a higher likelihood of shock (AOR = 5.66,  
95% CI: 1.27–25.10, p = 0.02) (Table III and IV).

Blood transfusion
Thirty-four percent of patients with acute renal fail-

ure required blood transfusion in comparison to 32.7% 
of variceal hemorrhage patients without AKI (Table II). 
The presence of AKI showed increased odds of blood 
transfusion both on multivariate logistic regression 
and propensity-matched analysis (AOR = 1.24, 95% CI: 
1.15–1.32, p < 0.01, AOR = 2.30, 95% CI: 0.53–9.79, p = 
0.26, respectively) (Tables III and IV).

Need for dialysis
Patients admitted with variceal hemorrhage, who 

developed acute renal failure, required dialysis in 1.60% 
(1991) of cases compared to 1.14% of variceal hemor-
rhage patients who did not develop AKI during admis-
sion, and these patients underwent dialysis either due 
to pre-existing end-stage renal disease or progression 
of chronic renal failure (Table II). On multivariate logis-
tic regression and propensity-matched analysis variceal 
hemorrhage patients with AKI had similar odds of dial-
ysis requirement compared to the patients who did not 
have new renal failure (AOR = 1.27, 95% CI: 0.67–2.42, 
p = 0.45, AOR = 1.11, 95% CI: 0.84–1.63, p = 0.36, re-
spectively) (Tables III and IV).

Length of stay
The mean length of stay for variceal hemorrhage 

patients was 6.4 days, whereas it was 9.31 days for pa-

Figure 1. Inclusion and exclusion criteria of 
study population

Total number of admissions from 2016–2018 
21,362,502

Patients with variceal 
hemorrhage without acute 

kidney injury
92,115

Patients with variceal 
hemorrhage with acute 

kidney injury
32,315

Diagnosis other than variceal hemorrhage
21,238,072

Total number of patients with acute variceal 
hemorrhage, age > 18 

124,430
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Table I. Baseline characteristics of the study population

Baseline characteristics Variceal hemorrhage
n = 124,430

P-value

With AKI (n = 32,315) Without AKI (n = 92,115)

Mean age [years] 58.5 (58.1–58.8) 55.9 (55.7–56.1) < 0.05

Female gender [n (%)] 9921 (30.7%) 30,582 (33.2%) < 0.01

Race [n (%)]: < 0.01

 White 20,486 (63.4%) 58,493 (63.5%)

 Black 3348 (10.4%) 5600 (6%)

 Hispanic 5784 (17.9%) 20541 (22.3%)

 Asians 808 (2.5%) 2211 (2.4%)

 Native Americans 688 (2.1%) 2027 (2.2%)

 Others 1202 (3.7%) 3224 (3.5%)

Charlson Co-Morbidity Index: < 0.01

 0 65 (0.2%) 37 (0.04%)

 1 1196 (3.7%) 6632 (7.2%)

 2 937 (2.9%) 4366 (4.7%)

 3 or more 30,118 (93.2%) 81,061 (88%)

Median household income** (quartile) [n (%)]: 0.15

 1st (0–25th) 10,758 (33.3%) 31,439 (34.1%)

 2nd (26th–50th) 8790 (27.2%) 25,175 (27.3%)

 3rd (51st–75th) 7329 (22.7%) 21,122 (22.9%)

 4th (76th–100th) 5442 (16.8%) 14,379 (15.6%)

Insurance status [n (%)]: < 0.01

 Medicare 12,344 (38.2%) 29,339 (31.8%)

 Medicaid 8854 (27.4%) 28,805 (29.1%)

 Private 7626 (23.6%) 23,213 (25.2%)

 Self-pay/uninsured 2285 (7%) 8,659 (9.4%)

 Others 1079 (3.3%) 3,316 (3.6%)

Hospital Region [n (%)]**: < 0.01

 Northeast 4731 (14.6%) 12,804 (13.9%)

 Midwest 6217 (19.2%) 16120 (17.5%)

 South 13,023 (40.3%) 38,228 (41.5%)

 West 8370 (25.9%) 24,871 (27%)

Hospital bed size [n (%)]: < 0.01

 Small 4750 (14.7%) 16,660 (17%)

 Medium  9081 (28.1%) 27,635 (30%)

 Large 18,484 (57.2%) 48,821 (53%)

Hospital teaching status [n (%)]: < 0.01

 Rural 1105 (3.42%) 5177 (5.6%)

 Urban non-teaching 6560 (20.3%) 22,752 (24.7%)

 Urban teaching 24,656 (76.3%) 64,204 (69.7%)

AKI – acute kidney injury. *Median household income for the patient’s Zip Code: 1st Quartile: $1–$42,999, $1–43,999, $1–45,999 for NIS 2016, 2017, 2018, 
respectively. 2nd quartile: $43,000–$53,999, $44,000–$55,999, $46,000–$58,999 for NIS 2016, 2017, and 2018, respectively. 3rd quartile: $54,000–$70,999, 
$56,000–$73,999, $59,000–$78,999 for NIS 2016, 2017, and 2018, respectively. 4th quartile: > $71,000, > 74,000, > 79,000 for NIS 2016, 2017, and 2018, 
respectively. **Northeast: includes ME, NH, VT, MA, RI, CT, NY, NJ, and PA. Midwest: includes OH, IN, IL, MI, WI, MN, IA, MO, ND, SD, NE, and KS. South: DE, MD, 
DC, VA, WV, NC, SC, GA, FL, KY, TN, AL, MS, AR, LA, OK, and TX. West: MT, ID, WY, CO, NM, AZ, UT, NV, WA, OR, CA, AK, and HI. 
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Table II. Outcomes of patients admitted with variceal hemorrhage: unadjusted analysis

Outcomes Without acute kidney injury (%) With kidney injury (%)

In-hospital mortality 4.8 (3.7–6.21) 30.4 (25.8–35.4)

Shock 3.82 (2.82–5.15) 13.3 (10.3–16.9)

ICU admission 13.2 (11.3–15.3) 36.6 (32.1–41.2)

Blood transfusion 32.7 (29.5–36.03) 34.01 (28.8–39.6)

Need for dialysis 1.14 (0.84–1.53) 1.60 (0.95–2.68)

Mean length of hospital stays [days] 5 (4.92–5.06) 9.31 (9.0–9.6)

Mean total hospitalization charges [$] $62,701 (58333$–67070$) $157,763 ($137,251–$178,275)

Table III. Outcomes of the propensity-matched adjusted analysis

Outcomes Adjusted odds (95% confidence interval) P-value

Adjusted odd ratio of all cause in-hospital mortality 6.87 (6.26–7.54) < 0.01

Adjusted odds ratio of shock 5.66 (1.27–25.10) 0.02

Adjusted odds ratio of ICU admission 11.8 (2.39–58.56) < 0.01

Adjusted odds of blood transfusions 2.30 (0.53–9.79) 0.26

Adjusted odds of need for dialysis 1.27 (0.67–2.42) 0.45

Resource utilization:

 Adjusted mean difference in mean length of stay [days] 2.39 (0.79–4.01) < 0.01

 Adjusted mean difference in total hospital charges [$] $72,348 ($44,690–$100,006) < 0.01

Table IV. Outcomes of multivariate regression adjusted analysis

Outcomes Adjusted odds (95% confidence interval) P-value

Adjusted odds ratio of in-hospital mortality 8.28 (7.45–9.20) < 0.01

Adjusted odds ratio of shock 3.41 (3.07–3.79) < 0.01

Adjusted odd ratio of ICU admission 4.76 (4.42–5.13) < 0.01

Adjusted odds ratio of blood transfusions 1.24 (1.15–1.32) < 0.01

Adjusted odds of need for dialysis 1.11 (0.84–1.63) 0.36

Resource utilization:

 Adjusted mean difference in mean length of stay [days] 3.87 (3.57–4.18) < 0.01

 Adjusted mean difference in total hospital charges [$] $77,394 ($70,466–$84,321) < 0.01

tients with AKI and 5 days for patients who did not de-
velop acute renal failure. After adjusting for confound-
ers, multivariate logistic analysis showed increased 
mean LOS for patients with AKI (mean adjusted LOS = 
3.87, 95% CI: 3.57–4.18, p < 0.01). Similar results were 
obtained after propensity matching (adjusted LOS = 
2.39, 95% CI: 0.79–4.01, p < 0.01) (Tables III and IV).

Total hospital charges
Mean total hospital charges for patients with vari-

ceal hemorrhage were $87,637. Patients with AKI had 
significantly higher charges $157,763 vs. $62,701 for 
patients without AKI (Table II). The presence of AKI was 
associated with significantly higher adjusted mean total 

hospital charges obtained both in multivariate regres-
sion analysis and in propensity matching. The mean 
adjusted total charge difference was $77,394, 95% CI: 
$70,466–$84,321, p < 0.01) (72,348$, 95% CI: $44,690–
$100,006, p < 0.01, respectively) (Tables III and IV).

Independent predictors of mortality
We performed multivariate logistic regression to 

determine the association of various variables with 
mortality in patients with variceal hemorrhage. We 
investigated the patient- and hospital-level predictors 
and determined that with increasing score on the Charl-
son comorbidity index the odds of inpatient mortality 
increase (AOR = 1.04, 95% CI: 1.01–1.07, p = 0.005). 
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Figure 2. Independent predictors of mortality in variceal hemorrhage patients

Independent predictors of mortality Odds ratios (95% CI) P-values 

Age  1.00 (0.98–1.02) 0.06

Female 0.90 (0.81–0.99) 0.05 

Race:

White race (reference) 

Black  1.32 (1.12–1.55) 0.001

Hispanics  0.91 (0.80–1.04) 0.17

Asian  1.01 (0.74–1.36) 0.97

Native Americans  0.83 (0.57–1.21) 0.33

Others  1.15 (0.90–1.47) 0.25 

Median income in patient’s zipcode (quartile) 

1st (0–25th) Reference  

2nd (26th–50th)  0.83 (0.74–0.94) 0.002

3rd (51–75th)  0.93 (0.82–1.05) 0.24

4th (76–100th)  0.87 (0.75–1.01) 0.07

Weekend admissions  1.03 (0.93–1.15) 0.53

Charlson Co-morbidity Index  1.04 (1.01–1.07) 0.005

Hospital level predictors 

Hospital bedsize 

Small hospital as reference 

Medium  1.17 (1.00–1.36) 0.04 

Large  1.26 (1.10–1.45) 0.001 

Hospital Teaching Status 

Non-teaching (Reference) 

Teaching  1.11 (1.00–1.24) 0.06 

Hospital Region 

Northeast Hospital Region (Reference) 

Midwest  0.84 (0.71–0.99) 0.05 

South  0.85 (0.73–0.98) 0.03 

West  0.96 (0.82–1.12) 0.60

Co-morbidities:

Hypertension  0.89 (0.80–1.00) 0.05

Smoking  0.89 (0.78–1.00) 0.05

Coronary artery disease  0.85 (0.70–1.03) 0.09

Hyperlipidemia 0.85 (0.73–0.99) 0.04

Myocardial infarction 0.67 (0.46–0.97) 0.03

Congestive heart failure 1.00 (0.83–1.20) 0.99 

Diabetes mellitus  0.54 (0.48–0.61) 0.001 

 0.05 0.14 0.37 1.00 2.72
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Odds of mortality were also higher among patients who 
were African Americans, when compared with Cauca-
sians (AOR = 1.32, 95% CI: 1.12–1.55, p = 0.001). Hos-
pitals with more beds also had higher odds of mortality  
(AOR = 1.26, 95% CI: 1.10–1.45, p = 0.001). Lower odds 
of mortality are seen in patients with history of hyper-
lipidemia (AOR = 0.85, 95% CI: 0.72–0.99, p = 0.04), 
myocardial infarction (AOR = 0.66, 95% CI: 0.46–0.97, 
p = 0.03), diabetes (AOR = 0.54, 95% CI: 0.48–0.61,  
p = 0.001), and hypertension (AOR = 0.89, 95% CI: 
0.80–0.99, p = 0.05) (Figure 2). 

Discussion
Analysis of the National Inpatient Sample has the 

potential benefit of recognizing hospital disease bur-
den and factors affecting outcomes. In this article we 
analyzed the effect of AKI in patients admitted with var-
iceal hemorrhage. Previous studies have reported poor 
outcomes in patients with cirrhosis and AKI [7, 8]. Oth-
er studies have also shown adverse effects specifically 
in patients with variceal bleeding [4, 9]. Our analysis 
surveyed recent information from the NIS database to 
evaluate similar effects of AKI with regard to inpatient 
mortality, hospital length of stay, and total cost. 

We observed that inpatient mortality is significantly 
higher in patients with AKI. In a systematic review done 
by Tariq et al. it was seen that hospital mortality was 
6-fold higher among patients with AKI [10]. Our analysis 
reports approximately 8-folds higher odds. As discussed 
above, the potential risk of development of AKI is high 
in patients with cirrhosis, which in turn contributes to 
mortality. This effect has been described in another NIS 
study by Karagozian et al., which showed higher odds 
of mortality in cirrhotic patients with AKI [7]. Hsieh  
et al. utilized the ICA-AKI criteria to study prognosis in 
cirrhotic patients and concluded that 6-week mortality 
was significantly higher in patients with AKI and vari-
ceal bleeding. This study also noted that stages of AKI 
predicted 3-month survival [9]. These findings prompt 
us to recognize the effects of impaired renal function 
earlier and treat it appropriately in this at-risk cohort. 

Several factors can contribute to mortality in pa-
tients with AKI. Our analysis shows that patients with 
increasing comorbidities are at higher risk of adverse 
outcomes. The Charlson comorbidity index evaluates 
1-year mortality in patients based on their range of 
comorbidities [11]. We observe that for every 1-point 
increase on the index the odds of mortality are higher 
in patients with AKI, suggesting that additional comor-
bidities contribute to the overall mortality and adverse 
outcomes. Hsieh et al. observed that greater severity 
of bleeding and advanced liver disease was associated 
with worse outcomes [9]. Cardenas et al. also observed 

similar findings. In this cohort of cirrhotic patients, 11% 
of the bleeding episodes were complicated by renal fail-
ure, and they were not reversible in 60% of the patients. 
Unfortunately, with our study design, which is limited 
by ICD-10 codes, severity of diseases could not be an-
alyzed. However, we were able to analyze ICU admis-
sions, and as is evident, patients with AKI had higher 
odds of requiring intensive care.

It is known that bleeding can predispose to infec-
tions [12]. Cardenas et al. found that these infections 
can predispose to renal failure as well without any ev-
idence of septic shock. 34% of SBP patients had AKI in 
a study by Karagozian et al. [7]. Likewise, in our analy-
sis 3% of the patient population had SBP (spontaneous 
bacterial peritonitis) and 55% of those had AKI. This 
can be explained by the circulatory failure caused by 
infections and the lower EABV in cirrhotic patients, as 
mentioned earlier [4, 13]. 

AKI with variceal hemorrhage has a significant 
economic impact, as shown by its effect on hospital 
length of stay and total charge in our analysis. Our 
study shows an increase of 4 days in patients with 
AKI compared to those without. This is similar to the 
data from Brigham and Women’s Hospital in Boston, 
MA, which shows that there was a 3.5-day increase in 
hospital length of stay in patients with increasing cre-
atinine. This increase was defined as serum creatinine  
≥ 0.5 mg/dl between 2 consecutive values. An increase 
in this cut-off resulted in higher length of stay [14]. Sim-
ilarly, a study by Chertow et al. showed that the mean 
adjusted cost increase for patients with 0.5 mg/dl cut-
off was $7499. In our study the total charge for patients 
with AKI was $77,394 more than for patients with no 
AKI. Karagozian et al. also analyzed the NIS database 
but for the years prior to 2012, showing that there was 
incremental increase in cost throughout the years [7]. 

The strength of our study is that it identifies a large 
sample size which significantly improves the power of 
the study; however, it also has several limitations by 
virtue of its design. Firstly, the patient population is 
defined by obtaining ICD-10 codes. Assigning ICD-10 
codes to a particular disease presentation is not uni-
form for all providers. Therefore, it is possible that not 
all diagnoses are captured, either due to low-level code 
or a problem not coded at all. Also, the severity of AKI 
cannot be discerned from ICD-10 codes. Secondly, lab 
values and treatment modalities cannot be analyzed 
because they are not part of the NIS database. This 
would have had significant utility in identifying whether 
different treatment measures improve outcomes. And 
finally, because NIS captures hospital data, we do not 
have information on ambulatory data or data from ur-
gent care and emergency department visits. 
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Patients with variceal hemorrhage are at risk of kid-
ney injury. This in turn complicates their in-hospital stay 
and results in increased inpatient mortality, length of 
stay, and total charge. Our study shows that patients 
hospitalized for variceal hemorrhage and who also have 
AKI are at risk of higher odds of inpatient mortality, pro-
longed length of stay, and significant increase in health 
care costs. Steps to promptly recognize and prevent this 
entity are needed. Clinicians should be aware of, and 
equipped to manage, this disease process before and 
as it arises. 
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