Journal of
Gastroenterology and Hepatology Research

Online Submissions: http: //www.ghrnet.org/index./joghr/
doi: 10.17554/j.issn.2224-3992.2020.09.973

Journal of GHR 2020 October 21; 9(5): 3330-3339
ISSN 2224-3992 (print) ISSN 2224-6509 (online)

ORIGINAL ARTICLE

Thirty-Day Unplanned Readmission and Its Effect on 90-Day
Mortality in Hepatocellular Carcinoma Patients Undergoing

Partial Hepatectomy

Yongyue Qi', PhD; Tricia D. LeVan®, PhD; Gleb Haynatzki’, PhD, DSc; Chandrakanth Are*, MD, MBA, FRCS,

FACS; Paraskevi A. Farazi’, PhD

1Creighton University, Department of Occupational Therapy, Omaha,
NE USA;

2University of Nebraska Medical Center, Department of
Epidemiology, Omaha, NE USA;

3University of Nebraska Medical Center, Department of Biostatistics,
Omaha, NE USA;

4University of Nebraska Medical Center, Department of Surgery,
Omaha, NE USA.

Conflict-of-interest statement: The authors declare that there is no
conflict of interest regarding the publication of this paper.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative Com-
mons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is non-
commercial. See: http: //creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Yongyue Qi, PhD, Department of Occupational
Therapy, School of Pharmacy and Health Professions, Creighton Uni-
versity, 2500 California Plaza, Omaha, Nebraska 68178, USA

Email: yongyueqi@creighton.edu

Telephone: +1-402-280-3352

Received: October 2, 2020
Revised: October 5, 2020
Accepted: October 7, 2020
Published online: October 21, 2020

ABSTRACT

BACKGROUND: Despite advances of surgical techniques,
hepatectomy continues to be potentially dangerous and is associated
with postoperative mortality, morbidity and readmission. The
objective of this study was to determine the effect of 30-day
unplanned readmission on ‘conditional” 90-day mortality among
hepatocellular carcinoma (HCC) patients who underwent partial
hepatectomy.
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METHODS: National Cancer Database (NCDB) was queried from
2004 to 2012 for patients with hepatocellular carcinoma (HCC) who
underwent partial hepatectomy. Thirty-day unplanned readmission
rate, and associated risk factors, was determined for 7,696 patients.
The association between 30-day unplanned readmission and
conditional 90-day mortality was further addressed.

RESULTS: The 30-day unplanned readmission rate for patients
with HCC who underwent partial hepatectomy was 5.2%. Risk
factors associated with 30-day unplanned readmission were sex, race/
ethnicity, Charlson-Deyo score, and annual hospital hepatectomy
volume. An overall adjusted odds of having conditional 90-day
mortality was 2.325 times higher (95% CI 1.643 - 3.219) among
patients with a history of 30-day unplanned readmission than those
without. This association was dependent on age, sex, race/ethnicity,
insurance status, alpha-fetoprotein (AFP), liver fibrosis, Charlson-
Deyo comorbidity score and annual hospital hepatectomy volume.
CONCLUSION: Efforts in patient care should be taken to reduce
30-day unplanned readmission after partial hepatectomy for patients
with HCC to reduce conditional 90-day mortality.

Key words: Hepatocellular carcinoma; Hepatectomy; 30-day
readmission; 90-day mortality; Risk factors
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INTRODUCTION

The reported cost of unplanned hospital readmissions is
approximately $44 billion of healthcare spending annually!'], yet a
substantial proportion of these readmissions could be avoidable. The
Medicare Payment Advisory Commission estimated that reducing
potentially preventable readmissions could save up to $12 billion
every year?. In 2019, the Hospital Readmissions Reduction Program



(HRRP) evaluated 3,129 general hospitals and penalized 83% of
these hospitals for excess 30-day readmissions with estimated fines
of $563 million”®!. Among patients with private insurance, the average
cost for readmission after hepatectomy was approximately $34,100/
person, much higher than the average hospital readmission cost of
$14,400 for 18 main diagnosis categories!.

Despite advances of surgical techniques, hepatectomy continues
to be potentially dangerous and is associated with postoperative
mortality, morbidity and readmission. Readmission rates after
hepatectomy vary depending on the study population. Three hospital-
based studies reported 90-day readmission rates after hepatectomy
for any etiology ranging from 14.4% to 18.7%!*%), which were
higher than the 30-day readmission rates of 13.0% and 14.2% from
two other hospital-based studies™'". A relatively lower 30-day
readmission rate of 10.5% was noted in a study using the American
College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database!'".

Contributing factors affecting readmission after hepatectomies
include major hepatectomies (> 4 segments resected), major
postoperative complications and index hospitalization of > 7 days!®.
However, another study found that neither index hospitalization nor
postoperative hepatobiliary complications played a significant role
in 45-day readmission!'?. Other risk factors include extensive blood
loss, postoperative pulmonary embolism, red blood cell transfusion,
surgical infection, and peak postoperative total bilirubin'”. Among
these, postoperative complications were identified as the strongest
and dominant risk factor affecting readmission®'"!.

Significant correlations between 30-day readmission and
subsequent 90-day mortality have been reported, but results are
inconsistent. Evidence suggests that a history of readmission
increases the risk of postoperative mortality!'*!. Though not studied in
patients with HCC, a 6-fold increase in 90-day mortality was found
among lung cancer patients with a history of 30-day readmission
compared to those without a 30-day readmission!"*.

Most previous studies were based on single or 2-3 centers with
limited sample size where the readmission rate could easily be
influenced by small changes in hospital readmission. Furthermore,
research on readmission after hepatectomy often include HCC and
other primary and secondary liver malignancies as well as benign
tumors to increase sample size. These studies cannot measure HCC-
specific readmission rate and associated risk factors. Moreover, no
studies have evaluated the impact of 30-day unplanned readmission
on conditional 90-day mortality in a nationally representative sample
in patients with HCC who underwent hepatectomies.

The objective of this study was to determine the effect of 30-
day unplanned readmission on conditional 90-day mortality among
hepatocellular carcinoma (HCC) patients who underwent partial
hepatectomy.

METHODS

Data source

We used the National Cancer Database (NCDB) for all analyses.
NCDB, a clinical oncology database, is jointly sponsored by the
American College of Surgeons and the American Cancer Society.
More than 1,500 Commission on Cancer (CoC) accredited hospitals
contribute to the cancer registry data, which represents 70% of newly
diagnosed cancer cases nationwide at the institutional level!'.

Study Population
NCDB was queried for all patients with HCC using International
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Classification of Disease for Oncology, third edition (ICD-O-3) code
C220 with histology codes 8170, 8171, 8172, 8173, 8174 and 8175.
Only patients who were 18 years or older, diagnosed from 2004 to
2012 and underwent partial hepatectomy were included in the study.
Patients were excluded if they developed more than two cancers
following HCC diagnosis or had total hepatectomy and transplant.
Patients who survived less than 30 days after hepatectomy or had
missing information on surgery procedures, 30-day readmission
status, and 90-day mortality status were also excluded.

Dependent measure

The first outcome measure was 30-day unplanned readmission.
In NCDB, this variable became available from 2003 onward. It
describes patients’ readmission status and is coded as: 0, 1, 2, 3 and
9. A value of 0 indicates that no surgical procedure of the primary site
was performed or the patient was not readmitted to the same hospital
within 30 days of discharge; value of 1 means a 30-day unplanned
readmission to the same hospital after a surgical procedure; value of
2 represents a 30-day planned readmission to the same hospital; value
of 3 denotes a patient having both 30-day planned and unplanned
readmission after a surgical procedure to the same hospital. For
this study, we only used the data for patients with known 30-day
unplanned readmission status (status=1). The second outcome
measure was conditional 90-day mortality after a hepatectomy.

Independent measures

Independent variables included age, sex, race/ethnicity, insurance
status, annual household income, education, urban or rural residence,
distance to treatment facility, annual hospital volume, facility type,
alpha fetoprotein tumor marker (AFP), liver fibrosis, Charlson/Deyo
score, NCDB pathologic/clinical stage, tumor grade, tumor size, and
surgical procedure.

Age was grouped as 18-49, 50-64, 65-74 and 75+ years. A new
variable “race/ethnicity” was generated based on NCDB variables
race and Hispanic origin and classified as (1) White non-Hispanic,
(2) Black non-Hispanic, (3) Hispanic, and (4) other non-Hispanic.
Insurance status refers to the patient’s primary insurance carrier at the
time of initial diagnosis and/or treatment and was categorized as not
insured, privately insured, Medicaid, Medicare and other government
insurance plans, and unknown status. Income is the estimation of
median household income derived from 2000 US Census data by
matching patients’ zip code of residence. It was grouped into four
levels: less than $30,000, $30,000-$34,999, $35,000- $45,999 and
$46,000 and above. The percentage of adults not graduated from high
school in patients’ zip code of residence was used as a measure of
education and was categorized as 29% or more, 20%-28.9%, 14%-
19.9%, less than 14%. In NCDB, patient state and county of Federal
Information Processing Standard (FIPS) code recorded at diagnosis
is matched against 2003 files published by the USDA Economic
Research Service to determine patient metro/urban/rural status of
residence. NCDB defines metro counties as counties in metro areas
with a population ranging from fewer than 250,000 to 1 million or
more. Urban counties refer to areas with a population ranging from
2,500 to 20,000 or more either adjacent or not adjacent to a metro
area. Rural counties include completely rural or less than 2,500 urban
population either adjacent or not adjacent to a metro area.

AFP was grouped into two levels of negative/normal and positive/
elevated while liver fibrosis was categorized as none to moderate
and severe to cirrhosis based on Ishak score of 0-4 and 5-6,
respectively!'”. The Charlson/Deyo value is a weighted score derived
from the sum of scores for all comorbid conditions. Each of the ten
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reported ICD-9-CM secondary diagnoses below has a score of 1 for
each condition: (1) myocardial infarction, (2) congestive heart failure,
(3) peripheral vascular disease, (4) cerebrovascular disease, (5)
dementia, (6) chronic pulmonary disease, (7) rheumatologic disease,
(8) peptic ulcer disease, (9) mild liver disease and (10) diabetes. In
addition, a patient is given a score of 2 if the patient has diabetes with
chronic complications, hemiplegia or paraplegia, or renal disease.
A score of 6 is given to patients with AIDS. Charlson/Deyo score
is reported in the NCDB for patients diagnosed in 2003 and later
and categorized as 0, 1 and 2 or more. Tumor grade describes the
resemblance of tumor cells to the normal cells and is grouped as
well differentiated, moderately differentiated, poorly differentiated
and undifferentiated which represents the most aggressive grade
that grows and spreads faster than tumors with lower grades. NCDB
analytic stage group was categorized as I, IL, III, IV and unknown.
Its value reflects reported pathologic stage group, or clinical stage
group if the former is not available. Tumor size describes the largest
diameter of the primary tumor in millimeter (mm). The variable
tumor size was categorized as < 30mm, > 30 and < 50, > 50.
Surgical procedures were grouped as wedge or segmental resection,
lobectomy, extended lobectomy and unknown type.

Facility type was categorized as (1) Community Cancer Program,
(2) Comprehensive Community Cancer Program, (3) Academic
Comprehensive Cancer Program and NCI-Designated Network
Cancer Program, (4) Integrated Network Cancer Program, and (5)
other or unknown type of cancer program. In the NCDB, the name
of the facility is replaced with a unique random identifier, which can
be used to calculate the total number of hepatectomies performed
annually in each facility (annual hospital volume). Annual hospital
volume was then grouped into low (< 4/year), medium (4-15/year),
and high (> 15/year) categories.

Patients 18 years and older, with only HCC
or HCC and one later cancer diagnosis who
underwent liver surgery (n=18,751)

Excluded (n=8,696)
-Total hepatectomy and
transplant (n=8,696)

A

Patients underwent partial hepatectomy
(n=10,055)

| | ! )

Patients without| |Patients with 30-| [ Patients with Patients with
30-day day unplanned | |other types of 30-| [ unknown 30-
readmission readmission day readmission | |day readmission
(n=9,051) (n=522,5.2%) (n=160) status

| | (n=322)

Excluded (n=482)
-30-day planned readmission (n=152)

Patients with / without 30-
day unplanned readmission |~ -Both 30-day planned and unplanned
readmission (n=8)

(n=9,573) =)
-Unknown 30-day readmission (n=322)

Excluded (n=1,877)
-Unknown 90-day mortality
(n=1,405)
-Survived less than 30 days
or surgery date missing
(n=472)

Study population
(n=7,696)

Figure 1 Flow chart of study population.
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Statistical analysis

We first calculated overall 30-day unplanned readmission rate among
patients with HCC and underwent hepatectomies and then compared
patients’ demographic, clinical and facility characteristics between
patients with and without 30-day unplanned readmission using
Pearson Chi-Square test for categorical variables. Independent t-test
was used to compare mean difference between the two groups. A
multiple logistic regression model was performed, which included
all variables with a p value less than or equal to 0.1 in the univariate
analysis. Adjusted odds ratios, 95% confidence intervals and p
values were reported. To evaluate the effect of 30-day unplanned
readmission on conditional 90-day mortality, we fit simple and
multiple logistic regression models using 30-day unplanned
readmission as an independent variable and conditional 90-day
mortality as the dependent variable. Selected subgroup analysis was
conducted to further investigate how the association between 30-
day unplanned readmission and conditional 90-day mortality varied
between subgroups.

RESULTS

A total of 18,751 patients who were 18 years or older, diagnosed
with HCC between 2004 to 2012, had no more than one other cancer
diagnosis during this time period, and underwent partial hepatectomy
were identified in the database. We excluded 8,696 patients who
underwent total hepatectomy and transplant, leaving 10,055 patients
for calculating overall unplanned readmission rate. Of the 10,055
patients, 522 patients experienced 30-day unplanned readmission,
152 patients experienced 30-day planned readmission, 8 patients
experienced both planned and unplanned readmission, and 322
patients whose readmission status was unknown. The overall 30-
day unplanned readmission rate was 5.2%. After further excluding
patients who had planned readmission, had both planned and
unplanned readmission, survived fewer than 30 days, had missing
90-day mortality status, and had missing surgery date, we identified
7,696 patients to be included in the study (Figure 1). The average
age of patients was 61.7 = 12.9 and 5,329 were male (69.2%).
Approximately 42.7% of patients were aged 50-64, 58.1% were
white, non-Hispanic, 83.6% had private insurance, Medicare or other,
39.2% had median annual household income of $46,000 or more,
and 68.6% were treated in academic or research type facilities (Table
la). Additionally, over half (55.0%) of patients had a Charlson-Deyo
score of 0, 42.5% belonged to stage I, and 43.9% were diagnosed
with grade II tumor (Table 1b). The major surgery procedures these
patients underwent were wedge or segmental resection, which
accounted for 53.3%.

Comparison of patients experiencing 30-day unplanned
readmission vs. those without readmission

Univariate analysis demonstrated differences of patient
demographics, hospital and clinical characteristics between patients
with 30-day unplanned readmission and patients without readmission
(Tables 1a and 1b). Patients with 30-day unplanned readmission were
slightly younger compared to those without a readmission (60.2 years
vs. 61.8 years, p = 0.01), more likely to be male (74.4% vs. 68.9%,
p = 0.02), Hispanic (17.9% vs. 12.3%, p < 0.01), and to have private
insurance (45.7% vs. 41.6%, p < 0.01). In addition, patients with
30-day unplanned readmission were more likely to have a Charlson
-Deyo score of > 1 (53.6% vs. 44.4%, p <0.01), and to be diagnosed
with grade II tumor vs. all other grade tumor (48.6% vs. 43.6%, p
= 0.028). Although a higher proportion of readmitted patients had
severe fibrosis/cirrhosis (12.2% vs. 9.0%, p = 0.011), over three
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Table 1a Demographic and Facility Characteristics of Patients Undergoing Partial Hepatectomy (2004-2012), by 30-Day Unplanned Readmission Status.

Apeemyenets) | larsms  loss;ms  lwzsms oo |
|
|

Percentage of residents

not graduated from high school 14%-19.9%

Urban or rural residence

Distance to facility

Facility type

1SD: standard deviation.

quarters (76.5%) of patients did not have fibrosis scores available.
Annual household income, education, distance to treating facility,
urban or rural residence, AFP tumor marker, NCDB analytic stage
group, tumor size and surgical procedures did not differ by 30-day
unplanned readmission status (Tables 1a and 1b).

Risk factors of 30-day unplanned readmission

Table 2 shows the odds ratios and 95% confidence intervals from
multiple logistic regression investigating risk factors associated
with 30-day unplanned readmission. After adjusting for age, sex,
race/ethnicity, insurance status, annual median household income,

facility type, hospital hepatectomy volume, Charlson-Deyo score,
and tumor grade, males had 29% increased odds of experiencing a
30-day unplanned readmission than females. Hispanics had 39%
increased odds of 30-day unplanned readmission compared to non-
Hispanic white. Patients with Charlson-Deyo scores of 1 and 2
had 31% and 55% increased odds experiencing 30-day unplanned
readmission compared to patients with Charlson-Deyo score of 0,
respectively. In addition, patients treated in hospitals where annual
hospital hepatectomy volume was 4-15/year had 38% lower odds
experiencing 30-day unplanned readmission compared to those
treated in hospitals performing more than 15 hepatectomies annually.
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Table 1b Clinical Characteristics of Patients Undergoing Partial Hepatectomy (2004-2012), by 30-Day Unplanned Readmission Status.

30-Day Unplanned Readmission, n (%)
Variable Characteristics All, n (%) p-value
No Yes
Negative/normal 1914 (24.9) 1818 (25.1) 96 (21.7)
FAFP tumor marker Positive/elevated 3315 (43.1) 3124 (43.1) 191 (43.2) 0.202
Unknown 2467 (32.1) 2312 (31.9) 155 (35.1)
0-4 (none-moderate fibrosis) 1099 (14.3) 1024 (14.1) 75 (17.0)
Fibrosis score 5-6 (severe fibrosis/ cirrhosis) 706 (9.2) 652 (9.0) 54 (12.2) 0.011
Unknown 5891 (76.5) 5578 (76.9) 313 (70.8)
0 4236 (55.0) 4031 (55.6) 205 (46.4)
Charlson-Deyo score 1 2203 (28.6) 2067 (28.5) 136 (30.8) <0.001
2 1257 (16.3) 1156 (15.9) 101 (22.9)
I 3268 (42.5) 3102 (42.8) 166 (37.6)
I 1821 (23.7) 1706 (23.5) 115 (26.0)
NSEB analytic stage 11 1576 (20.5) 1469 (20.3) 107 (24.2) 0115
SR v 291 (3.8) 276 (3.8) 15 (3.4)
Unknown 740 (9.6) 701 (9.7) 39 (8.8)
I 1547 (20.1) 1467 (20.2) 80 (18.1)
I 3378 (43.9) 3163 (43.6) 215 (48.6)
Tumor grade 111 1408 (18.3) 1323 (18.2) 85 (19.2) 0.028
v 251 (3.3) 246 (3.4) 5(1.1)
Not determined 1112 (14.4) 1055 (14.5) 57 (12.9)
<30 mm 1410 (18.3) 1317 (18.2) 93 (21.0)
>30mm and < 50 mm 1816 (23.6) 1712 (23.6) 104 (23.5)
Tumor size 0.392
>50 mm 4202 (54.6) 3969 (54.7) 233 (52.7)
Unknown 268 (3.5) 256 (3.5) 12 (2.7)
Wedge or segmental resection 4099 (53.3) 3863 (53.3) 236 (53.4)
Lobectomy 2434 (31.6) 2298 (31.7) 136 (30.8)
Surgical procedure 0.965
Extended lobectomy 551 (7.2) 518 (7.1) 33 (7.5)
Unknown type 612 (8.0) 575 (7.9) 37 (8.4)

$AFP: alpha-fetoprotein.

Effect of 30-day unplanned readmission on conditional 90-day
mortality

The conditional 90-day mortality refers to those patients who died
between 31 and 90 days after partial hepatectomy. The conditional
90-day mortality rate for patients with an unplanned readmission
was 10.0% while the rate for those not readmitted was only 4.5%.
The crude odds of conditional 90-day mortality was 2.342 (95%
CI: 1.663 - 3.225, p < 0.001) times higher in patients with a 30-day
unplanned readmission than in patients without a readmission (Table
3). After adjusting for sex, age group, race/ethnicity, insurance status,
Charlson -Deyo score and annual hospital hepatectomy volume, the
odds of conditional 90-day mortality was similar to the crude odds,
2.325 (95% CI: 1.643-3.219, p < 0.001) (Table 3).

Association between 30-day unplanned readmission and
conditional 90-day mortality in selected subgroups (Table 4)

Age and sex

Patients 75 years and older who experienced 30-day unplanned
readmission had the highest odds of conditional 90-day mortality
(OR 3.081, 95% CI 1.453-6.044, p = 0.002) followed by age 50-64
(OR 2.846, 95% CI 1.626-4.728, p < 0.001). Female patients who
had 30-day unplanned readmission, had twice the odds of 90-day
mortality (OR 3.809, 95% CI 1.909-7.114, p < 0.001) compared to
male patients (OR 1.985 95% CI 1.314-2.903, p < 0.001).

Race/Ethnicity and insurance type
The association between 30-day unplanned readmission and

3334

conditional 90-day mortality was only significant among white,
non-Hispanic patients (OR 3.287, 95% CI 2.164-4.862, p < 0.001).
Thirty-day unplanned readmission was also associated with a 11-
fold (OR 11.247, 95% CI 1.666-77.316, p = 0.01) increased odds of
conditional 90-day mortality among uninsured patients, 2.4 fold (OR
2.391, 95% CI 1.347-4.012, p < 0.01) increased odds in privately
insured patients and twice the odds (OR 2.140, 95% CI 1.252-3.472,
p < 0.01) in patients enrolled in Medicare or other government
insurance programs.

AFP tumor marker and cirrhosis score

AFP tumor marker was reported for 5,229 (out of 7,696) patients,
of whom, more than one-third (n = 1,914, 36.6%) had negative/
normal AFP values and the rest (n = 3,315, 63.4%) had positive/
elevated values. Among patients with an elevated AFP, the adjusted
odds of conditional 90-day mortality after partial hepatectomy were
2.1 times higher for those with a 30-day unplanned readmission than
those without. No significant association between 30-day unplanned
readmission and conditional 90-day mortality was noted in patients
with a normal AFP. In addition to AFP, NCDB also provides liver
fibrosis information based on Ishak score!'®! starting in 2004. For
our dataset, only 1,805 (out of 7,696) patients had complete fibrosis
information where 1,099 patients were reported as having none-
moderate fibrosis and 706 having severe fibrosis to cirrhosis.
Significant impact of 30-day unplanned readmission on conditional
90-day mortality was identified only in patients with Ishak score of
5-6 (adjusted OR 3.768, 95% CI 1.478-8.815, p = 0.003).
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Table 2 Multiple Logistic Regression Analysis of the Risk Factors for 30-Day Unplanned Readmission After Partial Hepatectomy.

femte o Jen [ | |
T T S T N = S I
e/ ity
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todds ratio, fconfidence interval.

Charlson-Deyo score

Table 3 Association Between 30-Day Unplanned Readmission and 90-Day Mortality after Partial Hepatectomy.

30-Day Unplanned Readmission

Yes 2.342 (1.663-3.225) <0.001 2.325 (1.643-3.219) <0.001

1 OR: odds ratios; f CI: confidence interval; § Adjusted for age, sex, race/ethnicity, insurance status, annual hospital volume and Charlson-Deyo score.

A significant impact of 30-day unplanned readmission on world to investigate the rate and associated risk factors of 30-day
conditional 90-day mortality was observed across all subgroups of unplanned readmission after partial hepatectomy and evaluated how
Charlson-Deyo Score and showed a linear trend with increasing this readmission impacted conditional 90-day mortality in patients

score. Specifically, 30-day unplanned readmission was associated with HCC. The study found that the overall 30-day unplanned
with 2.0 (OR 2.002, 95% CI 1.139-3.312, p = 0.01), 2.4 (OR 2.435, readmission rate following partial hepatectomy was 5.2%, which
95% CI 1.257-4.383, p < 0.01) and 2.7 (OR 2.741, 95% CI 1.410- was much lower than previously reported rates of 10.2% for partial
5.029, p < 0.01) fold increased odds of having 90-day mortality hepatectomy from the American College of Surgeons National

in patients with Charlson-Deyo scores of 0, 1 and 2, respectively. Surgical Quality Improvement Program (ACS-NSQIP) dataset!'"),
In patients treated in facilities that performed more than 15 14.2% from a hospital-based study!"” and 15.5% from a population-
hepatectomies annually, 30-day unplanned readmission increased the based study using Surveillance, Epidemiology, and End Results
odds of 90-day mortality by approximately 4-fold (OR 3.969, 95% (SEER) database!'”\. Studies on readmission after partial hepatectomy
CI12.312-6.561, p <0.01). have been very limited and the definition of readmission varied

largely across studies. Readmission at 30-day, 90-day and 1 year after
_ discharge following a surgical procedure has been reported!™*!1>!8],
To our knowledge, this study was the first to describe the 30-day

In this study, we used one of the largest cancer databases in the unplanned readmission rates after partial hepatectomy in patients
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Table 4 Impact of 30-Day Unplanned Readmission on Conditional 90-Day Mortality in Selected Subgroups.

Unadjusted Adjusted
Factor Characteristics
1OR 95% $CI p value tOR 95% $CI p value
18-49 1.442 0.423-3.730 0.499 1.44 0.413-3.871 0.512
A 50-64 2.736 1.578-4.493 <0.001 2.846 1.626-4.728 <0.001
e
d 65-74 1.993 0.983-3.677 0.039 1.947 0.953-3.628 0.049
75 and above 3.190 1.525-6.155 0.001 3.081 1.453-6.044 0.002
S Male 1.960 1.303-2.854 <0.001 1.985 1.314-2.903 <0.001
ex
Female 3.777 1.946-6.818 <0.001 3.809 1.909-7.114 <0.001
White, non-Hispanic 3.334 2.213-4.887 <0.001 3.287 2.164-4.862 <0.001
Black, non-Hispanic 1.369 0.403-3.512 0.559 1.165 0.336-3.080 0.781
Race/Ethnicity
Hispanic 1.095 0.373-2.582 0.851 1.186 0.396-2.880 0.731
Others, non-Hispanic 1.033 0.166-3.485 0.964 1.374 0.214-4.945 0.677
Private 2.521 1.432-4.187 <0.001 2.391 1.347-4.012 0.002
Not insured 7.367 1.446-31.021 0.008 11.247 1.666-77.316 0.011
Insurance Status
Medicaid 1.653 0.478-4.381 0.361 1.692 0.471-4.766 0.362
Medicare or others 2.180 1.281-3.516 0.002 2.14 1.252-3.472 0.003
Negative/normal 2.264 0.853-5.021 0.066 2.716 0.805-4.952 0.088
§ AFP tumor marker
Positive/elevated 2.545 1.548-4.005 <0.001 2.149 1.245-3.529 0.004
0-4 (none-moderate) 2.146 0.717-5.212 0.123 2511 0.820-6.342 0.072
Fibrosis score
5-6 (severe fibrosis/ cirrhosis) 3.606 1.471-7.987 0.003 3.768 1.478-8.815 0.003
0 2.067 1.187-3.379 0.006 2.002 1.139-3.312 0.01
Charlson-Deyo score 1 2.270 1.182-4.032 0.008 2435 1.257-4.383 0.005
2 2.658 1.385-4.795 0.002 2.741 1.410-5.029 0.002
<4/year 1.881 1.012-3.244 0.032 1.667 0.888-2.910 0.089
égi‘zleH"sP‘tal 4-15/year 1.682 0.774-3.238 0.149 1.633 0.743-3.191 0182
>15/year 3.749 2.231-6.095 <0.001 3.969 2.312-6.561 <0.001

T OR: odds ratios; t CI: confidence interval; § AFP: alpha-fetoprotein

with HCC using a national database that captures 70% of newly
diagnosed cancer cases. The NCDB collects information only
on 30-day readmission, which includes unplanned readmission,
planned readmission and both planned and unplanned readmission;
therefore, we were unable to compare 90-day or 1-year readmission
with other studies. The lower rate of 30-day unplanned readmission
for the current study may partially reflect the fact that NCDB only
captures patients readmitted to the same treating facility. In another
words, if a patient was discharged from hospital A, but readmitted
to hospital B due to postoperative complications, then the patient
was not considered having an unplanned readmission in NCDB. In
our study, patients with an unplanned 30-day readmission resided in
zip code areas that were significantly closer to their treating facility
than those without readmission (37.6 miles vs 56.1 miles, p < 0.001).
Saunders and colleagues also found that patients living far away from
treating hospitals would go to a closer hospital for readmission either
because of convenience or patients being too sick to return to the
original hospital!"”.. In a study that used States Inpatient Database of
5 states, researchers reported that almost 1 of 4 readmissions were to
a different hospital than the original facility®!.

Risk factors independently associated with 30-day unplanned
readmission were sex, race/ethnicity, Charlson-Deyo score, and
annual hospital hepatectomy volume. Consistent with other
studies!'®!?, our results did not indicate a significant association
between age and 30-day unplanned readmission. However, we found
that male sex was associated with a 29% increased odds of 30-
day unplanned readmission. One explanation may be the negative
role of liver fibrosis/cirrhosis in readmission®". Our study showed
that 41.9% of males had severe fibrosis or cirrhosis compared to
32.6% of females who had the same condition (p < 0.001). The

other explanation is the lack of social support which is not directly
measured in NCDB. Previous studies have reported that men are
less likely to seek help and more likely to be socially isolated than
women, which contributes to worse health outcomes®?¥, Our study
also indicated a racial disparity on 30-day unplanned readmission.
Hispanics had a 39% increased odds of 30-day unplanned
readmission than Caucasians. The risk of 30-day readmission after
partial hepatectomy in Hispanics had not been reported and the
comparison was often made between white and non-white races
in past studies, especially hospital-based studies. Even though
individual comorbidity cannot be identified in NCDB, research has
reported higher prevalence of obesity, diabetes, hypertension and
metabolic syndrome among Hispanic patients®. These chronic
conditions along with language barriers and lower overall health
literacy®), have adversely impacted Hispanics” health behavior and
clinical outcomes including readmission.

The current study found that the Charlson-Deyo score was
significantly associated with 30-day unplanned readmission. Males
and Hispanics had higher proportion of index score > 0. The overall
odds of 30-day unplanned readmission were 1.3 and 1.6 times
higher in patients with an index score of 1 and > 2, respectively
when compared to the index score of 0. This finding was consistent
with a study that reported 30-day unplanned readmission among
general medicine patients at six academic medical centers®*® They
used self-reported Charlson comorbidity index of 0-9 and found the
odds of readmission increased 9% with each one-unit increase in
the index. A second study that used the NCDB for parotid cancer
research discovered 57% and 108% increased odds of readmission
for the index scores of 1 and > 1, respectively®”. For adult patients
undergoing otolaryngology surgery in New York State within
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Statewide Planning and Research Cooperative System (SPARCS),
a Charlson comorbidity index score > 1 was associated with 2.3-
fold increased odds of 30-day readmission®®. We believe a higher
Charlson-Deyo index has a negative impact on 30-day unplanned
readmission. The impaired physiological system and depleted
physiological reserve at discharge puts patients in a vulnerable
situation'?”’ where comorbidities might be exacerbated and lead to
new acute conditions that increase the risk of readmission!*’.

The major goal of this study was to evaluate the impact of 30-day
unplanned readmission on conditional 90-day mortality. Patients who
died between 30 and 90 days were considered as having conditional
90-day mortality. The conditional 90-day mortality rate was 10.0%
in patients who experienced a 30-day unplanned readmission and
was 4.5% among those without readmission. This translated to
an unadjusted 86% higher rate of conditional 90-day mortality in
patients with a 30-day unplanned readmission than those without.
After adjusting for covariates, a higher odds of 2.3 for conditional
90-day mortality was noted among patients readmitted within
30 days. This is the first time that the effect of 30-day unplanned
readmission in future conditional 90-day mortality following a partial
hepatectomy among patients with HCC is reported using a national
cancer database. This association is likely reflective of the impact of
comorbidities and perioperative complications on mortality. We have
shown that Charlson-Deyo score was a strong, independent predictor
of 30-day unplanned readmission. Comorbidity has been reported
as an independent risk factor of postoperative complications®", and
postoperative complication was also significantly associated with
90-day mortality’®. This finding is in concordance with outcomes
derived from 2006-2010 SEER-Medicare database showing a 6-fold
increase in odds of 90-day mortality among lung cancer patients
with a 30-day readmission history!'*, One earlier study using the
1992-2002 SEER-Medicare database found that among patients
undergoing colectomy, 1-year postoperative mortality was 16% in
those readmitted within 30 days of discharge compared to 7% in
those not readmitted™!. Awareness of patient 30-day readmission
status may assist further monitoring and managing postoperative care
that aims to reduce 90-day mortality.

The finding that 30-day unplanned readmission affects 90-day
mortality is especially obvious in certain subgroups of patients.
More specifically, among patients 75 years and older, 30-day
unplanned readmission was associated with a 3.1-fold increase in
subsequent conditional 90-day mortality. The significant association
between 30-day readmission and 90-day mortality was observed in
both sexes, but the odds were higher in female than male patients
(OR: 3.809 and 1.985, respectively). This indicated that despite
the overall lower odds of short-term readmission and mortality
for females, the odds of 90-day mortality was higher than males
once female patients were readmitted within 30 days of discharge.
One important finding of this study was that the impact of 30-day
readmission on conditional 90-day mortality was only significant
among the white, non-Hispanic group. This may be related to the
relatively older age of patients in this group compared to other race
groups Patients aged 65 years and above accounted for 20% in the
white, non-Hispanic group, while they accounted for only 11.4% in
all other groups combined.

Variations in the risk of 90-day mortality were also found among
patients enrolled in different insurance programs. In the subgroup
of uninsured patients, the odds of 90-day mortality were 21 times
higher for those with a 30-day readmission history compared to
those without. On the other hand, among patients with private
insurance, the odds was only 1.9 times higher. Previous studies
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have demonstrated that uninsured patients had poorer survival than
privately insured patients and this may be related to poorer overall
health with more comorbidities® and no or inadequate management
of chronic conditions prior to cancer diagnosis®®’l.

The association between 30-day unplanned readmission and
conditional 90-day mortality was significant in patients with an
elevated AFP tumor marker and in patients with severe liver fibrosis.
However, this significant association was not noted in patients with
a negative AFP tumor marker and in patients with none-moderate
liver fibrosis. No studies have addressed how the level of AFP
and extent of fibrosis influence on the association between 30-day
unplanned readmission and conditional 90-day mortality. However,
previous studies have indicated that markedly elevated serum AFP
was an indicator of poor prognosis®®®. Decreased survival among
HCC resection patients was not associated with progressive increase
in fibrosis stage until complete cirrhosis is established®”). Severe
fibrosis/cirrhosis may diminish liver coagulability® and increase
susceptibility to infection®’, which may then lead to the rise of
postoperative complications and the risk of mortality.

Our study has several limitations. Given the retrospective nature
of the NCDB, we were able to demonstrate associations and not
causative relationships between predictors and outcomes. NCDB
only records readmissions to the same hospital, consequently the
recorded 30-day unplanned readmission may underestimate the
true readmission rate due to not tracking patients readmitted to a
different hospital. The causes of 30-day unplanned readmission are
not collected in NCDB making the analysis for the most common
causes for early readmission unfeasible. Although NCDB included
liver fibrosis information, data were not available for more than
three quarters of patients; therefore, we were unable to verify
the conclusion from one study that claimed neither cirrhosis nor
fibrosis is associated with readmission'®). Instead, we addressed the
association between 30-day unplanned readmission and conditional
90-day mortality by fibrosis score.

Despite these limitations, NCDB provides national level
readmission and mortality information with a large sample size for
HCC patients undergoing partial hepatectomies, which enables us to
explore the relationship between 30-day unplanned readmission and
conditional 90-day mortality among subgroups. This is the first study
based on NCDB to identify multiple predictors of 30-day unplanned
readmission for HCC patients following partial hepatectomies. Most
importantly, this was the first time to report that 30-day unplanned
readmission was significantly associated with conditional 90-day
mortality after partial hepatectomy. The study also detailed how this
association varied among different subgroups.

CONCLUSION

In this study, we demonstrated that male sex, Hispanic ethnicity,
higher Charlson-Deyo score, and higher annual hospital hepatectomy
volume were significant predictors of 30-day unplanned readmission.
We further demonstrated that 30-day unplanned readmission
had a significant impact on conditional 90-day mortality among
patients with HCC who underwent partial hepatectomies. The study
documented more than 3-fold increases in the odds of 90-day-
mortality in subgroups of patients 75 years and older, female sex,
white, non-Hispanic race, uninsured, with severe fibrosis/cirrhosis
and treated in hospitals with more than 15 hepatectomies annually.
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