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Abstract

Purpose—Elective surgical resection is the curative treatment for colorectal cancer (CRC). Up to
30 % of patients present as surgical emergencies. The objective was to determine the association
between presenting with an emergency condition and consequent outcomes of CRC surgery in the
Appalachian state of West Virginia (WV) in comparison to the rest of the USA.

Methods—~Patients diagnosed with CRC who underwent a surgical procedure from January 1,
2003 to December 31, 2007 were selected, and those with a diagnosis requiring emergency
surgery were identified. Primary outcome measures were length of stay (LOS), total hospital
charges, and inpatient death.

Results—Mean LOS was higher for WV. Mean charges were higher for the USA than for WV.
Inpatient deaths in WV were greater than the rest of the USA. Those undergoing emergency
surgery spent 51.9 % (/=0.40) more days in the hospital than those who did not. For WV, LOS
was 7.6 % (/=0.07) higher than that of the US. Hospital charges for those that underwent
emergency resection were 68.3 % (/= 0.52) higher than those who did not. The odds of in-hospital
death were 1.68 (95 % Cl1=1.42-1.98) times greater in WV than in the USA. Those that underwent
emergency surgery had a nearly four times (OR 3.88; 95 % C1=3.74-4.03) greater chance of in-
hospital death.

Conclusions—The study stresses the ongoing burden of emergency surgeries in many states
around the nation and the need to increase awareness about CRC screening practices, especially in
patients who are at increased risk of the disease.
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Introduction

The incidence and mortality from colorectal cancer (CRC) are decreasing significantly due
to increasing screening rates; however, disparities in screening, treatment, and survival
persist [1—4]. In 2011, approximately 141,210 men and women were expected to be
diagnosed and approximately 49,380 are expected to succumb to CRC [5]. Screening for
CRC can identify polyps or abnormal growths before they turn cancerous. Timely screening
can lead to early detection of the cancer, better prognosis of the disease, and, finally,
improved observed survival rates [6].

Typically, resection of the tumor plus the surrounding areas of cancerous and non-cancerous
colon and regional lymph nodes is the most effective treatment [7]. Although elective
surgical resection is the curative treatment for CRC, up to 30 % of patients present as
surgical emergencies [8—12]. Clinical presentation necessitating emergency CRC resection
has been identified as strong evidence at an individual level for a failure of screening,
resulting from factors such as inadequate access to care or underutilization of cancer
screening services and contributing to the disparities in CRC outcomes [12, 13].

Although previous studies have attempted to establish a link between delayed diagnosis due
to poor screening practices and presenting emergently with CRC, there is a lack of sufficient
evidence associating emergency surgery with hospital-related outcomes. Any previous
evidence is primarily limited to single-community hospitals [10, 12, 14]. In addition to the
burden of morbidity and mortality, the economic burden of treatment and prognosis is also
significant. Since surgery is usually performed immediately following a diagnosis for CRC,
the cost of this and the required hospitalization constitute approximately 80 % of total direct
costs [7]. Therefore, this study was conducted to determine the association between
presenting with an emergency condition and consequent outcomes of CRC surgery in greater
detail in the Appalachian state of West Virginia, which ranks number one in both incident
cases and mortality rates for CRC in the USA. West Virginia is an excellent example for
such a study given the other states in the region with high CRC incidence and mortality rates
such as Kentucky and Pennsylvania.

West Virginia is the only Appalachian state that is situated entirely in Appalachia [15]. The
US Department of Health and Human Services considers the rural residents of Appalachia a
“special population” [16]. These residents tend to be older, poorer, less educated, and more
likely to be uninsured than urban Americans. More than half (53.9 %) of West Virginians
live in rural areas and 18.9 % have no usual source of health care coverage, which makes
access to care challenging for a large part of the population [17]. In 2000, West Virginia
passed legislation that prohibits insurers from denying reimbursement for CRC screening for
any non-symptomatic person over age 50 and any symptomatic person under age 50 [18].
Despite this legislation, screening rates for CRC among West Virginians remain the lowest
in the USA [19], and between 2003 and 2007 West Virginia had the highest incidence as
well as mortality from CRC of all the 50 states in non-Hispanic White men and women [5].
The state’s leading rank in CRC incidence and mortality has remained unchanged since the
rates reported for the years 2001 to 2005 by the same organization [20].
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The aims of the study were to:

1. Describe and compare the characteristics of patients undergoing surgery for CRC
from Jan 1, 2003 to Dec 31, 2007 in both the West Virginia State Inpatient
Database (SID) and the Nationwide Inpatient Sample (NIS)

2. Determine the differences in emergency and non-emergency CRC surgery in West
Virginia and the national sample

3. Compare the differences in length of stay (LOS), total hospital charges, and in-
hospital death between West Virginia and the national sample in emergency and
non-emergency surgery cases

This cross-sectional comparison of a national sample to West Virginia CRC hospitalizations
was conducted using the NIS data and the West Virginia SID from 2003 to 2007 of the
Healthcare Cost and Utilization Project (HCUP) of the Agency for Healthcare Research and
Quality. The NIS is designed to approximate a 20-% sample of US community hospitals. All
numbers for the NIS are weighted to produce national estimates. The discharge weights are
calculated for NIS data by firstly stratifying the NIS hospitals on the same variables that
were used for creating the sample. These variables are geographic region (state), urban/rural
location, teaching status, bed size, and ownership. A weight is then calculated for each
stratum by dividing the number of universe discharges in that stratum—obtained from
American Hospital Association data—by the number of NIS discharges in the stratum.
Weighted estimates are calculated by uniformly applying stratum weights to the discharges
according to the stratum from which the discharge was drawn. Weights have been assigned
to each discharge and are stored in each record in the data element DISCWT. When the
discharge weights are applied to the unweighted NIS data, the result is an estimate of the
number of discharges for the entire universe. In the case of the NIS, the universe is all
inpatient discharges from community hospitals in the USA.

From 2003 to 2007, the NIS has data ranging from 37 to 40 states with weighted discharges
representative of the US population, ranging from 38,220,659 in 2003 to 39,541,948 in
2007. The WV SID contains the universe of West Virginia’s hospital inpatient discharge
records. The SID discharges range from 288,084 to 295,613 between 2003 and 2007. To
avoid overlap and duplication, only discharges that were not from WV hospitals were
included in the NIS data for this study.

Study Cohorts

To create a cohort of patients who underwent CRC surgery, first, the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for
CRC in any of nine diagnosis fields for the 5 years were used to identify hospitalized
patients (A=9,424 for SID and N= 1,115,454 for NIS). This includes diagnosis codes for
malignant neoplasms of the colon (codes 153.0-9) and rectum (codes 154.0-1) [13]. After
CRC discharges for all 5 years were combined for both data sets, a subset of patients who
underwent surgical procedures (/N=3,338 for SID and A= 513,177 for NIS) in the colon and
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rectum were identified using ICD-9-CM procedure codes for colon resection (codes 45.7x
and 45.8), rectal resection (codes 48.4x, 48.5, 48.6x), and other operations on the intestine
including colostomy and ileostomy (codes 46.1-2) [13, 21 22]. From these patients, a final
subset presenting with a diagnosis requiring emergency surgery, including bowel
perforation, peritonitis, or obstruction, was identified (AM=277 for SID and A= 54,420 for
NIS). The ICD-9-CM diagnosis codes used to determine which patients met these criteria
included other specified intestinal obstruction (code 560.8), unspecified intestinal
obstruction (code 560.9), peritonitis in infectious diseases (code 567.0), other suppurative
peritonitis (code 567.2), other specified peritonitis (code 567.8), unspecified peritonitis
(code 567.9), and perforation of the intestine (code 569.83). Cell sizes less than 11 were
hidden to protect patients from being identified. Any cell with AV of less than 11 is prohibited
from being disclosed as required by HCUP.

Variables of Interest

Variables available in both datasets included age, sex, primary payer (insurance status), and
presence of comorbidities. Two thirds of all new cases of CRC occur in individuals over the
age of 65, a large segment of which are covered by Medicare [23]. Guidelines recommend
CRC screening for average-risk adults beginning between ages 40 and 50 depending on race
[24]. Therefore, for this study, age was categorized into age groups as less than 65 years and
as 65 years and over. This segregation takes into account differences in insurance status,
variations in healthcare utilization, and disparities in screening and treatment for CRC. Race
in the NIS was categorized as White, Black, Hispanic, and other. Primary payer as provided
by datasets is categorized as Medicare, Medicaid, private, self-pay, no charge, and other. For
this study, the self-pay and no charge were collapsed into the category “other” to yield a total
of four categories for insurance status. Comorbidities were identified using the method
developed by Elixhauser and colleagues [25]. This method retains comorbidities as separate,
independent measures because individual comorbidities may be irrelevant for some diseases
but may influence the outcomes of different diseases and treatments in different ways [25].
This is especially true for specific diseases like diabetes, obesity, and chronic heart failure
that are known to influence the incidence, prognosis, as well as the outcome of CRC [26—
28]. Therefore, three most common chronic comorbid conditions in the West Virginia and
NIS cohorts not associated with cancer were identified, and each was treated as a separate
independent variable.

The outcome variables of interest in this study were inhospital LOS, hospital charges, and
in-hospital death due to CRC. LOS was defined as the difference in the number of days
between the first date and the last date of hospitalization. Because actual costs as well as the
amount reimbursed by the payer were unavailable, hospital charges were used to represent
financial burden. If the patient died during hospital stay, it was indicated accordingly in each
discharge record.

Statistical Analyses

Descriptive analyses using chi-square statistic were performed, comparing emergency and
non-emergency conditions for CRC resection for both the SID and NIS cohorts with the
variables available for each cohort. The West Virginia cohort was then merged with the
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weighted cases of the NIS. The West Virginia data were population data and therefore these
cases were given a weight of 1. Next, a dummy variable “state” was created, which was used
to compare West Virginia with the other states in the NIS.

Multivariate regressions investigated differences in the log-transformed LOS and log-
transformed total hospital charges between the West Virginia and NIS cohorts after
controlling for surgery. The effect of dummy variables in terms of percentage of the log-
transformed outcomes can be estimated by exponentiating the regression coefficients of
dummy variables and subtracting 1 (i.e., percent change= &°-1) [29]. Similarly, binary
logistic regressions were conducted to compare in-hospital deaths between the West Virginia
and NIS cohorts. All data were extracted and analyzed using SAS version 9.2 and IBM
SPSS version 20.

Descriptions of the patients by type of surgery in West Virginia and the USA are
summarized. In West Virginia (Table 1), the percentage of people that presented as an
emergency condition for surgery versus non-emergently was similar across all groups within
each patient characteristic. In the US sample, statistically significant differences were seen
within race groups, insurance status, and number of comorbidities (Table 2). Blacks (8.4
versus 7.0 %) and Hispanics (5.0 versus 4.4 %) presented more emergently than Whites
(56.6 versus 57.9 %) and other races (3.7 versus 3.8 %). By payer, only patients with private
insurance presented less emergently (27.3 versus 31.9 %). Patients with no comorbid
conditions presented more emergently (64.6 versus 64.1 %), unlike those with one or more
comorbid conditions.

Table 3 displays the trend in surgical resections over the 5-year period from 2003 to 2007
and the percentage of inhospital deaths in these cases. West Virginia shows greater in-
hospital deaths than the rest of the USA for each of the 5 years with an increasing trend,
while the USA shows a decreasing trend in the deaths. There is a decreasing trend over the
years in the LOS for both West Virginia and the USA, while total hospital charges show a
steady increase for both during the period.

Table 4 displays the parameter estimates, standard errors, confidence intervals and
significance of regression coefficients of West Virginia, emergency surgery and the
covariates for LOS, hospital charges, and in-hospital death. The OLS regression showed that
those undergoing emergency surgery spent 51.9 % (/=0.40) more days in the hospital than
those who underwent non-emergency resection. For West Virginia, LOS was 7.6 % (/=0.07)
higher than that of other states in the USA. Although those with two or more comorbid
conditions had 33.6 % (/=0.29) higher LOS compared to cases with no comorbidities,
individual comorbid conditions had lesser impact, and presence of chronic obstructive
pulmonary disease reduced the LOS by 1.3 % (/=0.01).

Hospital charges for those that underwent emergency resection were 68.3 % (/=0.52) higher
than those who did not. However, the total charges in West Virginia were 33.5 % (/=-0.29)
lower than those of the other states in the USA. Presence of two or more comorbid
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conditions increased the total charges by 49.1 % (£=0.40) compared to those with no
comorbid conditions. Of the individual comorbidities, compared to patients with no
hypertension, hypertensive patients had total hospital charges at 19.8 % (/=0.18) times
higher.

The odds of in-hospital death were 1.67 (95 % Cl=1.42-1.98) times greater in West Virginia
than those of the other states in the USA. Those that underwent emergency surgery had a
nearly four times (OR 3.88; 95 % C1=3.74-4.03) greater chance of in-hospital death than
those who did not. As the number of comorbid conditions increased, the chances of dying in
the hospital increased as well. However, among the most common chronic comorbid
conditions, hypertensive patients were the only ones that showed increased odds (OR 1.26;
95 % CI=1.16-1.37) of dying in the hospital.

Discussion

This study compared the characteristics of those who underwent emergency versus non-
emergency CRC resection surgery in West Virginia and the USA over a 5-year period from
2003 to 2007. It also examined the association between emergency CRC resection and
outcomes of LOS, hospital charges, and in-hospital death. In contrast to a decrease in LOS
over the years, there was an increase in hospital charges, in both the USA and West Virginia,

which may have been a product of inflation or increase in the use of laparoscopic procedures
[30].

Patients who underwent emergency resections in the USA and West Virginia were associated
with increased lengths of stay and greater hospital charges and had increased odds of in-
hospital death, all of which are consistent with previous studies. However, the odds of in-
hospital deaths were greater in West Virginia as compared to the USA over the 5-year
period. It has been established that later stage at presentation is associated with presenting as
an emergency condition for CRC [11]. However, proximal tumor location after controlling
for stage has also been significantly associated with poorer mortality and survival as
compared to sigmoid colon cancers [31]. The incidence rates for CRC in West Virginia have
been known to increase with advancing age for cancers located in all anatomical subsite
groups, but more substantially for proximal colon cancer than for descending and distal CRC
especially in elderly men and women [32]. Further studies in West Virginia would need to
establish the association of stage and tumor site at presentation with CRC outcomes.

Emergency CRC resection rates were lower in those with a higher number of comorbidities
in both the USA and West Virginia. This could have been due to frequent contact with the
healthcare system by sicker patients, which may have increased the probability of early
detection of cancer [33]. It is also possible, as pointed out by Diggs and colleagues, that a
sicker patient in whom resection could not be performed safely or those who elected not to
undergo resection may not have been represented in the study population [13]. However, the
regression models in both the USA and West Virginia also showed an increase in hospital
burden with increasing number of comorbidities. Previous studies have established poorer
outcomes in CRC with an increasing number of comorbidities [28, 34]. Our study showed
that hypertension was one of the three most common chronic comorbid conditions and
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significantly affected the outcomes of surgery. There is no literature exploring the presence
of hypertension and the outcomes of CRC surgery, and this can be an avenue for further
research. Our results also showed that compared to non-diabetic patients, diabetics had
increased LOS and total charges but decreased odds of inhospital deaths. This is in contrast
to earlier studies that have found an increased risk of death in CRC patients with diabetes
after controlling for demographic and treatment factors [27, 35]. Future research must
examine the influence of comorbid conditions along with emergency surgery and stage of
disease on morbidity in CRC patients especially in states such as West Virginia where
uncontrolled chronic diseases such as hypertension, hypercholesterolemia, and diabetes are
highly prevalent [36].

In spite of having higher LOS, total hospital charges in West Virginia were significantly
lower than that of the other states. This could be due to variations by as much as 94 %
among states in the treatment of CRC as pointed about by Mushinski [37]. Her study of in-
hospital charges (US $1,995) for CRC treatment reported that Illinois and California had the
highest charges (33 and 29 %, respectively, above the US average) and Ohio, Kentucky, and
Wisconsin had the lowest (each more than 20 % below the norm).

As mentioned earlier, despite favorable legislation supporting insurance coverage, screening
for CRC in West Virginia remains the lowest in the entire country [18, 19]. Barriers to
screening for CRC in West Virginia, besides failure of provider recommendation, lack of
knowledge, and the belief that screening was not necessary without symptoms, include fear
of cancer and the need for people to feel at risk for screening to occur [38]. A recent study of
24 primary care practices in New Jersey found that patients who are at increased CRC risk
due to obesity, diabetes, and smoking were the least likely to be screened for CRC, to have
received a physician recommendation for screening, and to adhere to physician
recommendations, which therefore further highlight the need not only to raise patient
awareness but to also check and disseminate adequate screening guidelines and awareness
among primary care physicians [39].

The findings in this study should be interpreted keeping in mind the various limitations
associated with the data set used. This study used hospital discharge data, the quality of
which may not be comparable to that of medical records. The number of patients that
underwent emergency surgery in West Virginia may not have been large enough to make a
comparison with non-emergency patients in the state. This study was limited in the number
of years available to be included for analyses. Future studies may include additional years to
reduce the difference in cohort sizes. The stage and site of the tumor at presentation, which
may have influenced the outcomes, could not be determined from these data. It was also not
possible to differentiate between admissions or readmissions due to improper management
or primary admissions due to screening or diagnosis failures or cancer recurrence. West
Virginia data on race and hospital characteristics were lacking, which may have influenced
the outcome. The study population was limited to those undergoing resection procedures,
and many patients presenting in emergency settings with CRC but did not undergo surgery,
such as severe cases in which surgery would have been unsuccessful or the patient refused
treatment, may not have been represented.
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Despite these limitations, the study is the first to highlight the importance of the significant
burden of emergency CRC resections in the number one state for CRC incidence and
mortality, West Virginia. Other states with high mortality rates may also face challenges
related to increasing emergent hospital resections for CRC and consequently greater cost
burden and poorer mortality outcomes. Thus, the study stresses the ongoing burden of
emergency surgeries in many states around the nation and the need to increase awareness
about CRC screening practices, especially in patients who are at increased risk of the
disease.
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