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Abstract

Background We aimed to evaluate the characteristics of hospitalizations for radiation proctitis
(RP).

Methods The National Inpatient Sample (NIS) was analyzed to identify RP hospitalizations for
2016 and 2017. Outcomes included mortality, predictors of mortality, mean length of stay (LOS),
mean total hospital cost (THC), and numerous system-based complications.

Results We identified 16,810 adult hospitalizations for RP. On admission, an initial diagnosis
of RP was established for only 27.54% of these patients. The mean age was 72.3+0.5 years and
30.2% of the study population was female. Whites made up 68.7% of the study population. Most
hospitalizations for RP were at large (51%), urban (93.6%), and teaching (71.1%) hospitals. The
inpatient mortality for RP hospitalizations was 1.7%. After adjusting for biodemographic factors,
hospitalization characteristics and comorbidities, older age and protein energy malnutrition
(PEM) were associated with higher odds of inpatient mortality. The mean LOS and THC for
RP hospitalizations were 5.6 days and $53,800, respectively. Inpatient complications associated
with RP included acute renal failure (19.7%), sepsis (4.4%), deep vein thrombosis (3.7%), acute
respiratory failure (3.3%), and pulmonary embolism (0.7%).

Conclusions Inpatient mortality for RP was 1.7%. Older age and PEM were associated with higher
odds of inpatient mortality.
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Introduction

The use of ionizing radiation, alone or in combination
with other therapies, has become an essential component of
the treatment regimens available for cancers worldwide [1].
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Although, the goal of radiation therapy (RT) is to target and
damage rapidly dividing cancer cells, normal tissues may also be
affected, often leading to complications and/or toxicities [2,3].
One of the most frequently encountered complications of RT is
radiation proctitis (RP), characterized by damage to the rectal
epithelium secondary to the use of ionizing radiation [2,4].
RP can be classified as acute (ARP) or chronic (CRP), based
on the amount of time between the initiation of RT and
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the development of clinical symptoms. ARP is often self-
limiting; however, CRP is usually more severe and requires
intervention [5-8]. Because of the significant variability in
reporting of RP, its exact incidence and prevalence rates in the
general population are currently unknown. Additionally, there
is a significant paucity of data on adverse outcomes, such as
inpatient mortality, common complications and the burden
of the disease on the United States (US) healthcare system,
even though a sizable proportion of the population in the US
is at increased risk of developing RP. Hence, this study was
designed to outline the spectrum of clinical presentations and
biodemographic characteristics of RP in an inpatient setting.
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In addition, we detail the extent of the disease burden of the
US healthcare system in terms of length of hospitalization and
mean healthcare costs, and also focus on the adverse outcomes,
predictors of mortality and complications associated with RP
hospitalizations.

Materials and methods

Design and data source

This was a retrospective study design that used the
National Inpatient Sample (NIS) database to evaluate all
adult (=18 years) hospitalizations for RP in the US between
January 1, 2016, and December 31, 2017. The NIS belongs
to the group of Healthcare Cost and Utilization Project
(HCUP) databases, which collect inpatient billing data from
community hospitals across the US, covering more than 95%
of the US population [9]. The database approximates a 20%
stratified sample and is weighted to obtain national estimates
for analysis [10]. For the 2016 and 2017 study period, it was
coded using the International Classification of Diseases
(ICD)-9 and ICD-10 coding systems.

Study population

The study population included all adult (=18 years)
hospitalizations with a diagnosis of RP (K62.7). Individuals
<18 years of age were excluded from the study.

Outcome measures

The top 10 principal diagnoses at admission and their
proportions among hospitalizations with RP were identified.
The outcomes included biodemographic characteristics,
inpatient mortality, mean length of stay (LOS), mean total
hospital cost (THC), and system-based complications
such as acute respiratory failure, acute renal failure, sepsis,
deep vein thrombosis and pulmonary embolism. We also
identified independent predictors of inpatient mortality for RP
hospitalizations.

Statistical analysis

Stata® Version 16 software (StataCorp, Texas, USA) was
used for the statistical analysis. All analyses included in the
study were for weighted samples to obtain national estimates.
HCUP rules and regulations were thoroughly followed
in utilizing the NIS database. Independent predictors of
inpatient mortality were identified using multivariate logistic
regression analysis following a univariate screen. P-values
<0.05 were considered statistically significant. In addition,

Annals of Gastroenterology 35

we report no missing data for the variables and outcomes
analysed.

Ethical considerations

The NIS database lacks patient identifiers. Hence, this this
study was exempt from Institutional Review Board (IRB)
approval as per guidelines put forth by our institutional IRB
for analysis of inpatient databases.

Data availability statement

The NIS database is publicly available at https://www.hcup-
us.ahrq.gov.

Results

Admission diagnoses  for radiation

hospitalizations

proctitis

At the time of admission, an initial diagnosis of RP was
established for 27.54% of the patients (Table 1). Other common
diagnoses at initial presentation included gastrointestinal
hemorrhage (4.13%), sepsis secondary to an unspecified cause
(3.75%), hemorrhage of the anus and rectum (2.74%), melena
(2.47%), angiodysplasia of the colon with hemorrhage (2.17%),
bleeding diverticulosis (1.93%), acute renal failure (1.90%),
radiation-induced gastroenteritis (1.52%), and irradiation
cystitis with hematuria (1.37%) (Table 1).

Table 1 Top 10 initial diagnoses at the time of admission for patients
with radiation proctitis

Initial diagnosis Total number of  Proportion (%)

hospitalizations
Radiation proctitis 4630 27.54
Gastrointestinal 695 4.13
hemorrhage (unspecified)
Sepsis (unspecified) 630 3.75
Hemorrhage of the anus 460 2.74
and rectum
Melena 415 2.47
Angiodysplasia of the 365 2.17
colon with hemorrhage
Diverticulosis with 325 1.93
bleeding
Acute renal failure 320 1.90
Radiation-induced 255 1.52
gastroenteritis
Irradiation cystitis with 230 1.37
hematuria




Hospitalization characteristics for RP

We identified 16,810 hospitalizations for RP during
2016-2017 (Table 2). The mean age was noted to be
72.3#0.5 years. Females made up 30.2% of all RP
hospitalizations. Whites (68.7%) made up the majority of
the cohort, followed by Blacks (15.7%), Hispanics (7.6%)
and other races (8%). Additionally, most RP hospitalizations
were reported at large (51%), urban (93.6%), and teaching
(71.1%) hospitals. From a payment perspective, Medicare was
found to be the largest insurer (77.2%), followed by private
insurance (15.3%) and Medicaid (6.5%).

Outcome measures

The inpatient mortality for RP hospitalizations was found
to be 1.7% (Table 3). Additionally. the mean LOS was 5.6 days
(95% confidence interval [CI] 5.4-5.8; P<0.001), and the mean
THC was $53,800 (95%CI 51,100-56,500; P<0.001). System-
based complications associated with RP hospitalizations
included acute renal failure (19.7%), sepsis (4.4%), deep
vein thrombosis (3.7%), acute respiratory failure (3.3%), and
pulmonary embolism (0.7%).

Predictors of inpatient mortality

After a multivariate regression analysis adjusting for
biodemographic factors, hospitalization characteristics and
numerous comorbidities, older age (adjusted odds ratio
[aOR] 1.03, 95%CI 1.01-1.05; P=0.033) and protein energy
malnutrition (PEM) (aOR 4.87, 95%CI 2.76-8.59; P<0.001)
were found to be associated with increased odds of inpatient
mortality among RP hospitalizations (Table 4).

Discussion

The present study used the largest inpatient database to
evaluate the clinical presentation and burden of RP on the
US healthcare system. This is the only study that we are aware
of that provides data on RP hospitalizations. In modern day
medicine, RT, alone or in combination with other treatment
modalities, has become an essential component in the
treatment regimens of cancers [1]. However, data on RP in
an inpatient setting are lacking. As the use of RT continues
to increase, physicians are more likely to encounter patients
with RP, despite the availability of progressively less toxic
radiotherapy techniques [11]. Therefore, it becomes essential
to identify hospitalization characteristics and the disease
burden on the US healthcare system.

In this study, of the 16,810 adult RP hospitalizations, only
27.54% were identified to be RP at initial presentation. All
other RP hospitalizations had a different admitting diagnosis
(Table 1). This may be due to a significant symptomatic
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Table 2 Biodemographic and hospitalization characteristics of
patients suffering from radiation proctitis

Hospitalization characteristics Value
Total hospitalizations 16,810
Mean age (years) + standard error 72.3+0.5
Sex
Female 30.2
Male 69.8
Racial distribution
White 68.7
Black 15.7
Hispanic 7.6
Other 8.0
Charlson comorbidity index score
0 13.7
1 13.4
2 17.5
>3 554
Insurance type
Medicaid 77.2
Medicare 6.5
Private 15.3
Uninsured 1.0
Comorbidities
Hypertension 414
Congestive heart failure 20.4
Diabetes mellitus 31.2
Smoking 37.8
Dyslipidemia 43.6
Chronic obstructive pulmonary disease 15.9
Chronic ischemic heart disease 33.6
Obesity 11.0
Chronic kidney disease 234
Protein energy malnutrition 114
Anemia 44.0
Prior cerebrovascular accident 2.8
Oxygen dependence 2.3
Hospital characteristics
Small sized hospitals 18.9
Medium sized hospitals 30.1
Large sized hospitals 51.0
Teaching status 71.1

Numbers are percentages unless otherwise stated

overlap with other disease processes or admissions due
to complications of RP. Additionally, as per the literature,
patients <60 years of age were noted to have a greater risk of
RP compared to those >60 years old; however, it is unclear
whether these patients have an increased radiation-induced
inflammatory response, or whether this is due to the fact that
they are more likely to report symptoms compared to an older
demographic [12]. Even though this might be true, our study
indicates that hospitalizations due to RP were more common
in the older patients (mean age 72.3+0.5 years), with a male
predominance. Moreover, racial differences were also noted for
RP hospitalizations, as Whites made up much of the cohort,
followed by Blacks, Hispanics, and other races. This may, in
part, be secondary to a higher prevalence of specific cancers,
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Table 3 Inpatient outcomes for radiation proctitis hospitalizations

Outcomes Proportion (N=16,810)
Inpatient mortality (%) 1.7

Length of stay (mean days) 5.6

Mean total hospital charges (USD) 53,800

Acute renal failure (%) 19.7

Sepsis (%) 4.4

Deep vein thrombosis (%) 3.7

Acute respiratory failure (%) 3.3
Pulmonary embolism (%) 0.7

Table 4 Predictors of inpatient mortality for radiation proctitis
hospitalizations

Predictors Adjusted 95% Confidence P-value
odds ratio interval

Age 1.03 1.01-1.05 0.033

Hospital location 0.50 0.22-1.14 0.100

Congestive heart 1.58 0.91-2.77 0.107

failure

Chronic liver 1.72 0.80-3.68 0.165

disease

Protein energy 4.87 2.76-8.59 <0.001

malnutrition

Dyslipidemia 0.50 0.29-0.88 0.017

requiring higher utilization of RT for Whites compared to other
races [13]. Furthermore, we also noted a higher proportion of
chronic medical conditions, such as hypertension, diabetes
mellitus and dyslipidemia, and a history of smoking in these
patients (Table 1). These findings were expected, as studies
have reported that the presence of chronic medical conditions
may increase tissue injury and hinder tissue repair post RT [4].

The prognosis of RP depends on the severity and extent of
radiation-mediated damage. ARP is often self-limiting with
minimal complications but in cases of severe RP, a decrease
in the health-related quality of life has been observed in
30% of the patients [14]. However, there are no data on
mortality for RP hospitalizations. In this study, the inpatient
mortality for RP hospitalizations was 1.7% for 2016 and 2017
(Table 3). After a multivariate regression analysis adjusting
for biodemographic factors, hospitalization characteristics
and comorbidities, we observed that older age and PEM were
associated with higher odds of inpatient mortality (Table 3).
This may be because elderly patients have poor wound healing
secondary to decreased synthesis of extracellular matrix
(ECM), age-associated microcirculation changes leading to a
higher likelihood of hypoperfusion to tissues, and a significant
number of comorbid medical conditions leading to increased
complications and adverse mortality outcomes of RP [15].
Additionally, the greater odds of mortality in patients with
PEM may be due to the decreased availability of substrate
required for the generation of ECM components for tissue
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repair [16,17]. Lack of adequate tissue repair may lead to
higher rates of complications and deaths. This is of particular
relevance when we consider that some preliminary clinical
experiences have proved that a commonly PEM-related
physical condition, namely sarcopenia, does not negatively
affect overall survival among patients irradiated for some pelvic
malignancies [18]. This result is probably due to the fact that
such clinical experiences are greatly underpowered to show
a higher risk of death associated with RP among sarcopenic
patients. This large population study has the merit of alerting
radiation oncologists to such an issue. Furthermore, RP places
a significant burden on the healthcare system, as the mean LOS
was 5.6 days and the inpatient cost of management per patient
was found to be $53,800 for the study period.

From a hospital perspective, most RP hospitalizations were
at large urban teaching hospitals, rather than small or medium
sized non-teaching rural hospitals (Table 2). This could be
attributed to fact that these large academic hospitals are usually
tertiary care referral centres for large geographical regions.
As such, they are fully equipped with experienced colorectal
surgeons or gastroenterologists for treatment interventions,
as the friable mucosa is highly prone to perforation, and have
the resources to handle complex cases and presentations.
Additionally, an urban location with a large population density
is more likely to yield higher hospitalization rates compared to
rural areas.

This study has several strengths, one of which is the large
sample size. The study population was obtained from one
of the largest inpatient databases available in the US. As the
NIS database covers more than 95% of the US population, the
outcomes and conclusions of this study are applicable to almost
all inpatient admissions in the US. Moreover, through the
unique study design, we focus on multiple outcomes, allowing
for a detailed analysis.

However, we do acknowledge the limitations of our
study. The NIS database does not contain data on the exact
symptoms reported by patients at presentation, the severity of
the disease at presentation, the time of diagnosis, the hospital
course or the treatment aspects of RP. Additionally, as this
was a retrospective study design, we acknowledge all biases
associated with retrospective studies. Furthermore, the NIS
database collects information about inpatient diagnosis from
billing data rather than individual patients. Therefore, patients
admitted on numerous occasions for the same diagnosis may
have been included multiple times in the study cohort. Lastly, it
should be noted that the NIS database stores information in the
form of ICD codes, which are prone to coding errors. Despite
these limitations, the large study cohort, unique methodology
and analysis technique add useful information to the scarce
literature on RP.

In conclusion, as the utilization of RT continues to rise for
the management of cancers, physicians are likely to encounter
increasing numbers of cases of RP. In this study, from 2016-
2017 there were 16,810 RP hospitalizations with RP identified
as the admitting diagnosis for only 27.54% of the patients. The
mean age was noted to be 72.3 years. A male and White race
predominance was also seen for the study period. Additionally,
large urban teaching hospitals had the highest proportion of



RP hospitalizations. Furthermore, inpatient mortality for RP
hospitalizations was noted to be 1.7%. After a multivariate
regression analysis, older age and PEM were associated with
higher risk of inpatient mortality. The mean LOS and THC were
5.6 days and $53,800, respectively. Inpatient complications of
RP included acute renal failure, sepsis, deep vein thrombosis,
acute respiratory failure, and pulmonary embolism.

Summary Box
What is already known:

 Radiation proctitis (RP) is a frequent complication
of pelvic radiation therapy

o Acute RP is often self-limiting; however, chronic
RP is more severe and requires intervention

o RP is associated with poor quality of life and
increased healthcare costs

What the new findings are:

o At the time of admission, an initial diagnosis of RP
was established for only 27.54% of the patients

« Inpatient mortality for RP hospitalizations was
noted to be 1.7%

« Older age and protein-energy malnutrition were
associated with a higher risk of inpatient mortality
from RP
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