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BACKGROUND: Clostridium difficile is the most common
infectious cause of healthcare-associated diarrhea and is
associated with worse outcomes and higher cost. Patients
with septic shock (SS) are at increased risk of acquiring C.
difficile infections (CDls) during hospitalization, but little data
are available on CDI complicating SS.

OBJECTIVE: Prevalence of CDI in SS between 2007-2013
and impact of CDI on outcomes in SS.

DESIGN: We used the National Inpatient Sample to identify
hospitalizations (2007-2013) of adults with SS and CDI and
the Nationwide Readmissions Database 2013 to calculate
30-day readmissions.

MAIN MEASUREMENTS: Outcomes were prevalence of
CDl in SS, effect on mortality, length of stay (LOS), and 30-
day readmission.

RESULTS: There were 2,031,739 hospitalizations with SS
(2007-2013). CDI was present in 8.2% of SS. The in-hos-

pital mortality of SS with and without CDI were comparable
(87.1% vs 37.0%; P = 0.48). Median LOS was longer for SS
with CDI (13 days vs 9 days; P < 0.001). LOS >75th percen-
tile (>17 days) was 36.9% in SS with CDI vs 22.7% with-
out CDI (P < 0.001). Similarly, LOS > 90th percentile (> 29
days) was 17.5% vs 9.1%, P < 0.001. Odds of LOS >75%
and >90% in SS were greater with CDI (odds ratio [OR] 2.11;
95% confidence interval [Cl], 2.06-2.15; P < 0.001 and OR
2.25; 95% Cl, 2.22-2.28; P < 0.001, respectively). Hospital
readmission of SS with CDI was increased, adjusted OR 1.26
(95% ClI, 1.22-1.31; P < 0.001).

CONCLUSIONS: CDI complicating SS is common and is
associated with increased hospital LOS and 30-day hospital
readmission. This represents a population in which a focus
on prevention and treatment may improve clinical outcomes.
Journal of Hospital Medicine 2017;12:717-722. © 2017 Soci-
ety of Hospital Medicine

Clostridium difficile infection (CDI) is the most common
infectious cause of healthcare-associated diarrhea.! Devel-
opment of a CDI during hospitalization is associated with
increases in morbidity, mortality, length of stay (LOS), and
cost.”” The prevalence of CDI in hospitalized patients has
increased dramatically from the mid-1990s to the mid-2000s
to almost 9 cases per 1000 discharges; however, the CDI rate
since 2007 appears to have plateaued.®” Antibiotic use has
historically been the most important risk factor for acquiring
CDI; however, use of acid-suppressing agents, chemothera-
py, chronic comorbidities, and healthcare exposure all also
increase the risk of CDL7!° The elderly (> 65 years of age)
are particularly at risk for developing CDI and having worse
clinical outcomes with CDL.%7

Patients with septic shock (SS) often have multiple CDI
risk factors (in particular, extensive antibiotic exposure) and
thus, represent a population at a particularly high risk for
acquiring a CDI during hospitalization. However, little data
are available on the prevalence of CDI acquired in patients
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hospitalized with SS. We sought to determine the nation-
al-level temporal trends in the prevalence of CDI in patients
with SS and the impact of CDI complicating SS on clinical
outcomes between 2007 and 2013.

METHODS

Data Source

We used the National Inpatient Sample (NIS) and Nation-
wide Readmissions Database (NRD) for this study. The NIS is
a database developed by the Agency of Healthcare Research
and Quality for the Healthcare Cost and Ugtilization Project
(HCUP).!" It is the largest all-payer inpatient database in the
United States and has been used by researchers and policy
makers to analyze national trends in outcomes and healthcare
utilization. The NIS database now approximates a 20% strat-
ified sample of all discharges from all participating US hospi-
tals. Sampling weights are provided by the manufacturer and
can be used to produce national-level estimates. Following
the redesign of the NIS in 2012, new sampling weights were
provided for trend analysis for the years prior to 2012 to ac-
count for the new design. Every hospitalization is deidentified
and converted into one unique entry that provides informa-
tion on demographics, hospital characteristics, | primary and
up to 24 secondary discharge diagnoses, comorbidities, LOS,
in-hospital mortality, and procedures performed during stay.
The discharge diagnoses are provided in the form of the Inter-
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TABLE 1. Demographics, Hospital Characteristics, and Outcomes of Patients with SS with and without CDI

No CDI CDI
N = 1,865,307 N = 166,432
Demographics, Characteristics, and Outcomes (91.8%) (8.2%) P Value
Mean age, years (standard deviation) 66.8 (15.9) 69.8 (14.7) <.001
Age categories, years <.001
181039 111,679 (6.0%) 6154 (3.7%)
40 to 64 663,643 (35.6%) 48,413 (29.1%)
651079 627,430 (33.6%) 61,963 (37.2%)
>80 462,556 (24.8%) 49,903 (30.0%)
Gender <.001
Male 957,341 (51.3%) 81,004 (48.7%)
Female 907,966 (48.7%) 85,429 (51.3%)
Race <.001
Caucasian 1273,312 (68.3%) 115,789 (69.6%)
African-American 272,136 (14.6%) 24,531 (14.7%)
Hispanic 188,940 (10.1%) 15,275 (9.2%)
Other 130,918 (7.0%) 10,837 (6.5%)
Teaching status 910,119 (48.8%) 75,675 (45.5%) <.001
Non-teaching 942,111 (50.5%) 89,781 (53.9%)
Teaching
Hospital location <.001
Rural 128,723 (6.9%) 7375 (4.4%)
Urban 1723,506 (92.4%) 158,081 (95.0%)
Hospital region <.001
Northeast 398,917 (21.4%) 42,848 (25.7%)
Midwest 297,510 (15.9%) 27,298 (16.4%)
South 716,897 (38.4%) 55,962 (33.6%)
West 451,983 (24.2%) 40,325 (24.2%)
Hospital-bed size 177,541 (9.5%) 15,738 (9.5%) .006
Small 469,389 (25.2%) 42,521 (25.5%)
Medium 1,205,300 (64.6%) 107,198 (64.4%)
Large
Number of Charlson-Deyo comorbidities <.001
0 329,805 (17.7%) 28,242 (17.0%)
1 354,032 (19.0%) 31,031 (18.6%)
2 or more 1,181,470 (63.3%) 107,160 (64.4%)
In-hospital mortality 689,964 (37.0%) 61,708 (37.1%) 0.478
Median length of stay, days 9 13 <.001

NOTE: Abbreviations: CDI, Clostridium difficile infection; SS, septic shock.

national Classification of Diseases, 9th Rewision-Clinical Modifi-
cation (ICD-9-CM) codes.

The NRD is a database developed for HCUP that con-
tains about 35 million discharges each year and supports re-
admission data analyses. In 2013, the NRD contained data
from 21 geographically diverse states, accounting for 49.1%
of all US hospitalizations. Diagnosis, comorbidities, and out-
comes are presented in a similar manner to NIS.

Study Design
This was a retrospective cohort study. Data from the NIS be-
tween 2007 and 2013 were used for the analysis. Demograph-

ic data obtained included age, gender, race, Charlson-Deyo
Comorbidity Index,'? hospital characteristics (hospital
region, hospital-bed size, urban versus rural location, and
teaching status), calendar year, and use of mechanical venti-
lation. Cases with information missing on key demographic
variables (age, gender, and race) were excluded. Only adults
(>18 years of age) were included for the analysis.

SS was identified by either (1) ICD-9-CM diagnosis code
for SS (785.52) or (2) presence of vasopressor use (00.17)
along with ICD-9-CM codes of sepsis, severe sepsis, septi-
cemia, bacteremia, or fungemia. This approach is consistent
with what has been utilized in other studies to identify cases
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TABLE 2. Temporal Trends of Prevalence of CDI Among Hospitalizations with SS

Year Number of SS Observations Number of CDI Observations Among SS Prevalence of CDI
2007 179,284 14,912 8.3
2008 222,943 18,133 8.1
2009 259,258 21,922 8.5
2010 298,017 23,267 7.8
2011 331,663 28,488 8.6
2012 354,550 28,950 8.2
2013 386,025 30,760 8.0
All years 2,031,739 166,432 8.2

NOTE: All frequencies are weighted and represent national estimates. Abbreviations: CDI, Clostridium difficile infection; SS, septic shock.
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FIG 1. Temporal trends of mortality among patients with SS with and without
associated CDI. NOTE: Abbreviations: CDI, Clostridium difficile infection; SS,
septic shock.

of sepsis or SS from administrative databases.”’"> The ap-
pendix provides a complete list of ICD-9-CM codes used
in the study. CDI was identified by ICD-9-CM code 008.45
among the secondary diagnosis. This code has been shown
to have good accuracy for identifying CDI using adminis-
trative data.'® To minimize the inclusion of cases in which
a CDI was present at admission, hospitalizations with a pri-
mary diagnosis of CDI were not included as cases of CDI
complicating SS.

We used NRD 2013 for estimating the effect of CDI on
30-day readmission after initial hospitalizations with SS. We
used the criteria for index admissions and 30-day readmis-
sions as defined by the Centers for Medicare and Medicaid
Services. We excluded patients who died during their index
admission, patients with index discharges in December due
to a lack of sufficient time to capture 30-day readmissions,
and patients with missing information on key variables. We
also excluded patients who were not a resident of the state of

FIG 2. Temporal trends of LOS among hospitalizations with SS with and
without CDI. Median LOS is represented in days. NOTE: Abbreviations: CDI,
Clostridium difficile infection; LOS, length of stay; SS, septic shock.

index hospitalization since readmission across state bound-
aries could not be identified in NRD. Manufacturer provided
sampling weights were used to produce national level esti-
mates. The cases of SS and CDI were identified by ICD-9-
CM codes using the methodology described above.

Outcomes

Our primary outcome of interest was the total and yearly
prevalence of CDI in patients with SS from 2007 to 2013.
The secondary outcomes were mortality, LOS, and 30-day
readmissions in patients with SS with and without CDI.

Statistical Analysis

Weighted data from NIS were used for all analyses. Demo-
graphics, hospital characteristics, and outcomes of all pa-
tients with SS were obtained. The prevalence of CDI was
calculated for each calendar year. The temporal trends of
outcomes (LOS and in-hospital mortality) of patients were
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plotted for patients with SS with and without CDI. A y?
test of trend for proportions was used with the Cochran-Ar-
mitage test to calculate statistical significance of changes in
prevalence. To test for statistical significance of the temporal
trends of LOS, a univariate linear regression was used, with
calendar year as a covariate. Independent samples ¢ test, a
Mann-Whitney U test, and a 3’ test were used to determine
statistical significance of parameters between the group with
CDI and the group without CDI.

Prolonged LOS was defined either as a LOS > 75th or >
90th percentile of LOS among all patients with SS. To iden-
tify if CDI was associated with a prolonged LOS after adjust-
ing for patient and hospital characteristics, a multivariate
logistic regression analysis was used. Variables included in
the regression model were age, gender, race, Charlson-Deyo
Comorbidity Index, hospital characteristics (hospital region,
hospital-bed size, urban versus rural location, and teaching
status), calendar year, and use of mechanical ventilation.
Data on cases were available for all the above covariates ex-
cept hospital characteristics, such as teaching status, loca-
tion, and bed size (these were missing for 0.7% of hospitals).

Stata 13.1.0 (Stata Corp, College Station, TX) and SPSS
23.0 (SPSS Inc., Chicago, IL) were used to perform statisti-
cal analyses. A P value of <0.05 was considered statistically
significant.

RESULTS

Demographics

A total of 2,031,739 hospitalizations of adults with SS
were identified between 2007 and 2013. CDI was present
in 166,432 (8.2%) of these patients. Demographic data are
displayed in Table 1. CDI was more commonly observed in
elderly patients (> 65 years) with SS; 9.3% among the el-
derly versus 6.6% among individuals < 65 years; P < 0.001.
The prevalence of CDI was greater in urban than in rural
hospitals (8.4% vs 5.4%; P < 0.001) and greater in teaching
than in nonteaching hospitals (8.7% vs 7.7%; P < 0.001).
The prevalence of CDI in SS remained stable between 2007
and 2013 (Table 2).

Mortality

In the overall study cohort, the in-hospital mortality for SS
was 37%. The in-hospital mortality rate of patients with SS
complicated by a CDI was comparable to the mortality rate
of patients without a CDI (37.1% vs 37.0%; P = 0.48). The
mortality of patients with SS, with or without CDI, pro-
gressively decreased from 2007 to 2013 (P value for trend <
0.001 for each group; Figure 1).

Length of Stay

The median LOS for all patients with SS was 9 days. Pa-
tients with CDI had a longer median LOS than did those
without CDI (13 vs 9 days; P < 0.001). Between 2007 and
2013, the median LOS of CDI group decreased from 14 to
12 days (P < 0.001) while that of non-CDI group decreased
from 9 to 8 days (P < 0.001; Figure 2). We also examined

LOS among subgroups who were discharged alive and those
who died during hospitalization. For patients who were dis-
charged alive, the LOS with and without CDI was 15 days
versus 10 days, respectively (P < 0.001). For patients who
died during hospitalization, LOS with and without CDI was
10 days versus 6 days, respectively (P < 0.001).

The 75th percentile of LOS of the total SS cohort was
17 days. An LOS > 17 days was observed in 36.9% of SS
patients with CDI versus 22.7% without CDI (P < 0.001).
After adjusting for patient and provider level variables, the
odds of a LOS > 17 days were significantly greater for SS
patients with CDI (odds ratio [OR] 2.11; 95% confidence
interval [CI], 2.06-2.15; P < 0.001).

The 90th percentile of LOS of the total SS cohort was
29 days. An LOS > 29 days was observed in 17.5% of SS
patients with a CDI versus 9.1% without a CDI (P < 0.001).
After adjustment for patient and provider level variables,
the odds of a LOS > 29 days were significantly greater for
SS patients with a CDI (OR 2.25; 95% CI, 2.22-2.28; P <
0.001).

Hospital Readmission

In 2013, patients with SS and CDI had a higher rate of 30-
day readmission as compared to patients with SS without
CDI (9.8% vs 7.4% respectively; P < 0.001). The multivari-
ate adjusted OR for 30-day readmission for patients with SS
and a CDI was 1.26 (95% CI, 1.22-1.31; P < 0.001).

Additional Analyses

Lastly, we performed an additional analysis to confirm our
hypothesis that a CDI by itself is rarely a cause of SS, and
that CDI as the principal diagnosis would constitute an ex-
tremely low number of patients with SS in an administrative
dataset. In NIS 2013, there were 105,750 cases with CDI
as the primary diagnosis. A total of 4470 (4.2%) had a sec-
ondary diagnosis of sepsis and only 930 (0.9%) cases had a
secondary diagnosis of SS.

DISCUSSION

This is the first study to report on the prevalence and out-
come of CDI complicating SS. By using a large nationally
representative sample, we found CDI was very prevalent
among individuals hospitalized with SS and, at a level in
excess of that seen in other populations. Of interest, we did
not observe an increase in mortality of SS when complicated
by CDI. On the other hand, patients with SS complicated
by CDI were more much likely to have a prolonged hospital
LOS and a higher risk of 30-day hospital readmission.

The prevalence of CDI exploded between the mid-1990s
and mid-2000s, including community, hospital, and inten-
sive care unit (ICU)-related disease.®”!"?° Patients with SS
often have multiple risk factors associated with CDI and thus
represent a high-risk population for developing CDI.” Our
findings are consistent with the suggestion that individuals
with SS are at a higher risk of developing CDI. Compared
to the rate of CDI in all hospitalized patients, our data sug-
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gest an almost 10-fold increase in CDI rate for patients with
SS.8 Patients with SS and CDI may account for as much as
10% of total CDIs.®” As has been reported for CDI in gen-
eral, we observed that CDI complicating SS was more com-
mon in those > 65 years of age.*’! The prevalence of CDI
we observed in patients with SS was also higher than has
been reported in ICU patients in general (1%), and high-
er than reported for patients requiring mechanical ventila-
tion (6.6%), including prolonged mechanical ventilation
(5.3%); further supporting the conclusion that patients with
SS are a particularly high-risk group for acquiring CDI, even
compared with other ICU patients.?®**? Similarly, the rate
of CDI among SS was 8 times higher than that of recent-
ly reported hospital-onset CDI among patients with sepsis
in general (incidence 1.08%).2* We have no data regarding
why patients with SS have a higher rate of CDI; however,
the intensity and duration of antibiotic treatment of these
patients may certainly play a role.”” It has recently been re-
ported that CDI in itself can be a precursor leading to intes-
tinal dysbiosis that can increase the risk of subsequent sepsis.
Similarly, patients with SS may have higher prevalence of
dysbiosis that, in turn, might predispose them to CDI at a
higher rate than other individuals.

Following the increase in CDIs in the mid-1990s and the
mid-2000s, since 2007 the overall prevalence of CDIs has
been stable, albeit at the higher rate. More recently, the
Centers for Disease Control and Prevention (CDC) has re-
ported a decrease in hospital onset CDI after 2011.%6

The finding that CDI in SS patients was not associated
with an increase in mortality is consistent with other reports
of CDI in ICU patients in general as well as higher-risk I[CU
populations such as patients requiring mechanical ventila-
tion, including those on long-term mechanical ventilator
support. 171820223 \Why the mortality of ICU patients with
CDI is not increased is not completely clear. It has been
suggested that this may be related to early recognition and
treatment of CDI developing in the ICU.2 Along these
lines, it has been previously observed that for patients with
CDI on mechanical ventilation, patients who were trans-
ferred to the ICU from the ward had worse clinical outcomes
compared to patients directly admitted to the ICU, likely
due to delayed recognition and treatment in the former.?
Similarly, ICU patients in whom CDI was identified prior
to ICU admission had more severe CDI, and mortality that
was directly related to CDI was only observed in patients
who had CDI identified pre-ICU transfer.!® The increase in
mortality observed in patients with sepsis in general with
CDI may reflect similar factors.?* We observed a trend of
decreasing mortality in SS patients with or without CDI
during 2007 to 2013 consistent to what has been generally
reported in SS.11

The increase in LOS observed in SS patients with CDI
is also consistent with what has been observed in other
ICU populations, as well as in patients with sepsis in gener-
al.!'7?2* Of note, in addition to the increase in median LOS,
we found a significant increase in the number of patients
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with a prolonged LOS associated with having SS with CDI.
It is important to note that development of CDI during
hospitalization is affected by pre-CDI hospital LOS, so pro-
longed LOS may not be solely attributable to CDI. The in-
teraction between LOS and CDI remains complex in which
higher LOS might be associated with higher incidence of
CDI occurrence, and once established, CDI might be associ-
ated with changes in LOS for the remaining hospitalization.

Hospitalized patients with CDI have an overall higher re-
source utilization than those without CDL.*" A recent review
has estimated the overall attributable cost of CDI to be $6.3
billion; the attributable cost per case of hospital acquired CDI
being 1.5 times the cost of community-acquired CDI.> We did
not look at cost directly. However, in the high-CDI risk ICU
population requiring prolonged mechanical ventilation, those
with CDI had a substantial increase in total costs.”? Given the
substantial increase in LOS associated with CDI complicat-
ing SS, there would likely be a significant increase in hospital
costs related to providing care for these patients. Further add-
ing to the potential burden of CDI is our finding that CDI and
SS was associated with an increase in 30-day hospital read-
mission rate. This is consistent with a recent report that [CU
patients with CDI who are discharged from the hospital have
a 25% 30-day hospital readmission rate.?® However, we do not
have data either as to the reason for hospital readmission or
whether the initial CDI or CDI recurrence played a role. This
suggests that, in addition to intervention directed toward pre-
venting CDJI, efforts should be directed towards identifying
factors that can be modified in CDI patients prior to or after
hospital discharge.

This study has several limitations. Using an administrative
database (such as NIS) has an inherent limitation of coding
errors and reporting bias can lead to misclassification of cohort
definition (SS) and outcome (CDI). To minimize bias due to
coding errors, we used previously validated ICD-9-CM codes
and approach to identify individuals with SS and CDL.P-
Although the SS population was identified with ICD-9-CM
codes using an administrative database, the in-hospital mortal-
ity for our septic population was similar to previously reported
mortality of SS, suggesting the population selected was appro-
priate.” SS due to CDI could not be identified; however, CDI
by itself causing SS is rare, as described in recent literature.?>*
An important potential bias that needs to be acknowledged is
the immortal time bias. The occurrence of CDI in itself can
be influenced by pre-CDI hospital LOS. Patients who were
extremely sick could have died early in their hospital course
before they could acquire CDI, which would influence the
mortality difference between the group with CDI and group
without CDI. Furthermore, we did not have information on
either the treatment of CDI or SS or any measures of severity
of illness, which could lead to residual confounding despite
adjusting for multiple variables. In terms of readmission data,
it was necessary to exclude nonresidents of a state for the 30-
day readmission analysis, as readmissions could not be tracked
across state boundaries by using the NRD. This might have
resulted in an underrepresentation of the readmission burden.
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Lastly, it was not possible to identify mortality after hospital
discharge as the NIS provides only in-hospital mortality.

In conclusion, CDI is more prevalent in SS than are other
ICU populations or the hospital population in general, and
CDI complicating SS is associated with significant increase
in LOS and risk of 30-day hospital readmission. How much
of the increase in resource utilization and cost are in fact
attributable to CDI in this population remains to be studied.
Our finding of high prevalence of CDI in the SS population
further emphasizes the importance of maintaining and fur-
thering approaches to reduce incidence of hospital acquired
CDI. While reducing unnecessary antibiotics is important, a
multipronged approach that includes education and infec-
tion control interventions has also been shown to reduce the
incidence of CDI in the ICU.! Given the economic bur-
den of CDJI, implementing these strategies to reduce CDI is
warranted. Similarly, the risk of 30-day hospital readmission
with CDI highlights the importance of identifying the fac-
tors that contribute to hospital readmission prior to initial
hospital discharge. Programs to reduce CDI will not only
improve outcomes directly attributable to CDI but also de-
crease the reservoir of CDI. Finally, to the extent that CDI
can be reduced in the ICU, the utilization of ICU resources
will be more effective.
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