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ABSTRACT

Introduction: This study aimed to evaluate the
clinical and economic outcomes of imple-
menting a Clostridiodes difficile infection (CDI)
Treatment Optimization and Access Pathway
(treatment pathway) directing first-line use of
fidaxomicin for CDI.
Methods: This was a retrospective, quasi-ex-
perimental study of adult patients with CDI
using Electronic Health Record data from a
single center. The primary intervention was
implementation of a treatment pathway
directing first-line use of fidaxomicin for
patients with first/second CDI episode and at
high risk of recurrence. The primary clinical
outcome was CDI recurrence within 30 days of
completing therapy in patients achieving clini-
cal cure. Secondary clinical outcomes included
clinical cure and sustained response evaluated
at 90 days after completion of CDI treatment.
Economic outcomes included costs associated
with hospital stay at index admission and 30-
and 90-day readmission. Differences between

the pre- and post-implementation cohorts were
assessed for baseline characteristics, CDI treat-
ment utilization, clinical outcomes, and eco-
nomic outcomes. The budget impact was
calculated for the pre- vs. post-implementation
cohorts, each normalized to 100 patients.
Results: Post- vs. pre-implementation, 30-day
recurrence (6.4% vs. 18.0%., p = 0.001), 90-day
recurrence (14.9% vs. 27.1%, p = 0.009), and
30-day (4.6% vs. 12.7%, p = 0.007) and 90-day
CDI-related readmissions (8.5% vs. 18.9%,
p = 0.007) were lower. The clinical cure (94.1%
vs. 84.4%, p = 0.002) and 90-day sustained
response rates were higher (73.3% vs. 55.9%,
p\0.001). Median total costs were also lower in
the post- vs. pre-implementation cohorts at
index admission ($11,934.64 vs. $14,523.27,
p = 0.048), and 30-day ($7685.82 vs.
$12,424.44, p = 0.102) and 90-day CDI-related
readmission episodes ($8246.69 vs. $12,729.57,
p = 0.042). The budget impact analyses of 100
patients post- vs. pre-implementation found
saving of $222,895 overall and $9432 per CDI-
readmission avoided.
Conclusions: Implementation of the CDI
treatment pathway was associated with better
clinical outcomes and hospital cost savings. The
findings help validate real-world value of
fidaxomicin for CDI disease management.
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Key Summary Points

Clostridioides difficile infection (CDI) is the
leading cause of nosocomial diarrhea in
developed countries, causing 30% of
antibiotic-related diarrhea.

The 2021 Focused Infectious Diseases
Society of America (IDSA) Guideline
updated its recommendation of
fidaxomicin to a preferred option over
vancomycin in patients with initial or
recurrent CDI. Some institutions consider
it cost-prohibitive to implement this
recommendation.

This study aimed to assess how
implementation of a CDI Treatment
Optimization and Access Pathway
(treatment pathway) directing use of
fidaxomicin for first and second- episodes
of CDI impacted real-world clinical and
economic outcomes at a US Health
System.

We found that the implementation of the
treatment pathway was associated with
decreases in CDI recurrences and CDI-
related readmissions within 30 and
90 days, increases in clinical cure and
sustained response at 90-days post
treatment, and overall cost-savings to the
health system driven by reduced
recurrences.

Implementation of the treatment pathway
for fidaxomicin at this Health System was
associated with real-world clinical and
economic benefits. Findings suggest
fidaxomicin is a cost-effective CDI
treatment option even though more
costly.

INTRODUCTION

Clostridioides difficile infection (CDI) is the
leading cause of nosocomial diarrhea in

developed countries, causing 30% of antibiotic-
related diarrhea [1, 2]. Patients are susceptible to
CDI when there is disruption in the intestinal
microbiome, often following long-term antibi-
otic use, gastric acid suppressant therapy,
immunodeficiency, and increased age [2–4].
The Centers for Disease Control and Prevention
2019 Antibiotic Resistant Threats Report esti-
mated that the incidence of CDI was 223,900
cases in hospitalized patients in 2017, with
12,800 deaths and a recurrence rate of 25%.
While hospital-associated cases have decreased,
community-associated cases have not [2].

The 2017 Infectious Diseases Society of
America (IDSA)/Society of Healthcare Epidemi-
ology of America (SHEA) CDI treatment guide-
lines recommended fidaxomicin or vancomycin
as first-line treatment options for adult patients
with CDI, with metronidazole demoted to an
alternative agent when the first-line agents were
not available [5]. The 2021 Focused IDSA
guideline updated its recommendation of
fidaxomicin to a preferred option over van-
comycin for patients with initial or recurrent
CDI [6]. This recommendation was not surpris-
ing as fidaxomicin has been reported to have
many clinical benefits over vancomycin. As a
bactericidal agent that is selective against C.
difficile, with minimal activity against enteric
gram-negative organisms, fidaxomicin provides
an effective option that preserves intestinal
microflora and is not associated with coloniza-
tion with Candida and vancomycin-resistant
Enterococcus, which has been observed with oral
vancomycin [7, 8]. Despite clinical benefits of
fidaxomicin over vancomycin, cost remains a
primary factor limiting widespread use as
fidaxomicin’s broader economic value in
managing CDI in real-world settings is not well
understood [9].

Carilion Roanoke Memorial Hospital
(CRMH) implemented a CDI Treatment Opti-
mization and Access Pathway (further referred
to as treatment pathway) in January 2018
directing first-line use of fidaxomicin for first
and second occurrences of CDI. Prior to this
change, most patients presenting with uncom-
plicated CDI were managed with oral metron-
idazole or oral vancomycin. Implementation of
the treatment pathway provided an
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opportunity to examine clinical and economic
outcomes in patients with CDI given more
fidaxomicin use in a real-world hospital setting.
This study aimed to evaluate clinical and eco-
nomic outcomes pre- vs. post-implementation
of the CDI treatment pathway. Findings should
provide information to help inform clinical
practice and CDI disease management
strategies.

METHODS

Study Design and Population

This was a retrospective, quasi-experimental
study of adult patients diagnosed with and
treated for CDI at CRMH, a 763-bed level one
trauma center in Southwest Virginia. CRMH is a
part of the Carilion Clinic health system, which
provides healthcare to patients across the
region. The study was reviewed by the institu-
tion’s internal review board prior to com-
mencement and was in compliance with ethics
guidelines. This study was determined to be
exempt by the institutional review board at
Carilion Clinic. Subjects were not consented as
this was waived by IRB due to the nature of the
retrospective chart review design.

Two time periods, a pre-implementation
period from August 1, 2016, to November 31,
2017, and a post-implementation period from
May 1, 2018, to January 31, 2020, were evalu-
ated. A washout period between the pre- and
post-implementation periods was included as
the CDI treatment pathway was implemented
in January 2018, and there was significant pro-
vider education that occurred during the
washout period. The treatment pathway con-
sisted of an update to the institutional treat-
ment guidelines, a fidaxomicin access algorithm
developed with case management, and a medi-
cation assistance program that began immedi-
ately upon order of the medication.
Additionally, to drive change in clinical prac-
tice, oral vancomycin and fidaxomicin were
only orderable through an order set in the
electronic health record (EHR) that directed
providers to appropriate management per
patient characteristics. This treatment pathway

indicated a 10-day course of fidaxomicin for
patients with their first or second episode of
CDI who were also at high risk of recurrence,
defined as meeting at least one of these criteria:
age C 65 years, concurrent systemic antibiotic
use, current proton pump inhibitor use, history
of cancer, baseline renal insufficiency, and/or a
previous episode of CDI.

A patient list for screening was generated
from Sentri7� (2005–2021 Wolters Kluwer), the
clinical decision software system utilized by
CMRH. This list captures all CDI-positive results
and is validated by the infection control team at
CRMH. All data were extracted from EPIC,
CRMH’s EHR, using a standardized electronic
case report form generated through REDCap (v.
10.1.5, 2021 Vanderbilt University) and hosted
on secure internal servers.

Sample Selection

All adult patients with a positive CDI test were
included in the study sample (Fig. 1). A CDI-
positive test was defined as a positive glutamate
dehydrogenase (GDH) test with toxin enzyme
immunoassay (EIA) or nucleic acid amplifica-
tion assay polymerase chain reaction (PCR) to
detect toxin A and/or B genes and receipt of
CDI-active treatment during the index CDI
episode. Diagnosis via PCR may be reflective of
colonization, so PCR-tested patients were
required to have had at least three bowel
movements in the 24-h period before testing.
Patients were excluded if categorized as having
fulminant CDI [5], received laxatives within
24 h prior to testing, or index CDI episode was
third or later. Patients meeting inclusion criteria
in both the pre- and post-implementation
cohorts were excluded from the post-imple-
mentation cohort to avoid repeated
observations.

Clinical Outcomes

The primary clinical outcome of the study was
CDI recurrence within 30 days of completing
therapy in patients who achieved clinical cure.
Recurrence was defined as a positive CDI test
and CDI treatment initiated by provider.
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Secondary clinical outcomes included clinical
cure defined as resolution of diarrhea such that
there was no further requirement for therapy
within 2 days of completion of index therapy
and sustained response defined as clinical cure
with no CDI recurrence and evaluated at
90 days after the completion of CDI treatment.
Additional secondary outcomes included CDI-
related readmissions and all-cause readmissions
at both 30 and 90 days post-discharge from
index admission. CDI-related readmissions were
identified as recorded in the EHR by the treating
provider.

Index CDI therapy was defined as the first
CDI-active treatment (oral metronidazole, oral
vancomycin, or fidaxomicin) that continued for
5 days. Baseline characteristics evaluated inclu-
ded sociodemographic information, relevant
comorbidities, CDI risk factors, and concomi-
tant non-CDI antibiotic use at time of CDI.
Non-CDI antibiotic use was evaluated within
4 weeks prior to diagnosis and defined as any
systemic antibiotic therapy. The use of high-risk
antibiotics was defined as use of fluoro-
quinolones, third- or fourth- generation

*True posi�ve defined as a posi�ve glutamate dehydrogenase (GDH) test with toxin EIA or nucleic acid 
amplifica�on assay polymerase chain reac�on (PCR) to detect toxin A and/or B genes.
#Experienced at least least three or more unformed bowel movements in the 24-hour period before tes�ng or have 
at least one documented exchange if a rectal tube is present. 

Pa�ents with posi�ve 
CDI test, N= 967

Pre-Implementa�on,      
N =493

Excluded n = 307 
< 18 years of age = 11

No true pos�ve CDI Test* = 63 
Bowel Movements < 3# = 110

No Therapy = 28
Fulminant CDI = 59

Received Laxa�ves = 18
≥ 3rd Episode of CDI = 18

Included: 
Pre-Implementa�on, 

n = 186

Post-Implementa�on,     
N = 474

Excluded n = 287 
< 18 years of age = 17

No true pos�ve CDI Test* = 20 
Bowel Movements < 3# = 126

No Therapy = 28
Fulminant CDI = 61

Received Laxa�ves = 26
≥ 3rd Episode of CDI = 9

Included: 
Post-Implementa�on,

 n =187

Fig. 1 Sample selection flowchart
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cephalosporins, clindamycin, intravenous van-
comycin, or carbapenem therapy.

Economic Outcomes

Total Direct Costs, Total Indirect Costs, and
Total Treatment Costs were captured at the
index CDI admission and 30- and 90-day CDI-
related readmission episodes. Total Direct Costs
included all direct costs associated with the
hospital stay, i.e., Pharmacy Direct Costs
(medications), Laboratory Costs, and Other
Costs (procedures, room/board, salaries, and
supplies). Total Indirect Costs included over-
head costs of non-revenue-generating hospital
operations applied per day based on unit and
modeling. Total Treatment Costs included all
direct and indirect costs. All cost data, except
fidaxomicin cost, were derived from aggregate
charge captures for the study population. To
control for variable institution-specific contract
costs of fidaxomicin, its 2020 Wholesale
Acquisition Cost (WAC) was utilized for all
administered doses [10]. All other costs were
inflation adjusted to 2020 dollars using the
medical care consumer price index (CPI) from
the Bureau of Labor Statistics (series
CUUR0000SAM) [11].

Statistical Analyses

Power Calculation
A total sample of 248 participants (n = 124 in
each cohort) was needed for 80% power to
detect a 30% difference in recurrence rate
(a = 0.05). This estimate was obtained via an a
priori power analysis using PASS 2019, v19.0.5.
The 30% effect size was applied as a conserva-
tive estimate for power calculations in the cur-
rent real-world study relative to a 45%
recurrence reduction reported in a clinical trial
comparing fidaxomicin to vancomycin [8].

Clinical
Differences between the pre- and post-imple-
mentation cohorts were assessed for baseline
characteristics, CDI treatment utilization, and
clinical outcomes. Continuous variables were
reported as medians and interquartile range

(IQR) and assessed using Mann-Whitney U
tests. Frequencies were reported for categorical
variables and analyzed using chi-square or
Fisher’s exact tests as appropriate. A multivari-
able regression analysis with backward elimi-
nation was used to assess associations between
treatment pathway implementation and sus-
tained response, controlling for baseline char-
acteristics. Baseline characteristics were selected
for initial inclusion in the multivariable analysis
based on having p-values\ 0.2 in bivariate
analysis. Other variables of clinical interest were
considered. Variables with p-values[0.2 were
removed from the model. Data were analyzed
using SAS Enterprise Guide 7.1 and p-val-
ues B 0.05 considered statistically significant.

Economic
Economic outcomes were compared pre- and
post-implementation of the treatment pathway
and presented as medians. To control for sig-
nificant cost outliers, a standard methodology
was applied to remove all Total Direct Costs
values above or below 1.5 9 IQR from the sta-
tistical analysis. Cost comparisons were con-
ducted using the Mann-Whitney U (Wilcoxon
rank sum) with statistical significance defined as
p B 0.05.

The budget impact of the treatment pathway
was calculated for the pre- vs. post-implemen-
tation cohorts, each normalized to 100 patients
for ease of extrapolation as many institutions
have annual CDI case rates between 100 and
200 patients [12]. Clinical and economic out-
comes for the pre- and post-implementation
cohorts were used as inputs. Parameter esti-
mates were obtained by multiplying these
inputs with the normalized patient count for
each cohort and rounding values to the nearest
whole number. Clinical and economic inputs
were based on 90-day endpoints, with median
Total Direct Costs used for the latter. Median
length of stay for 90-day CDI-related readmis-
sions was used for bed days calculation. Where
outcomes were not significantly different
between cohorts, the more conservative value
was used. Budget impact metrics calculated
included overall cost savings, savings per addi-
tional patient with sustained response, savings
per CDI-related readmission avoided, and
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savings per bed day avoided (see Table 4 for
definitions).

RESULTS

A total of 186 patients in the pre-implementa-
tion cohort and 187 patients in the post-im-
plementation cohort met sample selection
criteria (Fig. 1). The most common reason for
exclusion was not experiencing diarrhea (C 3
bowel movements) 24 h prior to testing, if
diagnosed by positive GDH and PCR (24% of
entire sample).

Baseline characteristics were not signifi-
cantly different between the pre- and post-im-
plementation cohorts (Table 1). The median
ages for the pre- and post- cohorts were 67 and
68 years, respectively. Most patients in each
cohort were female and white. In either cohort,
about 90% of patients were experiencing their
first episode of CDI and about 50% were expe-
riencing severe CDI. The most common risk
factor for developing CDI in either cohort was
non-CDI antibiotic use within 4 weeks preced-
ing diagnosis (68% in combined sample), with[
70% these antibiotics considered high risk.

There was a reduction in CDI drug utilization
to almost no use of metronidazole (47.8% vs.
1.6%), slightly less vancomycin use (50.5% vs.
41.7%), and increased use of fidaxomicin (1.6%
vs. 56.7%) after the implementation of the
treatment pathway (Table 2). The distribution
of CDI treatment was significantly different
(P\0.001) pre vs. post-implementation. About
80% of the study population received a full
treatment course, with the remaining 20%
switching agents during the treatment course.

Clinical Outcomes

Compared to the pre-implementation cohort,
the post-implementation cohort had a higher
proportion of patients with clinical cure (84.4%
vs. 94.1%, p = 0.002) and higher sustained
response (73.3% vs. 55.9%, p\ 0.001) (Table 2).
In the post-implementation cohort, the pro-
portions of patients with CDI recurrences at 30
days (18.0% vs. 6.3%, p = 0.001) and 90 days
(27.1% vs. 14.9%, p = 0.009), and proportions

with 30-day (4.6% vs. 12.7%, p = 0.007) and
90-day CDI-related readmissions (8.5% vs.
18.9%, p = 0.007) were lower. There were no
significant differences between the two cohorts
in all-cause readmissions and number of emer-
gency room visits at 30 and 90 days.

In the multivariable regression analysis,
fidaxomicin use was found to be associated with
a higher likelihood of sustained response [odds
ratio (OR) = 1.96, 95% CI 1.03–3.7196,
p\0.037], whereas, there were no significant
associations found for post- vs. pre-implemen-
tation cohort membership (OR = 1.52, 95% CI
0.89–1.52, p\0.124). No other variable met the
criterion (i.e., p\ 0.2) for remaining in the
model. Variables that met criteria for inclusion
in the regression model from bivariate analyses
were non-CDI antibiotic use within 4 weeks
prior, concomitant non-CDI antibiotic use, and
solid organ transplant recipient. Fidaxomicin
use and age[ 65 were included out of clinical
interest.

Economic Outcomes

For the index admission episode, the post- vs.
pre-implementation cohort had lower median
Total Treatment ($11,934.64 vs. $14,523.27,
post–pre difference - $2588.63, p = 0.048),
Total Direct ($7076.60 vs. $8362.33, difference
- $1,285.73, p = 0.073), Laboratory Direct
($507.89 vs. $808.73, difference - $300.84,
p\0.001) and Other Direct Costs ($4851.23 vs.
$6561.11, difference - $1709.88, p\0.001),
but higher Pharmacy Direct Costs ($1503 vs.
$810.08, difference $693.45, p = 0.001)
(Table 3). Total Indirect Costs were rolled up
into calculation of median Total Treatment
Costs but were not reported separately because
of institution confidentiality requirements.
Median Total Treatment Costs and Total Direct
Costs were also lower post- vs. pre-implemen-
tation for 30-day CDI readmission ($7685.82 vs.
$12,424.44, difference - $4738.62, p = 0.102
and $4395.45 vs. $7069.54, difference
- $2674.09, p = 0.083) and 90-day readmission
episodes ($8246.69 vs. $12,729.57, difference
- $4482.88, p = 0.042 and $4546.03 vs.
$7117.66, difference - $2571.63, p = 0.029).
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Table 1 Baseline characteristics

Characteristic, no. (%) Pre-implementation
(n = 186)

Post-implementation
(n = 187)

p-
value

Age, median (IQR) 67 [57–75] 68 [59–77] 0.304

Female 96 (51.6%) 103 (55.1%) 0.502

Race/ethnicity 0.353

White 152 (81.7%) 158 (84.5%)

Black 32 (17.2%) 23 (12.3%)

Other 2 (1%) 6 (3.2%)

Intensive care unit admission at diagnosis 23 (12.4%) 24 (12.8%) 0.892

Charlson comorbidity index score, median

(IQR)

5 [3–7] 5 [3–7] 0.441

Renal impairment 42 (22.6%) 48 (25.7%) 0.486

Crohn’s disease or ulcerative colitis 6 (3.2%) 4 (2.1%) 0.543

Immunosuppresseda 32 (17.2%) 33 (17.7%) 0.910

History of cancer 26 (14.0%) 29 (15.5%) 0.677

Active malignancy 25 (13.4%) 32 (17.1%) 0.325

Solid organ transplant recipient 6 (3.2%) 1 (0.5%) 0.067

CDI history 0.533

Primary episode 166 (89.3%) 163 (87.2%)

Second episode 20 (10.8%) 24 (12.8%)

Concomitant antibiotic during CDI 72 (38.7%) 57 (30.5%) 0.095

High-risk antibiotic, 4 weeks prior 103 (55.4%) 89 (47.6%) 0.133

Gastric acid suppressant use 107 (57.5%) 105 (56.2%) 0.788

CDI risk factors

Age C 65 years 101 (54.3%) 110 (58.8%) 0.378

Severe CDI 95 (51.1%) 94 (50.3%) 0.876

Prior CDI within 12 months 21 (11.3%) 23 (12.3%) 0.763

Non-CDI antibiotic, 4 weeks prior 134 (72%) 120 (64.2%) 0.103

Deep vein thrombosis prophylaxisb 177 (95.2%) 179 (95.7%) 0.795

aDefined as receiving antineoplastics, steroids[ 20 mg prednisone equivalents per day for at least 2 weeks, transplant
medication or immunomodulators, absolute neutrophil cell count\ 500 cells/ul or diagnosis of immune deficiency, solid
organ transplant, or hematopoietic stem cell transplant (HSCT)
bDeep vein thrombosis prophylaxis was used as a non-dependent control variable
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Table 2 Treatment utilization and clinical outcomes

Outcome, no. (%) Pre-implementation
(n = 186)

Post-implementation
(n = 187)

p-value

Treatment utilization

Primary treatment agent \ 0.001

Metronidazole 89 (47.8%) 3 (1.6%)

Oral vancomycin 94 (50.5%) 78 (41.7%)

Fidaxomicin 3 (1.6%) 106 (56.7%)

Oral vancomycin dose 0.036

125 mg four times per day 94 (50.5%) 88 (47.1%)

250 mg four times per day 5 (2.7%) 0 (0%)

500 mg four times per day 4 (2.2%) 1 (0.5%)

Oral vancomycin taper 6 (3.2) 3 (1.6%)

Adjunctive therapies 0.248

Fecal microbiota transplant 2 (1.1%) 0 (0%)

Bezlotoxumab 0 (0%) 0 (0%)

Duration of therapy, median (IQR) 14 (11–15) 10 (10–13) \ 0.001

Received full treatment coursea 151 (81.2%) 147 (78.7%) 0.535

Combination intravenous metronidazole 25 (13.4%) 9 (4.8%) 0.004

Clinical outcomes

Clinical cure, n/N 157/186 (84.4%) 176/187 (94.1%) 0.002

Recurrence, n/Nb

30-day 27/150 (18.0%) 11/171 (6.4%) 0.001

90-day 39/144 (27.1%) 24/161 (14.9%) 0.009

Sustained response at 90 days, n/N 104/186 (55.9%) 137/187(73.3%) \ 0.001

CDI-related readmission, n/Nc

30-day 21/166 (12.7%) 8 /176 (4.6%) 0.007

90-day 30/159 (18.9%) 14/164 (8.5%) 0.006

All-cause readmission, n/Nc

30-day 60/168 (35.7%) 49/177 (27.7%) 0.109

90-day 75/165 (45.4%) 65/170 (38.2%) 0.181

Index admission length of stay for index, median
(IQR)

8 (5–14) 6 (4–13) 0.093

aPartial courses occurred in 18.8% pre-implementation and 21.4% post-implementation
bRecurrence was evaluable in those patients with clinical cure. Patients who died prior to 30 or 90 days were not evaluated
for the outcome unless recurrence occurred prior to death
cPatients who died prior to 30 and 90 days were not evaluated for the outcome unless readmission occurred prior to death
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Pharmacy Direct Costs were not significantly
different between the post- and pre-implemen-
tation cohorts for the 30- and 90-day readmis-
sion episodes.

In budget impact analyses of 100 patients
with CDI post- vs. pre-implementation (i.e.,
treatment pathway vs. traditional manage-
ment), there were 12 fewer patients with
recurrence, 17 more patients with sustained
response, 10 fewer patients readmitted for CDI
recurrence, and 50 fewer readmission bed days
(Table 4) within 90 days after the index CDI
therapy. These clinical improvements trans-
lated into $222,895 total budget savings per 100
patients with CDI or savings of $5548 per
additional patient with sustained response,

$9432 per CDI-related readmission avoided, and
$1886 per bed day avoided.

DISCUSSION

This study evaluated clinical and economic
outcomes pre- and post-implementation of a
treatment pathway at CMRH directing first-line
use of fidaxomicin for first and second occur-
rences of CDI. Implementation increased
fidaxomicin use and was associated with better
clinical outcomes and hospital cost-savings.
These findings validate the real-world value of
fidaxomicin for CDI disease management in
health systems.

Table 3 Economic outcomes

Cost type, per
patient

Pre-implementation
(median)

Post-implementation
(median)

Difference
(post–pre)

p-value

Index admission n = 154 n = 160

Total treatment costa $14,523.27 $11,934.64 - $2588.63 0.048

Total direct cost $8362.33 $7076.60 - $1285.73 0.073

Pharmacy cost $810.08 $1503.53 $693.45 0.001

Laboratory cost $808.73 $507.89 - $300.84 \ 0.001

Other costb $6,561.11 $4851.23 - $1709.88 0.004

30-day CDI-related readmission n = 21 n = 8

Total treatment cost $12,424.44 $7685.82 - $4738.62 0.102

Total direct cost $7069.54 $4395.45 - $2674.09 0.083

Pharmacy cost $759.95 $648.98 -$110.97 1

Laboratory cost $550.70 $233.24 - $317.46 0.006

Other cost $5451.18 $2561.17 - $2890.01 0.018

90-day CDI-related readmission n = 30 n = 14

Total treatment cost $12,729.57 $8246.69 - $4482.88 0.042

Total direct cost $7117.66 $4546.03 - $2571.63 0.029

Medication cost $766.43 $691.77 - $74.66 0.539

Laboratory cost $584.70 $330.02 - $254.68 0.007

Other cost $5718.38 $3672.75 - $2045.63 0.010

aTreatment Cost = Total Direct Cost ? Total Indirect Costs
bOther Direct Costs include procedures, room/board, salaries and supplies
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Implementation of the treatment pathway
shifted drug utilization from metronidazole to
fidaxomicin, with similar oral vancomycin use.
The shift from metronidazole to fidaxomicin
was not surprising given CDI treatments were
orderable only via an order set that directed
providers to the appropriate management for
patients with CDI in alignment with the 2017
IDSA/SHEA CDI guideline recommendations
[5]. These CDI treatment utilization changes are
consistent with prior literature reporting more
fidaxomicin use and less metronidazole use in
institutions implementing the 2017 IDSA/SHEA
CDI guideline recommendations [13, 14].

The treatment pathway was also associated
with a significant increase in clinical cure and
sustained response, and significant decrease in
CDI recurrence and CDI-related readmissions.
Previous studies have reported similar clinical

cure rates between fidaxomicin and oral van-
comycin [8], but superiority of both agents over
metronidazole [15, 16], indicating that reduc-
tion in metronidazole use and shift to fidax-
omicin (given vancomycin use was similar pre-
post) were drivers of increased clinical cure in
the current study. The superiority of fidax-
omicin over vancomycin and metronidazole in
increasing sustained response has also been
reported in prior studies [8, 17]. Findings from
multivariable regression analysis in this study
suggest it was fidaxomicin use more so than the
overall treatment pathway that increased sus-
tained response pre-post, further highlighting
the important contribution of fidaxomicin.
Reductions in recurrences and CDI readmis-
sions post treatment pathway implementation
demonstrate real-world experience consistent
with prior literature, with the current study also

Table 4 Budget impact analyses

Parameter Modeled for 100 CDI patients Differencea

Pre-implementation Treatment pathway

Clinical impact at 90-day follow-up

CDI recurrence (n, patients) 27 15 - 12

Sustained response (n, patients) 56 73 17

CDI-related readmissions (n, patients) 19 9 - 10

Readmission length of stay (n, bed-days)b 95 45 - 50

Economic impact at 90-day follow-up

Index admission direct costs, overall, $ $836,233 $707,660 - $128,573

CDI-related readmission direct costs, overall, $ $135,236 $40,914 - $94,322

Total direct costs (index ? readmission), $ $971,469 $748,574 - $222,895

Overall impact

Overall Direct Cost Savings,a $ $222,895

Savings per additional patient with sustained response,c $ $5548

Savings per CDI-related readmission avoided,d $ $9432

Savings per bed-day avoided,e $ $1886

aPost-implementation of treatment pathway minus pre-implementation
bMedian of 5 days used for both due to non-significant difference [6 (4–10) vs. 4.5 (2–4.5), p = 0.251]
cEquals savings from CDI-related readmission costs/the additional number of patients with sustained response
dEquals savings from CDI-related readmission costs/the number of CDI-related readmissions avoided
eEquals savings from CDI-related readmission costs/the number of bed-days saved
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providing a larger sample-size than available
retrospective studies [17–19].

Pharmacy Costs were higher at index
admission post- compared to pre-implementa-
tion, which is not surprising as fidaxomicin
acquisition cost is higher than metronidazole or
oral vancomycin [10]. However, Total Treat-
ment Costs and Total Direct Costs were lower
post-implementation, with the latter driven by
lower Laboratory Direct and Other Direct Costs.
The length of stay was numerically lower in the
post-implementation cohort, which is a likely
major contributor to the lower Other Direct
Costs found, given room and board are included
in this cost bucket. Lower Total Treatment Costs
and lower Total Direct Costs were also observed
in the post-implementation cohorts for patients
with 30- and 90-day readmission episodes.

In budget impact analyses of 100 patients
with CDI managed post-implementation (i.e.,
using treatment pathway) compared to pre-im-
plementation (i.e., traditional care manage-
ment), we found an overall cost saving of
$222,895, as well as a saving of $9432 per
readmission avoided, $5548 per additional
patient with sustained response, and $1886 per
bed day avoided. These cost savings were driven
mostly by reductions in CDI-related recur-
rences, readmissions, and resource use, consis-
tent with previous literature [19, 20]. This
speaks to the true benefit of fidaxomicin,
including less impact on intestinal microflora,
which leads to a reduction in recurrences. Given
our number needed to treat of nine for 90-day
recurrence prevention, fidaxomicin should be
used first line in patients regularly to see this
benefit. Reserving fidaxomicin for multiple
recurrences or complicated patients who have
seriously disrupted flora would likely decrease
its effectiveness [21].

There are a number of study limitations.
Results were limited by the completeness of
information recorded in the EHR. However,
there is anticipated low likelihood of misclassi-
fication error for exposure, outcomes, and
covariates given that the diagnosis of CDI is
based on laboratory values and clinical findings
rather than subjective information. Generaliz-
ability may be limited given that this study was
conducted at a single center. Quasi-

experimental designs can be limited by matu-
ration bias; therefore, deep vein thrombosis
prophylaxis was utilized as a non-dependent
control variable. Approximately 20% of patients
in each of the pre- and post-implementation
cohorts received mixed courses of fidaxomicin
and vancomycin. This is likely reflective of real-
world practice as patients were likely switched
from fidaxomicin to vancomycin because of
disposition and medication coverage. While
utilizing CMRH’s cost data, we were able to
supply numbers close to real-world application.
However, cost may vary across institutions.
Additionally, many methodologies exist for
controlling outliers with economic data and it is
possible that other modalities may have had a
different impact on results. Finally, cost savings,
while a useful metric, does not carry the weight
of revenue that some hospital administrators
prefer.

CONCLUSIONS

Findings suggest a CDI Treatment Optimization
and Access Pathway directing more first-line use
of fidaxomicin relative to oral vancomycin or
metronidazole results in better clinical out-
comes for patients having primary or secondary
CDI episodes and is financially cost saving to
the hospital. These findings validate real-world
value of fidaxomicin for CDI disease manage-
ment. Additionally, our use of institution-
specific data to conduct budget impact analyses
provides a practical approach that can be
applied by other institutions to their own data.
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