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ABSTRACT
Severe and severe-complicated Clostridium difficile infection (CDI) is associated with high morbidity
and mortality. Colectomy is standard of care; however, post-surgical mortality rates approach 50%.
Case reports suggest fecal microbiota transplant (FMT) is a promising treatment of severe and
severe-complicated disease but there is a paucity of data. Here, we present a single center
experience with a novel sequential FMT protocol for patients refractory to maximal medical therapy.
This approach consists of at least one FMT delivered via colonoscopy with criteria for repeat FMT
and continued vancomycin therapy based on clinical response and pseudomembranes. Our cohort
included 57 consecutive inpatients diagnosed with severe or severe-complicated CDI and treated
with FMT. Overall, 91% (52/57) experienced clinical cure at 1 month with a 100% cure rate among
severe CDI (n D 19) patients and an 87% cure rate for severe-complicated CDI (n D 33) patients. For
the cohort, the survival rate was 94.7% at 1 month and 78.6% at 3 months. There were no serious
adverse events related to FMT including no procedure-related complications or perforation. There
was no difference in outcome between fresh or frozen fecal material. Sequential FMT for inpatients
with severe or severe-complicated CDI is promising and may be preferred over colectomy in certain
patients.
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Introduction

Clostridium difficile infection (CDI) is a major public
health threat with the Centers for Disease Control and
Prevention (CDC) placing the pathogen into the top
threat category (“urgent”) in its report on antimicro-
bial resistance.1 CDI is the leading healthcare-associ-
ated infection and its prevalence, severity and
mortality have dramatically increased.2 Up to 8% of
patients progress to severe, complicated or “fulmi-
nant” CDI, often culminating in toxic megacolon,
multi-organ failure and death.3 The management of
life threatening CDI is challenging, frequently result-
ing in prolonged intensive care unit (ICU) admissions
and urgent colectomy.4 Although early total abdomi-
nal colectomy with end-ileostomy improves survival
in critically ill CDI patients compared with continued
medical management, colectomy is linked to poor
clinical outcomes with a 30-day mortality between

35–57%.4-7 Loop ileostomy and colonic lavage as a
surgical alternative to colectomy reported by Neal and
colleagues resulted in a reduced but still high mortality
rate of 19% and the technique has not been widely
adopted.8 Additionally, many patients with severe or
complicated CDI are not considered surgical candi-
dates as they have conditions that predict poor post-
surgical outcomes such as acute respiratory failure
with intubation, shock requiring vasopressors, age
greater than 80 years, dialysis-dependent renal failure,
chronic obstructive pulmonary disease, thrombocyto-
penia and coagulopathy.9

Fecal microbiota transplantation (FMT) is the pro-
cess of introducing colonic microbial communities
from a healthy individual into a patient by colonoscopy,
enema, nasoenteric tube, or capsules.10 CDI is associ-
ated with altered intestinal microbiota characterized by
decreased a diversity and altered metabolic profiles
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including short chain fatty acids and bile salts.11,12 The
introduction of a healthy microbial community by
FMT ameliorates CDI-related dysbiosis and metabolic
derangements thereby re-establishing resistance to col-
onization and relieving CDI associated clinical
symptoms.13,14

FMT has emerged as the best treatment of multiply
recurrent CDI15,16 and recommended in both Ameri-
can, Canadian and European guidelines.15-17 A large
number of studies including several randomized con-
trolled trials18-21 support the efficacy and safety of
FMT in patients with recurrent CDI.10 However, there
has been a paucity of data for the use of FMT in severe
or complicated CDI. In 1958, the first published medi-
cal report of FMT described rapid recovery of 4
patients with fulminant pseudomembranous colitis,
after given stool enemas by Eiseman and colleagues.22

Since then, only a few case reports,23-30 and 2 small
albeit impressive case series have been published: a
retrospective multicenter experience of 17 patients
with 88% cure rate31 and a single center study of 14
patients with 79% success rate following administra-
tion of a single FMT.32

In contrast to the remarkable case series, there have
been 4 examples where a single FMT in severe CDI
was only transiently effective with implications that
holding the anti-CDI antibiotic may have led to a
poor clinical outcome. First, Weingarden and Khor-
uts33 reported a dramatic, but unsustained symptom-
atic and laboratory improvement following a single
FMT in a patient with fulminant CDI who ultimately
declined and succumbed to the disease. They sug-
gested that reinitiation of anti-CDI antibiotics and
repeat FMT might be needed for cure in some cases of
severe FMT as has been reported in non-responsive
recurrent CDI.34 Second, in a similar severe CDI case
treated with FMT, despite transient improvement, the
patient developed toxic megacolon and died shortly
after the FMT.35 The authors speculated that with-
holding anti-CDI antibiotics following FMT may have
contributed to the outcome. Third, in a randomized
trial of FMT versus vancomycin for recurrent CDI,
2 of the 7 patients with pseudomembranous colitis,
suggesting severe CDI, died despite a temporary
response following a single FMT.20 Lastly, in our early
experience, we noted that patients with severe or ful-
minant CDI and extensive pseudomembranes at
endoscopy tended to respond poorly to a single FMT
when anti-CDI antibiotics were held. Therefore, we

developed and previously published a treatment pro-
tocol for severe and complicated CDI refractory to
anti-CDI antibiotics comprising an initial FMT by
colonoscopy, continued vancomycin therapy in
patients with extensive pseudomembranes at the time
of FMT, and repeat FMT(s) for patients without clini-
cal response.36 In this report, we describe our
extended experience of 57 consecutive patients treated
with this novel protocol.

Methods

Definitions

CDI severity was defined based upon the 2013 Ameri-
can College of Gastroenterology (ACG) guidelines.15

Diagnosis of CDI was made in cases of diarrhea (� 3
loose stools/day) and positive stool C. difficile PCR.
Severe CDI was defined as a serum albumin < 3 g/dl
and white blood count (WBC) � 15,000 cells/mm3 or
abdominal tenderness. We diagnosed severe and com-
plicated CDI if any of the following attributable to
CDI were present: ICU admission for CDI, hypoten-
sion with or without required use of vasopressors,
fever � 38.5�C, ileus, significant abdominal distention,
mental status changes, WBC � 35,000 cells/mm3 or
<2,000 cells/mm3, serum lactate levels >2.2mmol/l,
and end organ failure (e.g. mechanical ventilation,
renal failure).15 The Charlson co-morbidity index (age
adjusted) was calculated to assess disease burden from
co-morbid conditions and the likelihood of dying
within 1 y.37 We defined treatment success as com-
plete resolution of diarrhea, no further need of anti-
CDI therapy, avoidance of colectomy, and discharge
from the hospital.

Patients

Patient with severe or severe-complicated CDI unre-
sponsive to ACG guideline-directed15 antimicrobial
therapy (oral vancomycin 500–2000 mg/day or fidaxo-
micin 400mg/day and rectal vancomycin 2000 mg/day
in patients with ileus, § IV metronidazole 1500 mg/
day administered at least for 5 days) were offered
FMT in lieu of colectomy at a tertiary care center
between July 2013 and March 2016. All patients were
under evaluation of a multidisciplinary team consist-
ing of a gastroenterologist, internist, infectious disease
specialist and a colorectal surgeon, and were offered
the opportunity to receive FMT. Patients with
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precipitous clinical deterioration defined as likely fatal
outcome in 48 hours at the discretion of the treating
physician” before 5-day minimum of anti-CDI antibi-
otic therapy were also offered FMT.

FMT treatment protocol

We used a previously published sequential FMT pro-
tocol in combination with oral vancomycin when
appropriate (Fig. 1).36 Fresh stool obtained from either
a screened patient-selected donor or universal donor
within 6 hours of the procedure was used for the first
29 consecutive patients as described elsewhere.36

Donor selection, screening for relevant communicable
diseases, and stool processing were performed as out-
lined by the Fecal Microbiota Transplantation Work-
ing Group.38 Frozen stool sourced from OpenBiome
stool bank (Somerville, MA, USA) was administered
to the remainder of patients in the cohort (N D 28).
The stool bank uses a robust FMT donor screening
system.39 Prospective donors are assessed clinically for
both infectious and microbiome-mediated diseases by
a nurse or physician, and also undergo 30 CLIA-
approved laboratory tests including infectious patho-
gens, hepatic panel and complete blood count which
has been previously reported.40 All patients were fol-
lowed on a daily basis by our inpatient gastroenterol-
ogy team while hospitalized. Post-discharge, as per our
FMT program protocol, patients were followed-up via
phone at 24–48 hours, week 1, 4, 8 and 12 and in clinic
at 6 months. If a patient could not be reached via
phone, a chart review was performed and/or primary

care provider was contacted. In the case of the submit-
ted cohort of 57 patients, the follow-up was 100%. The
FMT procedure protocol was approved by Indiana
University Hospital. Baseline data and outcomes were
prospectively captured using a research database that
had been approved by the Indiana University Institu-
tional Review Board.

Patient consent

A detailed discussion with the patients and family
prior deciding for FMT was performed. An FMT is
being offered under an FDA Guidance for CDI refrac-
tory to antimicrobial therapy and it is considered to
be an investigational therapy. While there is abun-
dance of data on FMT effectiveness in recurrent CDI,
limited evidence exists on its use in severe or severe-
complicated cases. In our experience, the success rate
of sequential FMT in combination with vancomycin
is >90% even in this critically ill population. Notably,
a large portion of patients needed more than 1 FMT
to achieve cure. Approximately, one half of our
patients were cured following a single FMT, about one
third needed 2 FMTs, while only 10% required a third
or more FMTs.

If the FMT protocol fails or the patient’s condition
deteriorates, alternatives include urgent colectomy
(loop ileostomy with vancomycin lavage is not offered
at our institution) deemed necessary by the surgeon.
Colectomy in this setting is associated with high mor-
tality up to 50%. Another alternative would be contin-
ued antimicrobial therapy.

Regarding stool source and FMT safety, the follow-
ing was discussed: The stool donor can be patient-
directed or universal. In either case, the donor is
screened for history of exposure to communicable
infections agents and has undergone blood and feces
testing for infections pathogens within 2 weeks of dona-
tion. The donor may have an unknown disease or infec-
tion not found during the screening and stool testing
that could be potentially transmitted. FMT can be safely
performed via colonoscopy in the hands of an experi-
enced endoscopist even in the setting of severe colitis.
Rare complications of colonoscopy include perforation
and sedation related adverse events.

Statistical analysis

Baseline patient characteristics and treatment out-
comes were summarized using median, interquartileFigure 1. Sequential fecal microbiota transplant protocol.
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range with 25th and 75th percentiles, and range values
for continuous variables due to the skewed distribu-
tions and frequencies and proportions for categorical
variables. Comparisons between patients with severe
and severe-complicated CDI were performed using
the Wilcoxon rank sum test for continuous variables
and Fisher’s exact test for categorical variables. Differ-
ence in length of hospital stay for patients with severe
and severe-complicated CDI was also summarized
using median and interquartile range (IQR) due to the
skewness of the data and evaluated using the Wil-
coxon rank sum test. Comparisons between patients
who received fresh and frozen stool were performed
using the Wilcoxon rank sum test for the number of
FMTs patients received and using the Fisher’s exact
for the cure rate at one month.

To examine the potential risk factors for repeat
FMT, we performed a univariate analysis where
patients with and without repeat FMT were compared
using Wilcoxon rank sum test for continuous variables
and Fisher’s exact test for categorical variables. These
risk factors included patients’ demographic, clinical,
and laboratory variables including age, sex, CDI sever-
ity, number of CDI episodes, use of non-CDI antibi-
otic during the same hospitalization, WBC, serum
albumin concentration, ICU admission, presence of
pseudomembranes, toxic megacolon, acute renal fail-
ure, dialysis, shock, vasopressor use, mechanical venti-
lation, immunosuppression, Charlson comorbidity
index, and source and type of stool. Due to the large
number of potential risk factors, we used a forward

stepwise procedure to select important risk factors.
Time to death was analyzed using the Kaplan-Meier
approach. All statistical analysis was performed using
SAS 9.4 (SAS Institute Inc., Cary, N.C.).

Results

Patient characteristics

Our cohort included 57 inpatients diagnosed with severe
or severe and complicated CDI and treated with FMT.
Salient baseline characteristics of these patients are
depicted in Table 1. Among severe CDI patients 3
(16%) were admitted to the ICU. In contrast, 16 (42%)
severe-complicated patients were admitted to the ICU
at the time of FMT; of these patients, 7 presented with
toxic megacolon (cecal diameter> 12 cm or rectosig-
moid diameter > 6.5 cm), 12 with acute renal failure
with 3 requiring dialysis, 10 with hypovolemic or septic
shock, 8 required vasopressors, 7 with mental status
changes, and 4 patients required mechanical ventilation.
In terms of medical history, 10 patients had inflamma-
tory bowel disease (5 with Crohn’s and 5 with ulcerative
colitis) and 10 patients were on immunosuppressive
medications. A history of recurrent CDI was present in
80.7% (46/57) with a median number of prior CDI epi-
sodes of 3 (IQR 2–4) and 84% (48/57) were hospitalized
with CDI in the past. The severe CDI episode was trig-
gered by an antibiotic in 56% (32/57). A total of 27
patients (47%) were treated with a non-CDI antibiotic
during hospital admission. Among these, 11 patients
had a documented source of infection including 7

Table 1. Selected baseline demographics, clinical characteristics, and laboratory data of 57 patients (median, interquartile range with
25th and 75th percentiles, and range presented for continuous variables and frequencies and proportions for categorical variables) who
underwent fecal microbiota transplantation for severe or severe-complicated Clostridium difficile infection (CDI).

Total (N D 57) Severe CDI (N D 19) Severe/Complicated CDI (N D 38) P Value

Age (year) 72 (60 – 79; 25 – 99) 68 (51 – 77; 26 – 87) 74 (66 – 81; 25 – 99) 0.111
Women 34 (59.6%) 10 (52.6%) 24 (63.2%) 0.569
WBC (k/mm3) 17 (12.9 – 25; 5.2 – 64.7) 15.8 (10 – 23.1; 5.5 – 28.3) 18.6 (14 – 27.4; 5.2 – 64.7) 0.160
Albumin (g/dL) 2.5 (2.2 – 2.8; 1.5 – 3.7) 2.5 (2.2 – 2.6; 1.5 – 3.7) 2.6 (2.1 – 2.8; 1.7 – 3.1) 0.518
Number of CDI episodes 3 (2 – 4; 1–12) 3 (3 – 4; 1 – 6) 3 (2 – 4; 1 – 12) 0.518
ICU stay 19 (33.3%) 3 (15.8%) 16 (42.1%) 0.073
Pseudomembranes at first FMT 35 (61.4%) 14 (73.7%) 21 (55.3%) 0.251
Charlson Co-morbidity Index 6 (4 – 8; 0–11) 6 (2 – 9; 0 – 11) 6 (4 – 8; 0 – 11) 0.945
Immunosuppression 10 (17.5%) 5 (26.3%) 5 (13.2%) 0.275
Use of non-anti CDI antibiotics during admission 27 (47.4%) 8 (42.1%) 19 (50%) 0.779
Presence of toxic megacolon 9 (15.8%) 0 9 (23.7%) 0.022
Acute renal failure 26 (45.6%) 1 (5.3%) 25 (65.8%) <0.001
Abdominal pain 41 (71.9%) 12 (63.2%) 29 (76.3%) 0.356
Shock 12 (21.1%) 1 (5.3%) 11 (29%) 0.045
Vasopressor use 11 (19.3%) 2 (10.5%) 9 (23.7%) 0.304
Mechanical ventilation 4 (7%) 0 4 (10.5%) 0.290
Dialysis 6 (10.5%) 1 (5.3%) 5 (13.2%) 0.652
Frozen stool 28 (49.1%) 9 (47.4%) 19 (50%) 1.000
Use of stool from universal donor 46 (80.7%) 12 (63.2%) 34 (89.5%) 0.031
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patients with UTI, 1 with empyema, 1 with cellulitis,
1 with post-surgical complications of plastic surgery, 1
for SBP (spontaneous bacterial peritonitis). The remain-
ing patients (N D 18) received broad-spectrum antibi-
otic coverage for sepsis and critical condition. None of
the patients received FMT before hospital admission.
Detailed individual patient characteristics including
demographics, clinical and laboratory data, number of
previous CDI episodes, ICU stay, comorbid conditions,
number of FMTs received, length of hospital stay and
outcome at 1 and 3 months are shown in Table 2.

Treatment effect

Overall, treatment success at 1 month was achieved by
91% (n D 52) of the patients; 100% of severe CDI (n D
19) and 87% of severe-complicated CDI (n D 38)
patients. A single FMT was needed in 30 (52.6%)
patients, 2 FMTs in 16 (28.1%) patients, 3 FMTs in 4
patients (7%), and 4–5 FMTs in 2 (3.5%) patients to
achieve clinical cure (Table 3). The remaining 5 (8.8%)
patients had treatment failure at 1 month. The 5 treat-
ment failures were as follows: death from sepsis within
24 hours of first FMT (arterial pH 7.1 at time of proce-
dure) (pt#21), death following colectomy after failing 3
FMTs in a patient who was 6 weeks post-orthotopic
liver transplantation (pt#13), withdrawal of care in the
setting of marginally improved septic shock after first
FMT (pt#34). The 2 remaining patients both recovered
after just one FMT and were discharged home, but
returned within 1 month due to recurrent CDI; these
patients underwent a second FMT with complete reso-
lution of symptoms thereafter. Importantly, no proce-
dure related complication such as perforation, bleeding,
aspiration or sedation related adverse event occurred.

The overall survival rate was 94.7% (95% CI: 89.1%
to 100%) at 1 month and 78.6% (95% CI: 68.6% to
90.1%) at 3 months (Fig. 3). Of the 12 deaths at the
3-month mark, only 4 succumbed to CDI-related
causes: 3 as previously characterized, in addition to a
fourth (pt#2) patient who responded to the initial
FMT and was discharged, but succumbed to CDI-
related sepsis after being treated for recurrent urinary
tract infection 92 d following the first FMT. The
remaining 8 patients were successfully treated with
sequential FMT therapy and discharged from the hos-
pital, but later succumbed to causes unrelated to CDI.

A summary flowchart of patient response to our
FMT protocol and outcome is detailed in Figure 2.

Impact of FMT source

Overall, a total of 91 FMTs were administered to the
severe and severe-complicated CDI cohort. The source
of the FMT was screened, patient-directed donor for
16 transplants and universal donor for 75. Fresh stool
was the source of 44 FMTs used in a total of 29
patients. Among patients who received fresh stool, 10
patients had severe CDI with 100% resolution of
symptoms at 1 month and 19 patients had severe-
complicated CDI with 89.5% cure at 1 month. Alter-
natively, frozen stool was the source of 47 FMTs used
in a total of 28 patients. Among patients who received
frozen stool, 9 patients had severe CDI with 100%
cure at 1 month and 19 patients had severe and com-
plicated disease with 84.2% cure at 1 month. Overall,
there was no statistically significant difference in cure
rate between fresh or frozen FMT (p D 0.67) or the
number of FMTs needed to achieve cure (average
number of FMTs is 1.5 for fresh FMT and 1.7 for fro-
zen FMT, p D 0.993)

Predictors of repeat FMT

Univariate assessments of risk factors that predict the
need for repeat FMT suggested that patients with a
higher white blood cell count (pD 0.02), lower albumin
(p D 0.028), presence of pseudomembranes at first
FMT(p D 0.006), and use of non-CDI antibiotics dur-
ing admission (p D 0.017) were more likely to have a
repeat FMT (Table 4). Results from the multivariate
logistic regression model illustrate the odds of requiring
repeat FMT were over 6-fold higher with the presence
of pseudomembranes during the first FMT (OR 6.21;
95% CI 1.54–25.12) and over 3-fold higher with use of
non-CDI antibiotics during admission (OR 3.56; 95%
CI 1.03–12.33). There was a trend toward female sex
being associated with repeat FMT after adjusting for
the effect of pseudomembranes and the use of non-CDI
antibiotics but this risk factor was not statistically sig-
nificant (OR 3.43; 95% CI 0.92 – 12.83).

Discussion

To our knowledge, we report the largest experience
using FMT for severe or severe-complicated CDI
patients. Our study demonstrates a 91% cure rate
at 1 month for endoscopic response-guided FMT
with vancomycin in selected cases. This minimally
invasive approach has benefits over the current
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standard of care, colectomy, for CDI patients who
are clinically deteriorating in the ICU. The Eastern
Association for the Surgery of Trauma practice
guidelines “strongly recommend that adult patients

with CDI undergo early surgery, before the devel-
opment of shock and the need for vasopressors.”41

This recommendation is based upon a risk
reduction of 0.5 with early surgery. However, the

Table 3. Summary of therapy outcome and number of fecal transplants needed to achieve resolution of symptoms in patients with
severe and severe-complicated Clostridium difficile infection (CDI).

Total (N D 57) Severe CDI (N D 19) Severe-complicated CDI (N D 38) P Value

Number of FMT received, n (%) 0.261
1 FMT 33 (57.9%) 12 (63.1%) 21 (55.3%)
2 FMTs 17 (29.8%) 4 (21%) 13 (34.2%)
3 FMTs 5 (8.8%) 1 (5.3%) 4 (10.5%)
4 FMTs 1 (1.7%) 1 (5.3%) 0 (0%)
5 FMTs 1 (1.7%) 1 (5.3%) 0 (0%)
Length of hospital stay (days), median (IQR; range) 11 (6 – 21; 2 – 97) 13 (6 – 17; 3 – 97) 9.5 (6 – 23; 2 – 72) 0.76
Overall success rate at 30 days, n (%) 52 (91.2%) 19 (100%) 33 (86.8%) 0.158

Note. �The length of hospital stay reported above is the total length of stay, not the length of stay after FMT.

Figure 2. Summary flowchart of patient response to our FMT protocol and outcome.
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morbidity and mortality of colectomy, even when
conducted in a timely fashion, is considerable rang-
ing between 35–80%7 with the mean length of hos-
pital stay of 45 d.42 Moreover, in patients who
survive colectomy and are discharged from the hos-
pital, the median survival is estimated to be
20 months.43 This is likely reflective of the impact
of abdominal surgery on a patient population that
typically has multiple, significant co-morbidities
and poor nutrition. In our study, the in-hospital
mortality rate was 5% and the 3-month survival of

discharged patients was 79%, with no serious
adverse events attributable to FMT. Accordingly,
colectomy may not be the only therapeutic option
in this high risk patient population. Indeed, Cam-
marota and colleagues reported a rapid decrease in
CDI-related colectomy rate, from a 1.9–5% annual
rate to 0%, following introduction of an inpatient
FMT program.44 Beyond clinical care, data suggests
sequential FMT approach with interval antibiotics
outlined here is more cost-effective than standard
colectomy. In a decision analysis model evaluating
competing treatment strategies in severe-compli-
cated CDI, the sequential FMT approach was the
most cost-effective (ICER 1,973 USD, cost 26,700
USD) compared with total colectomy and ileostomy
(ICER 72,493 USD, cost 67,422 USD).45

There may be a role for a synergistic, staggered
therapeutic approach with early FMT and follow-up
colectomy if there is no clinical response. This con-
cept is orthogonally supported by a recent study
from Clanton and colleagues demonstrating that the
post-surgical mortality was significantly worse in
patients who were taken for colectomy at 2 d vs. 3 d
(p < 0.01).46 The authors contend that contrary to
traditional teaching, a delay in surgery may be benefi-
cial to allow medical treatment and stabilization
before surgery. As an adjunct to therapy, a single
FMT may be seamlessly and rapidly administered in
the ICU without delaying potential colectomy. Based
on our clinical experience, nearly 90% of patients
had a clinical response – reduced diarrhea, improved
vital signs and physical exam – within 24 to 48 hours
of FMT. If a patient does not respond to the FMT,
colectomy-associated mortality is unlikely to be sub-
stantially affected.

FMT may be the ideal treatment of patients who
are too sick to be taken for surgery. Among our
cohort, 5 of the critically ill patients were deemed too
unstable to undergo colectomy. However, 80% were
successfully treated with FMT. In our experience
there are 2 patient phenotypes that are not well
suited for FMT. First, patients with multiorgan failure
refractory to supportive therapy and severe acidosis
(pH < 7.2) are unlikely to have successful outcomes
with FMT. Second, patients with toxic megacolon
and signs of impending perforation such as intramu-
ral air should proceed to colectomy without any
delay. Clinicians should be cautious about selecting
the most suitable patients for FMT in this context

Figure 3. Kaplan-Meier curve of overall survival in severe and
severe/complicated CDI patients following the first FMT.

Table 4. Comparison of baseline demographics, clinical charac-
teristics, and laboratory data (median and interquartile range
with 25th and 75th percentiles for continuous variables and fre-
quency and proportion for categorical variables) for patients with
and without repeat FMT.

No repeat FMT
(N D 33)

Repeat FMT
(N D 24)

P
Value

Age (year) 72 (58 – 79) 74 (63 – 79) 0.71
Women 17 (51.5%) 17 (70.8%) 0.178
Severe/complicated CDI 21 (63.6%) 17 (70.8%) 0.777
WBC 15.1 (11.1 – 22) 22.6 (16.2 – 27.7) 0.02
Albumin 2.6 (2.3 – 2.8) 2.3 (2 – 2.6) 0.028
Number of CDI episodes 3 (2 – 4) 3 (2 – 4) 0.699
ICU admission 8 (24.2%) 11 (45.8%) 0.099
Presence of toxic megacolon 3 (9.1%) 6 (25%) 0.146
Acute renal failure 15 (45.5%) 11 (45.8%) 1
Pseudomembranes at first FMT 15 (45.5%) 20 (83.3%) 0.006
Charlson co-morbidity index 6 (4 – 8) 6 (5 – 7) 0.806
Immunosuppression 5 (15.2%) 5 (20.8%) 0.728
Use of non-anti CDI antibiotics

during admission
11 (33.3%) 16 (66.7%) 0.017

Abdominal pain 25 (75.8%) 16 (66.7%) 0.554
Shock 5 (15.2%) 7 (29.2%) 0.324
Vasopressor use 6 (18.2%) 5 (20.8%) 1
Mechanical ventilation 1 (3%) 3 (12.5%) 0.3
Dialysis 5 (15.2%) 1 (4.2%) 0.385
Frozen stool 17 (51.5%) 11 (45.8%) 0.79
Use of stool from universal

donor
26 (78.8%) 20 (83.3%) 0.745
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and navigating the risks, benefits and alternatives,
including no treatment, in this challenging patient
population.

The FMT treatment of severe and severe-compli-
cated hospitalized CDI patients differs from standard
outpatient FMT of recurrent CDI. Among outpatients
with recurrent CDI, a single FMT by colonoscopy has
a 85–91% cure rate with out the need for further CDI
antimicrobial therapy.10,47 While a similarly high
overall cure was observed in severe and severe-compli-
cated CDI patients using our protocol, they often
required repeat FMTs and antibiotics to achieve a suc-
cessful outcome. Although our protocol did not limit
the number of FMTs used, we found the majority of
patients were cured with one or 2 FMTs when com-
bined with vancomycin, and only 12% required a 3rd
or more. Previously, we reported that severe CDI is a
strong, independent predictor of early FMT failure
and increases the likelihood of requiring repeat FMT
(s) by 6-fold.48 We speculate, that these severely ill
patients often fail FMT because the C. difficile burden
is too high and a single FMT is insufficient for overall
cure, but it restores a microbial scaffolding to enable a
response to anti-CDI therapy (vancomycin or fidaxo-
micin) in an otherwise therapy-refractory patient33,34

Although our choice of anti-CDI antibiotics, vanco-
mycin, was dictated by hospital policy, we believe
fidaxomicin is a more desirable option given its nar-
rower antimicrobial spectrum, bactericidal nature and
limited disruption on the gut microbiota.49,50 Some
argue, that reinitiation of an antibiotic following FMT
is counterintuitive and rather FMT, in rapid cycles
(daily x5) should be repeated (T. Borody-personal
communication); however, there is a paucity of data
to support this suggestion. In a randomized trial,
Cammarota and colleagues successfully treated 5
patients with pseudomembranous colitis by adminis-
tering an FMT every 3 d.20 Although the authors
report a high success rate (100%), the FMT require-
ment in their study was nearly double compared with
our FMT combined with vancomycin approach
(2.8 vs. 1.5).

FMT may be delivered by different routes including
colonoscopy, retention enema, naso-enteric tube and
capsules.51-53 Although FMT administration by upper
route such as nasogastric tube in severe and debilitated
CDI patients was advocated by others,32,54 we remain
concerned that in the presence of ileus, the trans-
planted microbiota will not reach the colon. Given the

prevalence of critical care ileus, upper gastrointestinal
delivery including FMT capsules should not be used
in this patient population given the risk of a poten-
tially fatal fecal aspiration.55 Additionally, while non-
endoscopic delivery of FMT such as rectal enema
would be ideal (low cost, safety profile, lack of seda-
tion),34 we found that most severely ill patients are
unable to retain the enema for sufficient length of
time due to poor rectal sphincter tone. Enema admin-
istration also does not facilitate assessment of mucosal
response to treatment and a response-based therapy.
We found that pseudomembranes are a useful prog-
nostic marker of disease burden and predictor of
needing repeat FMT(s). In our initial experience
before implementing the study protocol, CDI patients
who did not have complete resolution of pseudomem-
branes by the 2nd FMT, even a few scattered patches,
invariably relapsed without the addition of subsequent
antibiotics. In our view, continuation of vancomycin
or another anti-CDI antibiotic following FMT appears
to be catalytic to cure when pseudomembranes are
present but warrants further study. In our opinion,
colonoscopy can be performed safely by a skilled
endoscopist without complications in patients with
severe CDI, even in the setting of toxic megacolon.
With gentle CO2 insufflation and avoidance of loop
formation, in nearly all cases, the colonoscope can be
advanced beyond the splenic flexure without compli-
cations. To facilitate repeated FMT delivery to the
cecum, Zhang invented a colonic transendoscopic
enteral tubing system that remains in place during the
initial FMT and can be used for several days to weeks
but requires further validation.56

The adoption of FMT by clinicians was hampered
by logistics of preparation and complexity as well as
cost of donor screening.57 Universal stool banks
emerged to ensure universal access to FMT and enable
clinicians to treat CDI patients both effectively and
safely.58 In a 2,050 patient multi-center cohort, an
international stool bank reported an 84.0% clinical
cure rate from physician-reported data across all
delivery modalities and CDI patient populations
(recurrent, refractory, severe/severe-complicated).
From a safety perspective, 42 serious adverse events
were reported as part of a mandatory safety system;
however, no adverse events were determined to be def-
initely related to FMT, 3 were possibly related to FMT
and 39 not related based on NIH criteria.59 A signifi-
cant advantage of using local or public stool banks
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using a universal donor is the availability of FMT
material for immediate treatment. When implement-
ing a patient-selected donor, donor screening may
take 3–7 d and the candidate donor commonly fails
screening. However, in this critically ill population,
early intervention is crucial to prevent further deterio-
ration and death. Therefore, our FMT program
switched to frozen stool sourced from pre-screened
universal donors and prepared in a stool bank allow-
ing urgent FMT to occur within 30 minutes. Our anal-
ysis suggests there was no statistically significant
difference between fresh vs. frozen stool consistent
with other publications.60,61

Our study has several limitations. This study was
not controlled and outcome assessment was not
blinded. The absence of a placebo arm is a signifi-
cant drawback; however, a significant placebo effect
seems unlikely given the severity of CDI symptoms
and mortality as outcome metrics. Also, given the
severe consequences of a placebo arm (colectomy)
and the clear benefit of FMT compared with histori-
cal controls, a placebo-controlled trial would be dif-
ficult to justify.62 This is also a single center
experience with a skilled endoscopist that may not
be generalizable. Lastly, there is an absence of
microbiome profiling to help navigate mechanistic
insights and longer follow-up may be helpful in
confirming these promising results. There are sev-
eral ongoing questions and future studies would be
well placed to evaluate: a) role of CDI-antimicrobial
therapy, whether it is crucial or if repeat FMTs in
short cycles could alleviate the need of antimicrobial
therapy; b) type of CDI-antimicrobial therapy if
used; c) optimal length of antimicrobial therapy fol-
lowing the first, second or third FMT; d) the utility
of endoscopic FMT delivery vs. rectal enema in crit-
ically ill patients; e) role of bowel prep; f) role of
pseudomembranes as a prognostic marker of disease
severity and response to therapy g) timing of dis-
charge after single dose of FMT.

In conclusion, FMT for patients with severe or
severe-complicated CDI is a promising treatment and
should be advocated early in the disease course to pre-
vent colectomy and fatal consequences. Overall, endo-
scopic response guided FMT for severe and severe-
complicated CDI had a 91% cure rate with no serious
adverse events directly attributable to FMT. Given its
beneficial results, favorable risk profile, and accessibil-
ity through frozen stool specimens, FMT should be

considered before colectomy, even among patients
that are too ill to be surgical candidates. Further stud-
ies are needed to better understand the utility of FMT
in this patient population and whether endoscopic
delivery is required.
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