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BACKGROUND: Fecal microbiota transplantation (FMT) restores a diverse bacterial profile to the gastrointestinal tract and may effectively treat pa-
tients withClostridium difficile infection (CDI). The objective of this systematic reviewwas to evaluate the effectiveness of FMT in
the treatment of CDI.

METHODS: Ovid MEDLINE, EMBASE, Web of Science, and Cochrane database were used. The authors searched studies with 10 or more
patients examining the resolution of symptoms after FMT in patients with CDI. Reviews, letters to the editors, and abstracts were
excluded. Participants were patients with CDI. Intervention used was FMT. Quality assessment was performed using the Cochrane
risk of bias assessment tool. Results were synthesized using a narrative approach.

RESULTS: Retrospective and uncontrolled prospective cohort studies suggest that FMT is a highly effective therapy for recurrent/refractory
CDI, with clinical success rates ranging from 83% to 100%,which is similar to rates published by two randomized controlled trials.
Fecal microbiota transplantation may be effectively administered via antegrade (upper gastrointestinal) or retrograde (lower gastro-
intestinal) routes of delivery. Fecal microbiota transplantation rarely results in major adverse events. However, diarrhea, cramping,
and bloating commonly occur and are typically self-limited. Most studies were uncontrolled retrospective studies.

CONCLUSION: Fecal microbiota transplantation should be considered in patients with recurrent episodes of mild to moderate CDI who have failed
conventional antimicrobial therapy. There is insufficient evidence to recommend FMT for the treatment of severe CDI. (J Trauma
Acute Care Surg. 2016;81: 756–764. Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Systematic review, level III.
KEYWORDS: Clostridium difficile; colitis; fecal transplant.

D iseases of the colon are increasingly associated with the de-
velopment of a potentially pathogenic biome of intestinal

flora. Dysbiosis of the normal intestinal flora from antibiotic
use,1,2 environmental factors,3 and/or diet4 has been implicated
in the pathogenesis of Clostridium difficile infection (CDI). Fecal
microbiota transplantation (FMT) effectively restores a diverse
bacterial profile to the colon5–7 and may provide a potential ther-
apeutic option in treating CDI.

Fecal microbiota transplantation was described more than
1,700 years ago to treat poisoning and diarrhea.8 Arguably the
first contemporary clinical fecal transplantation to treat colonic
disease was introduced by the surgical scientist Ben Eiseman
in 1958.9 Four patients with life-threatening refractory colitis
were treated with fecal enemas, and all patients had a complete
clinical response. Fecal microbiota transplantation was slow to
gain acceptance, however, until van Nood et al.10 published a
randomized controlled trial (RCT) in 2013 demonstrating

remarkable efficacy compared with vancomycin in patients with
recurrent CDI. Since this landmark study, multiple studies have
been published on the utilization of FMT for CDI.

An understanding of the current role of FMT for patients
referred for consideration of surgical resection of the colon for
CDI is essential because it is possible that these patients may
benefit from FMT and avoid a colectomy. The objective of this
review is to provide a systematic review of the efficacy of
FMT for patients with CDI.

METHODS

A systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analysis) guidelines.11 No protocol was used for this
systematic review, and it was not prospectively registered.

Search Strategy
A literature search using Ovid MEDLINE, EMBASE,

Web of Science, and Cochrane database was conducted by a
librarian (B.H.) for communications that were published be-
tween January 1, 2005, and November 1, 2015. The search
strategies included the following concepts: “fecal transplant,”
“Crohn’s disease,” “ulcerative colitis,” “Clostridium difficile,”
and “inflammatory bowel disease.” We excluded studies that
evaluated the efficacy of FMT to control inflammation in pa-
tients with inflammatory bowel disease (IBD) alone. How-
ever, we included IBD patients with CDI in our search strategy.
Multiple subject headings (including MeSH [Medical Subject
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Headings] terms in MEDLINE and Emtree terms in EMBASE)
and text words were used to identify each concept and develop
the search strategies.

Study Selection and Quality Assessment
Titles, abstracts, and articles were independently reviewed

by two investigators (H.B.M., B.C.C.). Primary studies were in-
cluded if they included the following: human subjects of any
age with CDI, compared FMT with standard care or reported
efficacy/effectiveness outcomes of FMT, and had at least
10 patients in the study. Articles were required to be primary liter-
ature. Reviews, letters to the editors, and abstracts were excluded.

Quality assessment of the RCTs was performed indepen-
dently by two authors (B.C.C., J.D.V.) using the Cochrane Risk
of Bias Assessment Tool.12 We did not assess the quality of
the cohort studies included in this review because most studies
lacked a control group, and even well conducted studies would
be rated as having a high risk of bias.

Data Extraction and Outcomes
Study characteristics including study design, number of

patients, and indication for FMTwere recorded. Patient charac-
teristics including age, sex, diagnosis of IBD (ulcerative colitis

or Crohn disease), number of episodes of CDI, concurrent use
of antibiotics and/or medications and FMT, and time from onset
of symptoms to FMTwere recorded. Method of FMT including
delivery method, donor relation, stool type, and amount of stool
were recorded. Clinical outcomes recorded in patients with CDI
included definition of clinical cure, overall rate of clinical cure,
recurrence of symptoms, minor and major adverse events, all-
cause mortality, and disease-specific mortality.

Data Synthesis and Analysis
Data extracted and quality assessment results were synthe-

sized using a narrative approach.

RESULTS

Our literature search yielded 1,730 abstracts/titles, and after
exclusion of duplicates, 1,035 articles remained. We excluded an
additional 951 articles after abstract review that did not meet our
inclusion criteria and performed full-text reviews of 84 articles;
of those, we excluded 55 articles. Twenty-nine studies evaluat-
ing FMT for recurrent CDI were included in this review: two
RCTs,10,13 four prospective uncontrolled cohort studies,14–17

and 23 retrospective studies8,18–39 (Fig. 1). Publication dates

Figure 1. Flow diagram of systematic review of articles included in this review.
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ranged from 2009 to 2015. The number of patients in each study
ranged from 10 to 94, with a total sample size of 969 patients.

RCTs of FMT for CDI
In 2013, van Nood et al.10 evaluated the efficacy of FMT in

patients with recurrent CDI defined as diarrhea (≥3 loose or
watery stools per day for at least 2 consecutive days or ≥8
loose stools in 48 hours) and a positive C. difficile toxin after
at least one course of adequate antibiotic therapy (≥10 days of
vancomycin at a dose of ≥125 mg four times per day or ≥10
days of metronidazole at a dose of 500 mg three times per
day). Importantly, patients were excluded if they were immu-
nocompromised because of recent chemotherapy, HIV infec-
tion with a CD4 count of less than 240, or prolonged use of
prednisolone at a dose of at least 60 mg/d. In addition,

patients were excluded for pregnancy, use of antibiotics other
than for treatment of CDI at baseline, admission to an inten-
sive care unit, or need for vasopressor therapy.

Patients were randomly assigned to one of three treat-
ments: an abbreviated vancomycin regimen (500 mg orally four
times per day for 4 or 5 days) followed by bowel lavage and sub-
sequent infusion of donor feces through a nasoduodenal tube
(FMTarm), a standard vancomycin regimen (500 mg orally four
times per day for 14 days), and a standard vancomycin regimen
(500mg orally four times per day for 14 days) with bowel lavage
on Day 4 or 5. The primary endpoint was cure without relapse
within 10 weeks after the initiation of therapy, and the secondary
endpoint was cure without relapse after 5 weeks. Cure was de-
fined as an absence of diarrhea or persistent diarrhea that could
be explained by other causes with three consecutive negative

TABLE 1. Randomized Controlled Trials Included in Review for Treatment of Recurrent CDI

RCTs van Nood et al. 201310 Cammarota et al. 201513

Age, y Mean, 73 (SD, 13) Median, 71 (range, 29–89)∞
Male sex 8 (50) 8 (40)
CDI definition Diarrhea* AND positive toxin Diarrhea* AND positive toxin
Inclusion criteria (1) ≥18 y (1) ≥18 y

(2) Life expectancy >3 mo (2) Life expectancy >3 mo
(3) 1 Relapse after antibiotics** (3) 1 Relapse after antibiotics**

Exclusion criteria (1) Chemotherapy (1) Chemotherapy
(2) HIV infection (2) HIV infection

(3) Chronic steroid use (3) Chronic steroid use
(4) Pregnancy (4) Pregnancy

(5) Other antibiotic use (5) Other antibiotic use including fidaxomicin
(6) ICU admission (6) ICU admission

(7) Vasopressor therapy (7) Vasopressor therapy
(8) Other infectious causes of diarrhea

Primary endpoint Resolution of CDI-diarrhea without relapse after 10 wk Resolution of CDI-diarrhea after 10 wk
Trial arms Arm 1: FMT (nasoduodenal)† Arm 1: FMT (colonoscopy)‡

Arm 2: vancomycin§ Arm 2: vancomycin∥
Arm 3: vancomycin and lavage¶

No. of recurrences Median, 3 (range, 1–5) NR
FMT donor Nonrelated Related and nonrelated
Donor stool type Fresh Fresh
Amount stool, g Mean, 141 (SD, 71) 152 (SD, 32)
Time to FMT NR NR
Overall cure Arm 1: n = 15/16, 94% Arm 1: n = 18/20, 90%

Arm 2: n = 4/13, 31% Arm 2: n = 5/19, 26%
Arm 3: n = 3/13, 23%

Recurrence 1 (6) 2 (10)
Minor adverse effects 15 (94) 19 (94)
Major adverse effects 0 (0) 0 (0)
Mortality 0 (0) 2 (10)

Listed as n (%) unless indicated otherwise.
*≥3 Loose or watery stools per day for ≥2 consecutive days or ≥8 loose stools in 48 hours.
**≥10 Days of vancomycin at dose of ≥125 mg four times a day or ≥10 days of metronidazole 500 mg three times a day.
†Initial vancomycin (500 mg orally [PO] three times a day for 4 or 5 days) followed by bowel lavage (4L of polyethylene glycol) on last day of antibiotic treatment followed by FMT via

nasoduodenal tube.
‡Vancomycin (125 mg by mouth four times a day for 3 days) followed by bowel lavage (4L polyethylene glycol) on last 1 or 2 days followed by FMT via colonoscopy.
§Standard vancomycin regimen (500 mg PO four times a day for 14 days).
∥Vancomycin 125 mg by mouth four times a day for 10 days, followed by pulse regimen (125–500 mg/d every 2–3 days) for at least 3 weeks.
¶Standard vancomycin (500 mg PO four times a day for 14 days) with bowel lavage on Day 4 or 5.
NR, not recorded.
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stool tests for C. difficile toxin, and relapse was defined as diar-
rhea with a positive stool test for C. difficile toxin.

This trial was terminated early because most patients in
both control groups had high failure rates. Of the 16 patients
in the FMT arm, 13 (81%) had resolution of CDI diarrhea af-
ter a single infusion. The remaining three patients received a
second infusion with feces from a different donor, and two
were subsequently cured for an overall cure rate of 94%. Fecal
microbiota transplantation was statistically superior in treating
recurrent CDI compared with those receiving vancomycin alone
(n = 4, 31%; p < 0.01) and vancomycin with bowel lavage (n = 3,
23%; p < 0.01). Five weeks after the initiation of therapy, there
was a recurrence of CDI in 1 (6%) of 16 patients in the FMT
arm, 8 (62%) of 13 in the vancomycin-alone group, and 7
(54%) of 13 in the group receiving vancomycin with bowel la-
vage. Off-protocol FMT was given to 18 patients who had a
relapse after initial antibiotic treatment, and 15 patients
(83%) were cured.

Diarrhea (94%), cramping (31%), and belching (19%)were
common immediately after infusion and resolved within 3 hours
without further treatment. No deaths or other adverse events re-
lated to study treatment were reported in the FMTarm. This trial

was open label, and allocation concealment was not described,
but it otherwise had a low risk of bias (Table 1).

More recently, Cammarota et al.13 performed an open-
label RCT and evaluated the efficacy of FMT via colonoscopy
in patients with recurrent CDI with similar inclusion/exclusion
criteria as van Nood et al.10 detailed in Table 1. Patients were
randomized into two groups: a short regimen of oral vancomycin
(125 mg by mouth four times a day for 3 days), followed by
bowel cleansing on Day 2 or 3, followed by one or more FMT
via colonoscopy (FMT arm) or treatment with oral vancomycin
alone 125mg bymouth four times daily for 10 days, followed by
a pulse regimen (125–500 mg/d every 2–3 days) for at least
3 weeks. Patients who developed recurrent CDI after the first fe-
cal infusion were given a second FMTwithin 1 week. However,
after the first two patients with pseudomembranous colitis
(PMC) died, this part of the protocol was amended, and all sub-
sequent patients with PMC underwent repeated FMT every
3 days until resolution of colitis.

The primary endpoint was resolution of diarrhea at
10 weeks, and the secondary endpoint was toxin negative with-
out recurrent CDI at 5 and 10 weeks after the end of the treat-
ments. Cure was defined as the disappearance of diarrhea or

TABLE 2. Patient Demographics and Study Design of Published Studies of FMT for Recurrent CDI

Study n Study Design Age, y Male, n (%) Indication No. of Recurrent Episodes

Lagier et al., 201516 16 Prospective 84 (66–101)* 2 (12.5) Ribotype CD027 NR
Fischer et al., 201520 29 Retrospective 65.2 (25–92)* 12 (41) Severe, complicated 3 (1–12)*
Hirsch et al., 201523 19 Retrospective 61 (26–92)* 6 (31.5) ≥2 Recurrences 4 (2–8)*
Satokari et al., 201537 49 Retrospective 54 (20–88)* 15 (30.6) ≥1 Recurrence 4 (1–12)*
Tvede et al., 201538 55 Retrospective 65.6 (21.1–93.1)** 26 (47.3) ≥2 Recurrences 4 (1–8)*
Kronman et al., 201527 10 Retrospective 5.4 (2.7–10.6)† 4 (40%) ≥3 Recurrences NR
Zainah et al., 20158 14 Retrospective 73.4 (52–92)* 5 (35.7) Severe or ≥2 recurrences NR
Costello et al., 201518 20 Retrospective 69 (43–77)† NR ≥1 Recurrence 3 (2–4)†
Youngster et al., 201417 20 Prospective 64.5 (11–89)** 11 (55) ≥3 Recurrences 3 (2–6)**
Dutta et al., 201415 27 Prospective 64.5 (18–89)* 5 (18.5) ≥3 Recurrences NR
Emanuelsson et al., 201419 23 Retrospective 69 (25–99)** 4 (17.4) ≥1 Recurrence 3 (1–5)**
Kelly et al., 201426 80 Retrospective 53 (20–88)* 42 (52%) Recurrent, severe, refractory, complicated NR
Lee et al., 201428 94 Retrospective 71.8 (24–95)* 41 (43.6) ≥1 Recurrence 2.1 (1–4)*
Ray et al., 201433 20 Retrospective 62 (27–89)* 4 (20) ≥2 Recurrences or severe 3.2 (1–8)*
Russell et al., 201436 10 Retrospective 9.6 (1–19)* 6 (60) ≥3 Recurrences 3.7 (3–7)*
Patel et al., 201331 31 Retrospective 61.2 ± 19.3 14 (45.2) ≥2 Recurrences 4 (2–7)*
Rubin et al., 201335 74 Retrospective 63 (6–94)** 26 (35) ≥2 Recurrences NR
Pathak et al., 201332 12 Retrospective 71.9 (37–92)* 4 (33) ≥1 Recurrence NR
Brandt et al., 201214 77 Prospective 65 (22–87)* 21 (27) ≥2 Recurrences 5 (2–15)*
Jorup-Ronstrom et al., 201224 32 Retrospective 75 (27–94)** 12 (37.5) ≥1 Recurrence NR
Kelly et al., 201225 26 Retrospective 59 (19–86)* 2 (7.7) ≥3 Recurrences NR
Mattila et al., 201230 70 Retrospective 73 (22–90)* 28 (40) ≥1 Recurrence 3.5 (1–12)*
Hamilton et al., 201222 43 Retrospective 59 ± 21 12 (27.9) ≥2 Recurrences 5.9 ± 3.3
Garborg et al., 201021 39 Retrospective 75 (53–94)* 19 (47.5) ≥1 Recurrence NR
Rohlke et al., 201034 19 Retrospective 49 (29–82)* 2 (10.5) ≥3 Recurrences NR
Yoon and Brandt, 201039 12 Retrospective 66 (30–86)* 3 (25) ≥1 Recurrence NR
MacConnachie et al., 200929 15 Retrospective 66 (30–86)* 1 (6.7) ≥3 Recurrences 4 (37)**

Values are n (%) or mean ± SD.
*Mean (range).
**Median (range).
†Median (interquartile range).
NR, not recorded.
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persistent diarrhea explained by other causes with two negative
stool tests for C. difficile toxin. Recurrence was defined as diar-
rhea (≥3 loose or watery stools per day for ≥2 consecutive days
or ≥8 loose stools in 48 hours) unexplainable by other causes,
with or without a positive stool toxin within 10 weeks from
the end of therapy.

This study was stopped after a 1-year interim analysis
demonstrated that 18 (90%) of 20 patients treated with FMT
achieved a statistically higher resolution of CDI diarrhea com-
pared with only 5 (26%) of 19 patients in the vancomycin group
(p < 0.0001). Notably, seven patients in the FMTarm had PMC.
The first two patients with PMC failed initial FMT requiring a
second FMTwithin a week but ultimately failed treatment and
died of CDI-related clinical complications. However, since mod-
ifying the protocol in patients with PMC to receive FMT every
3 days until resolution of colitis, all five subsequent patients with
PMC were cured. Among the failures in the vancomycin group,
the median time to recurrence was 10 days (range, 4–21 days)
and two patients died of CDI-related complications.

Similar to patients treated in the van Nood et al. proto-
col,10 the majority of patients in the FMTarm experienced diar-
rhea (94%) and bloating/cramping (60%) that resolved without
intervention within 12 hours. No adverse events were reported
in the vancomycin group that could be attributed to vancomycin.
Overall, the study was of moderate risk of bias as the study was
open label, allocation concealment was not described, and it was
unclear if there was an additional selection bias as patients in the
vancomycin group did not undergo colonoscopy to determine
how many patients had PMC (Table 1).

Cohort Studies of FMT for CDI
Patient Characteristics

The age of patients ranged from 2 to 101 years old, and
327 (36.4%) patients were male. The number of recurrent epi-
sodes of CDI prior to FMT ranged from 1 to 15. Seven stud-
ies14,17,22,23,31,35,36 required at least two episodes, and five
studies15,16,25,27,29 required at least three episodes15,16,25,27,29

TABLE 3. Characteristics of FMT Procedures in Studies of FMT for Recurrent CDI

Study Delivery
Donor

(Nonrelated, Related)
Stool
Type

Amount
Stool, g

Concurrent Antibiotics
and FMT Time to FMT

Lagier et al., 201516 NGT Both Fresh 30 Yes NR
Fischer et al., 201520 Colonoscopy Both Fresh 50–200 Yes NR
Hirsch et al., 201523 Capsule Nonrelated Frozen 2.3 No NR
Satokari et al., 201537 Colonoscopy Both Both 30 No 42–360
Tvede et al., 201538 Enema NR Frozen NR No 154.5 d (33–532)*
Kronman et al., 201527 NGT Both NR 30 No 250 (90–541)**
Zainah et al., 20158 NGT (93%), colonoscopy (7%) Both Fresh 30–50 No NR
Costello et al., 201518 Colonoscopy (95%), push

enteroscopy (5%)
Nonrelated Frozen 30 No NR

Youngster et al., 201417 Capsule Nonrelated Frozen 48 No NR
Dutta et al., 201415 Simultaneous enteroscopy

and colonoscopy
Both Fresh 25–30 No 12 mo (2.5–27mo)**

Emanuelsson
et al., 201419

Enema Related Fresh 50 No 5 mo (1–16 mo)**

Kelly et al., 201426 Colonoscopy NR NR NR NR NR
Lee et al., 201428 Enema NR NR NR Yes NR
Ray et al., 201433 Colonoscopy Both Fresh NR No 49.6 (2–192 wk)*
Russell et al., 201436 NGT (20%), colonoscopy (80%) Related Fresh 30–40 No NR
Patel et al., 201331 Colonoscopy Both Fresh 115 (18–397)** No 340 d (18–2205 d)**
Rubin et al., 201335 NGT (85.3%), PEG (5.3%),

endoscope (9.4%)
Related Fresh 30 No 206 d (51–1282 d)

Pathak et al., 201332 Colonoscopy (91.7%), NGT (8.3%) Both Fresh 6–8 tbsp No NR
Brandt et al., 201214 Colonoscopy Both Fresh 6 tbsp No 11 (1–28 mo)
Jorup-Ronstrom

et al., 201224
Rectal catheter (84.4%),

colonoscopy (15.6%)
Nonrelated Fresh NR No NR

Kelly et al., 201225 Colonoscopy Both Fresh 6–8 tbsp No 12.6 (4–84 mo)*
Mattila et al., 201230 Colonoscopy Both Fresh 20–30 mL No 133 (46–360 d)*
Hamilton et al., 201222 Colonoscopy Both Both 50 No NR
Garborg et al., 201021 EGD (95%), colonoscopy (5%) Both Fresh 50–100 No NR
Rohlke et al., 201034 Colonoscopy Both Fresh NR No NR
Yoon and Brandt, 201039 Colonoscopy Both Fresh NR No NR
MacConnachie

et al., 200929
NGT Nonrelated Fresh 30 No NR

*Mean (range).
**Median (range).
NR, not recorded; NGT, nasogastric tube; EGD, esophagogastroduodenoscopy.
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to be included. Eight studies included 66 patients with
IBD,20,22,26,27,31–33,36 one study excluded patients with
IBD,39 and the remaining studies did not specify IBD as a co-
morbidity. The time from diagnosis of CDI to FMT ranged
from 18 days to 16 years, and follow-up ranged from
13 days to 16 years (Table 2).

FMT Procedure
Studies included both related and nonrelated,8,13–16,20–22,25,27,

30–34,37,39 related only,19,35,36 and nonrelated-only donors10,17,23,24

(Table 3). Both fresh8,10,13–16,19–21,24,25,29,31,34,35,39 and fro-
zen17,18,23 stool donations were used. The CDI cure rate reported
for FMT performed with frozen stool was equivalent to that re-
ported for fresh stool, ranging from 90% to 100%.18,22,37

The route of administration of FMT differed across stud-
ies. These included administration via the upper gastroin-
testinal tract (nasogastric/nasoduodenal tube,8,10,16,27,29,35,36
esophagogastroduodenoscopy,18,21,35 capsules,17,23 lower gas-
trointestinal tract (colonoscopy8,13,14,18,20–22,24–26,31–34,36,37
and rectal catheter/enema19,24,28), and simultaneous upper
and lower gastrointestinal tracts.15

TABLE 4. Outcomes for CDI Patients Following FMT

Study Clinical Cure Definition Overall Cure Recurrence Minor AE Major AE
CDI-Associated

Mortality

Lagier et al., 201516 NR NR 16 (37.5) 24 (72) 1 (6.3)* 0 (0)
Fischer et al., 201520 Resolution of diarrhea, no further need of anti-CDI

therapy, avoidance of colectomy, discharge from
hospital at 30 d

27 (93) NR NR NR 3 (10.3)

Hirsch et al., 201523 Resolution of diarrhea without relapse at 90 d 17 (89) 2 (10.5) 5 (26.3) 0 (0) 0 (0)
Satokari et al.,

201537
Resolution of symptoms at 12 wk 25 (96) 4 (8.2) 2 (4.1) 0 (0) 1 (2.0)

Tvede et al., 201538 Resolution of diarrhea without relapse at 30 d 35 (63.6) 20 (36.4) 8 (17.4) 0 (0) 1 (1.8)
Kronman et al., 201527 Resolution of symptoms 9 (90%) 1 (10) 5 (50) 0 (0) 0 (0)
Zainah et al., 20158 <3 Loose bowel movements a day for 2 consecutive days

after FMT and no further need for CDI therapy on Day 7
11 (79) 0 (0) NR NR 0 (0)

Costello et al.,
201518

Resolution of diarrhea and/or absence of toxin in stool
polymerase chain reaction after 3 mo

19 (95) 3 (15) NR NR 0 (0)

Youngster et al.,
201417

Resolution of diarrhea while not receiving antibiotics for
CDI without relapse within 8 wk

19 (95) 1 (5%) 6 (30) 0 (0) 0 (0)

Dutta et al., 201415 Resolution of diarrhea and disappearance of stool toxin 27 (100) NR 8 (29.6) 0 (0) 0 (0)
Emanuelsson et al.,

201419
Sustained resolution of symptoms without recurrence at 3 mo 16 (69.6) 2 (8.7) NR NR NR

Kelly et al., 201426 Absence of diarrhea, or marked reduction without need for further
CDI therapy at 12 wk

70 (89%) NR 3 (3.8) 12 (15)** 1 (1.3)

Lee et al., 201428 Clinical resolution at 6 mo 81 (86.2) NR 9 (10) 0 (0) 0 (0)
Ray et al., 201433 Negative toxin stool at 3 mo 20 (100) 0 (0) 5 (25) 0 (0) NR
Russell et al., 201436 NR 9 (90) NR 6 (60) 0 (0) NR
Patel et al., 201331 Resolution of diarrhea 22 (71) 3 (9.7) 0 (0) 1 (3.0)† 0 (0)
Rubin et al., 201335 Resolution of diarrhea without recurrence at 60 d 59 (79) 16 (21.3) 0 (0) 0 (0) 0 (0)
Pathak et al., 201332 Resolution of diarrhea, fall in white blood cell count, absence

of fever and improvement in vitals
12 (100) 1 (8.3) 0 (0) 0 (0) 1 (8.3)

Brandt et al., 201214 Resolution of symptoms without recurrence at 90 d 70 (91) 15 (19.5) 0 (0) 0 (0) 0 (0)
Jorup-Ronstrom et al.,

201224
No relapse 22 (69) 2 (9.1) 0 (0) 0 (0) NR

Kelly et al., 201225 No recurrence of CDI symptoms (diarrhea, fever, abdominal pain) 24 (92%) 2 (7.7) 3 (11.5) 0 (0) NR
Mattila et al., 201230 Resolution of symptoms at 12 wk 66 (94.3) 4 (5.7) 0 (0) 0 (0) 3 (4.3)
Hamilton et al., 201222 Resolution of diarrhea and negative stool test at 2 mo 41 (95.3) 6 (14.0) 14 (33.3) 0 (0) NR
Garborg et al., 201021 No further contact with clinic due to CDI symptoms within 80 d 33 (83) NR 0 (0) 0 (0) 3 (7.7)
Rohlke et al., 201034 No recurrent symptoms 19 (100) 3 (15.8) NR NR NR
Yoon and

Brandt, 201039
Absence of diarrhea, cramps, and fever within 3–5 d of FMT 12 (100) NR 0 (0) 0 (0) NR

MacConnachie
et al., 200929

Resolution of symptoms 11 (73) 1 (6.7) 0 (0) 0 (0) NR

Values are presented as n (%).
*Acute cardiac insufficiency.
**Fever, diarrhea, encephalopathy, and pancytopenia; abdominal pain post-FMT colonoscopy; IBD flair; cerebrovascular accident; colectomy related to IBD; fall and hip fracture; influenza

B and non-CDI diarrhea; catheter line infection; two deaths.
†Microscopic perforation during colonoscopic biopsy that resolved with conservative management.
AE, adverse event; f/u, follow-up; NR, not recorded.
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The number of FMTs reported ranged from 1 to 10 trans-
plants, and the most common indication for a repeat FMTwas
failure to resolve CDI with a single FMT or a recurrence of
CDI. The amount of fecal supernatant infused during each
FMT ranged from 25 to 397 g; the most common amount re-
ported was 30 to 50 g of stool.

Outcomes
The definition of clinical cure was heterogeneous among the

studies included and is reported in Table 4. Reported rates of reso-
lution of CDI after a single FMT ranged from 48% to 100%. Suc-
cess rate improved from 48% to 95% to 83% to 100% on
subsequent FMT.10,13,14,17,18,20–23,26,28,32,34 Overall cure rate was
greater than 90% in 18 studies10,13–15,17,18,20,22,25–27,31–34,36,37,39

and 100% in 7 studies.15,18,27,32–34,39 In the subpopulation of
66 patients with IBD, FMT successfully treated CDI in 94% of pa-
tients (n = 62/66).22,26,27,31–33,36 Among the failures, one patient
was successfully treated with vancomycin,36 one patient failed a
second FMT procedure without follow-up,31 and the remaining
two patients required colectomy.26 Success rates did not appear to
differ significantly depending on route of administration of FMT.
Importantly, FMT capsules have success rates of 89% to
90%.17,23 Recurrence rates ranged from 0% to 36%; most often,
this was attributed to the need for additional antibiotics for a
non–CDI-related infection.10,14,22,23,27,29,30,32,34,36–38

Adverse Events
Minor adverse events were defined as fevers, diarrhea,

and abdominal pain that were self-limiting. The frequency ofmi-
nor adverse was variable but ranged from zero18,29,32,35,39 to
greater than 90% of patients.10,13 Major adverse events were re-
ported to occur in 0%,10,13,15,17,18,22,23,28,30,32,35,37,39 1.8%,38

3.2%,31 6.3%,16 and 15%26 of patients (Table 4). In the subpop-
ulation of patients with IBD, 17% (n = 11/66) experienced an ad-
verse event including an IBD flare (n = 7), bloating/discomfort
(n = 1), hip pain (n = 1), pertussis (n = 1), and nausea
(n = 1).22,26,27,31–33,36 Although it is unclear if the IBD flare
was the result of the FMT procedure, two patients ultimately re-
quired a colectomy.

Mortality
The rate of mortality associated with FMT ranged from

0% to 10%8,10,13,18,20,23,26,28,30–32,35,37,38 (Table 4). Mortality
seemed to be associated with patient comorbidities and CDI dis-
ease severity at time of FMT as opposed to the risk of the

procedure itself; however, the design of the studies was inade-
quate to fully evaluate this association. Notably, early FMT (de-
fined as receiving FMTwithin the first week of diagnosis) was
associated with reduced mortality at 1 month in patients with
C. difficile ribotype 027–associated diarrhea (6% vs. 56%),
and early FMTwas the only independent predictor of survival16

(Table 5).

DISCUSSION

Altered microbiota and decreased diversity of colonic mi-
croflora that normally limits expansion of C. difficile has been
hypothesized to be a key factor in the development of
CDI.40,41 Currently, standard treatment of CDI is antibiotic ther-
apy; however, recurrence of infection occurs in 15% to 35% of
patients within 3 months of initial treatment and is typically
caused by regrowth of vegetative C. difficile from residual
spores that are resistant to antibiotic treatments.42,43 Fecal mi-
crobiota transplantation may restore a normal bacterial profile
to the colon and be of therapeutic benefit.5–7 In this systematic
review of the published literature, we provide an update on the
efficacy of FMT in the treatment for recurrent/refractory CDI
using the most recent data available from 27 large case series
and 2 RCTs.

Several retrospective and prospective cohort studies
suggest that FMT is a highly effective therapy for CDI with
a success rate of 83% to 100%. These results have been con-
firmed in two recent RCTs. In the landmark trial by van Nood
et al.,10 FMT cured 94% of patients versus 23% of patients re-
ceiving vancomycin alone. Similarly, Cammarota et al.13 re-
ported a 90% success rate in patients receiving FMT
compared with 26% of patients receiving vancomycin alone.
However, patient selection is critical. In both RCTs, patients
with severe disease requiring admission to an intensive care
unit and/or vasopressor therapy were excluded. Although
case reports suggest that FMT is safe and effective in treating
severe CDI, published evidence is very limited, and FMT
should not be used outside an institutional review board–
approved clinical trial in this setting.44–47

Patients with IBD are at an elevated risk for acquiring
CDI,48–52 and concomitant use of immunosuppressive medica-
tions in patients with CDI is associatedwith an increased mortal-
ity.53,54 In the subpopulation of 66 patients with IBD included in
this review, the overall CDI cure rate of FMTwas 94%. Among
the failures, two patients (3%) ultimately required a colectomy.
Based on limited evidence, FMTappears to be safe and effective
for IBD complicated by CDI.

Although the FMT procedure itself is not yet standard-
ized, findings from this review suggest that upper and lower gas-
trointestinal routes of administration have similar efficacy, and
the preferred method may vary with the clinical condition. In
frail or severely ill patients, less invasive methods such as a
nasoduodenal tube may be considered tominimize the risk of se-
dation and perforation associated with endoscopic methods of
infusion. In addition, orally administered capsules appear to be
effective.17,23 However, a colonoscopic approach has the advan-
tage of allowing visualization of the colonic mucosa and may be
preferred in patients with a clinical suspicion of IBD. Frozen
stool suspensions may simplify FMT by providing ready-to-use

TABLE 5. Summary of Key Findings in the Use of FMT for the
Treatment of CDI

• Fecal microbiota transplant should be considered in patients with recurrent
episodes of mild to moderate CDI who have failed conventional antimicrobial
therapy.

• There is insufficient evidence to recommend FMT for the treatment of severe
CDI.

• Fecal microbiota transplant may be effectively administered via antegrade
(upper gastrointestinal) or retrograde (lower gastrointestinal) routes of
delivery.

• Fecal microbiota transplant rarely results in major adverse events. However,
diarrhea, cramping, and bloating commonly occur and are typically self-limited.
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suspensions.18,37 Randomized controlled trials are needed to
better define the optimal stool source and processing, volume
of stool infused, route of administration, and the number and
frequency of transfusions needed for maximal efficacy.

Based on the reviewed data, FMT should be considered in
patients with mild- or moderate-severity CDI refractory to anti-
biotic treatment. Patients with severe CDI, or CDI complicated
by systemic compromise, peritonitis, megacolon, or colon perfo-
ration, should not be considered for FMT.20 In general, these pa-
tients should be advised to undergo total abdominal colectomy
with ileostomy.55 In select cases of severe CDI that is refractory
to medical therapy but not complicated by megacolon, perfora-
tion, or peritonitis, creation of a loop ileostomy with antibiotic
lavage of the colon may be considered as an alternative to
colectomy.56

Although this review provides up-to-date data regarding
the efficacy of FMT in patients with CDI, we acknowledge
that the study data that are presented have limitations. All
but two of the studies were cohort studies, performed either
retrospectively or as uncontrolled prospective studies. Both
RCTs were open label, and the methods of allocation conceal-
ment were not described. In addition, there was significant
heterogeneity among the studies in patient demographics, in-
clusion criteria, measurement of disease severity, duration of
disease, time from diagnosis to FMT, methods of FMT, and def-
initions of clinical resolution, which limits comparison across
studies and analysis of aggregate data. Furthermore, there are
likely numerous negative studies in this area that have not been
published, resulting in a publication bias.

In conclusion, strong RCT evidence supports the use of
FMT for recurrent/refractory CDI and should be considered if
antibiotic treatments have failed. There is insufficient evi-
dence to support the use of FMT in patients with severe/
complicated CDI.
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