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INTRODUCTION
There has been an alarming increase in the inci-

dence and severity of Clostridium difficile infection 
(CDI)1 since around the turn of the century (See 
Fig. 1). Cases of CDI nearly doubled from 98,000 
in 1996 to 178,000 in 2003, and have been paral-
leled by an increased unadjusted case-fatality rate of 
1.2% in 2000 to 2.3% in 2004. Mortality currently 
approaches 30,000 deaths annually. Of equal concern 
is an increased incidence of community-associated 
CDI which is being reported in populations previously 
considered low risk, including peripartum women, 
patients with cirrhosis or inflammatory bowel disease, 
and healthy individuals without a history of antibiotic 
use.1

Current antibiotic treatment regimens do not offer 
satisfactory cure rates. After 10-14 days of treatment 
with Flagyl or Vancomycin, an initial episode of CDI 
has a recurrence rate of 20%-25%, which increases to 

40% after one recurrence, and further increases to 60%-
65% after two recurrences. Current treatment regimens 
for recurrent Clostridium difficile infection (RCDI)  
require prolonged regimens of Vancomycin or administra-
tion of the new oral tablet Fidaxomicin. These regimens 
are quite costly and require tapers that can last many 
months with marginal efficacy. The significant number 
of patients who experience additional CDI relapses have 
even more limited treatment options. Other interven-
tions that have been reported, but with little or no data 
to support efficacy, include intravenous immunoglobulin 
(IVIG), rifaximin, nitazoxanide, and probiotics.2,3

Against this backdrop, Fecal Microbiota 
Transplantation has been gaining attention and main-
stream acceptance due to its impressive efficacy in 
treating RCDI. 

BACKGROUND 
Fecal microbiota transplantation (FMT), i.e. 

the introduction of a 
fecal suspension from a 
healthy screened donor 
into the gut of a diseased 
patient, was actually intro-
duced 1700 years ago 
by a Chinese scientist 
named Ge Hong4 who 
administered human fecal 
suspensions orally to treat 
patients with food poison-
ing or severe diarrhea. It 
was later reintroduced in 
1958 by Ben Eiseman, 
a surgeon at the U. of 
Colorado who used fecal 
enemas to treat pseudo-
membranous colitis with 
an excellent response. 
Further interest in the 
microbiome has exploded 
in the last decade and the 
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National Institutes of Health has launched the human 
microbiome project to catalog the microbial genes and 
species associated with the human body. The healthy 
gut microbiome primarily consists of ten species, with 
a predominance of Firmicutes and Bacteroidetes in 
healthy patients. Microbial colonization of the gut 
begins during birth and each individual develops their 
own specific gut microbiota.5 Gut dysbiosis is associ-
ated with many disease states including CDI, IBS 
(Irritable Bowel Syndrome), IBD (Inflammatory Bowel 
Disease), metabolic syndrome, obesity, multiple sclero-
sis, autism and diabetes.6,7 Among the factors that can 
disrupt the flora, antibiotics are the best understood; 
they affect both the size and composition of the micro-
biome, which can allow Clostridium difficile spores to 
dominate. FMT restores deficient Bacteroidetes and 
Firmicutes concentrations to healthy levels within two 
weeks.8

Although no definitive pathogen has been 
described for IBD, many believe a disturbance in the 
microbiome may play a part in its pathogenesis also,9 as 
decreased diversity of healthy species has been evident 
in the microbiome of IBD patients. The abnormal 
colonization may initiate excessive and unregulated 
inflammation that causes subsequent mucosal injury. 
Several studies have now reported that FMT may be a 
promising approach for management of IBD, though 
the results are mixed and not nearly as impressive or as 
reproducible as in RCDI.

TREATMENT Of CLOSTRIDIUM DIffICILE 
The first randomized controlled trial of FMT for 

RCDI enlisted 43 patients.10 The trial compared FMT 
via nasoduodenal tube after four to five days of oral 
vancomycin, vs. 14 days of vancomycin alone, vs. 14 
days of vancomycin with bowel lavage. Resolution of 
symptoms occurred within three months in 81% of 
patients who received FMT, in 31 % who received van-
comycin alone, and in 23% of patients who received 
vancomycin plus bowel lavage. The study was termi-
nated early, since FMT was significantly more effective 
than vancomycin. A second randomized controlled 
study compared FMT delivered via nasogastric tube vs. 
colonoscopy.11 Symptoms resolved in 70% of patients 
after one FMT; the nasogastric group had a 60% cure, 
and colonoscopy had an 80% cure. The overall cure 
rate was 90% after retreatment. 

A systematic review published in 2011 included 
317 patients with RCDI treated with FMT.12 Symptoms 
resolved in 92% of patients; 89% after one treatment, 

and 5% more after retreatment. Another systematic 
review showed FMT successful in 85% of RCDI and 
55% of refractory CDI, compared with medical suc-
cess rates of 30%-80%.13 Presently, the evidence for 
using FMT for RCDI is more convincing than for ful-
minant or refractory CDI. Studies have also not yet 
supported FMT as an initial treatment for CDI. Future 
randomized controlled studies are needed in regards to 
using FMT as an initial treatment or for fulminant and 
refractory CDI.

Studies are also now examining different types of 
regimens for FMT. A recent study reported successful 
outcomes in two RCDI patients treated with a stool 
substitute of 33 different intestinal bacteria isolated in 
pure culture from a single donor, after having failed 
repeated courses of antibiotics.14 Another study showed 
that FMT with a frozen inoculum from a screened vol-
unteer is as effective as fresh stool for treating RCDI.15 

Finally, a feasibility study used frozen fecal capsules 
prepared from healthy donors to treat 20 patients with 
RCDI and found an overall response rate of 90% after 
one to two treatment courses.16

THE fMT PROCEDURE AT LGH 
The use of FMT at LGH has advanced rapidly 

since the article about gut flora by Dr. Christopher 
Shih was submitted to this Journal in the fall of 2013, 
at which time FMT had not yet been performed here.17 
In early 2013 the U.S. Food and Drug Administration 
(FDA) required an investigational new drug (IND) 
application for each FMT, which greatly restricted its 
implementation as routine therapy. This policy was 
changed, and the FDA now exercises discretion if 
patients are provided with an extended informed con-
sent. Shortly after Dr. Shih’s article appeared, and in 
response to the FDA lifting requirements for an IND, 
this author submitted a protocol to LGH for FMT 
that — after considerable discussion and revision — was 
approved by the division. The first FMT in Lancaster 
was carried out at LGH in April 2014.  

cUrrent indications 
Clostridium difficile infection is defined accord-

ing to the SHEA-IDSA guidelines: at least three 
unformed stools over 24 hours for two consecutive 
days and either positive stool testing (ELISA or 
PCR) for C. difficile toxins or pseudomembranes 
on colonoscopy.

FMT is used to treat CDI in the following 
circumstances:
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1. Recurrent or relapsing CDI:
  a. At least three episodes of mild-to-moderate 

CDI and failure of a six to eight-week taper with van-
comycin, with or without an alternative antibiotic (e.g., 
rifaximin, nitazoxanide, fidaxomicin). (Relapsing CDI 
patients complete at least a 10-day course of vancomy-
cin for the most recently diagnosed acute CDI prior to 
undergoing FMT.) 

OR
  b. At least two episodes of severe CDI result-

ing in hospitalization and associated with significant 
morbidity.

OR 
2. Moderate CDI not responding to standard 

therapy (vancomycin) for at least a week. Refractory 
CDI patients have demonstrated no significant clini-
cal improvement after at least seven days of higher dose 
vancomycin (250 mg QID). 

donor eliGibility determination
We utilize a structured protocol for donor selec-

tion and screening. The patients may identify a donor 
such as a spouse /partner /intimate contact, a house-
hold family member [adult child, sibling], a first-degree 
family member outside the household [adult child, 
sibling], or another relative [aunt, uncle, cousin] or 
friend). Prospective donors undergo a brief medical 
interview as well as a screening questionnaire and labo-
ratory testing. 

Potential donors are evaluated to determine the 
presence of systemic medical conditions that would 
preclude donation (see following section also). These 
include a communicable disease, systemic autoim-
mune or atopic diseases, chronic pain syndromes (e.g. 
fibromyalgia, chronic fatigue), neurological disorders, 
malignancy, diarrheal disorders (IBS, IBD, celiac dis-
ease), use of antibiotics for any indication within the 
past three months, or obesity with a BMI >30.

We use a questionnaire based on the Donor 
History Questionnaire (DHQ) for screening blood 
donors. The DHQ is especially important to identify 
risks for diseases and conditions for which there are 
no laboratory tests, for which tests are not sensitive 
enough to detect infectious disease agents, and for 
which tests are unable to identify early stage or win-
dow-period infections. 

Our modified DHQ must be completed within 30 
days of FMT, and is used to exclude donors with risk 
factors such as high risk sexual behaviors (e.g. sexual 
contact with anyone with HIV/AIDS or hepatitis; 

men who have sex with men; those who have sex for 
drugs or money), known exposure to HIV or viral hep-
atitis within the previous 12 months, confinement in 
a correctional facility for more than 72 hours in the 
last 12 months, use of intravenous drugs or intrana-
sal cocaine, recent tattooing or body piercing, recent 
transfusion, transplant or skin graft, risk factors for 
variant Creutzfeldt-Jakob disease.

Laboratory testing includes HIV 1 & 2 testing 
within two weeks of donation for FMT, as well as 
screening within one month for HAV IgM, HBsAg, 
anti-HBc (both IgG and IgM) and anti-HBs, HCV Ab, 
and RPR. Stool is tested for Clostridium difficile toxin 
by PCR; fecal Giardia or Cryptosporidium antigen; Ova 
and parasites; or Rotavirus via EIA. A bacterial cul-
ture checks for enteric pathogens (E coli, Salmonella, 
Shigella, Yersinia, Campylobacter) as well as Listeria 
monocytogenes and Vibrio (parahaemolyticus and cholerae); 
and an acid-fast stain is done for Cyclospora and Isospora. 

treatment protocol
To prevent relapse while awaiting FMT, vancomy-

cin is continued in relapsing subjects until two to three 
days prior to the scheduled procedure and by refrac-
tory subjects until the evening prior to the procedure. 
The day before the procedure, patients receiving endo-
scopic FMT are prepped with a standard bowel purge.

The procedure is performed in the GI endoscopy 
suite. The method used to deliver the FMT depends 
on the individual characteristics of the patient and is at 
the discretion of the treating physician. The methods 
used include colonoscopy, sigmoidoscopy, or enema. 

Colonoscopy allows full endoscopic examination 
of the colon and exclusion of comorbid conditions 
(such as IBD, malignancy or microscopic colitis) which 
may have an impact on the patient’s treatment or 
response to therapy.  This method has also yielded the 
highest cure rates. Sigmoidoscopy eliminates the addi-
tional risks associated with colonoscopy in patients 
who may not have a clear indication for colonoscopy, 
but still allows infusion of the stool into a more proxi-
mal segment of the colon than an enema. It does not 
require sedation, and may be beneficial in elderly or 
multiparous patients and may have difficulty retaining 
the material when given as an enema. Administration 
by enema allows infusion of the stool into the proximal 
segment of the colon and rectum without a sigmoido-
scope. This method may be beneficial in patients who 
cannot be sedated and who are too unstable to be 
moved to the endoscopy suite. Delivery is via a Foley 
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catheter, thus allowing the balloon of the Foley to obstruct 
the anus and assist in better stool retention. This method 
is preferred for fulminant critically ill patients due to the 
risks of endoscopic administration. 

The physician administers 250-300 mL of the fecal 
suspension in aliquots of 60 mL.If done through a colo-
noscope or sigmoidoscope, it is delivered to the most 
proximal point of insertion. The patient is encouraged 
to retain stool for as long as possible (optimally two 
hours). After the procedure the patient is given one to 
two Loperamide tablets (optional at physician discretion) 
and is observed for two hours in the post- endoscopy unit 
for adverse reactions. Antibiotics are usually held after the 
FMT in most cases at the discretion of the physician. 

FolloW-Up 
We follow up with patients at seven and 30 days post-

transplant. We tell patients to expect resolution of their 
symptoms within one to two weeks, and to call us with 
any sign of recurrent symptoms. Patients are also advised 
to avoid all antibiotics if possible for at least 30 days and 
as long as possible thereafter. The patient is given a list of 
“problem” antibiotics and asked to call our office if any 
antibiotic is started in the first 30 days as that causes a 
very high rate of relapse. Testing for Clostridium difficile 
is only performed if there are recurrent symptoms or if the 
stools remain loose and the patient requests repeat test-
ing. Solid stools are not retested for Clostridium difficile. 

Patients who fail a first FMT are offered a second 
FMT and are usually treated with Vancomycin or Dificid 
for 10-14 days (see below for our cure rates with second 
FMTs). 

adverse events 
There are three areas of risk associated with treat-

ment: 1) Physical risks related to the colonoscopy or 

sigmoidoscopy (i.e. perforation, abdominal pain, 
bleeding, anesthesia reaction, etc.); 2) Theoretical 
risks (infectious and otherwise) related to FMT 
(extremely rare due to rigid screening of donors); and 
3) Psychological or other risks related to confidentiality 
and loss of privacy.

There have been reports of Norovirus transmis-
sion,18 Bacteremia in IBD,19  and flares of IBD with 
FMT,20 but these have been quite rare. One study fol-
lowed 77 patients after colonoscopic FMT21 and found 
that after three months to several years 91% of patients 
achieved primary cure and 98% were secondarily cured 
(after additional FMT, antibiotics, or probiotics). In 
that study, three patients developed new immune con-
ditions but it is not known if they were directly related 
to FMT. The LGH results are discussed below.

resUlts oF Fmt at lancaster General health 
Our group has now performed 64 FMTs for RCDI 

with primary cure in 55 of those patients (86%), com-
parable to the literature. Of the nine relapses, most 
occurred within the first 30 days, and thus far four of 
those patients have been re-transplanted with cure of 
three of the four patients, making our overall cure rate 
91%. (See Table 1).

Frozen stool 
Frozen stool was approved for use at LGH in 

September 2014 and is now the predominant method 
used. Twenty-two of our 64 patients were transplanted 
with fresh stool while the remaining 42 received frozen 
stool. All of the frozen samples are currently obtained 
from Open Biome stool bank in Massachusetts, a 
nonprofit stool bank started by two MIT students. 
It has provided over 6,000 stools for FMT and uses 
high quality screening methods. All of the pertinent 
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screening lab work is sent with the corresponding stool 
samples and scanned into the electronic patient record 
at LGH. This stool bank has allowed many patients to 
be treated more efficiently, cost effectively, and safely, 
and many patients are now choosing this option. Five 
frozen stools from donor labs are stored in the LGH 
endoscopy department at all times. 

With FMT for fulminant or refractory cases in crit-
ically ill hospitalized patients  our cure rates are lower 
— 40%-50% on a much smaller patient population — 
and the adverse event rate is higher. Results like these 
are common in the literature, and multiple studies are 
underway to determine what modifications to current 
FMT protocols will help improve cure rates in this dif-
ficult population of patients. 

As to complications, we have had one colonic 
perforation, although this was likely related to a pol-
ypectomy performed at the time of FMT. We have 
also had three aspirations during FMT although these 
complications all occurred on patients with fulminant 
disease. Otherwise, the complications have been: mild 
abdominal pain for two to three days, and malaise for 
one to two days. 

  
fUTURE DIRECTIONS fOR fMT 
Ulcerative colitis

The first case report of FMT for UC was published 
in the Lancet in 1989.22 The authors themselves had 
UC refractory to steroids and treated it with FMT con-
sisting of large volume retention enemas from healthy 
donors. Colonoscopic biopsies at three months 
showed resolution of inflammation, and at six months 
the authors were symptom free. Many other small stud-
ies showed mixed results using FMT for Ulcerative 
Colitis. In 2013 a prospective study used FMT in five 
patients with moderate to severe ulcerative colitis.23 
No patients achieved remission and only one patient 
had a symptom response. Two randomized controlled 
studies using FMT for UC were published recently 
and both were stopped early for futility.24,25 Follow up 
results of one of these studies showed remission in 
24% compared to controls at 5%. Larger studies are 
needed and researchers need to examine if methods 
should be altered for FMT in UC vs. the methods used 
for RCDI. 

crohn’s disease 
The data for treating Crohn’s disease with FMT 

are sparser and are limited to small studies. A study 
from China reported results of a single FMT delivered 

mid-gut in 30 patients with refractory Crohn’s dis-
ease.26 Although follow up was only for one month, 
rates of improvement and clinical remission were 
86% and 76% respectively. A 2014 case report 
showed remission in a patient that had failed prior 
immunosuppressive therapy.27 The study analyzed the 
patient’s stool pre and post FMT and the change in 
microbiome did not persist as it does for RCDI. This 
finding suggests that repeated transplants of FMT, or 
perhaps pill delivery systems, may be more beneficial 
in Crohn’s disease. 

A series of randomized trials is currently under-
way of FMT in the treatment of Crohn’s disease. 
Many of these are listed at clincaltrials.gov. 

FUnctional Gi disorders 
In contrast to the more serious IBD (Irritable 

Bowel Disease), early results in studies using FMT for 
IBS (Irritable Bowel Syndrome) have been more posi-
tive. A recent study showed that IBS patients have a 
significant decrease in the numbers of Bacteroidetes 
and Faecalibacterium species and a significant increase 
in Firmicutes.28 This alteration may uncover a link 
between the brain- gut axis in IBS and suggests that 
FMT may be beneficial. 

One study examined 13 patients with both con-
stipation and diarrhea — predominant IBS and their 
response to FMT.29 Seventy percent reported resolu-
tion or improvement in multiple symptoms of IBS 
especially abdominal pain, bowel habits, and bloating. 
In another series of 45 patients with chronic constipa-
tion treated by FMT, 89% had symptomatic relief and 
18 reported normal bowel habits during follow up of 
9-19 months.30 Another pilot study examined FMT in 
24 patients with slow transit constipation.31 The rates 
of clinical improvement and remission were 50% and 
37% respectively, accompanied by a decrease in colonic 
transit time after FMT. 

The data for the use of FMT to treat IBS are prom-
ising, but larger randomized controlled studies are 
needed to further explore these results. 

diabetes and obesity
A double-blind, randomized, controlled study 

examined the use of FMT for diabetes and obesity in 18 
male subjects.32 The study demonstrated improved fast-
ing triglycerides and insulin resistance. Other smaller 
studies have shown similar results but no study has 
yet shown a decrease in weight using FMT. Obviously, 
this is another exciting area of potential treatment with 
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FMT. Fig. 2 lists gastrointestinal and other disorders 
being studied as potential treatment targets for FMT, 
and illustrates that interest in using the microbiome 
as a treatment target is quickly expanding.

CoNCluSIoNS
 FMT has demonstrated impressive efficacy in the 

treatment of recurrent Clostridium difficile infections, 
with cure rates of 80%-95% in many well performed 
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studies. Success in this disease state has led to an 
explosion of research in the microbiome and its 
potential in the treatment of other GI and non GI 
diseases.

Many questions remain with FMT despite its 
high success rate with RCDI. Why does it work? Is 
it specific bacteria or groups of bacteria? Is there 
a “super donor?” What is the role of bacteria on 
inflammation and autoimmunity? Do different 
approaches or repeated applications need to be done 
in IBD, IBS and other disease states for efficacy? 

Will pill formulations be a much more attractive and 
reproducible delivery mechanism in the near future, 
especially in IBD and IBS?

The early results remain promising but many 
more randomized, controlled studies are needed to 
standardize all aspects of FMT and delineate other 
areas with potential for treatment success. We are 
encouraged with our local success with FMT for 
RCDI and remain committed to utilizing the micro-
biome and its potential for treatment of many disease 
states in the future. 
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