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Colonic distribution of FMT by different 2
enema procedures compared to colonoscopy
— proof of concept study using contrast fluid
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Abstract

Background Fecal microbiota transplantation (FMT) has become an important treatment method in recurrent
Clostridioides difficile infections and is under investigation as a treatment for several other diseases. FMT's mechanism
of action is assumed to be through alterations of the colon microbiota. FMT can be delivered by several methods,
but few studies have directly compared how FMT is distributed in the colon by different methods. Specifically, the
proximal distribution of FMT delivered by enema is unknown.

Methods In eight participants, we administered contrast fluid (CF) with viscosity similar to an FMT in a crossover
study design. First, CF was administered by colonoscopy, followed by an abdominal X-ray to visualize the CF
distribution. Next, after four to eight weeks, participants were given CF, but as an enema, followed by a positioning
procedure. X-rays were obtained before (enema +) and after (enema +) the positioning procedure.

Conclusion Proportion of participants with CF in cecum were 100% after colonoscopy, 50% after enema+and 38%
after enema +. In the transverse colon, proportions were 100% (colonoscopy), 88% (enema +) and 63% (enema =+).
There were no adverse events.

Interpretation This study shows proof of concept for the distribution of FMT to proximal colon when delivered by
enema. A positioning procedure after the enema slightly improves the proximal distribution. However, colonoscopy
is the only method that ensures delivery to the cecum. Studies are needed to see if FMT colon distribution correlates
with treatment effectiveness.

Trial registration The study was retrospectively registered at ClinicalTrials.gov (NCT05121285) (16/11/2021).
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Introduction

Fecal microbiota transplantation (FMT) involves trans-
fer of feces from a healthy donor to the gastrointestinal
tract of a recipient and has proven to be very effective in
treatment of recurrent Clostridoides difficile infections. It
is believed that FMT work by restoring a healthy colon
microbiota in the recipient. Currently, many clinical tri-
als are investigating FMT’s therapeutic potential in other
disorders that may be gut microbiota related, such as irri-
table bowel syndrome (IBS) [1], severe obesity, fatigue
related diseases and serious antibiotics-related diarrhea
[2].

FMT administration methods vary, and none have con-
sistently shown to be superior to the others [3]. Methods
can broadly be categorized as upper (oral) or lower (anal)
administration routes. Nasogastric- or nasojejunal tubes,
gastroscopy and oral capsules are the most used methods
for upper administration, while colonoscopy and enema
are the main methods for lower administration. Tra-
ditionally, colonoscopy has been the method of choice
because it allows simultaneous differential diagnostics
(e.g. malignancy or other causes of the symptoms) and
because FMT delivery in the cecum is believed to ensure
colonization in all colon segments.

FMT by colonoscopy require highly specialized person-
nel and facilities and is an invasive procedure that can be
unpleasant for the recipient. Enema, on the other hand,
can be given at the patient’s bedside, is less invasive and
put less strain on hospital resources. It is believed that
EMT delivered by enema only reach the rectum and
sigmoid colon [4, 5], but so far, no published study has
assessed the colonic distribution of FMT delivered by
enema.

Our hypotheses are that FMT delivered as an enema
with positioning (enema +) is superior to enema without
positioning (enema +) in reaching the transverse colon
and cecum, and that FMT distribution after enema+is
similar to the distribution when FMT is delivered by
colonoscopy.

Method

Trial design

This was an assessor blinded, open labeled, single center
crossover trial performed at the University Hospital of
North-Norway Harstad, Norway. We used contrast fluid
(CF) (Barium sulfate suspension 105% w/v, Liquid Polibar
Plus, E-Z-EM Canada Inc) as a surrogate liquid for FMT
produced in accordance with current European recom-
mendations [6]. In brief, fifty grams of freshly delivered
feces from a healthy donor is mixed with 25 mL 85% glyc-
erol and isotonic saline to a total volume of 200 mL. The
liquid mix is homogenized and filtered through a strainer
with mesh size 0-5 mm, before transfer to four 50 mL
Luerlock syringes. Prepared FMT-treatments are frozen
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and stored at -80 °C. Prior to delivery, frozen FMT-treat-
ments are slowly thawed in a water bath (+37 °C) for
60 min before being mixed with 240 mL isotonic saline in
an enema bag and transported to the patient for adminis-
tration [1].

The viscosity of the CF was compared to the viscosity
of an FMT-treatment (appendix 1). Similar to the proce-
dure for FMT-delivery at the hospital, CF (150 mL) was
diluted in 300 mL water before administration, giving a
total volume of 450 mL. Timeline and characteristics of
each visit is shown in Fig. 1.

On the first visit, the examiner finished a complete
examination of the colon before delivering CF in cecum,
followed by an abdominal X-ray (Fig. 2).

After a washout period of four to eight weeks, par-
ticipants underwent a bowel lavage with Sodiumpico-
sulphate/Magnesiumcitrate (Picoprep/Ferring) before
returning to the hospital to receive CF, now delivered as
an enema (Fig. 3).

Immediately after enema delivery, participants were
(with minimal movement) lifted to another table for an
X-ray (enema +). Next, lying on the bench, participants
were instructed to follow the positioning procedure
described in Fig. 3, before a new X-ray was performed
(enema +).

Participants

Patients 18 to 70 years old (median 67) scheduled for a
colonoscopy at the gastroenterology outpatient clinic
were screened for eligibility. Patients were excluded if
they had malignancy, inflammatory bowel disease or
obstructive gastrointestinal disease suspected in advance
or confirmed during colonoscopy. Other exclusion crite-
ria were use of anticoagulants, symptomatic cardiovas-
cular or lung disease, kidney failure, contraindications
to the trial positioning procedure or contrast fluid (Bar-
ium sulfate suspension 105% w/v, Liquid Polibar Plus,
E-Z-EM Canada Inc), asthma, breastfeeding or ongoing
or planned pregnancy. All participants signed informed
consent before trial inclusion.

Outcome and analysis

Our primary outcome was the proportion of participants
with CF in the cecum after each administration method.
Secondary outcome was the proportion of participants
with CF in the transverse colon after each administra-
tion method. Proportions were compared using a Fischer
Exact test with a significance level of 0-05. We used SPSS
[28-0-1-0 (142)] to perform the calculations.

All X-rays were evaluated by two independent radi-
ologists blinded to administration method or procedure
(assessor blinding). When the radiologists’ reports dif-
fered, a third (blinded) radiologist re-evaluated the X-ray
images.
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Fig. 1 Timeline and characteristics of each visit, created with BioRender.com

If the examination of the colon was without any sign of pathology the CF was delivered through the working
channel of the endoscope to the cecum of the colon while the participant was lying on his/her side.

Delivery of CF during colonoscopy
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Fig. 2 Contrast fluid delivered by colonoscopy, created with BioRender.com

Ethics

CF was delivered during scheduled colonoscopies nec-
essary for medical purposes. The enema procedure is
less invasive compared to a colonoscopy and therefore
unlikely to cause any harm in healthy individuals such as
our trial participants. Study personnel were trained and
equipped to handle any case of anaphylactic reactions to
the CF. Participants were exposed to a low radiation dose:
one abdominal X-ray is equal to 10 days of background

radiation. The trial is registered at ClinicalTrials.gov
(NCT05121285).

Results

A total of 31 participants were assessed for eligibility and
ten were found to be eligible. Main medical reasons for
exclusion were suspected malignancy (n=four), asthma
(n=four), and history of trouble with bowel prepara-
tion in earlier colonoscopies (n=two). Among the ten
eligible participants, two declined to participate, while
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The rectal probe was lubricated before insertion to the rectum, and the rectal balloon inflated (to prevent
soiling). Quick release of the solution could increase the risk of soiling and could feel uncomfortable for the
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Fig. 3 Contrast fluid delivery by enema before and after the positioning procedure, created with BioRender.com

the remaining eight participants were included and com-
pleted the trial, between 26. October 2021 and 4. April
2022. The study population consisted of three men and
five women with median age 67 years. Dilution of CF at
1:2 in water resulted in similar shear viscosity to FMT.
Proportion of participants with CF visualization in
the cecum were 100% after colonoscopy, 50% after
enema+and 38% after enema + (Fig. 4a). Colonoscopy
compared to enema +, but not enema +, had a statisti-
cally significant difference in proportions (P=0-026).
Proportion of participants with CF visualization in the
transverse colon were 100% after colonoscopy, 88% after

enema+and 63% after enema + (Fig. 4b). CF distribution
on abdominal X-rays in two study participants are shown
in Fig. 5 and all the other X-ray results in appendix 2—4.

All participants tolerated the enema procedure well
and there were no adverse events. One of the participants
experienced some soiling of CF after the enema insertion,
before the first X-ray was performed. During digital exam
before enema insertion the sphincter tone was identified
as weak. CF was still visualized in the patient’s cecum in
both X-ray images.
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Fig. 4 Percentage of participants with visualization of CF by different delivery methods. A: CF visualization in the cecum. B: CF visualization in the trans-

verse colon. * p<0-05

Discussion

To our knowledge, this is the first trial to evaluate how
fluid similar to FMT is distributed in the colon immedi-
ately after delivery by colonoscopy or enema. CF deliv-
ered to the cecum by colonoscopy is indeed distributed
across colon, which we saw in all participants. Following
CF by enema, most patients had CF distributed to the
transverse colon, and some even to the cecum, which
contradicts the assumption that FMT delivered as enema
is only distributed to the distal colon (i.e. rectum and
sigmoid colon) [4, 5]. Our results also indicate a slightly
improved proximal distribution of FMT by including a
standardized positioning procedure.

It is reasonable to believe that better FMT distribution
increases the chance of donor microbiota engraftment,
which has been shown to be associated with treatment
outcome [7]. In this sense, colonoscopy seems to be
the best option. If enema is to be used, our results sug-
gest that the enema should be followed by a position-
ing procedure to improve treatment effect. As enema
administration of FMT is less standardized, resulting in
differences in distribution depending on which proce-
dure being applied, it may contribute to the difference in
treatment effect in studies using enema [8].

Treatment cost, procedure invasiveness and risk of
adverse events should be considered when choosing
administration method. FMT by enema have the advan-
tage that it can be given bedside, requires little training
of the healthcare personnel performing the procedure
and involves fewer adverse events than colonoscopy [9].
By being less invasive enema is also likely to cause less
patient discomfort. A disadvantage of FMT by enema,
compared to colonoscopy, is that it is not possible to
know whether the FMT treatment has reached cecum.

However, our results show that the FMT is distributed at
least to the transverse colon in most patients.

The distribution of FMT delivered by enema may vary
because of individual differences in colon anatomy. Stud-
ies have shown that the transverse colon is the major
determinant of colonic length and that longer transverse
colon is more tortuous with sharp-angles [10, 11] which
may limit FMT distribution to the proximal colon even
with the positioning procedure. Further, the transverse
colon is significantly longer in women, older- and thin-
ner adults [11]. Although far too small sample size to
conclude, it is interesting to note that the current trial
mainly included women (5/8 participants) of older age
(median age 67) who were lean. Another factor that may
limit FMT distribution is abdominal surgery that leads
to adhesions and scar tissue causing anomalies in how
the large intestine is positioned. Unfortunately, we did
not ask any of the participants if they had undergone any
bowel surgery.

Strengths of our trial is the use of a fluid proven to have
the same viscosity as FMT, direct comparison of differ-
ent methods in the same individual (i.e. same anatomy),
standardized procedure for administration methods and
outcome assessor blinding (X-ray evaluation).

The main limitations to our trial are the small sample
size and a design that cannot answer if colon distribu-
tion of FMT correlates with treatment effect. The study
conducted only an immediate observation of the CF dis-
tribution, precluding an evaluation of the duration and
quantity of fluid retained in the intestine. Fluid retention
time may influence FMT treatment effect, but, to our
knowledge, no study has investigated this specifically.
An important factor to fluid retention time is probably
colonic motility, which changes with older age 1>, We
don’t know if there are any differences in how CF, FMT or
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Fig. 5 X-ray pictures from two study participants after colonoscopy, enema (-) and enema (+), created with BioRender.com

the different administration methods used in the current
study influence motility.

Another limitation is that the enema probe was visu-
alized on the abdominal x-rays in a few patients, which
could compromise blinding (i.e. probe was only inserted
at enema). As the outcome assessors were not familiar
with the enema procedures it is unlikely that this inter-
fered with the blinding. Further, the enema+procedure
used in our trial deviates slightly from how we recom-
mend performing the procedure outside the trial: To
obtain an abdominal X-ray from both enema-+and
enema+procedures from one enema delivery, patients
were lifted in a supine position after CF delivery by
enema and returned to a supine position after the
first X-ray (Fig. 3, step 2). Normally we would do the
enema+ procedure without the extra supine positioning.

Lastly, no participant skipped the positioning proce-
dure, which means that the movement of CF in a proxi-
mal direction as observed in enema+could simply be an
effect of time.

Conclusion

This study shows proof of concept for the distribution of
FMT to proximal colon when delivered by enema. Posi-
tioning the patient slightly improves the proximal distri-
bution. However, colonoscopy is the only method that
ensures delivery to the cecum. Studies are needed to
see if FMT colon distribution correlates with treatment
effectiveness.
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