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Metformin and Gut

• Metformin  bowel glucose uptake from the bloodstream, ¯ luminal 
glucose uptake, and  enterocyte glucose consumption. 
Ø Metformin  18-FDG uptake in the bowel (colon > small bowel)

Ø May mimic or mask malignancy in the GI tract

intestine in the first study and all patients had grade 0 and 1
FDG uptake in the small intestine in the second study
(Fig. 4).

In one patient with ovarian carcinoma, the study
performed after stopping metformin showed a mass lesion
with increased FDG uptake adjacent to the spleen, which
was not visualized clearly in the first study due to masking
of colonic activity at the level of the splenic flexure (Fig. 5).
In another patient with larynx carcinoma, both studies
incidentally showed focally increased FDG uptake in a mass
lesion in the descending colon, but the lesion was barely
visualized in the first study and clearly visualized in the
second study (Fig. 4).

Discussion

Physiological 18F-FDG uptake in the gastrointestinal
system is a frequently encountered problem in PET studies

and is most commonly seen in the stomach and large
bowel, and to a lesser extent in loops of the small bowel.
Although precise mechanisms of uptake are not very well
understood, the activity in the bowel is probably related to
lymphoid tissue and smooth muscle uptake as well as
activity in the intraluminal contents [1, 2]. As a method of
prevention, colonic lavage prior to examination has been
advocated [6]. There are also controversial reports on the
effect of other pharmacological methods that act by
reducing peristalsis, but they are not routinely used in
clinical practice [3, 4].

Gontier et al. observed a high and diffuse bowel 18F-
FDG uptake in patients with type 2 diabetes and concluded
that it was due to metformin which significantly increases
18F-FDG uptake in the colon and to a lesser extent in the
small intestine. Metformin, a biguanide molecule with a
half-life of 6 h, is commonly utilized in the treatment of
non-insulin-dependent diabetes mellitus. Although the
antihyperglycaemic effect of metformin is generally attrib-
uted to a decrease in hepatic glucose output, with some
additional effects that increase peripheral glucose uptake
and utilization, the intestinal mucosa is also an important
site of increased glucose utilization involved in the blood
glucose-lowering action of metformin [7, 8]. Studies in rats
have shown that metformin exerts a significant effect on the
digestive tract by inhibiting intestinal glucose absorption
and causing it to occur more distally along the tract [9–11].
The greatest accumulation of metformin occurs in tissues of
the small intestine [12] and metformin increases glucose
utilization by the intestine, particularly anaerobic glucose
metabolism [7, 13, 14]. In studies in humans metformin has
been shown to increase lactate production in the intestinal
mucosa, similar to the findings in animal studies [15].
Metformin seems to exert its intracellular action by activation
of AMP-activated protein kinase [16–18].

Fig. 2 Mean visual analysis scores before and after stopping
metformin. Error bars indicate standard deviations. *Significant
difference between before and after stopping metformin

Fig. 3 Mean SUVmax values
for bowel segments before and
after stopping metformin. Error
bars indicate standard devia-
tions. *Significant difference
between before and after
stopping metformin (NS not
significant)
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v Discontinuing Metformin 48 
hours prior to PET/CT scans 
has been shown to reduce 
this Metformin effect 

physiological uptake within the bowel from tumour foci by the
pattern of uptake, the former usually being located in the
extended segments of bowel and the latter being focal,
but excessive physiological accumulation of FDG in the bowel
may lead to misinterpretation of images by obscuring the
lesions. Gontier et al. have shown in their study that the oral
antidiabetic drug metformin causes increased FDG uptake in
the bowel [5]. Metformin, an oral biguanide, is one of the
most frequently used oral antidiabetic drugs worldwide. We
conducted this prospective study to investigate whether
stopping metformin treatment before 18F-FDG PET imaging
could prevent this unwanted physiological uptake.

Materials and methods

Patients

This prospective study included 41 patients with type 2
diabetes (33 women, 8 men) with a mean age of 59.24±
7.19 years (range 48–75 years), referred to our department
for a whole-body 18F-FDG PET/CT scan for the restaging
of various neoplastic diseases. All patients were using
metformin and six were being treated with insulin in
addition. Patients with gastrointestinal neoplasms were not
excluded, and one patient had a gastrointestinal stromal
tumour, one had colon cancer and two had rectum cancer.
Patients with type 1 diabetes (insulin-dependent), under
18 years old, with a past history of inflammatory bowel
disease, with hypothyroidism, with recent infectious colitis
or with gastrointestinal symptoms such as abdominal pain or
diarrhoea were excluded. Blood glucose level, body weight,
age, sex and injected 18F-FDG activity were recorded for
each patient.

Scanning procedure

Two PET/CT studies were performed in each patient, the
first while the patients were on metformin and the second
after stopping metformin, using an integrated PET/CT
scanner which consisted of a full-ring HI-REZ LSO PET
and a six-slice CT scanner (Siemens Biograph 6, Chicago,
IL). Patients were instructed to fast for at least 6 h before
18F-FDG injection. Blood glucose levels were measured
before the study and 18F-FDG was injected only when
the blood glucose level was below 11.11 mmol/l. In four
patients with a blood glucose level above 11.11 mmol/l,
the level was regulated by intravenous injection of short-
acting insulin (Humulin R; Eli Lilly & Co.) injections. The
patients were injected with 296–555 MBq 18F-FDG accord-
ing to body weight. After 50 min of waiting relaxed in a
semireclining chair, the patients were imaged using an
integrated PET/CT scanner. The CT portion of the study

was done without intravenous administration of contrast
medium only for defining anatomical landmarks and making
attenuation correction on the PET images. The CT scan was
performed first with the following parameters: 50 mAs,
140 kV and 5-mm section thickness. Whole-body CT was
performed in a craniocaudal direction.

PET images were acquired in 3-D mode, from the skull
to the mid-thigh, with five to seven bed positions of 3 min
each and PET data were collected in a caudocranial
direction. The CT data were matched and fused with the
PET data. The clinicians of the patients were informed
about the masking effect of high physiological bowel
uptake due to metformin and review of the study after
interruption of metformin was suggested. Each patient gave
written informed consent before participation. The second
PET/CT scans were performed 90–115 days (98.02±6.5 days)
after the first studies, and all the patients were asked to stop
metformin 3 days before the second PET/CT scan. They did
not take any other oral antidiabetic medication during this
period and their blood glucose level was regulated with
insulin when necessary to keep it within the range 5.55–
8.33 mmol/l. Three patients needed insulin for regulation of
blood glucose during this period, in addition to the six patients
who were already being treated with insulin in association
with metformin.

Data analysis

Attenuation-corrected PET images, CT images and PET/CT
fused images were displayed using dedicated software
(Esoft workstation, Siemens). FDG uptake was graded
visually and semiquantitatively by two independent inves-
tigators (T.Ö., F.Ö.) who were blinded to the study con-
ditions. Differences were settled by consensus reading.
Uptake in the small bowel and colon was assessed visually
and graded according to the following four-point scale
(Fig. 1):

& Grade 0: less than hepatic activity
& Grade 1: equal to hepatic activity
& Grade 2: moderately higher than the hepatic uptake
& Grade 3: intense and diffuse uptake

18F-FDG uptake was analysed semiquantitatively by
recording the maximum standardized uptake value (SUVmax)
in different bowel segments. For this purpose a circular region
of interest of diameter 1 cm was centred on each bowel
segment on transverse slices. Three measurements were made
of segments of the small bowel: (1) the third part of the
duodenum, (2) the jejunum, and (3) the distal ileal loop. Four
measurements were made of segments of the colon: (1) the
ascending colon, (2) the transverse colon, (3) the descending
colon, and (4) the sigmoid colon.
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Addressing the Problem…
Quality Improvement

• Adapt the methods from the literature into a viable change in clinical practice

• Use the PDSA or Deming Wheel Method to introduce and monitor changes

• Resources from the Institute for Healthcare Improvement
• http://www.ihi.org/resources/Pages/default.aspx



Planning

• Problem: Metformin  18-FDG uptake in the bowel (colon > small bowel)

• Aim:
• Discontinuing metformin should reduce this problem
• Diabetic patients taking Metformin will have a 90% compliance rate in stopping 

Metformin 48 hours prior to injection of 18-FDG for PET/CT oncology imaging

• Which of the Institute of Medicine’s 6 Quality Aims does this address?
• Safety



3 Month Baseline Data from Boston Medical Center

• N = 280 oncology patients scanned

• 21% of patients receiving PET/CT scans were diabetic (N= 48)

• 59% of diabetics took Metformin within 24 hours of injection of 18-FDG

• Increased bowel uptake => Bowel/Liver SUVmax ratio >2 (exclude diseased areas)
• Diabetics taking Metformin: 66%
• Diabetics not taking Metformin: 17%



Fish Bone Diagram to determine the factors that will affect compliance



Planning
Metrics

• Outcome measure:
• % of patients discontinuing Metformin 48 hrs prior to PET/CT

• Process measures:
• % patients receiving telephone reminders at 72 hrs and 24 hrs prior to PET/CT scan
• % technicians recording whether Metformin was discontinued 48 hrs prior to scan, & if it 

wasn’t, the reasoning for that 
• % of patients receiving print-outs of pre-procedure instructions 

• Balancing measures:
• Blood glucose level on day of scan
• Bowel uptake of 18-FDGà bowel/liver SUVmax ratio
• Extra hours per week to make phone calls to patients



Sample of the 
Technologist’s 
Worksheet

PET/CT:  DIABETIC PATIENTS 
 
PATIENT NAME: ______________________________   MRN: ___________________ Phone #: ______________ 

Diagnosis or reason for ordering scan: ________________________________________________________  

ORDERING MD:  Name: _________________________ Dpmt: ___________________ Phone #: ______________ 
 

                             DATE         INITIALS 
!  Patient received pre-procedure instructions from PET/CT technician in our department  __________    _________ 
 If no, reason ____________________________________________________  

Is the PET/CT scheduled before or after an oncology appointment? (please circle)   
 
!  72 hours prior to scan, patient received reminder phone call __________   _________ 
 If no, reason_____________________________________________________     

!  Patient received pre-procedure instruction sheet: ! No  ! Yes – where (mail, onc, nuc med)? _________ 
 

!  Diabetic Meds (please circle):  Metformin   Glipizide   Gliburide   Insulin   Other:____________________   

!  Reminded patients taking Metformin to stop it 48 hours prior to PET/CT 
 
 - AM Fasting Blood Glucose  (*Note if patient doesn’t have a glucometer): 
       Date        Time checked       Time ate        Blood glucose  

       1)    ________________________________________________ 

       2)    ________________________________________________          DATE         INITIALS 

!  The day before the scan, patient received reminder phone call _________    _________              
                        

 ! Yes  ! No  ! N/A   Patient discontinued Metformin 48 hours prior to scan time ____________________ 
                    Date/Time Stopped   

!  Reminded patient to fast for ≥6 hours prior to scan & consume a low carb/high fat diet as the last meal 
!  Reminded patient to discontinue exercise 24 hours prior to scan 
 

- AM Fasting Blood Glucose (today and yesterday): 
       Date        Time checked       Time ate        Blood glucose        

       1)    ________________________________________________ 

       2)    ________________________________________________ 
 

DAY OF SCAN:  Date ____________  Time_____________  Tech name __________________________________ 
 

 Glucose: _______mg/dl   Last Meal: date/time:_________________  content: _________________________ 
 

! Yes  ! No  ! N/A   Patient discontinued Metformin 48 hours prior to scan time ____________________ 
                    Date/Time Stopped 
  **IF NO please provide reason: 
  ! Didn’t receive instructions from tech    ! Didn’t receive written instructions        ! Language barrier 
  ! Didn’t receive reminder phone call       ! Didn’t understand instructions           ! Forgot               

! Nervous glucose would increase  ! Lost instructions 
! Other__________________________________________________________________________ 

- Patients must be rescheduled if blood glucose >200 mg/dl, or if Metformin was not discontinued 48 hours 
prior to scans in patients with pelvic (ovarian, uterine, cervical) cancer, GI cancer, or lymphoma 
 ! Yes  ! No  Had to be rescheduled.  If yes, reason ______________________________________ 



PDSA Cycle #1
• Interventions

• Implemented policy to discontinue Metformin 48 hours prior to PET/CT scan
• Staff education
• Head technician calls diabetics 72 and 24 hours prior to scan to give instructions

•Outcomes
• Number of diabetics taking Metformin each month after intervention:

• N = 12 à 9 à 9 à 9
• Monthly compliance rates with instructions to discontinue metformin: 
• 83%à 89%à 80%à 67%

• Bowel/liver SUV ratio >2 = 15% of compliant patients
• Similar to diabetics not on Metformin

• No significant increase in blood glucose



PDSA Cycle #2

•Changes:
• Updated Patient Preparation Instructions

• Simplify language and steps
• Have referring physicians from oncology clinics distribute patient 

instructions when ordering a PET/CT scan 
• Re-educate Staff – continue technologist phone calls with repeat verbal 

instructions.

•Outcomes:
• Compliance rate: 100% in first month (N = 6)
• Bowel/liver SUV ratio >2 = 15% (same levels as those not taking metformin)
• No patient had blood glucose over 200mg/dl



SUVmax 8.6 SUVmax 2.9

MIP	Images

ON	METFORMIN OFF	METFORMIN

*Discontinuing	Metformin	for	at	least	48	
hours	reduced	bowel	activity	while	liver	

activity	was	unchanged



Compliance with	instructions	to	
discontinue	Metformin	for	48	
hours	before	injection:
• Cycle	#1:	almost	reached	target	

(90%)	but	fell	3	months	later.
• Cycle	#2:	improved	after	1st

month

Cycle	#1:	
Verbal	

Instructions

Cycle	#2:	
Added	
Written	

Instructions

Target	for	
compliance

B/L	=	Bowel	to	Liver	SUVmax Ratio
1 *	Month	5	after	cycle	#1	not	included	due	to	only	2	patients	

taking	metformin	and	one	with	incomplete	data

Fraction	of	patients	with	Bowel	to	Liver	
SUVmax ratio	>	2	dropped	to	target	
level	in	compliant	patients	(See	Green	
line	vs.	Orange	curve)

Target	for	B/L	
SUVmax >	2

Green	line	is	fraction	of	diabetics	taking	Metformin	in	the	baseline	period	and	with	B/L	SUVmax >	2



Lessons Learned
• Metformin effect on the bowel results from increased uptake from the blood stream.

• Withholding Metformin for at least 48 hours before injection of 18-FDG reduces bowel 
activity to levels seen in diabetics not using metformin.
• This improves scan quality, and should improve diagnostic accuracy.
• In our facility this change had no ill side effects in blood glucose levels at the time of injecting 18-FDG

• This quality improvement was achieved using the Deming Wheel methodology, an accepted 
tool for quality improvement.
• Improvement required progressive interventions from verbal instructions to written instructions
• It also required continued monitoring for compliance and effect on image quality

• Additional lessons in the implementation of this project included:
• Small system changes are challenging
• Buy-in of key stakeholders is essential
• Multi-disciplinary team approach is critical to the success
• Determining the best contacts and leaders is helpful
• Having a clear goal and a direct outcome measurement helped focus our efforts and track progress
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