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Small Volume Isosmotic Polyethylene Glycol 
Electrolyte Balanced Solution (PMF-100) in 

Treatment of Chronic Nonorganic Constipation 
E. CORAZZIARI,  MD, D. BADIALI, MD, F.I. HABIB, MD, G. REBOA, MD, G. PITTO, MD, 

G. MAZZACCA, MD, F. SABBATINI, MD, R. GALEAZZI, MD, Te. CILLUFFO, MD, I. VANTINI, 
MD, E. BARDELLI, MD, and F. BALDI, MD 

The present multicenter double-blind placebo-controlled trial evaluates the therapeutic 
effectiveness of small-volume daily doses of an isosmotic polyethylene glycol (PEG) electrolyte 
solution in the treatment of chronic nonorganic constipation. After a complete diagnostic 
investigation, patients still constipated at the end of a four-week placebo-treatment run-in period 
were enrolled and randomized to receive either placebo or PEG solution 250 ml twice a day 
for the following eight weeks. Patients were assessed at four and eight weeks of treatment, and 
they reported frequency and modality of evacuation, use of laxatives, and relevant symptoms 
daily on a diary card. Oroanal and segmental large-bowel transit times were assessed with 
radiopaque markers during the fourth week of the run-in period and the last week of the 
treatment period. During the study period, dietary fiber and liquids were standardized and 
laxatives were allowed only after five consecutive days without a bowel movement. Of the 
55 patients enrolled, five dropped out, three because of adverse events and two for reasons 
unrelated to therapy; another two were excluded from the efficacy analysis because of protocol 
violation. Of the remaining 48 patients (37 women, age 42 --- 15 years, mean _ SD), 23 were 
assigned to placebo and 25 to PEG treatment. In comparison to placebo, PEG solution induced 
a statistically significant increase in weekly bowel frequency at four weeks and at the end of 
the study (PEG: 4.8 +_ 2.3 vs placebo: 2.8 +_ 1.6; P < 0.002) and a significant decrease in straining 
at defecation (P < 0.01), stool consistency (P < 0.02), and use of laxatives (P < 0.03). Oroanal, 
left colon, and rectal transit times were significantly shortened by PEG treatment. There was 
no difference between controls and PEG-treated patients as far as abdominal symptoms and 
side effects were concerned. In conclusion, PEG solution at 250 ml twice a day is effective in 
increasing bowel frequency, accelerating colorectal transit times, and improving difficult evacua- 
tion in patients with chronic nonorganic constipation and is devoid of significant side effects. 
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Adequate diet and fiber intake, which are the first 
therapeutic measures in chronic constipation, appear 
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to be generally inadequate since, in spite of their 
prescription, the use of laxatives is reported by 88% 
of patients with chronic constipation and laxative 
consumption increases with age and duration of con- 
stipation (1). However, even the usual laxatives are 
far from satisfactory as, in about 30% of constipated 
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patients, they fail to normalize bowel frequency, do 
not ameliorate the constipation-associated symptoms 
of flatulence, abdominal pain, and bloating and, when 
abused, cause several side effects due to dehydration 
and/or electrolyte depletion (1-3). 

Experience with orthograde whole-gut irrigation in 
preparing for colon investigation and surgery (4) ini- 
tially using an electrolyte solution and later an isos- 
motic polyethylene glycol electrolyte solution .(PEG) 
has led to its use in the acute t reatment  of  both fecal 
impaction (5, 6) and severe constipation (7, 8). Re- 
sults have been favorable, and plasma volume and 
electrolyte balance have not been affected. To per- 
form whole-gut irrigation and treat acute constipa- 
tion, the recommended  dose is one gallon of PEG 
solution taken orally over 120-150 min. However,  
more recently, two randomized controlled trials have 
shown that low daily doses (8-16 oz) of isosmotic 
PEG can be effective in the acute (five to eight days) 
t reatment  of  chronic constipation (9, 10). 

The aim of the present trial was to assess the 
therapeutic effectiveness of  low daily doses of  isos- 
motic PEG in the t reatment  of  chronic nonorganic 
constipation over a two-month period. Simethicone 
was added to the PEG preparat ion (PMF-100 Prome- 
farm Srl, Milan, Italy) with the intent to alleviate the 
abdominal symptoms usually associated with consti- 
pation. 

MATERIALS AND METHODS 

Patients. Patients seeking medical advice for chronic 
constipation were investigated in the outpatient clinics of 
the centers participating over the period from January 1993 
to May 1994. 

To meet the inclusion criteria, patients had to be 18-70 
years old and have chronic constipation defined as follows 
(2): less than two bowel movements (BM) per week, for at 
least 12 months, or presence of two or more of the following 
complaints (when laxatives and/or enema were not used): 
less than three BM per week; straining at defecation; sense 
of incomplete evacuation and hard stools on at least 25% of 
occasions. 

Constipation, as defined above, still had to be present at 
the end of the run-in period (see study design). Other 
criteria were negative tests for organic disorders of the 
digestive tract, no anorectal lesions, no abnormality at 
barium enema or colonoscopy, and normal laboratory tests 
(routine laboratory examinations plus serum calcium, phos- 
phate, T3, T4, and TSH). 

Exclusion criteria were: inflammatory bowel disease; pa- 
tients not meeting inclusion criteria; pregnant women or 
women not using effective contraceptive measures; previous 
surgery on the gastrointestinal tract, except appendectomy 
and cholecystectomy; chronic use of drugs affecting gastro- 
intestinal motility; chronic systemic metabolic, neurological, 

and psychiatric illnesses. The protocol was approved by the 
Ethical Committee of the II Clinica Medica, Universith "La 
Sapienza," Rome. All subjects gave their written informed 
consent. 

Study Design. This was a multicenter (six centers) trial 
run according to a randomized double-blind, placebo- 
controlled, parallel group design. The study protocol in- 
cluded a four-week run-in period and one eight-week active 
treatment period (divided into two four-week periods), for 
a total of three four-week observation periods. After med- 
ical history and physical examination at visit 1, patients 
entered the run-in period, during which they took placebo 
and were instructed to standardize their diet so as to have 
a mean daily intake of 15 g of fiber and 1500 ml of water and 
to refrain from laxatives and enemas. The patients who met 
the inclusion criteria at the end of the run-in period were 
enrolled in the study (visit 2) and were allocated to receive, 
in a double-blind fashion for the following eight weeks, 
either placebo or active treatment according to a random- 
ization code that was independent for each center. 

During the run-in and study periods, no other medication 
was allowed. Laxatives were allowed only when patients had 
no bowel movements for at least five consecutive days. 
After four weeks of treatment and again at the end of the 
study, patients were required to attend for a visit (visits 3 
and 4). 

At each of the four visits, patients underwent physical 
examination and were interviewed, using a standardized 
questionnaire, in order to assess the occurrence and severity 
of symptoms and the acceptability of the preparations. The 
modality of evacuation as well as the following relevant 
symptoms were assessed: abdominal pain, abdominal bloat- 
ing, flatulence, borborygmi, anorexia, headache, asthenia, 
nausea. 

At visits 1, 2, and 3 patients were given 60 sachets for the 
subsequent four-week treatment period and four weekly 
diary cards on which they reported daily the number of 
sachets taken, number of evacuations, stool consistency 
(soft, firm, hard, pellety), straining (absent, slight, marked) 
at defecation, use of laxatives, and relevant symptoms. At 
visits 2, 3, and 4 patients returned the completed diary cards 
and the remaining sachets. 

Gastrointestinal Transit Time (GITT). In four centers, 
total and segmental large-bowel transit was assessed in 
series of four patients assigned to an ad hoc randomization 
block consisting of two placebo and two PMF-100 treat- 
ments. Large-bowel transit was assessed during the fourth 
week of the run-in period and the eighth week of the 
treatment period. Three doses of differently shaped (ring, 
disk, and cylinder) radiopaque markers (Department of 
Internal Medicine, Kantonsspital, Basle; P. & A. Mauch, 
Mtinchenstein; Janssen Pharmaceutica AG, Basle; Switzer- 
land) were used to assess total and segmental large bowel 
transit times. Each dose of 20 markers was ingested during 
breakfast on three consecutive days. The number and loca- 
tion of the differently shaped markers were assessed on an 
abdominal x-ray performed 24 hr after ingestion of the third 
dose. 

Twenty patients were enrolled; 11 (all women; age: 
41.7 +_ 18 years) were allocated to receive placebo and nine 
(six women, three men; age: 34 -+ 14 years) to receive 
PMF-100. One patient of the placebo groups did not un- 
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TABLE 1. PATIENT POPULATION PROFILE AT END OF RUN-IN PERIOD 

Placebo group PMF- I00 group 

Entire glvup Transit assessed Entire group Transit assessed 
(N = 23) (N = 10) (N = 25) (N = 9) 

Sex F,~vl 20/3 ~* I0/0 h 17/8 " 6/3 l' 
Age (yr) 43.5 ± i5.1t 41 ± 18t 40.3 ± 14.4t 34 _+ 14t 
Duration of constipation (yr) 15.7 ± 13.3t 14.5 ± 8.8t 10 ± 8.8t 14.41 _+ 10.3t 
Bowel frequency (per week) 1.9 ± 0.8t 2.1 ± 0.8t 2.2 ± 0.5t 2.2 ± 0.5t 
Straining at defecation 

Slight 12:' T ~ 14:* 8 ~ 
Marked 1 t 3 11 1 

Use of laxative 13 4 16 5 
Stool consistency 

Soft 0 0 4 4 
Firm 8 7 6 3 
Hard/pellety 15 3 14 2 

* Differences between treatments: :'. X z test = NS; b, Fisher exact test = NS. 
t Mean +- SD, Student's t test = NS. 

dergo the second assessment as she did not complete the 
study because of an intervening adverse event. 

Treatment. Active treatment, PMF-100, was supplied as a 
granular preparation contained in sachets. Each 17.5g- sa- 
chet contained the following active ingredients: polyethyl- 
ene glycol 4000, 14.6 g; anhydrous sodium sulfate, 1.42 g; 
sodium bicarbonate, 0.42 g; sodium chloride, 0.36 g; potas- 
sium chloride, 0.18 g; and simethicone (activated dimethi- 
cone), 0.01 g. Placebo, containing 16.92 g of orange- 
flavored maltdextrine, was supplied in identical form and 
the smell, color, and taste of both preparations was the 
same. Patients were instructed to dissolve the contents of 
each sachet in 250 ml of water before ingestion. The dosage 
was one sachet twice daily; patients were allowed to reduce 
the dosage to once daily, according to BM. In no case were 
they allowed to increase the dosage. 

Patient Assessment. Bowel frequency, straining at defe- 
cation, stool consistency, use of laxatives and relevant symp- 
toms were collected from data reported on the diary card 
and assessed at each visit. Bowel frequency was expressed 
as the number of evacuations per week, over the three 
four-week study periods, and normal frequency was consid- 
ered to be at least three evacuations per week. 

The severity of each symptom was scored by the physician 
on a four-point scale: absence of symptoms (0) and mild (1), 
moderate (2), and severe (3) symptoms. The score for each 
symptom was evaluated separately. 

Compliance with treatment was assessed by direct inter- 
view of the patients, checking the diary cards where the 
daily number of sachets taken was recorded and counting 
the sachets brought back by the patient at the end of each 
four-week study period. Oroanal transit time was expressed 
as the time interval between the ingestion and the evacua- 
tion of at least 80% of the first dose of markers. Total and 
segmental transit through the large bowel were expressed as 
the mean daily percentages of markers excreted from the 
entire large bowel and also the right colon, left colon, and 
rectum, at the 72rid hour (transit index) (11). 

Statistical Analysis. To assess the therapeutic effective- 
ness of PMF-100, the primary criteria were bowel frequency 
and normalization of bowel frequency; the secondary crite- 

ria were use of laxatives, straining at defecation, stool 
consistency, and other symptoms. 

The power of the trial, based on 2.5 BM/week for placebo 
and 4.5 BM/week for active treatment with a standard 
deviation of 2.3, and 21 patients per group, was higher than 
0.8 for a two-tail test at 0.05 level. 

Results are expressed as mean and standard deviation. 
The chi-square test was used for the analysis of straining at 
stool, use of laxatives, stool consistency, bowel normaliza- 
tion, and symptoms. 

Analysis of variance (A_NOVA) was used to assess bowel 
frequency. Results were assessed per protocol and, when 
compatible, per intention to treat analysis. 

RESULTS 

The six centers participating enrolled 55 patients, 
five of  whom failed to complete the study, one be- 
cause of protocol violation (dosage), one lost to fol- 
low-up, and three because of  adverse events: one 
(placebo) had an allergic reaction, one (PMF-100) 
had abdominal pain, and one (placebo) had uroseptic 
fever requiring hospitalization. 

Of  the remaining 50 patients who completed the 
study, two were excluded from the efficacy analysis: 
one because of continuous use of cathartics and one 
because the inclusion criteria were not met  (seven 
BM weekly at the end of the run-in period). The 48 
patients who completed the study in a satisfactory 
manner  consisted of 11 men and 37 women (mean 
age _+ SD: 41.8 _+ 14.8 years; range 18-70); 23 patients 
were assigned to placebo t reatment  (group I) and 25 
to PMF-100 t rea tment  (group II).  The patient  profiles 
are summarized in Table 1. The two groups were 
comparable  in sex, age, and baseline features of con- 
stipation. 
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Fig 1. Weekly bowel frequency (mean _+ so) during run-in period 
and treatment period. Evacuations per week increased significantly 
during PMF-100 administration (soLid line) in comparison to pla- 
cebo (dotted line) after 8 (* P < 0.05) and 12 weeks (** P < 0.002) 
of treatment. 

The two groups showed no significant difference in 
stool frequency, straining at defecation, stool consis- 
tency, and use of laxatives at the end of the run-in 
period (Table 1). Mean daily sachet intake did not 
differ between the placebo group (N = 17; mean _ SD 
1.7 --+ 1.7 sachets daily) and the PMF-100 group (N = 
18; mean _+ SD 1.6 +--- 0.5 sachets daily). PMF-100 
induced a statistically significant (P < 0.002) increase 
in the number of BM at the fourth and the eighth 
week of treatment (Figure 1). At the end of the 
treatment period, the weekly bowel frequency aver- 
aged 4.8 ___ 2.3 in PMF-100 treated patients (run-in 
bowel frequency: 2.2 --+ 0.5 BM/week) and 2.8 ___ 1.6 in 
patients receiving placebo (run-in bowel frequency: 
1.9 _ 0.8 BM/week). Bowel frequency was normal- 
ized in 64% of the patients on PMF-100 treatment 
compared to 22% of those on placebo (P < 0.008; per 
intent-to-treat analysis P < 0.04 vs placebo). Straining 
at defecation decreased (P < 0.01 vs placebo) during 
PMF-100 treatment (Figure 2) (per intent-to-treat 
analysis P < 0.1 vs placebo). 

On completion of treatment, marked straining was 
still reported by 41% of the placebo-treated patients 
and by 8% of those receiving active treatment (P < 
0.03). 

Stool consistency was reduced (P < 0.02 vs pla- 

Fig 2. Percentage of patients straining at defecation during run-in 
period (left) and treatment period (right). During treatment a 
significant difference (P < 0.01) was observed between placebo 
(empty columns) and PMF-100 (filled columns) group. 

cebo) at the end of PMF-100 administration. At the 
end of treatment, 50% of the placebo-treated patients 
complained of hard/pellety stool versus 12% of the 
PMF-I00 group (Figure 3, per intent-to-treat analysis 
P < 0.07 vs placebo). PMF-100 treatment significantly 
reduced (P < 0.03 vs placebo) the use of laxatives, 
which occurred in 16% of the active treatment group 
and in 48% of the placebo-treated group (per intent- 
to-treat P < 0.1 vs placebo). 

All patients considered the solution easy to admin- 
ister; 79% judged the amount taken to be proper, 
whereas 19% found it excessive. The taste of PMF- 
100 was considered good, indifferent, and tolerable by 
20%, 44%, and 36% of the patients, respectively. The 
taste of placebo was considered good, indifferent, and 
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Fig 3. Stool consistency referred by patients (percentage) during 
run-in (left) and treatment period (right). Stool consistency de- 
creased significantly (P < 0.02) during PMF-100 treatment in 
comparison to placebo treatment. Empty columns indicate place- 
bo-treated patients. Filled columns indicate PMF-100-treated pa- 
tients. 
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TABLE 2. RELATIVE OCCURRENCE (%) OF SYMPTOMS DURING 
STUDY PERIOD 

Run-in Treatment period 

Placebo PMF- I O0 Placebo PMF- I O0 
Symptoms (%) (%) (%) (%) 

Abdominal pain 52 60 35 24 
Abdominal bloating 9I 84 70 48 
Flatulence 48 29 39 20 
Borborygmi 26 24 13 32 
Anorexia 13 8 13 4 
Headache 9 21 13 4 
Asthenia 9 4 4 4 

tolerable by 17%, 61%, and 22% of patients, respec- 
tively; no significant difference in taste was found 
between the two solutions. 

GITT. The patients who underwent large bowel 
transit assessment did not differ from the other pa- 
tients enrolled in age, sex, and relevant clinical char- 
acteristics of constipation (Table 1). Oroanal transit 
time measured at the end of the run-in period was at 
least 96 hours in all the patients investigated. The 
transit of markers through the large bowel acceler- 
ated significantly during PMF-100 treatment (TI: 
19 ___ 25 run-in period vs 39 ___ 21 PMF-100; P < 0.05) 
and did not vary during placebo treatment (TI: 14 _ 
17 run-in period vs 26 ± 20 placebo, NS). During 
PMF-100 treatment, the transit of markers did not 
vary through the right colon (TI: 67 ± 27 run-in 
period vs 74 _ 10, NS), and it was significantly accel- 
erated through the left colon (TI: 46 ___ 29 run-in 
period vs 62 ± 20, P < 0.05) and the rectum (TI: 37 --- 
42 run-in period vs 78 _+_ 21, P < 0.05). 

Symptoms and Side Effects. Symptoms reported at 
the beginning and end of treatment are set out in 
Table 2. The occurrence of the symptoms investigated 
did not differ significantly between the two treatment 
groups. Symptom severity showed no difference be- 
tween placebo and PMF-100-treated patients. 

DISCUSSION 

This multicenter randomized, double-blind place- 
bo-controlled study assessed the therapeutic efficacy 
and tolerability of a new formulation of an electrolyte 
PEG solution (PMF-100) in chronic nonorganic con- 
stipation. A high dose of PEG electrolyte solution is 
widely used for bowel cleansing before intestinal sur- 
gery and radiological and endoscopic large bowel 
preparation. The usual doses range from 2 to 4 liters, 
and its cleansing efficacy and its tolerability have been 
well established (12). 

PEG-electrolyte solutions (ELS-PEG, Golytely, 
SELG) have been used with favorable results in the 
treatment of chronic constipation, initially at a high 
dose in a single administration (13) and subsequently 
at low daily doses (9, 10). In the two previous double- 
blind placebo-controlled studies, by Andorsky and 
Goldner (9) and by Baldonedo et al (10), a low daily 
dose of PEG solution caused a significant improve- 
ment in mean stool frequency and consistency. How- 
ever, these two studies offer only limited information 
on the possible therapeutic role of PEG-electrolyte 
solution in chronic constipation since: (I) the obser- 
vation period was limited to five days in one and eight 
days in the other; (2) the definition of constipation 
was based on patients' reports and the patients inves- 
tigated averaged 4-5 BM/week on placebo treatment; 
(3) the treatment was not preceded by a run-in pe- 
riod; and (4) the crossover design did not include a 
washout period between the two treatments. 

More recently in a controlled study in which blind- 
ness could not be achieved, Klauser et al. (14) re- 
ported improvement of chronic slow transit constipa- 
tion with low daily doses of electrolyte free PEG 
solutions, which can induce, however, marked loss of 
plasma ions (15). 

In the present study, daily low doses of isosmotic 
and electrolyte-balanced PEG solution were admin- 
istered for a period of eight weeks in patients who 
complied with an international standardized objective 
definition of chronic constipation even after a four- 
week run-in period of placebo administration. The 
multicenter structure of the trial prevented patients 
from being submitted to extensive standardized inves- 
tigation to assess the underlying role of slow transit 
and/or pelvic floor disorders in each individual pa- 
tient. Nonetheless, the strict entry criteria are a guar- 
antee that the population selected was homogeneous 
for the presence of genuine and persistent bowel 
alterations. This placebo-controlled trial showed that 
the administration of PMF-100 increased weekly 
bowel frequency and reduced straining at defecation, 
stool consistency, and the use of laxatives throughout 
the eight-week study period with the mean daily dose 
of 400 ml solution. 

These results are similar to those obtained by 
Andorsky and Goldner, who suggested that the daily 
dosage should be between 8 and 16 oz, corresponding 
to 223 and 446 g of solution. The assessment of the 
total and segmental large bowel transit was per- 
formed in a subgroup of patients who did not differ 
from the entire group of enrolled subjects from whom 
they were randomly selected. The administration of 
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PMF-100 increased the excretion of markers  from the 
large bowel by accelerating the transit of  contents 
through the left colon and the rectum, whereas no 
significant effect on transit through the right colon 
could be detected. The lack of variation in the right 
colon transit time does not necessarily demonstrate  
that PMF-100 has no effect on the right colon. It may 
simply reflect the fnability of the radiologic technique 
to detect transit t ime variations of  less than 24 hr, as 
this might be the case for right colon transit, which 
was normal in basal conditions in most of  the patients. 
No specific untoward side effects were reported dur- 
ing PMF-100 treatment;  in one patient the active 
t reatment  was discontinued because of abdominal 
pain, but this symptom should not be regarded as a 
specific PMF-100 side effect as it was present to an 
equal degree in the placebo and active-therapy pa- 
tient groups. 

The administration of PMF-100 was not accompa- 
nied by symptoms such as abdominal cramps, diar- 
rhea, and urgent defecation, which may follow the 
administration of stimulant laxatives. Bloating and 
flatulence, which are frequent side effects of bulking 
agents and laxatives undergoing bacterial degrada- 
tion, occurred in only a relatively small proport ion of 
patients. The symptoms investigated did not vary 
significantly, confirming a poor  relationship between 
abdominal symptoms and bowel frequency (16). Pa- 
tients' acceptance of the solution was satisfactory, as 
regards both taste and volume of fluid intake. 

CONCLUSIONS 

The present data show that PMF-100 at low daily 
doses may be of benefit in the t reatment  of  chronic 
constipation, at least for a two-month period. The 
demonstrat ion of its therapeutic efficacy without sig- 
nificant side effects makes PMF-100 at low daily doses 
an alternative to other laxatives. PEG is in fact an 
inert, nontoxic (17) polymer that is not degraded by 
bacteria, is scarcely absorbed by normal (<0.06%) 
and inflamed (<0.09%) mucosa (18) and is rapidly 
excreted by the kidney (19). In addition, even when 
large volumes are administered, PEG-elec t ro ly te  so- 
lutions do not affect water  and electrolyte balance (4, 
19) and cause less damage to the colon mucosal 
epithelia than osmotic and stimulant laxatives (20). 

Although it is likely that the specific properties of 
PEG-e lec t ro ly te  solution make it suitable for chronic 
use, the lack of properly scheduled biochemical anal- 
ysis in the present  trial does not allow low daily doses 
of  PMF-100 to be advocated in the long-term treat- 

ment  of  chronic constipation, which should be as- 
sessed in properly designed studies. Likewise, the 
cost -benef i t  ratio of  PEG-e lec t ro ly te  solution in 
comparison to other treatments for chronic constipa- 
tion should be properly assessed. 
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