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Abstract
Purpose  To determine if symptomatic patients referred for radiographic stool quantification have equivalent stool burden 
to asymptomatic patients.
Method  This was an IRB-approved HIPAA-compliant retrospective equivalence cohort study. An a priori equivalence power 
calculation was performed. Consecutive abdominal radiographs performed in adult outpatients with bloating, constipation, 
diarrhea, or abdominal pain to assess “fecal loading” [n = 242 (fecal cohort)] were compared to those performed in asymp-
tomatic adult outpatients to assess “renal stones” [n = 242 (renal cohort)]. Radiographs were randomized and reviewed by 
two blinded independent abdominal radiologists. Exclusion criteria, designed to avoid unblinding, included urinary tract 
calculi ≥ 0.5 cm, multiple urinary tract calculi, and ureteral stent(s). Readers scored all radiographs (n = 484) for stool burden 
using validated Leech criteria [scale: 0 (none) to 15 (extreme diffuse)]. Mean Leech scores and 95% confidence intervals 
were calculated. Multivariable generalized linear modeling was performed to adjust for baseline medication use, age, and 
gender. The adjusted parameter estimate was used to test for equivalence in the mean difference between cohorts using 
Schuirmann’s method of two one-sided t-tests. Inter-reader agreement was assessed with intraclass correlation coefficients.
Results  Overall mean Leech scores for fecal [6.9 (95% CI 6.7, 7.2)] and renal [7.3 (95% CI 7.1, 7.5)] cohorts were equivalent 
within a margin of 0.75 (adjusted mean difference: − 0.4 [90% CI − 0.7, − 0.04]; p value = 0.02). Inter-reader agreement was 
good [ICC: 0.62 (95% CI 0.56, 0.68)].
Conclusion  Radiographic stool quantification produces equivalent results in symptomatic and asymptomatic adults and is 
of uncertain value.
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Introduction

An estimated 15% (range 2–27%) of Americans suffer 
from constipation [1–3]. Functional constipation generally 
is diagnosed by objective and subjective clinical factors 
as defined by the Rome criteria, now in its fourth itera-
tion (Rome IV) [4, 5]. The role of imaging in assisting 
with the diagnosis and quantification of constipation is a 
question of active interest for both radiologists and gas-
troenterologists [6–8]. Although commonly performed [8], 
radiographic stool quantification is not a component of the 
Rome IV criteria [4].

Radiographic stool quantification has been studied 
extensively in pediatric patients, with overall questionable-
to-doubtful benefit [6, 7, 9]. It has been studied sparsely 
in the adult population [8]. Despite the lack of clear evi-
dence supporting its use, in 2018, Reber et al. [8] found a 
steady increase in utilization of radiographs for adult stool 
volume quantification at Mayo Clinic from 2004 to 2014. 
Given increased utilization and absence of supporting data, 
there is a need to test the validity of this practice. One way 
to do so would be to compare the stool burden in symp-
tomatic patients to those of a control cohort undergoing 

radiography for a non-gastrointestinal indication. Based 
on anecdotal clinical experience, we hypothesized that the 
stool burden in these cohorts would be equivalent. If so, 
it would challenge the validity of using these examina-
tions in the diagnosis and management of constipation. 
The purpose of our study was to determine if symptomatic 
patients referred for radiographic stool quantification have 
equivalent stool burden to asymptomatic patients.

Methods

Institutional review board (IRB) approval was obtained for 
this Health Insurance Portability and Accountability Act-
compliant retrospective observational 2-arm equivalence 
cohort study. The requirement for written informed con-
sent was waived. STROBE criteria (i.e., STrengthening the 
Reporting of OBservational studies in Epidemiology) were 
followed.

Study population

The study population flow diagram is provided in Fig. 1. 
Ordering clinical indications were manually identified in the 

Fig. 1   Study flow diagram
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radiology information system for consecutive adult patients 
(≥ 18 years old) who underwent outpatient abdominal radi-
ography at a quaternary academic medical center from 
1/1/2018 to 3/20/2018. Inclusion criteria were radiography 
performed in symptomatic outpatients (bloating, constipa-
tion, diarrhea, or abdominal pain [not mutually exclusive]) 
for “fecal loading” (n = 265) or in asymptomatic outpatients 
(from a gastrointestinal perspective) undergoing radiogra-
phy for “renal stones” (n = 523). One study team member 
manually reviewed all imaging indications, imaging data, 
and finalized radiology reports. Exclusion criteria included 
(Fig. 1) prior inclusion in the study, renal stone(s) ≥ 5 mm, 
multiple renal stones, and ureteral stent(s). Exclusion crite-
ria were designed to prevent potential inadvertent unblind-
ing of the study cohorts during image review. Following 
exclusion criteria, there were 584 eligible subjects (fecal 
cohort: n = 259, renal cohort: n = 284). Based on an a priori 
equivalence power calculation, the 242 chronologically old-
est consecutive eligible examinations in each cohort were 
selected (Fig. 1).

Radiography protocol

All radiographic examinations (n = 484) were performed 
at the study institution using one of the following X-ray 
machines as part of a routine outpatient clinical practice: GE 
Definium 8000 (GE Healthcare, Chicago, IL), GE Discovery 
656 (GE Healthcare, Chicago, IL), Siemens Axiom Aristos 
MX (Siemens Healthineers, Erlangen, Germany), Siemens 
Luminos TF (Siemens Healthineers, Erlangen, Germany).

All examinations were performed in the supine projection 
with imaging from diaphragm through urinary bladder. No 
protocol alterations were made based on the ordering indi-
cation. Both cohorts were imaged with the same imaging 
parameters. A single radiograph was obtained in most cases. 
If the patient was too large to be imaged with a single radio-
graph, additional radiographs were obtained in the supine 
projection to cover the relevant field of view.

Data collection and image transfer

Gender, age, and relevant medication history were obtained 
for the full study population through a retrospective review 
of the electronic medical record by one study team member. 
Specific symptoms preceding radiography and any change 
in laxative regimen within 30 days following radiography 
were determined for the fecal cohort. The Electronic Medi-
cal Research Engine (EMERSE) tool was used to ensure 
fidelity and improve efficiency of data collection [10]. For 
medications prescribed on an “as needed” basis, charts were 
manually reviewed to evaluate for evidence of medication 
use within the 30-day window (e.g., evidence of refills, clini-
cal notes, telephone encounters).

Medication use prior to imaging was grouped by opi-
oid use, anti-cholinergic medication use, and laxative use 
(Appendix A). Medication use prior to imaging was con-
sidered positive if consumed within 30 days prior to radi-
ography. The 30-day time period was selected to mirror 
institutional clinical practice standards. Search terms for 
opioid medications were based on guidelines from the 
American Addiction Centers [11]. Commonly encountered 
anti-cholinergic and laxative medication lists were created 
through focused chart audit and consultation with an attend-
ing gastroenterologist (13 years of experience) study team 
member with expertise in functional bowel disorders and 
constipation.

The final study group of 484 abdominal radiographs were 
de-identified, randomized, assigned designated study ID 
numbers, and sent to a dedicated research Picture Archiv-
ing and Communications (PACS) workstation for review. 
Anonymization and assignment of study ID numbers on 
the research PACS was automated by using the Radiologi-
cal Society of North America’s (RSNA) Medical Imaging 
Resource Community (MIRC) software [12].

Image review

The Leech scale, developed in the pediatric population 
[13], divides the colon into three zones: right hemicolon, 
left hemicolon, and rectosigmoid colon. Each of these zones 
is scored on a scale of 0–5 based on the following criteria: 
0 = no feces, 1 = scant feces, 2 = mild fecal load, 3 = moder-
ate fecal load, 4 = severe fecal load, 5 = severe fecal load 
and distension. The scores of all three zones are summed to 
obtain the Leech score (scale 0–15), with scores ≥ 9 repre-
senting constipation [13].

Images were reviewed independently by two fellowship-
trained abdominal radiologists with 4 (Reader 1) and 33 
(Reader 2) years of faculty experience who were blinded 
to exam indication, patient-level data, and each other. Prior 
to participating in the study, each reading radiologist was 
familiarized with the Leech scale and given the opportunity 
to ask questions about how it compared to the qualitative 
scoring used in clinical practice (e.g., mild fecal loading). 
The reading radiologists were accustomed to interpreting 
approximately 80 abdominal radiographs on their daily 
gastrointestinal radiology rotation, of which approximately 
15–25 were ordered for stool quantification. Each radiologist 
quantified the radiographic stool burden on each examina-
tion using the validated Leech scale [13–15]. Both readers 
completed image review within a 2-month period.

Primary outcome and sample size

The primary outcome was difference in mean Leech score 
between cohorts. An a priori equivalence power analysis 
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was performed. Based on exploratory data and the work of 
Lorijn et al. [16], the anticipated mean Leech score for the 
fecal cohort was 10.1 with a standard deviation of 2.5. An 
equivalence margin (d) of 0.75 was selected because it rep-
resented a margin of 5% on the 0–15 Leech scale. Clinically, 
this margin was considered equivalent because it was less 
than 1 scoring unit difference between cohorts. Based on 
the above assumptions, alpha of 0.05, and power of 90%, 
this rendered a sample size requirement of 242 subjects per 
cohort (484 total).

Data analysis

Continuous data were presented as median and interquartile 
range (IQR) while categorical data were presented as counts 
and percentages. Mann–Whitney U test was performed to 
assess the age differences between cohorts. The distributions 
of categorical variables (gender and medication use prior 
to imaging) were assessed and compared between cohorts 
using Chi-squared (χ2) tests.

Mean Leech scores and 95% confidence intervals for fecal 
and renal cohorts were determined per reader and overall. 
Adjusted mean differences in Leech scores between cohorts 
were determined through a multivariable linear regression 
model controlling for cohort differences in age, gender, opi-
oid use prior to imaging, anti-cholinergic medication use 
prior to imaging, and laxative use prior to imaging (5 varia-
bles). Each of these variables was independently tested using 
repeated measure multivariable regression models for any 
potential significant association with Leech scores.

Equivalence testing of adjusted mean Leech score differ-
ence between fecal and renal cohorts was performed using 
Schuirmann’s method of two one-sided tests t tests (TOST) 
[17], with an equivalence margin (d) of 0.75. A result was 
considered statistically significant for equivalence if the 90% 
confidence interval of the parameter estimate excluded the 

equivalence margin (0.75), yielding a p < 0.05 for both tails 
of the 2 one-sided t tests.

As a secondary outcome, single-measure two-way ran-
dom intraclass correlation coefficients (ICC) for absolute 
agreement were performed to assess inter-reader agreement 
within the study [18–20]. ICC results were stratified qualita-
tively and quantitatively (poor: < 0.40, fair: 0.40–0.59, good: 
0.60–0.74, excellent: 0.75–1.00) [21].

Power analysis was performed with PASS 15 Power Anal-
ysis and Sample Size Software (2017; NCSS, LLC., Kay-
sville, UT). Statistical analysis was performed with SPSS 
software (version 25; IBM Corporation, Armonk, NY) and 
SAS (version 9.4; SAS Institute, Inc., Cary NC).

Results

A total of 484 exams were reviewed by each reader (fecal 
cohort: 242, renal cohort: 242). Study population details 
are summarized in Table 1. For the fecal cohort, the most 
common indications for imaging were “constipation” 
(89.5% [214/239]) and “abdominal pain” [67.8% (162/239)] 
(Table 1).

Both cohorts had similar median age (fecal cohort: 
49.0 years [IQR: 31], renal cohort: 49.5 years [IQR:22], 
p = 0.914). There were statistically significant differences 
between cohorts for gender and medication use (Table 1). 
Age was the only covariable with a predictive relation-
ship with Leech score on multivariable regression analy-
sis (β = 0.0153, p = 0.003). Gender (p = 0.413), opioid use 
(p = 0.511), anti-cholinergic use (p = 0.133), and laxative 
use (p = 0.830) were not significantly associated with Leech 
score. Following radiography, 67.8% (162/239) in the fecal 
cohort had their laxative regimen changed (3 were lost to 
follow-up).

Table 1   Study population 
details

p values refer to comparisons of the two cohorts
a History was unavailable in 3 cases, indications are not mutually exclusive

Variable Fecal cohort Renal cohort p value

Median age (25th–75th percentile range) 49 (34–65) 49.5 (38–60) 0.914
Gender, % Female 80.6% (195/242) 54.5% (132/242) < 0.0001
% taking opioids (prior to radiograph) 24.4% (59/242) 42.6% (103/242) < 0.0001
% taking anti-cholinergic (prior to radiograph) 28.1% (68/242) 15.7% (38/242) 0.001
% taking laxatives (prior to radiograph) 47.5% (115/242) 9.5% (23/242) < 0.0001
Indication for stool quantification radiographya

 Bloating 40.6% (97/239) N/A
 Constipation 89.5% (214/239) N/A
 Diarrhea 45.2% (108/239) N/A
 Abdominal pain 63.6% (152/239) N/A

% change in laxative regimen (after radiograph) 67.8% (162/239) N/A
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Aggregate Leech scores (scale 0–15) were equivalent 
within a margin of 0.75 controlling for age, gender, opi-
oid use, anti-cholinergic use, and laxative use [fecal cohort: 
6.9 (95% CI 6.7, 7.2), renal cohort: 7.3 (95% CI 7.1, 7.5), 
adjusted difference: − 0.4, p = 0.021] (Table 2). Leech score 
adjusted differences (controlling for covariables) for Reader 
1 alone were equivalent [adjusted difference: − 0.3 (90% CL 
− 0.6, − 0.05) p = 0.006). Leech scores for Reader 2 slightly 
exceeded the 0.75 equivalence threshold (adjusted differ-
ence: − 0.4 [90% CI − 0.8, 0.02), p = 0.091]. Post hoc equiv-
alence calculations showed that Leech scores for Reader 2 
were equivalent to a threshold of 0.85 (p = 0.04).

Reader scoring distributions are summarized in Fig. 2. 
Inter-reader agreement was good overall [ICC: 0.62 (95% 
CI 0.56, 0.68)] and within cohorts (fecal cohort ICC: 0.62 
[95% CI 0.5, − 0.69], renal cohort ICC: 0.63 [95% CI 0.54, 
0.70) (Table 3).

Discussion

We found that stool quantification produces equivalent 
results in symptomatic adult outpatients imaged for “fecal 
loading” and asymptomatic (from a gastrointestinal perspec-
tive) adult outpatients imaged for a non-gastrointestinal indi-
cation. For both readers in our study, validated Leech score 
measurements for stool volume between cohorts were within 
1 Leech scale point (scale: 0–15), and there was good inter-
reader agreement (ICC: 0.62). These findings support the 
hypothesis that there are similar baseline radiographic stool 
volumes in symptomatic and asymptomatic adult patients, 
and the results challenge the utility of radiography as an 
effective tool in the diagnosis and management of patients 
with suspected constipation-related symptoms.

Prior studies evaluating radiographic stool content have 
been performed predominantly in the pediatric population 
and with smaller cohorts. Lorijn et al. studied 89 children 
(52 with functional constipation, 6 with functional abdomi-
nal pain, 31 with functional non-retentive fecal inconti-
nence) and found that the Leech score had poor diagnostic 

accuracy for predicting constipation (area under ROC curve: 
0.68 [95% CI 0.58–0.80]) [16]. The authors [16] concluded 
that the Leech scoring system had limited utility in the diag-
nosis of functional constipation in children. In a systematic 
review of 6 publications, Reuchlin-Vroklage et al. found 
conflicting and insufficient evidence to support radiogra-
phy for use in the diagnosis of constipation in children [9]. 
Cowlam et al. performed a prospective study of 100 adult 
patients comparing fecal loading on plain radiography and 
radio-opaque colonic marker transit time and deduced poor 
correlation between the two (Spearman’s Rho rank correla-
tion 0.26–0.31) [7]. Our results suggest similar findings that 
radiographic stool volume may be independent of clinical 
symptoms.

Despite the limited data supporting the practice of stool 
quantification, radiographs are commonly ordered for this 
indication. During the study period at our institution (a lit-
tle less than 3 months), 265 such examinations were per-
formed. At the Mayo Clinic, Reber et al. found a 56% growth 
in constipation-related radiography volume from 2004 to 
2014, with most imaging performed in female patients [8]. 
Regardless of conflicting and negative results in prior studies 
[7, 9, 16], ordering providers at their [8] institution “some-
what agreed” that radiographs were “helpful in determining 

Table 2   Radiographic stool quantification by Leech scoring

Data are aggregate and per-reader mean Leech scores with 95% con-
fidence intervals. Adjusted differences are provided with 90% con-
fidence intervals. p value < 0.05 refers to equivalence between fecal 
and renal cohorts with an equivalence margin of 0.75
* Significant p value (< 0.05) denoting equivalence by TOST with 
equivalence margin of 0.75

Reader Fecal Renal Adjusted difference p value

Both 6.9 (6.7, 7.2) 7.3 (7.1, 7.5) − 0.4 (− 0.7, − 0.04) 0.021*
Reader1 7.1 (6.9, 7.3) 7.5 (7.3, 7.7) − 0.3 (− 0.6, − 0.05) 0.006*
Reader2 6.7 (6.4, 7.1) 7.1 (6.8, 7.4) − 0.4 (− 0.8, 0.02) 0.091

Fig. 2   Box and whisker plots of Leech score distributions for fecal 
loading and renal indications by reader

Table 3   Inter-rater agreement for radiographic stool quantification by 
Leech scoring

Data are intraclass correlation coefficients and 95% confidence inter-
vals

Cohort ICC

All cases (n = 484) 0.624 (0.561, 0.679)
 Fecal cohort (n = 242) 0.615 (0.527, 0.690)
 Renal cohort (n = 242) 0.629 (0.543, 0.702)
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management” and found “quantitation of stool burden within 
the radiology report helpful.” The same ordering provid-
ers [8] also “tend[ed] to agree that the increasing use of 
radiographs for constipation [was] appropriate.” Based on 
the results of our study, it would appear that radiographs per-
formed in symptomatic patients with the explicit purpose of 
assessing stool burden will reveal an equivalent stool burden 
as a cohort imaged for an unrelated indication. Therefore, 
the utility of this practice is questionable.

Our retrospectively derived cohorts had significant dif-
ferences in gender and medication use prior to imaging that 
may have affected our results. Specifically, the gender dis-
tribution of the renal cohort was dissimilar to the typical 
population seeking care for constipation at our institution. 
However, medication use and gender did not have significant 
effects on Leech scores in either cohort. While medication 
use is a commonly attributed cause of clinically sympto-
matic constipation, to our knowledge, the impact of medi-
cation on radiographic fecal volume in adults has not been 
previously described. Additionally, medication differences, 
age, and gender were controlled in the multivariable mod-
els used to calculate cohort-specific Leech scores. One of 
the readers did not reach the 0.75 equivalence threshold; 
however, post hoc equivalence was shown for this reader 
at a 0.85 level (still within a clinically negligible margin) 
and absolute differences for this reader indicated less stool 
burden in the fecal cohort compared to the renal cohort. 
Few adult radiologists report Leech scores when evaluating 
abdominal radiographs in clinical practice. However, this 
scale has previously been used in the literature as a way to 
quantify stool burden and had good inter-rater agreement in 
our study population.

In summary, radiographic stool quantification produces 
equivalent results in symptomatic and asymptomatic adults, 
questioning the value of these examinations in the evalua-
tion of constipation. Future prospective studies are needed to 
assess the role and necessity of imaging in clinical manage-
ment and patient-reported outcomes. Additional efforts are 
needed to optimize decision support and guide appropriate 
imaging (if any) in patients with suspected constipation.

Funding  Unfunded study.
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