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BACKGROUND: Inadequate diagnostic evaluations of
breast lumps and rectal bleeding in primary care are an
important source of medical errors. Delays appear partic-
ularly common in evaluation of rectal bleeding. Compar-
ing pursuit and completion of diagnostic testing for these
two conditions within the same practice settings could
help highlight barriers and inform interventions.
OBJECTIVES: To examine processes undertaken for di-
agnostic evaluations of breast lumps and rectal bleeding
within the same practices and to compare them with
regard to (a) the likelihood that diagnostic tests are or-
dered according to guidelines and (b) the timeliness of
order placement and completion.
DESIGN:A retrospective cohort study using explicit chart
abstraction methods.
PARTICIPANTS: Three hundred women aged 30–80 pre-
senting with breast lumps and 300 men and women aged
40–80 years presenting with rectal bleeding to 15 aca-
demically affiliated primary care practices, 2012–2016.
MAIN MEASURES: Rates and timing of test ordering and
completion and patterns of visits and communications.
KEY RESULTS: At initial presentation, physicians or-
dered recommended imaging or procedures at higher
rates for patients with breast lumps compared to those
with rectal bleeding (97% vs. 86% of patients recommen-
ded to receive imaging or endoscopy; p < 0.01). Most (90%)
patients with breast lumps completed recommended di-
agnostic testing within 1 month, versus 31% of patients
with rectal bleeding (p < 0.01). By 1 year, 7% of patients
with breast lumps had not completed indicated imaging,
versus 27% of those with rectal bleeding. Patients with
breast lumps had fewer subsequent primary care visits
related or unrelated to their symptom and had fewer re-
lated communications with specialists.

LIMITATIONS: The study relied on documented care, and
findings may be most generalizable to academically affili-
ated institutions.
CONCLUSIONS: Diagnostic processes for rectal bleeding
were less frequently guideline-concordant and timely
than those for breast lumps. The largest discrepancies
occurred in initial ordering of indicated tests and the
timeliness of test completion.
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INTRODUCTION

Breast and colorectal cancers are leading causes of cancer-
related deaths in the USA.1 Breast lumps and rectal bleeding
are the most common presenting symptoms of breast and colo-
rectal cancers, respectively.2–5 Although these symptoms are
most often benign, early detection of cancer through evaluation
of such Bred flag^ symptoms may increase the likelihood of
patient survival.6–8 Thus, most available clinical guidelines and
decision support tools recommend early diagnostic evaluation
for cancer when a patient presents with either concern.9–11

Delayed or inadequate evaluation of cancer symptoms in the
ambulatory care setting is a leading cause of medical error and
malpractice lawsuits.12–14 The quality of diagnostic evaluation is
also increasingly a focus of ambulatory quality improvement
efforts.8, 15, 16 Variable quality has been noted in primary care
evaluations for both breast lumps17 and rectal bleeding.15, 18, 19

However, breast lump and rectal bleeding evaluations have rarely
been examined within the same practices, limiting investigation
intopotential differences andcontributing factors.16, 20One trial of
patient navigation in 11 clinics found that patients with rectal
bleeding or positive fecal occult blood tests were less likely to
achieve diagnostic resolution than patientswith breast concerns.16

Another study examining the impact of clinicians’ personalities
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found lower likelihood of extended clinical evaluation for rectal
bleeding compared with breast lumps.20 However, neither study
examined the specific points at which differences in diagnostic
processes occurred, factors contributing to differences, or the ap-
propriateness of the evaluations in relation to clinical guidelines.
Characterizing where in the diagnostic pathway differences

occur, and factors affecting those differences, could illuminate
barriers to more timely cancer diagnoses and guide future
interventions. We previously found that only half of patients
presenting with rectal bleeding within 15 primary care practi-
ces received recommended diagnostic evaluation.15 The goal
of the current study was to compare the quality of diagnostic
evaluations performed for patients with rectal bleeding to
those performed for patients with breast lumps in those same
15 practices in order to understand how the practices per-
formed on different diagnostic processes and determine the
extent to which the evaluation of rectal bleeding may present
unique challenges. Specifically, we compare the degree to
which patients with a breast lump or with rectal bleeding
receive diagnostic evaluations concordant with available deci-
sion support tools10, 21 and the timeliness of completion of
these evaluations.We also examine patient factors and process
characteristics that may contribute to observed differences.

METHODS

Study Design

We conducted a retrospective cohort study of 600 patients
presenting to primary care with a chief complaint of either a
breast lump (n = 300) or rectal bleeding (n = 300) between
2012 and 2016. For both conditions, we studied the same 15
primary care practices and used explicit chart abstraction
methods to gather information about the diagnostic evaluation
process. The institutional review board at the Harvard T.H.
Chan School of Public Health approved this study.

Study Setting

Our study was conducted within 15 primary care practices affil-
iated with Harvard Medical School. These practices participated
in two learning collaboratives between 2012 and 2016: the first
aimed to establish or strengthen team-based care (2012–2014),
and the second (2014–2016) aimed to improve preventive cancer
screening processes for breast and colorectal cancer.15, 22, 23

Data Sources and Study Population

We combined chart-abstracted data with administrative informa-
tion available in each practice’s electronic health record. We used
International Classification of Disease (ICD) Versions 9 and 10,
combined with confirmation of presenting symptoms in the
medical record, to randomly sample 20 patients per condition
from each practice across the four study years for a total of 300
patients presentingwith a breast lump and 300 patients presenting
with rectal bleeding (Appendix Tables 1 and 2).We oversampled

patients with Medicaid insurance, selecting equal numbers of
Medicaid-insured and non-Medicaid patients, in order to evaluate
differences in care processes between these groups.
For patients presentingwith breast lumps, we includedwomen

aged 30–80 and excluded patients with a history of breast cancer
and patients for whom the primary care physician could not
detect an abnormality on clinical breast exam. For patients pre-
sentingwith rectal bleeding,we included adults aged 40–80 years
and excluded patients with a personal history of colorectal cancer
or certain gastrointestinal-related conditions (inflammatory bowel
disease, Lynch syndrome) (Appendix Tables 1 and 2). We in-
cluded patients whose charts confirmed that they presentedwith a
breast lump or rectal bleeding and who remained active patients
for the full 365-day observation period.

Chart Abstraction

Instrument Development. We developed two chart abstraction
instruments based on decision support tools from the Controlled
Risk Insurance Company (CRICO) (Appendix Figures 1 and
2).10, 21 For patients with breast lumps, we used the BCRICO
Breast Care Management Algorithm^ to define recommended
diagnostic procedures; this tool recommends diagnosticmammo-
gram and ultrasound for all patients aged 30 or older presenting to
primary care with a palpable breast mass.21 For patients with
rectal bleeding, we used CRICO’s BPrevention and Early Detec-
tion of Colorectal Cancer^ tool.10 Details of the rectal bleeding
chart abstraction instrument were published previously.15

Both instruments captured information from initial primary
care presentation until the patient received communication of
the results of indicated diagnostic imaging and/or procedures, or
1 year, whichever occurred first. Each instrument gathered gen-
eral and chief complaint-specific information including (1) patient
demographics, (2) screening history, (3) signs, symptoms, and
personal characteristics related to the chief complaint (e.g., history
of possible non-cancer causes such as breast cysts, hemorrhoids,
or diverticulosis, and selected risk factors for/symptoms sugges-
tive of breast cancer (prior breast biopsy, history of BRCA1/2
mutation, reproductive risk factors) or colorectal cancer (anemia,
weight loss, changes in bowel habits, history of colonic adeno-
ma)), (4) family history, (5) other medical conditions, (6) physical
exam findings, and (7) care plan (e.g., diagnostic imaging orders,
referrals). We then captured follow-up care, including subsequent
primary care and specialist visits, and inter-visit communications
(e.g., telephone calls and letters). Data were collected indepen-
dently by four research assistants (CC,KAN,MB, JC).We dually
abstracted 10% of charts (n= 60), yielding a Cohen’s kappa =
0.95. Any questions or disagreements were adjudicated by pri-
mary care physicians (SP, LP, ATC).

Outcome Variables

For this study, our main outcomes of interest were (1) frequen-
cy and timing of orders for diagnostic tests recommended by
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CRICO guidelines; (2) timeframe within which patients re-
ceived the ordered tests; (3) frequency of face-to-face visits or
inter-visit communications related and unrelated to the
patient’s symptom after the initial visit; and (4) odds of clini-
cians ordering recommended tests, and patients receiving or-
dered tests, adjusted for patient characteristics and patient-
provider communication patterns.

Data Analysis

We used descriptive statistics to compare patient character-
istics, testing rates, and visit patterns for patients with breast
lumps to patients with rectal bleeding. We used Pearson’s chi-
square tests when comparing binary or categorical variables,
Student’s t tests to compare continuous variables, and Kaplan-
Meier curves to illustrate time between initial presentation and
initial order placement, and time to order completion. We
calculated rates for face-to-face visits bimonthly period and
inter-visit communications per bimonthly period.We built two
multivariate logistic regression models that adjusted for pa-
tient demographic and clinical characteristics. The first model
included all patients for whom CRICO guidelines would
recommend testing, in order to assess patient and practice
factors associated with ordering of recommended tests. The
second model included patients who had test orders placed, in
order to examine factors associated with receipt of ordered
tests. All analyses were conducted with STATA 14 (StataCorp,
2015. Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP).

RESULTS

Patient Characteristics

Consistent with our eligibility criteria, patients presenting with
a chief complaint of a breast lump were significantly younger
(breast lump, 47 ± 11 years; rectal bleeding, 56 ± 10 years,
p < 0.01) and had fewer comorbidities (among patients with
a breast lump, the proportion with a Charlson Comorbidity
Index of ≥ 1 was 14% versus 31% among those with rectal
bleeding; p < 0.01) (Table 1). Among patients with a breast
lump, 13% had a documented past non-cancer diagnosis that
could explain their symptom versus 50% of those with rectal
bleeding. Thirty-two percent of patients with a breast lump
had at least one documented risk factor for breast cancer
versus 50% of those with rectal bleeding. Sixty percent of
breast lump patients and 27% of rectal bleeding patients had
none of the identified non-cancer diagnoses and none of the
selected cancer risk factors documented in their charts.

Recommended Diagnostic Evaluation

All patients with a breast lump and 89% of the patients with
rectal bleeding should have been evaluated with diagnostic
breast imaging or endoscopy, respectively, based on CRICO
guidelines (Table 2). Of those who would have been

recommended to have testing, patients presenting with breast
lumps had diagnostic tests ordered more frequently than those
with rectal bleeding (88% versus 73%, p < 0.01). More rec-
ommended diagnostic mammography orders for patients with
breast lumps occurred at initial presentation than diagnostic
endoscopy orders for rectal bleeding (Table 2). For patients
with breast lumps who had imaging ordered, 97% had their
diagnostic order placed at initial presentation. In contrast,
among patients presenting with rectal bleeding who had orders
placed, 86% had their diagnostic order placed at initial pre-
sentation while 14% had orders placed over the subsequent
month and year (p < 0.01).
Diagnostic test orders for patients presenting with rectal

bleeding took longer to be completed than for patients with
breast lumps (Table 2, Fig. 1). While 90% of patients with
breast lumps who had diagnostic imaging ordered had imag-
ing completed within 90 days, only 57% of those with rectal
bleeding had their ordered endoscopy completed within
90 days. By 12 months, 73% of rectal bleeding patients for
whom endoscopy was ordered had the study performed, ver-
sus 93% of patients with breast lumps for whom diagnostic
mammograms were ordered. Overall, among patients for
whom diagnostic testing was recommended by CRICO, 246
(82%) of patients with breast lumps and 144 (55%) with rectal
bleeding had the test completed within 1 year. By the end of
our abstraction period, 17 patients with breast lumps and 1
patient with rectal bleeding had been diagnosed with cancer.

Visit and Communication Patterns

Table 3 describes patients’ visits and communication patterns
following initial presentation to primary care with a breast
lump or rectal bleeding, among those who would have been
recommended for further evaluation by CRICO guidelines.
On average, patients with breast lumps had fewer related
follow-up primary care visits during the study period com-
pared with patients with rectal bleeding (breast lumps, 0.5 ±
0.8 visits; rectal bleeding, 0.9 ± 1.2 visits, p < 0.01). The num-
ber of related follow-up visits to specialists was similar in both
groups (0.6 ± 0.9 versus 0.5 ± 0.9, p = 0.20). Among those
who had intra-visit communications, patients with breast
lumps had non-significantly fewer non-face-to-face commu-
nications with both primary care (0.6 ± 1.1 versus 0.8 ± 1.2,
p = 0.07) and significantly fewer communications with spe-
cialists compared with patients with rectal bleeding (0.1 ± 0.5
versus 0.5 ± 0.8, p < 0.01). Patients with breast lumps also had
fewer visits and non-face-to-face communications with both
primary care and specialists that were unrelated to their chief
complaint.

Factors Associated with Diagnostic Evaluation
Orders and Completion

In the multivariate logistic regression models examining the
likelihood of order placement among patients who should
have had diagnostic mammography or endoscopy according
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Table 1 Study Population by Chief Complaint

Breast lump
N = 300

Rectal bleeding
N = 300

p value*

General patient characteristics
Age in years, mean ± standard deviation (SD) 47 ± 11 56 ± 10 < 0.01
Age 30–39 years, % (n) 25% (76) – NA
40–49 42% (127) 33% (98)
50–59 18% (53) 35% (106)
60–69 9% (27) 22% (65)
≥ 70 6% (17) 10% (31)

Female (%) 100% (300) 45% < 0.01
White race/ethnicity, % (n) 36% (108) 37% (111)
Hispanic/Latino 29% (88) 27% (80)
African American 21% (63) 21% (63) 0.19
Asian/Pacific Islander 3% (10) 8% (23)
Other/unknown 10% (24) 7% (23)

English as primary language, % (n) 64% (191) 63% (188) 0.80
Commercial insurance (%) 43% (127) 38% (114)
Medicare 7% (21) 12% (36) 0.99
Medicaid 50% (150) 50% (150)

Charlson Comorbidity Index ≥ 1, % (n) 14% (43) 31% (94) < 0.01
Documented prior screening, benign disease,
and cancer risk factors
Prior corresponding† screening mammogram
or colonoscopy documented, % (n)

58% (175) 48% (144) 0.01

Among those with prior corresponding† screening
test, time in years since prior test, mean ± SD

1.7 ± 2.7 4.2 ± 2.8 NA

No documented cancer risk factors or characteristics
suggestive of non-cancer diagnosis, % (n)

60% (181) 27% (80) < 0.01

≥ 1 characteristic suggestive of non-cancer diagnosis‡, % (n) 13% (38) 50% (149) NA
≥ 1 suggestive of cancer, % (n) 32% (97) 50% (150)
For breast lump presentation
Family history of breast cancer 20% (66) –
Personal history of breast biopsy 9% (25) –
Known carrier of BRCA mutation 0.3% (1) –
Reproductive risk§ 8% (26) –

For rectal bleeding presentation
Family history of colorectal cancer – 3% (10)
Personal history of adenoma – 10% (27)
Anemia – 7% (21)
Unintentional weight loss – 2% (6)
Change in bowel habits 57% (112)

*According to Student’s t tests for continuous variables and chi-squared tests for categorical ones
†Corresponding cancer indicates breast cancer for patients presenting with breast lump and colorectal cancer for ones presenting with rectal bleeding
‡Characteristic that is suggestive of potential non-breast cancer etiology of a lump would be personal history of breast cyst(s). Characteristic suggestive
of potential non-colorectal cancer diagnosis would be history or physical exam finding of either hemorrhoids or diverticulosis
§Nulliparity, menarche ≤ 12 years of age, first birth ≥ 30 years of age; no patients had more than 5 years of combined hormone replacement therapy. NA
not applicable

Table 2 Guideline Concordance and Timing of Diagnostic Mammogram/Colonoscopy Orders

Breast lump Rectal bleeding p value

Concordance of testing with CRICO Decision Support Toola,b N = 300 N = 300 p value†

Of total presenting, % (N) for whom clinical guidelines recommend
mammogram for breast lump or colonoscopy for rectal bleeding

100% (300) 89% (268) < 0.01

Of total for whom mammogram/colonoscopy is recommended,
% (N) for whom an order was placed

88% (264) 73% (196) < 0.01

Among patients for whom order is placed, timing of order placement
relative to presentation*

N = 264 N = 196

At initial presentation 97% (257) 86% (169) < 0.01
Within 30 days of presentation 1% (3) 5% (10)
Between 31 and 60 days after presentation 1% (2) 1% (2)
Between 61 and 365 days after presentation 1% (2) 8% (15)

Among patients for whom order is placed, timing of order completion* N = 264 N = 196
Within 30 days of order placement 84% (221) 31% (61)
Between 31 and 90 days after order placement 6% (17) 26% (51) < 0.01
Between 91 and 365 days after order placement 3% (8) 16% (32)
Not completed within 365 days 7% (18) 27% (52)

*Orders correspond to mammograms for chief complaints of breast lump and to colonoscopies for chief complaints of rectal bleeding
†Using chi-squared test
aControlled Risk Insurance Company. CRICO Breast Care Management Algorithm: A Decision Support Tool.; 2014.
bControlled Risk Insurance Company. Prevention & Early Detection of Colorectal Cancer: A CRICO Decision Support Tool.; 2014.
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to CRICO, patients with breast lumps were significantly more
likely to have had orders placed for recommended tests, com-
pared with patients with rectal bleeding (OR 3.76, 95% CI
[1.77, 8.03]) when adjusting for patient characteristics, prior
screening, and visit patterns. In the model examining the
likelihood of order completion, patients with breast lumps
were more likely to have ordered tests completed (OR 7.06,
95% CI [2.89, 17.28]) (Table 4). Patients with no prior docu-
mented screening or whose last relevant screening test was
over 5 years ago were more likely to have a recommended
diagnostic test ordered (OR 2.34, 95% CI [1.15, 4.79] and OR
3.28, 95% CI [1.21, 8.87], respectively). Documented risk
factors or symptoms concerning for cancer were not associated
with ordering or receipt of recommended testing. However, a
history suggestive of a non-cancer diagnosis significantly
decreased the likelihood that an indicated test would be

ordered (OR 0.60, 95% CI [0.37, 0.98]). Age, gender, race/-
ethnicity, Charlson Comorbidity Index, number of unrelated
visits, and insurance were not associated with order or receipt
of testing.

DISCUSSION

In this study of 15 primary care practices, we found that rates of
both ordering and receipt of recommended diagnostic tests were
lower among patients with rectal bleeding compared with
patients with breast lumps. In addition, among those for whom
diagnostic tests were ordered, there were longer delays in receipt
of testing among patients with rectal bleeding compared with
thosewith breast lumps.We have previously described relatively
high rates of guideline non-concordance in diagnostic evaluation
of rectal bleeding in these practices,15 consistent with findings
from other settings.16, 18, 20, 26, 28 This analysis adds to the
literature by demonstrating striking differences in both guideline
concordance and timeliness of processes for rectal bleeding and
breast lumps within the same practices.
Our findings highlight differences in evaluation pathways

for rectal bleeding and breast lumps and suggest barriers
unique to rectal bleeding. First, providers tended to delay more
in initially ordering indicated diagnostic endoscopies for
patients with rectal bleeding. There are several potential
explanations for this. Providers may have less familiarity with
guidelines for rectal bleeding. Although decision tools such as
CRICO are recommended as a strategy to mitigate diagnostic
errors, making them available and referenced at the point of
care is challenging.29 In addition, clinicians may have a lower
degree of concern about missing colorectal cancer presenting
as rectal bleeding compared with missing a breast cancer.20

This may reflect more experience diagnosing breast cancer
following a breast lump, as suggested in the higher number of
breast cancers diagnosed. It was notable that patients with
rectal bleeding had more symptom-related face-to-face visits

Figure 1. Time between initial presentation and completion of diagnostic testing, among patients for whom diagnostic testing is recommended
by CRICO guidelines.

Table 3 Visits and Communications Within 1 Year Among Those
for Whom Diagnostic Imaging/Procedures Were Recommended

Number of visits and
communications, mean ± SD

Breast
lump
N = 300

Rectal
bleeding
N = 268

p
value†

Related to chief complaint
Primary Care
Face-to-face visits 0.5 ± 0.8 0.9 ± 1.2 < 0.01
Intra-visit communications 0.6 ± 1.1 0.8 ± 1.2 0.07

Corresponding* specialist visits
Face-to-face visits 0.6 ± 0.9 0.5 ± 0.9 0.20
Intra-visit communications 0.1 ± 0.5 0.5 ± 0.8 < 0.01

Unrelated to corresponding* chief complaint
Primary care
Face-to-face visits 1.1 ± 1.8 1.7 ± 2.8 < 0.01
Intra-visit communications 1.8 ± 3.5 3.2 ± 5.2 < 0.01

Corresponding* specialist visits
Face-to-face visits 1.8 ± 4.1 3.3 ± 5.3 < 0.01
Intra-visit communications 0.5 ± 1.5 4.8 ± 6.7 < 0.01

*Specialist visits related to corresponding chief complaint for patients
presenting with breast lump include those to the Emergency Depart-
ment, surgery, oncology, and breast center. Specialist visits related to
corresponding chief complaint of rectal bleeding include Emergency
Department, gastroenterology, surgery, oncology, and hematology
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following initial presentation. Although this could reflect these
patients’ higher comorbidity burden, or more adoption of
surveillance prior to testing, it also may reflect enhanced
complexity of decision-making about and planning for endos-
copy. Patients with rectal bleeding also had more unrelated
primary care visits, which could reflect competing priorities
for providers and patients—though in multivariate analyses,
higher numbers of visits did not significantly decrease the
likelihood of test order placement.
Our multivariate models suggest that providers considered

patients’ risk for cancer in ordering tests. For example, patients
with more recent prior screening and patients with histories of
benign conditions that can cause breast lumps or rectal bleed-
ing were less likely to have diagnostic tests ordered. However,
previous benign disease is not considered to modify the need
for diagnostic testing in the CRICO rules, and having a colo-
noscopy in the past 2 years only modestly alters CRICO’s
recommendations for endoscopy in cases of rectal bleeding.
Further, we are not aware of other guidelines that provide
detailed risk stratification among patients with rectal bleeding.
Limited evidence suggests that, particularly in patients over
50, rectal bleeding alone has a sufficient positive predictive
value to merit further evaluation for cancer.3 Further research
into modifying factors is needed to guide a more individual-
ized approach.
Once colonoscopies were ordered, more patients with rectal

bleeding experienced clinically significant delays in receipt of

testing compared with patients with breast lumps for whom
breast imaging was ordered. This could reflect logistical bar-
riers to test completion for patients with rectal bleeding. En-
doscopy is more invasive and time-intensive than a mammo-
gram, and typically takes longer to schedule, leaving more
opportunity for attrition and gaps in care.25, 28, 30 Patient
factors also may contribute. Although many patients find
mammograms uncomfortable, colonoscopy preparation and
procedures are typically considered more unpleasant and re-
quire patients to be escorted home, which could limit test
adherence. Nationwide, rates of adherence to colonoscopy
screening are lower than rates of mammography.24 Patients
may also be more aware of and concerned about breast cancer
than colorectal cancer.
There is robust literature examining the factors involved in

follow-up of abnormal screening tests.26 Our study suggests
the need for closer examination of factors involved in evalu-
ation of cancer Bred flag^ symptoms, especially rectal bleed-
ing. Primary care providers evaluating patients with rectal
bleeding appear to engage in risk stratification that is not
well-supported by existing research or guidelines. However,
given the logistical and resource barriers to endoscopic eval-
uation, and risks associated with endoscopy, research to in-
form more tailored guidelines may be warranted. Our findings
also suggest the need for attention to barriers to completion of
diagnostic endoscopy. Streamlined referral pathways for
symptomatic patients, facilitation of multidisciplinary

Table 4 Adjusted Odds of Recommended Diagnostic Image/Procedure Order Placement and Completion

Recommended diagnostic imaging/procedure

Among patients for whom diagnostic testing
recommended, likelihood that order was
placed (n = 568)

Among patients with test ordered,
likelihood of order completion (n = 460)

Odds ratio 95% CI p value Odds ratio 95% CI p value

Chief complaint, rectal bleeding as referent
Breast Lump 3.37 1.58, 7.19 < 0.01 7.06 2.89, 17.28 < 0.01

Age in years, 30–50 as referent
50–59 1.38 0.78, 2.45 0.27 1.04 0.53, 2.04 0.92
60–79 1.55 0.79, 3.04 0.20 2.06 0.84, 5.05 0.11

Sex, male as referent
Female 1.12 0.62, 2.02 0.70 0.81 0.40, 1.61 0.54

Race/ethnicity, White as referent
Non-White 1.59 0.94, 2.70 0.08 1.48 0.79, 2.77 0.22

Primary language, English as referent
Non-English 0.86 0.49, 1.48 0.58 1.62 0.83, 3.13 0.16

Insurance, commercial or Medicare as referent
Medicaid 1.21 0.75, 1.95 0.44 0.84 0.47, 1.50 0.56

Charlson Comorbidity Index, zero as referent
≥ 1 1.61 0.90, 2.90 0.11 1.28 0.65, 2.51 0.47

Time since most recent screening mammogram or colonoscopy, less than 2 years as referent
2–5 years 1.56 0.68, 3.57 0.30 0.70 0.22, 2.21 0.55
>5 years 3.50 1.29, 9.51 0.01 1.37 0.38, 4.95 0.63
Not documented or no prior screening 2.49 1.21, 5.10 0.01 0.88 0.32, 2.45 0.81

Risk factor for corresponding* cancer, zero as referent
≥ 1 0.93 0.59, 1.47 0.76 1.23 0.69, 2.18 0.49

Risk factor suggestive of non-cancer diagnosis, zero as referent
≥ 1 0.58 0.35, 0.95 0.03 1.38 0.73, 2.61 0.32

Number of face-to-face visits unrelated to corresponding chief complaint, zero as referent
≥ 1 0.42 0.25, 0.72 < 0.01 0.68 0.37, 1.26 0.22

*Corresponding cancer indicates breast cancer for patients presenting with breast lump and colorectal cancer for ones presenting with rectal bleeding
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communication, and patient navigation could be important
tools to expedite endoscopy. Of note, the few studies of patient
navigators for expediting diagnostic evaluations of Bred flag^
symptoms have had mixed results.16

Our study has several limitations. First, it focused on order-
ing and receipt of diagnostic tests recommended by the
CRICO decision support tools. In reality, receipt of a mam-
mogram or a colonoscopy could be the first step in a poten-
tially complex process that would include results communica-
tion and potentially more testing.26 This could be particularly
true for mammograms since a separate appointment is typical-
ly required for biopsies. Follow-up of abnormal mammograms
is a known quality challenge27 that we did not assess, and we
did not focus on results communication, since documentation
of this was unreliable. Second, our ability to examine the
factors contributing to each step of the diagnostic process
was limited by the information available in the clinical record.
Information on clinical history was limited, particularly the
presence of non-cancer diagnoses that could explain the pre-
senting symptom and cancer risk factors. We did not examine
the role of patient preferences and nonadherence, which likely
disproportionately impact uptake of endoscopy. We also could
not usually identify specific system- and provider-related chal-
lenges to scheduling tests. Lastly, our study describes diag-
nostic processes at 15 Harvard-affiliated practices in the Bos-
ton area. Although the practices were relatively diverse in their
patient populations and located both in hospitals and commu-
nities, they are not generalizable to other geographic and non-
academic settings.
In summary, even in practices that perform relatively well in

prompt evaluation of breast lumps, there is a need for im-
proved adherence to recommended diagnostic evaluation for
rectal bleeding. While differences in clinical decision-making
appeared to contribute to lower rates of test ordering for rectal
bleeding, and limited guideline awareness could be a factor,
logistical and health system–related barriers probably play a
significant role in test completion. These issues require further
evaluation to inform quality improvement.
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