
Teaching Diagnostic Error  
Using Problem-Based Learning:
A Case of Cellulitis Misdiagnosis

Authors: A. Papier MD*, J. Koerner MBA, MSII,  
University of Rochester School of Medicine and Dentistry • Rochester, NY

*CEO of VisualDx



Abstract
Learning objectives
1. Understand the Problem-Based Learning approach to medical student education.
2. Identify the cognitive reasons for cellulitis diagnostic error.
3. Describe the teaching of diagnostic error within the context of the PBL method of medical education.

Case information
This is a case of a 68-year-old woman presenting to the emergency department with a swollen, erythematous leg. The 
emergency department diagnosed her with cellulitis and admitted her for intravenous antibiotics. On the third morning 
the patient developed a rash. A dermatology consult resulted in the diagnosis of stasis dermatitis and of an antibiotic 
medication reaction, rather than cellulitis. 

Discussion
Many medical schools have adopted the Problem-Based Learning (PBL) educational method. PBL is a methodology used 
to encourage self-directed group learning and to practice differential diagnosis. PBL is student directed and involves critical 
analysis of the literature, teamwork, group interaction, and cooperation.1 We developed a PBL around a case of presumed 
cellulitis as a method to introduce first-year medical students to diagnostic error. The new PBL was piloted in 2010, and 
then run successfully as part of the curriculum in 2011. Students generally were positive in the evaluation of the PBL. The 
subsection of the class that was asked to evaluate the PBL and accompanying lecture rated it 4.4 out of 5 points. PBL is a 
logical place to introduce diagnostic error because it is where students first learn to generate a differential diagnosis. This PBL 
case was well-received, and taught students about a common specific diagnostic error in addition to diagnostic error theory.

Why Teach Diagnostic Error in PBL?
PBL is an ideal medium to introduce diagnostic error because it 
is where students first learn to think through a case and make a 
diagnosis. The methodology was introduced at McMaster University 
in 1969.2 Data from 2003-2004 note the prevalence of PBL to be 
70% in US medical schools, with 6% of schools using it for more 
than 50% of curricular time and 22% using it for less than 10% 
of curricular time.3 PBL puts the students in charge of the case, 
allowing them to experience firsthand the confusion and potential 
for error rather than having it explained in a lecture. A PBL with 
a focus on diagnostic error reinforces and contrasts how patients 
present with typical presentations and variant presentations, a key 
learning objective for medical students.

We chose a problem area that has been shown to be a frequent cause of diagnostic error: the patient presenting with 
redness of the lower extremity and suspected cellulitis. Awareness and understanding are taught by allowing students to 
experience how a common diagnostic error can be made by well-intentioned providers. Our teaching objectives included:
1.  Teaching the causes of diagnostic error, including premature closure, overconfidence, and other reasons for cognitive 

mistakes.
2. Showing how an ultimately unnecessary test can seem logical to order, yet contribute nothing to the diagnosis and 

potentially reinforce a misdiagnosis (eg, skin swab).
3. Teaching how to properly incorporate a primarily “rule-out” test into a differential diagnosis (eg, D-dimer).
4. Teaching how to use a symptom-based decision support program to quickly build an appropriate differential.
5. Showing how Internet searches can compound misdiagnosis when they are based on diagnostic suspicion or past medical 

problems rather than the presenting symptoms.

Teaching Objectives for the Diagnostic Error-Focused PBL

University of Rochester School of Medicine students sit down 
to begin their problem-based learning activity. The case of “The 
Recurring Problem” was solved over three days.



The Case: “A Recurring Problem”

Day 1
Jane Street is a 68-year-old white female who presented to the emergency department. Ms. Street was concerned that 
her leg “infection” was recurring. She had covered a small draining area of skin with a bandage (Day 1 image). Her past 
medical history was significant for type 2 diabetes mellitus, hypertension, and two previous hospitalizations for treatment of 
“infections” in the same area of her left leg that slowly resolved after hospitalization and treatment with systemic antibiotics.

Physical exam was significant for the following findings: morbid obesity, pedal pulses faint in right foot, 1+ in left foot, 2+ 
pitting edema bilaterally in lower extremities. The left lower leg was erythematous, with a scaling plaque from the dorsum of 
the foot to the mid-lower anterior tibia region. Crusting and scaling were prominent at the lateral malleolus of the left lower 
leg, extending proximally. Suspecting that Ms. Street was experiencing recurrent cellulitis of the left lower leg, the physician 
empirically started her on nafcillin 2 g IV every 6 hours.

Day 2
Later that afternoon, the medical team investigated causes for Ms. Street’s recurrent cellulitis. Blood cultures collected earlier 
in the day had come back negative. Jim, an MS-3, used Google to search “recurring cellulitis”. He quickly reviewed a Mayo 
Clinic site on causes of recurring cellulitis. Ms. Street’s obesity and related leg edema corresponded with risk factors for 
cellulitis. The erosion and “oozing” on her left lower leg had not improved and it continued to leak fluid through her bandages 
onto the bed linens. 

After morning rounds on Ms. Street, the astute medical student mentioned to the team that the blood and wound cultures 
were obtained almost 12 hours after she had been started on antibiotics, making the results of the cultures unreliable and 
possibly leading to a false-negative result. The intern recommended that the patient be started on an additional antibiotic, 
since community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) was a clinical possibility. 

Day 3
On hospital day #3, the patient reported that a new faint rash was present on the abdomen. She clearly had less swelling 
in her legs and decreased erythema of the left lower leg. Still, the erosion and erythema of her left lateral ankle remained 
unchanged. 

Physical exam of the skin revealed the following. A 2.5x3 cm eroded patch was present on the lateral aspect of the left lower 
leg within a larger patch of erythema. Slight erythema, induration, scaling, and 1+ edema were present at the left lower leg. 
There were numerous (hundreds of) very faint erythematous, blanchable macules covering the trunk, back, chest, and upper 
arms (Day 3 image). With the spreading rash, a dermatology consult was called for further evaluation. The dermatologist 
examined the patient and made two diagnoses, both of which had not yet been considered.

At this point students discuss these two diagnoses: stasis dermatitis and “autoeczematization,” a situation where severe local 
inflammation with trafficking of white blood cells in and out of the blood stream can induce a widespread pruritic eruption. 

The patient was fitted for knee-high support stockings, 20-30 mmHg, to wear whenever the legs were dependent and was 
advised to apply petrolatum under a non-stick dressing (Telfa pad) daily to the ulceration. All systemic and topical antibiotics 
were discontinued, and the patient was discharged from the hospital.

Day 1 Image Day 3 Image

Left Leg: Deep erythema with overlying scaling 
plaques on the lower leg; also note the small 
hemorrhagic crust overlying an erosion proximally.

Chest: Numerous erythematous, blanchable macules 
of the spreading rash.



Creating a Differential Diagnosis:
Google and the Internet
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Using the internet to help make a diagnosis presents opportunities 
and challenges for both clinicians and students. In the PBL setting 
students inevitably use the Internet as a starting point to research 
unfamiliar aspects of a case. We used a Google search to show how 
diagnostic error can be reinforced by searching for information 
about a diagnosis, rather than focusing research on the presenting 
symptoms. A Google search for “recurrent cellulits” returns a Mayo 
Clinic article that reinforces the incorrect diagnosis and helped lead 
to premature closure in the case. We hypothesize that this cause 
of diagnostic error is not obvious to most students. We included 
learning objectives regarding the process and pitfalls of using 
online search and decision support to make a diagnosis.

Why choose cellulitis misdiagnosis for the case?
Stasis dermatitis misdiagnosed as cellulitis is a good prototype for teaching diagnostic error in PBL, as the case represents a 
common situation. Cellulitis is overdiagnosed: two recent studies suggest the error rate is between 28% and 33%, with stasis 
dermatitis being the most likely culprit.4,5 The diagnosis is primarily clinical, although some laboratory testing is typically 
done, highlighting the importance of understanding the pathophysiology and consequential presentation. This diagnostic 
error is very costly to both patients and society: patients are exposed to unnecessary antibiotics and hospitalizations, while 
cases of presumed cellulitis resulted in $3.3 billion in spending on approximately 557,000 inpatient admissions in 2009.6 
Assuming a 25% error rate, cases misdiagnosed as cellulitis potentially resulted in $834 million in unnecessary spending on 
approximately 139,000 admissions in error (not to mention costs from unnecessary outpatient oral antibiotics).

Student feedback and conclusions
This case was piloted in 2010 as part of the “Host Defense” course at the University of Rochester School of Medicine and 
Dentistry. The pilot PBL was well received by faculty and included as a regular part of the course in 2011. Students surveyed 
about the case generally gave qualitative positive feedback, and rated the case 4.4 out of a maximum of 5 points. Further 
research is needed to determine how diagnostic error-focused PBLs will impact students’ diagnostic reasoning, especially in 
the long term, and how well students retain the details of the specific error explored in the case.

Recommendations
Including a diagnostic error focus in a subsection of the PBL cases used in a course is good way to get students and faculty 
thinking about why cognitive diagnostic errors occur and how diagnostic error can be prevented. On the basis of our 
experience incorporating diagnostic error into the PBL curriculum, we recommend:

1. Finding a course director interested in brainstorming with faculty about the most prevalent and serious diagnostic errors 
in his or her field.

2. From the list of errors, picking one or two diseases that are already discussed in the course.
3. Developing a case that is focused on diagnostic error and reinforces the important pathophysiology and presentation 

differences used to make the correct diagnosis.
4. Getting feedback specifically pertaining to the new PBL and the diagnostic error learning objectives.


