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Rationale / Need



• Pathology is a foundation topic in basic science 
undergraduate medical education eduction:  

• It provides a critical infrastructure for subsequent 
medical eduction

• It is heavily tested on the National Board of Medical 
Examiners United State Medical Licensing Step 1 
Examination 

• With the introduction of a revised, organ system-focused 
curriculum at the Brody School of Medicine, it is 
appropriate and timely to:

• Assess what is being taught in the Pathology  course

• Assess how is content being taught 

Rationale / Need



Methods and 
Materials



• An Index of Learning Styles survey for the Classes of 
2018-2020 was reviewed.

• Given an interest in cardiology by the medical student 
investigators, cardiovascular pathology was selected for a 
deep-dive into the pathology curriculum and teaching 
modalities.

• Collaboration with the Duke University Pathology Course 
Director was undertaken.

• Literature and Google searches were undertaken to 
identify resources detailing validated topics and teaching 
modalities for the cardiovascular component of 
undergraduate medical pathology courses.

Methods and Materials



• Brody learning objectives were compared to those 
deployed at Duke and those cited in widely-used 
resources.

• Second-year medical students enrolled in the pathology 
course were surveyed regarding laboratory sessions.

• A new, optional Congenital Heart Disease Laboratory 
session was implemented based on the previous year’s 
feedback

• Survey: Students participating in the Congenital Heart 
Disease Laboratory session were polled regarding:

• Usefulness of the congenital heart lab relative to other 
pathology lab sessions

• Potential role of three dimensional (3-D) printed models.  
and specific diseases models could illustrate

Methods and Materials



• 3-D model construct was investigated for possible 
integration in 2018-2019 school year

• Priority given to

• Normal heart models

• Diseases prioritized in survey

Methods and Materials



Preferred Learning 
Styles of Brody 

Medical Students
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Index of 
Learning 
Styles: 
Brody

2018 - 2021
• Very similar from 

year-to-year
• The learning 

preferences of a 
majority of Brody 
Students include 
elements which are:

(Assessment Tool: North 
Carolina State University: 

www4.ncsu.edu/unity/lockers/
users/f/felder/public/

ILSpage.html)

Index of Learning Styles Classes of 2018, 2019, 2020 & 2021



What Should We 
Teach?

Curriculum Content



Applications

Testing
and 

Scores

Undergrad. / 
Grad. School

Med. School
1     2     3     4

Residency
1  - 3  - X

Fellowship
1   2   X

“Real 
Job”

USMLE

NBME “Shelf “ Exams

Step 
1: Yr. 

2

Step 
2: Yr. 
3-4

Step 3:
PGY 

1

Board 
Exam(s)

Board 
Exam(s)

CME / 
Recert. 
Exams

Schooling / 
Training

High
School

ERAS Match 

- Lectures
- Review Sessions
- Small Groups

Pathology in Integrated Curriculum

MCAT

GPA

SAT

GPA

ACT

Residency
In-Service 

Exams (RISE)

Fellowship
In-Service 

Exams (FISE)

Block 3:  Cell Injury & Death / Inflammation & 
Repair / Hemodynamics / Immune System 
/ Nutrition / Environment / Neoplasia

Block 4.1: Cardiovascular / Renal & Urinary System

Block 4.2: Pulmonary / Rheumatology / Bone & Joint 
/ Soft Tissue

Block 4.3: Central Nervous System; Nerve; NMJ; 
Muscle/ Infectious Disease

Block 4.4: Gastrointestinal /  Liver & Gallbladder /
Exocrine Pancreas / Pediatric 
Pathology

Block 4.5: Hematopathology; Hemostasis & 
Thrombosis /Transfusion Medicine / 
Skin / Eye 

Block 4.6: Endocrine / Reproductive / Fetal-
Maternal, Placenta / Laboratory 
Medicine
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Cardiovascular Sections of  Integrated 
Curriculum

Pathology Pharmacology Medicine Psychiatry Doctoring Foundations 
of Medicine



Topic Comparison
• No peer-reviewed publication was identified which 

summarized consensus cardiovascular pathology topics 
for medical students

• Key topics in legacy Pathology curriculum were 
compared to available topic sources relevant to teaching 
cardiovascular pathology:
• Duke University Curriculum
• USMLE Step 1 Content Description and General 

Information,  2013-2014
• USMLE Step 2 Clinical Knowledge (CK) Content 

Description and General Information, 2014
• Robbins Pathology
• Group for Research in Pathology Education (GRIPE)



Duke Curriculum
Collaboration: Andrea T. Deyrup, M.D., Ph.D., Course Director



(www.usmle.org)

USMLE Step 1 Topic List
2013-2014



(www.usmle.org)

USMLE Step 2 
Topic List

2014



Topic Comparison



Topic Comparison
Conclusions from Analysis of Resources

• Content in Brody legacy cardiovascular course follows 
Robbins topic lists

• Gap Analysis: No gaps identified
• Near perfect overlap with Duke curriculum learning 

objectives and key words
• All USMLE Step 1 & 2 topics covered
• All GRIPE topics covered: topics recapitulate listing 

from Robbins



How Do We 
Currently Teach 

Content?

Lecture and 
Laboratory





• Lecture Sessions:  N = 9
• Setting: Traditional classroom
• Formative Assessment: All sessions include  case-based, poll-

style questions (TurningPoint, TurningTechnologies.com)
• Attendance is assessed via TurningPoint response

• Recordings: Sessions are recorded (MediaSite, 
Sonicfoundry.com)

• Attendance: Optional
• Attendance Bonus Points: 70% attendance 

• 1 Point available for each section examination score with
• 1 Point available for final course grade if criteria met for 

all Block 3 and Block 4 examinations 

CV Session Construct: Current

• Small Group Discussion Sessions:  N = 0
• Too few pathology faculty to allow for small group sessions



• Laboratory Sessions: N = 2
• Setting: Laboratory space, 7th Floor of Brody Building

• Components:
• Small Groups of Students: Case-based PowerPoint content 

with questions reviewed; group responses to questions 
recorded on Immediate Feedback Assessment Technique  
scratch cards (Epstein Educational Enterprises)

• Gross Organs - Normal and Abnormal: Demonstration and 
discussion of key pathologic entities

• Attendance: Attendance at ≥ 50% of total sessions required
• New for 2017-2018 school year

CV Session Construct: Current



Immediate Feedback 
Assessment Technique (IFAT)



• Outlier
• Congenital heart disease specimens had not been 

demonstrated in the past
• Time constraints
• Small size of specimens

• Details
• Held in PM
• Date held: conflicts for some students

• Sessions
• 2

• Attendees
• 20

Congenital Cardiovascular Lab: 2017



Surveys



• Class of 2019 Survey:
• 33 Responses
• Attendance: at least 1 laboratory session during the year:

• 100%
• Attendance was entirely optional for this group of students

• Attendance of both cardiovascular sessions
• 75%

• Interest in Optional Congenital Heart Disease Laboratory
• 100%

2016-2017 Laboratory Survey:

Parameter All Laboratory Sessions Cardiovascular Laboratory 
Sessions

Usefulness of Laboratory 
Sessions

4.44 / 5 4.35/5

Aided in Understanding 
Content

4.45/5 4.45/5



• Class of 2020 Survey:
• 33 Responses

• 100% Response from Cardiovascular Disease Lab Attendees
• N = 20

• Attendance: 50% Attendance Required
• Cardiovascular Laboratory 1: 100%
• Cardiovascular Laboratory 2: 93.8% 

2017-2018 Laboratory Survey:

Parameter CV Lab 1 CV Lab 2 Congenital Heart 
Disease Laboratory

Usefulness of 
Laboratory 
Sessions

All                
Students:    4.4 / 5

CHD
Attendees:  4.6 / 5

All                
Students:    4.3 / 5

CHD
Attendees:  4.5 / 5

All                
Students:    N/A

CHD
Attendees:  4.6 / 5



• Most Useful Cardiovascular Laboratory Specimens:

Course Survey: 2017

Specimen All Students CV Lab Attendees
Aortic Dissection 58.6% (n=17) 45% (n=9)

Valvular Disease 44.8% (n=13) 45% (n=9)

Atherosclerosis 37.9% (n=11) 25% (n=5)

Aneurism 34.5% (n=10) 30% (n=6)

Arteriosclerosis 31% (n=9) 45% (n=9)

Cardiomyopathy 31% (n=9) 30% (n=6)

Myocardial Infarction 27.6% (n=8) 20% (n=4)

Heart Failure 17.2% (n=5) 25% (n=5)

Myocarditis 6.9% (n=2) 10% (n=2)

Coronary Artery Disease 6.9% (n=2) 5% (n=1)

Pericardial Disease 6.9% (n=2) 5% (n=1)



• Most Useful Congenital Heart Disease Specimens:

Course Survey: 2017

Specimen CV Lab Attendees
Tetrology of Fallot 60% (n=12)
Transposition of the Great Vessels 50% (n=10)
Patent Foramen Ovale 40% (n=8)
Ventricular Septal Defect 35% (n=7)
Coarctation of the Aorta 30% (n=6)
Atrial Septal Defect 20% (n=4)
Patent Ductus Arteriosus 20% (n=4)
Persistent Truncus Arteriosus 10% (n=2)
Tricuspid Atresia 5% (n=1)

Comments
- (S)ince the specimens were so small, it would have been nice to 

have a smaller group that allowed us to get closer. It was a lot of 
blue and pink strings going in and out of places I couldn't quite 
see. 



Which specimens would most benefit from a 3D model for 

demonstration and evaluation?

Responses:  N = 7
- Tetrology of Fallot 7
- Transposition of Great Vessels 3
- Truncus Arteriosus 3
- Coarctation of Aorta 1

Comments
- These defects in general were just hard for me to 

picture, so seeing a specimen and a 3-D model will help 
me better conceptualize these defects and remember 
the effects they have on blood flow.

Course Survey: 2017



3D Printing
Models of 

Congenital Heart
Disease Defects



Use of 3D Models in Education

• Limited published use of 
3D models in medical 
education to date

• Pediatric Resident 
congenital heart disease 
session
• 3D Models     vs. 
• Photographs (2D)

• Conclusion:
• Physical 3D models 

enhance resident 
education around the 
topic of tetralogy of 
Fallot by improving 
learner satisfaction. 

Satisfaction Testing

Statically 
Significant 
Difference

Not Statically 
Significant 
Difference



Innovation and Design Laboratory,
East Carolina University

William W. Godwin: Director

Collaboration with ECU College of 
Engineering Students:
• Kevin C. Nguyen
• Joshua R. Butler

3D Printer: MakerBot Replicator - 5th Generation

(bwarchitecture.info/about1-c12qf)

(3dhubs.com/3d-printers/makerbot-replicator-5th-gen)



Overview: 3D Printing Process

Step 2: Create 3D Model Using Imaging 
Processing Software

(3dhubs.com/3d-printers/makerbot-replicator-5th-gen)

(doylestownhealth.org/medical-services/medical-imaging-
radiology/ct-scan)

Step 4: Print Model

Step 1: Obtain Patient-Specific Images

Step 3: Optimize Model for 
Printing



Simplified 3D Printing Process

(3dprint.nih.gov)

Step 2: Print ModelStep 1: Access NIH 3D Print Exchange



Normal Heart: 17-Year-Old Woman, Diastole
Created Using 3D Reconstruction Software of CT Images

Data Source: 3dprint.nih.gov, Matthew Bramlet, Model ID: 3DPX-001684

3D Printing Based on CT Imaging 
Data & 3D Reconstruction

Pulmonary Artery 
Outflow Tract

Mitral 
Valve

Aortic 
Valve

Tricuspid 
Valve

Posterior

Anterior

Inferior 
Vena Cava



Normal Heart: 17-Year-Old Woman, Diastole
Created Using 3D Reconstruction Software of CT Images

Data Source: 3dprint.nih.gov, slarochelle0769, Model ID: 3DPX-007207

3D Printing Based on CT Imaging 
Data & 3D Reconstruction

Pulmonary Artery 
Outflow Tract

Mitral 
Valve

Aortic 
Valve

Tricuspid 
Valve

Inferior 
Vena Cava



Tetralogy of Fallot: 4-Month-old Boy, 
Created Using 3D Printing Based on CT 

Imaging Data & 3D Reconstruction

Data Source: 3dprint.nih.gov, Matthew Bramlet, Model ID: 3DPX-001684

Tetralogy of Fallot: “Boot-Shaped” Heart
Created Using 3D Reconstruction Software of CT Images

Hypertrophic 
Right Ventricle

Ventricular 
Outflow Tract

VSD

Left 
Ventricle



Tetralogy of Fallot: 4-Month-old Boy, 
Created Using 3D Printing Based on CT 

Imaging Data & 3D Reconstruction

Data Source: 3dprint.nih.gov, Matthew Bramlet, Model ID: 3DPX-001684

Tetralogy of Fallot: “Boot-Shaped” Heart
Created Using 3D Reconstruction Software of CT Images

Ventricular 
Outflow Tract

Hypertrophic 
Right Ventricle

VSD

Left 
Ventricle



Tetralogy of Fallot: 4-Month-old Boy:
3D Printing Based on CT Imaging Data & 3D 

Reconstruction

Data Source: 3dprint.nih.gov, Matthew Bramlet, Model ID: 3DPX-001684

Demonstration of 
Defects - Longitudinal 

Section, Posterior
View :

Green beads travel 
through right 

ventricle, across the 
VSD, and into the 
overriding aorta  

Right 
Ventricle 

VSD



Conclusions
&

To-Do List



Conclusions

• Review validates the content covered in Brody’s 
Pathology course against various resources including

• Duke’s cardiovascular curriculum

• Step 1 and 2 outlines

• Robins Pathology textbook and GRIP topic lists

• Survey responses suggest that cardiovascular 
laboratory sessions are considered to be an effective 
education modality based on

• Optional congenital heart disease laboratory 

• Well-received: will continue to offer this session

• Groups limited to 10 students by sign-up list

• Content will be supplemented with 3D models



• 3D Models for Congenital Heart Disease Laboratory 
• Continue to optimize printing and areas of sectioning
• Models will include

• Normal heart
• Tetrology of Fallot
• Transposition of Great Vessels
• Truncus Arteriosus
• Coarctation of Aorta: Adult and pediatric variants

• Survey
• Repeat survey for Class of 2021 after cardiovascular 

component

• Cardiologist Collaboration
• Seek (1) Adult and (2) Pediatric cardiologist collaborator(s) to 

review and validate content being taught

To-Do List
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Tetralogy of Fallot: “Boot-Shaped” Heart
Created Using 3D Reconstruction Software of CT Images

Data Source: 3dprint.nih.gov, Matthew Bramlet, Model ID: 3DPX-001684


