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Purpose 

(1) Provide a venue for first year medical students to review and reinforce basic 
microstructure, function and biochemistry of the adrenal gland as it relates to a case of 
adrenal insufficiency. 

(2) Apply these principles to clinical medicine. 

Background 

This case is taught in a workshop setting in Block 4 of the first year of medical school.  Block 4 is 
preceded by curricular blocks that educate students in; gross anatomy, embryology, 
biochemistry, histology and physiology of the cardiovascular, respiratory, gastrointestinal and 
urinary systems.  This block educates students in the structure and function, embryology, 
biochemistry and physiology of the endocrine (adrenal, thyroid, etc.), integumentary and 
reproductive systems.  This case is designed to connect and relate the basic science information 
on structure and function, biochemistry, and physiology of the adrenal gland with application to 
patient care.  The case was developed through collaboration of faculty in the Departments of 
Anatomy and Cell Biology, Emergency Medicine and Endocrinology.  This workshop follows 
lectures and laboratory sessions on the structure and function of the endocrine system, 
biochemistry and physiology/function of the hormones in the hypothalamus, pituitary, adrenal 
and thyroid organs. The workshop uses aspects of team-based learning strategies to reinforce 
the basic science knowledge acquired in lectures and laboratory sessions and provides an 
opportunity for students to apply this knowledge to clinical patient care.    

Learning objectives  

Upon completion of this exercise, the student will have outlined and described using drawings 
and verbiage the following: 

• The basic structure and function of the adrenal gland 

• The specific cell types in the adrenal gland and their function(s) 

• The regulation of synthesis and secretion of the hormones produced by the adrenal 
gland 

• The pathophysiology, diagnosis and management of adrenal insufficiency 

Implementation 

The case is posted on the Block 4 Blackboard (Bb) site; a web-based repository that allows 
faculty to upload educational resources for students to access online.  The case is posted after 
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the endocrine lecture material is presented in the classroom, approximately 3 days before the 
workshop; giving student’s ample time to prepare for the in-class exercise.  Students are 
advised to review the suggested readings listed below and gather information from any 
available resource (text, journal, web-based) that may be of value in helping them review the 
clinical aspects of the case.  At the beginning of the block, students are given ‘tips’ on reliable 
and educational web sites.  They are introduced to WebMD, Clinical Center at the National 
Institutes of Health, eMedicine/Medscape, Pituitary.org, Mayoclinic etc.   

The case is posted in a blinded fashion, not revealing the actual clinical diagnosis.  By not 
providing the diagnosis in advance we hope to (1) promote in-class team discussions as 
students work to come up with the diagnosis of the case “adrenal insufficiency”, (2) capture 
their interest as the case unfolds in class under the direction of the faculty-facilitators and (3) 
encourage critical thinking as they connect the theoretical; previously learned information, with 
the clinical aspects of the case.  Because the case is presented as an unknown, the learning 
objectives serve to guide the faculty and are not presented to the students at the beginning of 
the faculty facilitated presentation.  At the conclusion of the exercise we review the stated 
objectives and address any final questions from the students.   

Students work in teams of six (occasional group of 7) during the workshop; the teams are 
randomly assigned and balanced by gender.  We employed a modified team based learning 
strategy to teach the material.   This strategy differs from the more traditional team based 
learning exercise in that there is no individual or team readiness assessment test.  We do not 
believe that the current format is amenable to traditional team based learning strategies.   

These same teams of students are employed in other blocks during the academic year, so the 
students are used to working with each other.   The team concept seems to be working well as 
88% of respondents reported that working as a team was a valuable and educational 
experience.  To avoid the problem of ‘social loafers’ we have instituted a peer review strategy 
that is administered twice in this five-week block.  The peer review contributes 2% to the final 
grade and each student evaluates other students on their team.   

Approximately eight teams participate in the workshop over a two-hour period.   Two 
simultaneous workshops are conducted from 8-10am and two from 10-12pm.  Each workshop 
is facilitated by a clinician, a biochemist and a histologist.   For our first-year medical school 
class of 210 students, an ideal classroom for this exercise is one that easily accommodates eight 
groups; each with approximately 6 students. Each group should be separated enough to allow 
for unimpeded conversation.  It is also helpful for the teams to be seated in a way that 
facilitates participation (facing each other).  The classroom that we use for this exercise also has 
dry erase boards across the front and side walls that are used by the students during a part of 
the exercise.  As an alternative, if dry erase boards are not available, flip charts can be used by 
the student groups.   
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A PowerPoint presentation developed by the faculty is used to facilitate the workshop.  This 
presentation is not made available to students until after the workshop.  A description of the 
flow of the workshop is listed below accompanying the slides.   

Suggested Student Readings:  
 
Adrenal Glands. In. Goodman HM. Basic Medical Endocrinology.  4th ed. Elsevier.  2009:61-90.  
 
Endocrine Organs.  In Ross MH, Wojciech P.  Histology, A Text and Atlas. 6th ed.  Lippincott 
Williams and Wilkins. 2011:740-83.   
             
Suggested Faculty Readings: 

Team-Based Learning for Health Professions Education.  A Guide to Using Small Groups for 
Improving Learning.  Edited by Larry K. Michaelsen, Dean X. Parmelee, Kathryn K. McMahon, 
Ruth E. Levine.  Foreword by Diane M. Billings.  Stylus Publishing. 
 
Salvatori R.  Adrenal Insufficiency. JAMA. 2005;2481-88. 

Torrey SP. Recognition and Management of Adrenal Emergencies. Emerg Med Clin N Am. 
2005;23:687-702. 

Student instructions / Case material  

Three days prior to the workshop, the case presented below, is uploaded to Blackboard.  
Students are given minimal instructions that include reviewing theoretical information on the 
endocrine system covered in the suggested textbook, lectures and laboratory sessions, reading 
the case and reviewing pertinent literature in peer-reviewed journals. Additional individual and 
team-based assignments are carried out during the workshop. 
   
Case:  Hank is a 34 year old white male with no significant past medical history.  Over the last 4-
5 months he has been experiencing progressive generalized weakness, fatigue and 
lightheadedness.  He had thought his symptoms were due to the stress of his new job and 
caring for his two young children.  About a month ago, he began to experience decreased 
appetite, nausea, and intermittent abdominal discomfort.  He has lost 15 pounds over the past 
6 weeks. He has no cough, fever, night sweats, palpitations, chest pain, or shortness of breath.   
                
Before the onset of these symptoms, Hank was in good health and frequently participated in 
sports and exercise.  He does not smoke, drink alcohol or use illicit drugs.  He works as an 
engineer and lives with his wife and two children.  His wife and children are healthy and his 
family history is non-contributory.  He has not traveled outside the United States in years.  He 
takes no medications and has no allergies. 

http://stylus.styluspub.com/Books/BookDetail.aspx?productID=162587
http://www.styluspublishing.com/Books/AuthorDetail.aspx?id=8169
http://www.styluspublishing.com/Books/AuthorDetail.aspx?id=12156
http://www.styluspublishing.com/Books/AuthorDetail.aspx?id=12159
http://www.styluspublishing.com/Books/AuthorDetail.aspx?id=12158
http://www.styluspublishing.com/Books/AuthorDetail.aspx?id=12598
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On the day of his presentation to the emergency department, he reports feeling very 
lightheaded (worse with standing), generalized weakness and complains of abdominal pain and 
loose stools.  He was on vacation with his family at the New Jersey shore, but was unable to 
accompany his wife and in-laws for even a short walk on the beach.  His wife returned to the 
beach house and found him unresponsive on the couch. She called 911.  When paramedics 
arrived, Hank’s blood pressure was 80/50 mmHg, HR 126 / minute, RR 22 / minute and a blood 
glucose level was 64 mg/dL.  The paramedics administered intravenous normal saline solution 
enroute to the hospital. At the emergency department Hank was awake and able to answer 
questions.   

His temperature was 37.5⁰C, blood pressure was 88/58 mmHg supine with HR 110, and 68/40 
standing with HR 136, pulse oximetry 98% on room air.  He looks thin and ill-appearing.  His skin 
is evenly tanned in sun exposed areas and the palmar creases are also dark.  He denied any 
recent sun exposure.  Pupils are equal in size and reactive to light, extraocular muscles are 
intact and sclera are anicteric.  Patchy areas of hyperpigmentation are noted on inspection of 
the oral mucosa.  No thyromegaly or lymphadenopathy is noted.  Heart sounds are normal; the 
rhythm is regular and tachycardic.  Lungs are clear.  Abdominal exam reveals normal bowel 
sounds and no tenderness to palpation, rectal exam shows heme negative brown stool.  
Extremities are without edema.  Neurological exam is normal including mental status, cranial 
nerve function, reflexes and motor strength.  Labs are drawn and Hank is admitted for possible 
dehydration. 

Data and Tests: 

 Patient Data Normal Range 
   
Na+ 124 mEq/L 135 – 146 
K+ 5.8 mEq/L 3.5 – 5.0  
Cl- 94 mEq/L 95 – 105  
HCO3

- 18 mEq/L 22 – 28  
BUN 37 mg/dL 7 – 18  
Creatinine 1.8 mg/dL 0.6 – 1.2  
Glucose 68 mg/dL 75 – 105 (fasting) 
Calcium 10.1 mg/dL 8.4 – 10.2  
Anion gap 12 12 – 16 
   
WBC  7,000/mm3 4,500 – 11,000 
               Neutrophils 58% 54 – 62  
            Lymphocytes 38% 25 – 33  
           Eosinophils   5% 1 – 3  
Hemoglobin 15.2 g/dL 13.5 – 17.5 
Hematocrit 47% 41 - 53 
Platelets 210,000/mm3 150,000 – 400,000 
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After receiving 2 liters of intravenous normal saline solution, Hank felt a little better but 
continued to have low blood pressure and postural hypotension.  Over the next 24 hours, BUN 
and creatinine improved but sodium and potassium remained unchanged.   

Additional Lab Data. 

Free T0034d 1.1 ng/dL 0.5-2.1  
Thyroid stimulating hormone 1.0 µU/mL 0.5 – 5.0  
Albumin 3.5 g/dL 3.5 – 5.5  
 

On hospital day number 2, Hank suffers a syncopal episode while ambulating to the bathroom 
and systolic blood pressure was noted to be 70/46 mmHg.  He is transferred to the intensive 
care unit for closer monitoring.  In addition to intravenous fluid, a dopamine infusion is started 
because of the persistent hypotension.  An 8 am serum cortisol level is found to be low at 4 
ug/dL (normal >10).  Endocrinology is consulted, and an ACTH (adrenocotropic hormone) level 
is drawn. 

Addressing challenges / Lessons Learned 

The challenges to develop and implement this exercise are important to address.  This 
workshop was presented in a basic science course block.  This 2 hour workshop took a total of 4 
hours to teach.  Each faculty group (clinician, biochemist and histologist) delivers the content 
twice over 4 hours.  The Block 4 course director was the driving force behind the project 
although a number of key faculty participated in the development of the case, objectives and 
presentation.  When developing an interdisciplinary workshop such as this, there needs to be at 
least one of the faculty charged with moving the process forward and responsible for assuring 
that timelines are met.  For the workshop to work, a significant commitment of faculty time and 
resources were needed.  Six faculty members participated for a total of 24 hours of faculty time 
(2 of each; clinicians, biochemists and histologists).  The clinical faculty will need release time 
from clinical responsibilities for that ½ day.  Logistically, we had to present the material to a 
class size of 210 students.  We believe that by dividing the class into 4 sections and then further 
subdividing the students into groups of approximately 6, worked well.  Classroom facilities, 
class size and faculty resources all need to be factored in when a workshop like this is offered.   

From our experience with this exercise, it is important to keep on track with time set aside for 
answering and addressing the various clinical questions.  The faculty facilitator should avoid 
lecturing to the students and allow the students to play an active role in the discussion.  In 
addition, when the teams are working together to answer questions, it is helpful to have the 
faculty facilitators walk around the room.  This serves multiple purposes.  By walking around 
the room, the faculty can observe team interactions and can participate in the conversation 
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helping to clear up any misconceptions or address questions that the students may have.  Also, 
by actively participating with the teams, the faculty can better understand the knowledge base 
of the students allowing the faculty to bring certain questions or concepts back to the entire 
group.  Having the faculty walk around the classroom also keeps the students actively involved 
and participating.  In addition, the slides below are posted to Blackboard after the workshop for 
the students to review.  

Benefits to students and faculty 

The faculty use the workshop to reinforce information covered in lectures and in the histology 
laboratory.  Concepts in histology, physiology and biochemistry are woven into the workshop.  
Most importantly, the workshop forces students to think critically about the material and apply 
their basic science background to the clinical scenario.  Students continue their education on 
professionalism and working together in teams.  
 
In general, the students reported that this was a valuable and educational experience.  Specific 
comments from the post-exercise evaluations include:  

 
“Tests my knowledge, by trying to write it on the card and helped me to clarify what I 
knew and identify areas to study” 
 
“Workshops are more helpful than lectures because I am forced to explain it to my peers 
and also gives me an idea of how much I understand the material”  
 
“I think professor-presentation and discussion after the group discussion is very helpful.  I 
liked how interactive this workshop was” 
 

The faculty also benefit from these exercises in a number of ways.  First, working with faculty 
members across multiple disciplines helps to build collegial relationships.  The exercise allows 
the basic science faculty to further focus lecture material on clinically relevant aspects of this 
disease state while allowing the clinician the opportunity to reviews basic science principles.  In 
addition, this successful interdisciplinary workshop has led to other interdisciplinary teaching 
opportunities.  
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Evaluation form 

 

EVALUATION OF THE ADRENAL INSUFFICIENCY WORKSHOP 

1. Did the workshop (Adrenal Insufficiency) achieve the learning objectives?  

YES  NO 

2. The case material posted on Blackboard provided sufficient information to serve as a basis to 
review for the workshop? YES  NO 

3. The workshop was a valuable and educational experience:  

Strongly agree                    Agree                    Neutral                    Disagree                    Strongly Disagree 

4. Working as a team was a valuable and educational experience:  

Strongly agree                    Agree                    Neutral                    Disagree                    Strongly Disagree 

5. The format for this workshop allowed me to participate as an active member of my team? 

Strongly agree                    Agree                    Neutral                    Disagree                    Strongly Disagree 

6. For this workshop, I prepared by reviewing material:  

 Individually   As a group or team   Both 

7. I now have a better understanding of “Adrenal Insufficiency”: 

Strongly agree                    Agree                    Neutral                    Disagree                    Strongly Disagree 

 

Comments:              
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Data on Student Evaluation of Workshop 

1. Did the workshop achieve 
the learning objectives 

Yes 
153 

No 
4 

2.  The case material posted 
on BB provided sufficient 
information to serve as a 
basis to review for the 
workshop? 

 
131 

 
24 

 

 Strongly 
agree 

Agree Neutral Disagree Strongly 
Disagree 

3. The workshop was a 
valuable and 

educational experience. 

 
50 

 
84 

 
20 

 
4 

 
3 

4. Working as a team was a 
valuable and 

educational experience. 

 
55 

 
93 

 
14 

 
6 

 
0 

5. The format for this 
workshop allowed me to 
participate as an active 
member of my team. 

 
45 

 
78 

 
16 

 
4 

 
3 

6. I now have a better 
understanding of 

“Adrenal Insufficiency” 

 
51 

 
80 

 
19 

 
2 

 
0 

 

 Individually As a group or 
team 

Both 

For this workshop, I prepared by reviewing 
material: 

125 8 13 

 

Number of students completing workshop  = 210 

Number of evaluations returned   = 168 

*Some questions have less than 168 responses 
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PowerPoint slides 

Below are the PowerPoint slides that are used by the faculty to facilitate the workshop.  In the 
past 2 years, we have had a clinician facilitate the workshop.   

At first, the students are asked to complete an individual task prior to working as a team.  Each 
student is asked to draw a diagram of the adrenal gland, label each zone, identify cells within 
each zone and list the product made by the various cell types.   They are also asked about how 
secretion of hormones from the adrenal gland is regulated.  They are then asked to write a 
short paragraph on what they would expect to happen if the adrenal glands were destroyed 
and include its effect on adrenocorticotropic hormone (ACTH) and corticotrophin-releasing 
hormone (CRH).  The students write their individual answers on 5 x 7 cards that are provided at 
the beginning of the exercise.  They are given 10 minutes to complete this individual portion of 
the exercise.  The cards are then collected and after the exercise is completed, all of the cards 
are reviewed by the block 4 course director.  Over the next few days, feedback is then provided 
to the students on an as needed and individual basis. 

The students then work as a team to answer the same question and use the dry erase boards 
located on the walls of the classroom to draw their team answer.  In the prior workshops, what 
we have identified is that each group typically self selects 1-2 members who have some artistic 
ability to draw the team answer on the dry erase board.  The teams are allowed 15 minutes for 
this portion of the exercise.  The teams are then allowed 10 minutes to walk around the room 
and review the drawings of the other teams.  Each team is provided with one yellow sticker to 
use as the team vote.  Each team has one vote.  Each team places their yellow sticker on the 
drawing that they believe best answers the question.  In past years, we asked a student 
representative of the winning team to review their answer for the entire group. 

For the remainder of the discussion / workshop we have the students work in teams to address 
questions (also presented on the PowerPoint slides displayed below).  During the discussion of 
each question, individual students are encouraged to participate.  Faculty act as facilitators and 
fill gaps in knowledge during the discussion.  Key points made by the clinician are presented in 
the slides below.   

15 minutes (team) / 10 minutes general discussion 

What is the most likely diagnosis? 

What would you expect the ACTH and aldosterone levels to be? 

What test(s) could help confirm the diagnosis? 
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15 minutes (team) / 10 minutes general discussion 

List the information in the case (history and physical examination) that you think is important to 
consider in making the diagnosis.  What is the clinical significance of this information? 

Explain the abnormal hyperpigmentation of the skin and oral mucosa, tachycardia and 
hypotension. 

Discuss the abnormal lab data and its significance in regards to the underlying condition. 

15 minutes (team) / 10 minutes general discussion 

What is the difference between primary and secondary adrenal insufficiency and the etiologies 
of each? 

What treatment should be initiated?  

Wrap up – 5 minutes 
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Etiology  

 Primary adrenal insufficiency results in impaired 
production of glucocorticoids (cortisol) and 
mineralocorticoids (aldosterone) 

 The problem in this case is with the adrenal gland, 
not the pituitary or hypothalmus  

 Primary adrenal insufficiency, or Addison’s disease is 
caused most commonly by autoimmune adrenalitis   

 Tuberculous adrenalitis remains a frequent cause in 
developing countries  

 HIV infection and metastatic cancer are other 
important causes 
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Examples of team responses:  “Draw a diagram of the adrenal gland, label each zone, identify 
cells within each zone and list the product made by the various cell types.  What stimulates 
secretion from the adrenal gland? Discuss with team members and write a short paragraph on 
what you would expect to happen if the adrenal gland was destroyed and include the effect on 
ACTH and CRH”.   These responses were written on white boards.   Students used yellow 
stickers to vote on the best; most complete answer.     
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