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Required reading (included as a learning material on Canvas): 

Michaelson L, Sweet M, Parmalee D.  The essential 

elements of team-based learning.  Adapted from Chapter 1 

of Michaelsen, L., Sweet, M. & Parmalee, D. (2009) Team-

Based Learning: Small Group Learning’s Next Big Step. 

New Directions in Teaching and Learning, 7-27.  



Learning Objectives
After this session and the required reading, 
participants will be able to:
• Define the components and composite grading of the 

readiness assurance process.
• Outline the nature and purpose of the application 

exercise.
• Compare and contrast TBL with a traditional lecture-

based educational approach

Presenter
Presentation Notes
After this session the participants will be able to: 
Define the components and composite grading of the readiness assurance process.
Outline the nature and purpose of the application exercise.
Compare and contrast TBL with a traditional lecture-based educational approach

Please take a quiz before proceeding to the video on small group facilitation. 



Team-Based Learning is a complete coherent framework 
for actively engaging trainees in collaborative critical 
thinking.

Presenter
Presentation Notes
https://youtu.be/gW_M426V2E0
https://youtu.be/nu-R2AK6NBQ
https://youtu.be/UAukhlSMm0o

https://youtu.be/gW_M426V2E0
https://youtu.be/gW_M426V2E0


Presenter
Presentation Notes
Components and timeline of a TBL session:
Preparation: typical of flipped classroom, students are accountable for assimilating content prior to class 
about 20% of class time is given to the Readiness Assurance Process (lower order: remembering, understanding)
about 80% of class time is given to Application Exercises (higher order: application, reasoning) 
Peer Evaluation & Review: reflective feedback on members’ progress on group process and group effectiveness; instructor concept review wrap-up. 



Presenter
Presentation Notes
The instructor must select readings and construct Readiness Assurance tests that help students acquire the necessary foundational knowledge to begin problem-solving and doing the application activities.
First, you identify the activities that the students will do to “learn how to use” the course content. 
Next, you identify the necessary background knowledge the student must have to begin problem solving. 
Then, you select readings and construct question to help student acquire this background knowledge.
Inexperienced students often have trouble identifying the important concepts from the readings.  It can help to create reading guides to help the students get the most of the readings. The guides can be a series of questions the students answer while reading, or the guide can draw attention to the important sections of the readings.



Presenter
Presentation Notes
The intent of the readiness assurance process is to ensure that participants come prepared with requisite background knowledge, skill and attitude to engage effectively in collaboratively in solving problem solving exercises that involve application of background knowledge, skill and attitude.  
That background preparation is prescribed out-of-class readiness assignments, typically a required reading assignment. Upon arrival for the TBL session, participants individually take a 5-item exam on the assigned reading assignment, followed by the teams taking the same exam as a collaborative group.  Each learner’s readiness assurance test score is a composite of their individual and group score.   
Learners are encouraged to challenge the exam, and if written appeals are successful, the group gets points for the questions challenged.  
Before moving beyond the readiness assurance stage, the instructors consolidate learning, typically as a mini-lecture.  
This whole procedure: pre-class assignment + individual readiness assurance test (iRAT) + team readiness assurance test (tRAT), and written appeals from teams + consolidation of learning by instructor(s), all comprises the readiness assurance process.



Immediate Feedback 
Assessment Technique (iF-
AT) scoring sheet
• ”scratch-and-win”-style scoring sheets 

dramatically increase the quality of discussion 
in the tRAT process and provide immediate 
feedback. 

• each question has a row of boxes that can be 
scratched like a lottery ticket. A small star, 
exposed by scratching one of the boxes, 
indicates the correct answer.

• 4 points for the right answer on the 1st scratch, 
2 on the 2nd, 1 point on the 3rd scratch, and zero 
if they scratch off all 4 boxes to reveal the 
correct answer. 

• see P.9 of the required reading.

Presenter
Presentation Notes
The cards already have the stars in a particular pattern.  The teacher who arranges the answer choices of the test to match the selected card.  
Cards are available in many different answer patterns to give the teacher flexibility in arranging answer choices and to prevent the students memorizing or predicting the answers.  
Each card has an identifying key number on a perforated tab at the bottom that can be removed by the teacher.
The IF-AT cards are available in lengths of 10, 25, and 50 questions and with either four options (A-D) or five options (A-E). 
IF-AT forms are available at www.epsteineducation.com



Presenter
Presentation Notes
All of the teams are presented with the same complex problem, a critical thinking exercise that is often case-based with a set of questions that force choices, but choices drive discussion because they are not simple clear-cut choices because they depend on context.  
Teams engage in lively deliberation to generate solutions to the questions.  
Provide a warning that deliberations must conclude in 5 minutes. 
Simultaneous reporting:  a team leader must be ready to report the consensus choice on behalf of their team.  This is typically done by holding up cards depicting the letter corresponding with the answer choice “A”…”J”., “Team leaders, ready to hold up your cards, 3-2-1-hold up your cards!”   At that point, the TBL instructor(s) scans the room for discrepancies in choices between teams, and first asks the minority choice teams to defend their choices.  
Other teams can respond to the teams’ reasoning with alternative reasoning for the choices their team made, which often generates another round of debate.  
The instructor(s) immediately debrief, giving everyone feedback about their responses and elaborate on the topic of the problem-solving exercise.   
Team choices for the remaining questions are likewise simultaneously reported and debated.  
The instructor(s) provide closure with key takeaway points that relate back to the background knowledge, skill, attitudes and overall learning intents of the TBL session.   
The application exercise is thus comprised of teams deliberations directed at reaching consensus in choosing from a set of possible solutions, teams simultaneously reporting their separate choices, teams defending and other teams debating from their alternative choices, followed by debriefing and closure by the instructor(s). 




Presenter
Presentation Notes
Peer evaluation is at the heart of keeping students accountable to their teammates for their preparation and contribution to team activities.  This is a process that allows students to give constructive feedback - and this is a capability that will be valuable for their careers as they develop into professionals.

If the class is relatively small, peer evaluation can be carried out manually by having each student complete independently an appraisal form to evaluate the contribution of other team members relative to themselves. The instructor then compiles the information, and sends each student the anonymous comments and ratings from their team members. 

For larger classes, it is faster and much easier to use software such as iPeer, CATME, or SparkPlus that have been developed specifically for this purpose. The software is set up to allow students to evaluate firstly themselves, then their team members according to a range of criteria. These criteria can be derived from the literature, or from the educator’s own research. When students have completed their evaluations, they can view the anonymized results that can include ratings on the criteria, and text comments.  
iPEER: https://sourceforge.net/projects/ipeer/ 
CATME: http://info.catme.org/ �SparkPlus: http://spark.uts.edu.au/



TBL and lectures: similar faculty resource requirement, but lecture-based 
approach appears to be less effective, thus less cost-effective.

Presenter
Presentation Notes
Compare and contrast TBL form a traditional lecture-based educational approach:  
TBL changes the culture of a session from a teaching-centered to a learning-centered environment.  
Critics of TBL question whether TBL can cover all of the material that a traditional lecture can.  
Proponents of TBL contend that they can cover more material, because students read their assignments outside of class, so the instructor doesn’t have to lecture that material, and can focus on higher level learning



Readiness Assurance Test

work in groups
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/FAAv6atzIHvpOPg4DMECc
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/RH103mpX4vDv1DY5gaWe4
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/FerLOTw1nlIwJuyh9Duxa
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/e1BXQkUWshKfBl1n4vQBI
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/vlIzOH93XCXlNd9932JM3
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/1uo6OMag6GKJqyEK8stUO
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/FuJWe023wxdI3xaRZKo3J
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/6fSyHDketPuHL6M4Ynll6
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/QLQE6WWp3M9PKsrh0Iimn



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/7pRHkTHedkpkGsQK2YyE3



Secondary Hypertension

Worked Case Examples
Case 1



ID: 36 y.o. man in clinic for insurance physical. 
HPI: self-described health-conscious guy committed to regular resistance and endurance 
exercise, probiotics, organic only groceries, no prescription or OTC medications, no tobacco or 
alcohol.  Prefers natural and herbal alternatives.  He uses natural organic licorice and synthetic 
non-caloric sweeteners in place of sugar.
Work-up: 
lying and standing BP 144-148/94-96, no orthostasis
2+ ankle edema
serum sodium:  141 mmol/L [135-145 mmol/L]
serum potassium:  3.1 mmol/L [3.5 – 5.0 mmol/L]
aldosterone: Upright 8 ng/dL [4-31 ng/mL]
plasma renin activity: Upright 1.0 ng/mL/hr [0.8 – 5.8 ng/mL/hr]
venous pH: 7.34  [7.32-7.43]
ECG is what you see….



mineralocorticoid hypertension typically includes sustained BP elevation, increased urinary 
excretion of potassium which can result in hypokalemia, and metabolic alkalosis. 
Causes include: 

Renin-producing pathologies 
renin-secreting tumors (rare) 
coarctation of aorta

Aldosterone-producing pathologies 
primary aldosteronism (Conns syndrome)
familial hyperaldosteronism 1, 2, and 3

Non-aldosterone mineralocorticoid producing pathologies 
Liddle syndrome 
ectopic adrenocorticotropic hormones (ACTH) syndrome 
congenital adrenal hyperplasia 

Drugs with mineralocorticoid activity 
licorice 
carbenoxolone therapy 

Glucocorticoid receptor resistance syndromes (rare)
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/xhvT9sIG0n9oH0d45i8eC



Aldosterone and cortisol are equi-efficacious agonists at mineralocorticoid 
response elements in the distal nephron.  
Although cortisol circulates at up to 100-times higher concentration than 
aldosterone, cortisol does not normally exert mineralocorticoid effects because 
renal tubular 11-beta-hydroxysteroid dehydrogenase-2 enzyme activity effectively 
converts cortisol to cortisone.  Cortisone has no mineralocorticoid activity. 
Renal tubular 11-beta-hydroxysteroid dehydrogenase-2 enzyme activity thus  
protects the mineralocorticoid receptors in the distal nephron from responding to 
normal circulating cortisol.  
Several species of licorice root (Glycyrrhizia sp) contain glycyrrizoids (e.g., 
glycyrrizic acid and glycyrretinic acid), which are 50 times as sweet as sucrose. 
They specifically inhibit 11-beta-hydroxysteroid dehydrogenase-2.  

Glycyrrhizoids dose-dependently produce a syndrome of mineralocorticoid excess, which includes 
sodium and water retention, hypertension and hypokalemia, which can be distinguished from 
primary hyperaldosteronism on the basis of history of consumption of glycyrrizoid-containing food, 
food-additive and tobacco products, and low/low normal aldosterone and PRA.



Secondary Hypertension

Worked Case Examples
Case 2



A 20-y.o. female martial arts competitor with mid-diaphyseal # left ulna 
has marked blood pressure elevation during pre-op work-up for ORIF. 
PMH:  Born in USA to Korean parents, both of Han Chinese ancestry.  
Normal childhood development until lack of changes associated with 
puberty: no breast development, no menarche, no pubic or axillary hair 
prompted a pediatrician to initiate cyclic estrogen supplementation, 
followed by sequential progesterone.  Thereafter, she had irregular 
menses, modest breast development, and a growth spurt.  
By age 18 she was taller than her parents and older brother. 



Hght: 174 cm.  Wght: 64 Kg.  BMI: 21 Kg/m2.  
BP: 162/104 HR: 66  RR: 18  T: 36.8 C. 
Long limbs in relation to torso (“Barbie” habitus). 

Hyperpigmentation of oral mucosa

No pubic or axillary hair.  
Breast dvpt at Tanner stage II-III



Presenter
Presentation Notes
hypokalemia and low-renin hypertension, primary hypogonadism (hypoestrogenemia, loss of feedback inhibition of gonadotropins: LH FSH)



low renin hypertension
very low aldosterone
hypokalemia
very low cortisol; high ACTH, adrenal hyperplasia
very low estrogen, low-normal testosterone; high LH & FSH (gonadotropins)
low dehydroepiandrosterone



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/mSc5IuM3PZIbtnmk1r5nf



Let’s unpack this case:
If it’s 21-hydroxylase deficiency, we’d expect substrate diversion toward excess sex 
steroids, and how can you explain the hypokalemia and low-renin hypertension?

There is no llogical explanation for how 21-hydroxylase deficiency could account for 
the constellation of findings in this case. 



Let’s review the consequences of 17-alpha-hydroxylase deficiency:  
• Which hormones will be deficient?

• Which hormones will be synthesized in excess? 

Presenter
Presentation Notes
A:  gonadal sex steroids, adrenal cortical androgens & estrogens, cortisol, and aldosterone. 

Which hormones will be synthesized in excess?  A: pregnenolone, progesterone, in both gonadal and adrenal cortical tissues, and deoxycorticosterone, and corticosterone in the adrenal cortex. 
Cortisol deficiency results in lack of feedback inhibition of ACTH, and ACTH excess drives steroidogenesis along the unblocked enzyme pathways in the gonads and adrenals.  



Let’s review the consequences of 17-alpha-hydroxylase deficiency:  
• Which hormones will be deficient?

gonadal sex steroids, adrenal cortical androgens & estrogens, cortisol, and aldosterone. 
• Which hormones will be synthesized in excess? 

pregnenolone, progesterone, in both gonadal and adrenal cortical tissues
deoxycorticosterone, and corticosterone in the adrenal cortex. 



Let’s unpack this case:

Why was ACTH markedly elevated?



Let’s unpack this case:

Why was ACTH markedly elevated?
Lack of cortisol results in lack of feedback inhibition of 
pituitary ACTH release.  
ACTH is the primary stimulus for adrenal steroidogenesis, 
except aldosterone which is regulated by angiotensin II.
Luteinizing hormone is the primary stimulus for gonadal 
steroidogenesis.



Let’s unpack this case:

Why is ACTH excess associated with hyperpigmentation?



Let’s unpack this case:
Why is ACTH excess associated with hyperpigmentation?
Lack of cortisol feedback inhibition disinhibits a pituitary gene 
that codes for the hormone precursor, pro-opiomelanocortin, from 
which ACTH, beta-endorphin and melanocyte stimulating 
hormone are all derived, so whenever the gene is disinhibited to 
produce excess cortisol, there will be excess MSH to stimulate 
melanocytes to induce pigmentation.   
Pigmentation may be localized to oral mucosa and intertriginous 
skin (i.e., folds and creases) and areas subject to pressure (e.g., 
belt, bra, butt). 



Let’s unpack this case:

If it is 17-alpha-hydroxylase, how can you explain the hypokalemia 
and low-renin hypertension in the context of very low aldosterone?



Let’s unpack this case:
If it is 17-alpha-hydroxylase, how can you explain the 
hypokalemia and low-renin hypertension in the context of 
very low aldosterone?
The key is that deoxycorticosterone and corticosterone 
and 18-hydroxyl-corticosterone each have incremental 
mineralocorticoid activity, so aldosterone is usually 
suppressed due to salt retention and volume 
expansion, which via the macula densa will inhibit renin 
release from the juxtaglomerular apparatus.  
No renin, no angiotensin II:  angiotensin II is the 
principal regulator of aldosterone synthase (18-
hydroxyl dehydrogenase) activity and aldosterone 
secretion from the adrenal zona glomerulosa.   
Remember:  ACTH directly regulates cortisol 
production and release, but it is primarily angiotensin II 
that regulates aldosterone synthesis and release. 



Like Barbie, the patient has long limbs in relation to the length of her torso. 

Why?



Vertebral height is partially dependent on sex hormones (puberty), 
and since puberty was delayed, vertebral growth was diminished 
until the pediatrician started estrogen and progestin at age 16 y.o.
The growing length of long bones is driven by somatotrophin (i.e.,
growth hormone) and somatomedins (insulin-like growth factors) until 
epiphyseal closure.   Estrogens accelerate epiphyseal closure, which 
normally occurs after puberty.  That is one factor for why females 
tend not to continue to grow taller for as long as males.  Another 
factor, is that androgens potentiate the growth-promoting effect of 
the growth hormones.  
The patient in this case had normal production of growth hormones, 
and she grew taller than her parents and brother with long legs that 
more than compensated for vertebral height being less than if she 
had normal sex hormone production.  
In children of abnormally short stature who are growth hormone deficient, rhGH
replacement on a background of uneven endogenous sex-hormones can result in 
scoliosis due to uneven vertebral height.  



Treatment:   physiologic corticosteroid replacement, titrated to optimize glucocorticoid/mineralocorticoid homeostasis.
• replacement reduces ACTH, and will therefore resolve the excess mineralocorticoid effects of progesterone over-

production and diversion down the corticosterone pathway.  
• Add spironolactone until BP and K+ normalize.
• replacement reduces ACTH, and will therefore prevent and reverse hyperpigmentation.

In this case, initial therapy is with estrogen alone to maximize breast growth and induce uterine/endometrial development.  
Low starting dose of estrogen because higher doses will cause premature epiphyseal closure. Predicted adult height is 
greater if puberty occurs later.
• After completion of breast development, a progestin is added to mimic the normal (regular) menstrual cycle and prevent 

the endometrial hyperplasia and irregular bleeding associated with estrogen alone once menses occur.   Adding a 
progestin before breast development is complete is likely to reduce mature breast size. 

• Later, contraceptives provide estrogen and progesterone in a combination that can be individualized to meet the 
replacement needs of the patient: After 6 mo. add progestogen (e.g., levonorgestrel) during the last 12-14 days of the 
menstrual cycle to prevent abnormal or excessive uterine bleeding (transforms proliferative into secretory 
endometrium).

• Low-dose testosterone might be considered to promote pubic hair.  
• Fertility:  exogenous gonadotropins or pulsatile gonadotropin releasing hormone agonists are options once tubal 

patency is confirmed and semen analysis is deemed adequate.  They are effective for inducing ovulation in a high 
percentage of patients with congenital gonadotropin deficiency.

Presenter
Presentation Notes
testosterone and estrogen adverse effects:  mastodynia; fluid retention; prolonged unopposed estrogen will cause endometrial hyperplasia, can potentiate migraine, seizure disorders, breast cancer, or thromboembolic disease.




Take home points:
• diagnosis of congenital 17-hydroxylase deficiency during 

childhood can be missed, especially in XX females with partial 
enzyme insufficiency, because their external genitalia appear 
normal, and hypertension and hypokalemia are not routinely 
assessed in children.

• delayed puberty might be the first clue. Check BP and K+ in 
patients with delayed puberty.

• Untreated, 17-hydroxylase deficiency can lead to life-threatening 
hypokalemia, hypertension, osteoporosis and psychosocial 
issues.



Secondary Hypertension

Worked Case Examples
Case 3



ID: 32 y.o. medical student with a newborn 
HPI: 18 month history of postural dizziness, and sudden, seemingly 
unprovoked episodes of anxiety accompanied by  “pounding” headaches, 
palpitations, sweating, tremor, chest tightening, blurred vision and usually 
nausea. Symptoms generally subside rapidly, although headaches persist for 
hours. 
She has certainly found it stressful to have interrupted medical school with this 
unplanned pregnancy.  Treatment for panic disorder was initiated following 
referral to psychiatry, but she has since had a similar attack with near 
syncope.  She is not feeling safe with the possibility of fainting and falling while 
caring for her new baby.  
She wants to be worked up for a possible syndromic cardiac arrhythmia or 
maybe pheochromocytoma.  



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/yGOE3B5Iq8mQGw6ePTUDe



This presentation could point to more than 30 disease conditions.  
If it is a pheochromocytoma, prompt diagnosis and management prevent a clinical catastrophy and provide clinical cure.  Although 
approaches to diagnosis somewhat differ between expert camps (e.g., American Endocrine Society) and risk-stratified clinical scenarios 
(screening based o hereditary risk or incidentaloma vs high risk), but regardless of preferred selection and sequencing of tests, 
diagnosis of pheochromocytoma or paraganglioma requires both:

• biochemical proof of excess release of catecholamines, and 
• anatomical localization of the tumor

Biochemical work-up options:
• 24-hr urine collection for fractionated metanephrines/normetanephrine corrected to 24-hr urine creatinine (Sn: 87.5%; Sp: 

99.7%)
• plasma free metanephrines (Sn: 96%; Sp: 85%).  Sp lower if the collection protocol is not followed.

If elevated, proceed with imaging: 
• abdominal contrast-enhanced CT  (85-95% detection for adrenal masses > 1 cm)
• MRI (higher sensitivity than CT, and preferred option during pregnancy). pheochromocytomas appear hyperintense on T2-

weighted images proportional to high water content 
If abdominal imaging is negative in biochemically positive cases, radiolabeled metaiodobenzylguanidine (MBIG) scintography scanning 
or positron emission tomography with 6-[18F]-fluorodopamine are highly specific.  
• Neuman HPH, Young WF Jr, Eng C.  Pheochromocytoma and paraganglioma.  N Engl J Med 2019;381(6): 552-65. doi: 10.1056/NEJMra1806651 
• Blake MA.  Pheochromocytoma.  Medscape eMedicine.  Updated 10 August 2018. https://emedicine.medscape.com/article/124059-workup#showall

Presenter
Presentation Notes
additional lab biochem tests (which are not alternative tests) include:  plasma chromogranin A (an acidic monomeric protein co-secreted with catecholamines), a provocative glucagon test, clonicine suppression test, …

Clonidine, a central alpha-2 agonist inhibits sympathetic outflow from the brainstem, and thus normally suppresses plasma metanephrine concentration.  Pheochromocytoma releases catecholamine autonomously, so failure of clonidine to reduce plasma metanephrine below baseline is consistent with pheochromocytoma rather than fluctuations associated with apprehension (e.g., alerting response to blood draws, and white coat effects). 

https://emedicine.medscape.com/article/124059-workup#showall


Presenter
Presentation Notes
Abdominal CT with contrast, or abdominal MRI will detect most pheochromocytomas.
If negative, scan pelvis and chest for extra-adrenal tumor.
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/LOgSL6fDxLsMDEjUV7me7



classical ‘Rule of 10s’:  
• 10% are malignant
• 10 % familial (associated with multiple endocrine 

neoplasia (MEN IIa or IIb, von Hippel-Lindau 
syndrome, or neurofibromatosis)

• 10 % extraadrenal (i.e., paragangliomas)
• 10 % bilateral
• 10% are inoperable.



Mechanisms of Disease
Pheochromocytoma is a rare catecholamine-secreting tumor.  
(Most are nonmalignant unilateral intra-adrenal tumors that are potentially 
curable with surgery) 

Because of excessive autonomous secretion of 
catecholamines, pheochromocytomas may precipitate life-
threatening hypertension and cardiac arrhythmias.
Let’s review the synthesis and receptor-mediated effects of 
catecholamines as a basis for rational medical preparation 
prior to surgical resection:  

Presenter
Presentation Notes
Iobenguane I 131 was approved by the US Food and Drug Administration (FDA) in July 2018 for iobenguane scan–positive, unresectable, locally advanced or metastatic pheochromocytoma or paraganglioma in patients aged 12 years or older in whom systemic anticancer therapy is needed. The drug’s efficacy was demonstrated in a single-arm, open-label, phase-2 clinical trial performed under a special protocol assessment with the FDA. Seventeen (25%) of the study’s 68 evaluable patients were able to reduce all antihypertensive medication by 50% or more for at least 6 months; 15 patients (22%) obtained an overall tumor response.
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Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/fQ3GH1xnt8K3KpqcbQfW9



metyrosine inhibits tyrosine hydroxylase, the rate-limiting step 
in catecholamine biosynthesis.  
Indicated in pheochomocytoma patients awaiting surgery, for 
long-term management of patients with malignant 
pheochromocytoma, or in cases of pheochromocytoma in 
which surgery is contraindicated. 
At doses of 1-4g/day, catecholamine synthesis is reduced by 
35%-80%.  Start 250 mg po qid, titrate up to 500-1000mg po
qid.
Clinical effect gradual over 5-7 days.  



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/95ISDpeflw6Fuz91oSLqS



phenoxybenzamine is a long-acting non-competitive 
alpha- adrenergic receptor antagonist used to 
produce and maintain chemical sympathectomy. 
• hypotension and orthostatic hypotension are 

problematic because phenoxybenzamine lowers 
supine and upright blood pressure. 

• reflex tachycardia is also problematic, and may 
require the addition of a beta blocker



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/8HEIDdFfmK2Sy3lssOv4N



Competitive antagonists cause a parallel rightward shift in the apparent potency of an agonist 
without changing the maximum effect that can be achieved with a higher dose of the agonist.  
Pheochromocytomas can automatously release overwhelming concentrations of norepinephrine and 
epinephrine. A noncompetitive antagonist can’t be pushed off the receptor, so the maximum 
effect is not going to be reached no matter how much catecholamine is released by the tumor.



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/mCIQs4dAQv10Km9OkluDF



Both alpha- and beta- adrenergic receptor antagonists are 
indicated in pre-operative management of pheochromocytoma, 
but it matters which order they are initiated: 

Remember: A (alpha) comes before B (beta).  
If the vasodilatory beta-adrenergic effect in skeletal muscle 
vascular beds is blocked by a beta-blocker prior to alpha-
blockade, the unopposed alpha-adrenergic increase in 
vascular resistance can potentially exacerbate hypertension. 



Surgical resection of the tumor is the treatment of choice for 
pheochromocytoma and usually results in cure. 

• Laparoscopic adrenalectomy should be performed for most adrenal 
pheochromocytomas, with open resection reserved for 
paragangliomas and large/invasive pheochromocytomas

• partial adrenalectomy is also an option for certain patients

Careful preoperative management is required to control blood pressure 
and heart rate/rhythm, and prevent intraoperative hypertensive crises, 
plus a high-sodium diet with high fluid intake to prevent severe 
hypotension after removal of the tumor.



Secondary Hypertension

Worked Case Examples
Case 4



Presenting Concern

• 46 y.o.♀ with sudden onset dyspnea



History of Present Illness

• Difficult to control hypertension (taking 
three antihypertensive drugs). 

• During past 3 weeks: daytime ankle 
swelling, bedtime cough, and morning 
headaches.  

• Emergency room visit 4 months ago for 
racing heart; sent home on a beta-blocker.



Past Medical History
• Longstanding hypertension, treated with perindopril 5 

mg once daily, indapamide 1.25 mg once daily for last 
3-4 years, added amlodipine 5 mg once-daily x 4 
months.  Was told by an internist that there’s a 
significant white coat component (trends 148/90 
@home, 156-170/90-94 in clinic).  An ambulatory BP 
monitoring report is on file (dated 4 months ago, just 
before amlodipine was added).

• Benign supraventricular tachycardia:  metoprolol 150 
mg BID x 4 months.

Past Surgical History: nil
Family/Social History: nothing remarkable.

Past Medical History



Presenter
Presentation Notes
Blood pressure categories, ACC/AHA 2017 clinical practice guidelines and diagnostic thresholds: 
normal (<120/<80mmHg), elevated (120-129/>80mmHg)
hypertension: 
stage 1 (130-139 / 80-89 mmHg), 
stage 2  (≥ 140 / ≥ 90 mmHg) 
diabetes &/or chronic kidney disease (≥ 130 / ≥ 80 mmHg)
elderly isolated systolic hypertension (< 160 mmHg)
hypertensive urgency (> 180 / > 120 mmHg, severe asymptomatic hypertension), often headache, but no other signs or symptoms of acute end-organ dysfunction.
hypertensive emergency (severe symptomatic hypertension, no specific threshold, but usually > 180 / > 120 mmHg),  
associated with signs of acute progressive target organ dysfunction: encephalopathy, papilloedema, retinopathy, nephropathy, chest pain, pulmonary edema, aortic dissection, arterial aneurism.



Vital Signs: 
196/100  36.9 ˚C (98.4 ˚F)oral/94/22  
SpO2 94% on O2@2 Lpm/nasal cannula

• jugular venous pressure 5 cm (elevated)
• bounding carotid pulse
• Gr 2/6 mid-peaking systolic murmur heard @ LSB, 

suprasternal notch and below left scapula
• rales (crackles) lower lung fields bilaterally
• femoral pulses present but weak, pedal pulses absent
• mild lower leg edema

Physical Examination
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This patient presents with hypertensive urgency.
History of longstanding treatment-resistant hypertension, confirmed Stage 2 (ABPM).  
Vital Signs:  196/100 36.9 ˚C (98.4 ˚F)oral/94/22  SpO2 94% on O2@2 Lpm/nasal cannula

hypertensive urgency (> 180 / > 120 mmHg, severe asymptomatic hypertension), often 
headache, but no other signs or symptoms of acute end-organ dysfunction.
hypertensive emergency (severe symptomatic hypertension, no specific threshold, but usually > 
180 / > 120 mmHg), associated with signs of acute progressive target organ dysfunction: 
encephalopathy, papilloedema, retinopathy, nephropathy, chest pain, pulmonary edema, aortic 
dissection, arterial aneurism.

Blood pressure categories, ACC/AHA 2017 clinical practice guidelines and diagnostic thresholds: 
• normal (<120/<80mmHg), elevated (120-129/>80mmHg)
• hypertension: 

• stage 1 (130-139 / 80-89 mmHg), 
• stage 2  (≥ 140 / ≥ 90 mmHg) 
• diabetes &/or chronic kidney disease (≥ 130 / ≥ 80 mmHg)
• elderly isolated systolic hypertension (< 160 mmHg)

White coat effect was clearly demonstrated, but white coat hypertension was definitively excluded by the 
ABPM:  A substantial minority of people will consistently have a pressor or depressor reaction to being in a 
clinical environment.  

o White coat hypertension (syn. isolated clinic hypertension) describes individuals with arterial pressure 
that is persistently in the hypertensive range when measured in a clinical environment, if otherwise 
consistently normal average blood pressure measurements are obtained away from that setting.  

Presenter
Presentation Notes
Unconfirmed: A single elevated blood pressure reading should raise clinical suspicion, but is not sufficient to confirm hypertension.  Consistent conscientious adherence to blood pressure measurement technique, repeated on multiple occasions, and ideally with home or automated ambulatory blood pressure measurements to corroborate office blood pressure measurements are key to differentiating true hypertension from unconfirmed and mislabeled hypertension.  
 
Misdiagnosed:  Discordance in meeting criteria to establish a diagnosis of hypertension exists between office blood pressure measurements and blood pressure measurements in other contexts are of clinical importance to the extent that they vex the diagnostic utility of measuring blood pressure in a clinical setting.  
 
White coat effect:  A substantial minority of people will consistently have a pressor or depressor reaction to being in a clinical environment.  
White coat hypertension (syn. isolated clinic hypertension) describes individuals with arterial pressure that is persistently in the hypertensive range when measured in a clinical environment, if otherwise consistently normal average blood pressure measurements are obtained away from that setting, and may be attributed to the subjective impact of the setting in which blood pressure is measured (home, office or hospital), and the extent that the presence of a health professional (physician or nurse) is psychologically obtrusive.  Weight of current evidence: does not confer substantially greater risk for cardiovascular disease than normotension, impetus not to treat.
 
Masked hypertension (syn. white coat normotension, pseudonormotension) is a category of individuals with clinic blood pressure measurements that trend in the normal range, when a generally elevated arterial pressure profile prevails outside the clinic (i.e., elevated ambulatory but normal office blood pressure).  It confers substantially greater risk for cardiovascular disease than normotension, so there is impetus to treat.
 
Pseudohypertension:  peripheral arterial disease can render arteries non-compressible, in which case non-invasive pneumatic cuff measurements will overestimate blood pressure because higher pressure is required to occlude arterial blood flow due to vessel stiffness rather than due to the pressure blood is exerting on the walls of the artery. 



Moved to quiet environment.   
Guided relaxation provided by nurse.

Amlodipine increased to 10 mg daily.  

Consider stopping perindopril (pros & 
cons)
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True hypertension, category not yet determined
Secondary hypertension means confirmed sustained blood pressure elevation 
secondary to an identifiable and potentially remediable etiology. [Case: not yet Dx]  
Clues that sustained blood pressure elevation might denote secondary rather 
than primary hypertension:
• treatment-refractory hypertension: drugs for primary hypertension are not 

effective for treating secondary forms of hypertension, so an inadequate 
response to combining three or more antihypertensive drugs should prompt 
work-up for secondary forms of hypertension

• abrupt onset of hypertension 
• onset in patients under 30 years of age, especially if female (onset of primary 

hypertension is typically gradual after age 50, so a young woman on no drugs 
with no family history of hypertension has a fairly high probability of 
fibromuscular dysplasia causing renal artery stenosis)

• recent marked blood pressure increase in an older patient with previously well-
controlled primary hypertension (rapid persistent worsening of hypertension 
after age 55 suggests atherosclerotic renal artery stenosis, especially men at 
higher composite cardiovascular disease risk)

• consider potential for commonly prescribed drugs to induce or aggravate 
hypertension:



Enough clues are leaning toward a secondary cause to justify a systematic work-up.



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/1eUmnkR306qYBTDj3jKbe



anatomic:  only a vascular defect could account for the carotid-
femoral pulse pressure differential.  The congestive 
hemodynamic features (dyspnea, decreased Hb sat., creps, 
lower leg edema, ECG: LV strain, and mild renal insufficiency) 
are consequences.   
Although pregnancy would not explain the above features of 
the case, pregnancy could be an exacerbating condition that 
would magnify risk for vascular catastrophy stemming from a 
vascular defect.  
Kidney failure (renal parenchymal diseases) would not explain 
this presentation, particularly because urea and creatinine were 
only upper normal. 
No features consistent with glucocorticoid, mineralocorticoid, 
thyroid or catecholamine excess. 
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Coarctation of the aorta is a constricted aortic segment, most 
commonly located in the thoracic aorta distal to the origin of the 
left subclavian artery at about the level of the ductal structure.  
• Poststenotic dilatation immediately distal to the coarctation 

is usually present (murmur/bruit).   
• Coarctation of the thoracic aorta essentially diverts cardiac 

output to the upper body, and proportionally deprives the 
lower arterial tree.  It imposes substantial afterload on the 
left ventricle, and explains the pulse pressure differential 
between upper and lower limbs.  

• Plasma renin activity is consistently elevated.  Activation of 
the renin-angiotensin system secondary to reduction of 
renal blood flow appears to explain most of the 
hypertension.



further work-up
blood chemistry:  creatinine and urea near ULN, 
otherwise wNL
ECG: increased S waves in leads V5 and V6, LV 
strain/borderline posterobasal LV hypertrophy
Echocardiography delineates intracardiac anatomy and 
allows assessment of associated significant intracardiac
anomalies. The suprasternal notch 2-dimensional 
echocardiographic view allows evaluation of the aortic 
arch to assess the transverse aortic arch, isthmus, and 
severity of coarctation. Doppler echocardiography is 
used to measure the gradient at the site of coarctation 
and to identify the pattern of diastolic runoff typically 
seen in patients with severe obstruction. 



Diagnostic Studies
CXR: pulmonary edema
ECG:  LBBB, LV strain pattern, no LVH
Transthoracic echocardiogram/Doppler:  narrowing of aorta 
distal to the left subclavian artery (10 mm at narrowest 
point) with postductal dilatation. 
Laboratory data:
• troponin slightly elevated

compare arterial pressures in upper & lower limbs:  upper 28 
mm Hg > lower

Laboratory and Test 
Results





What is the Final Diagnosis ?

85

What are the pertinent findings from the history, physical 
examination, and laboratory data?



Classically, aortic coarctation manifests in in early infancy 
because closure of the ductus arteriosus causes sudden 
hemodynamic compromise.
Undiagnosed adults are commonly hypertensive and 
resistant to BP-lowering drugs, but remain asymptomatic 
until heart failure (sudden onset dyspnea, ankle 
swelling), aortic dissection, or extremity claudication 
ensues.  
Suspicious findings that merit investigation: 

• Continuous or systolic murmurs from co-existing heart 
defects (PDA, VSD, aortic stenosis).    

• brachial-femoral pulse delay
• systolic BP differences between upper limbs 

(hypertension) and lower limbs (diminished or unobtainable).  
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If the coarctation is proximal to the origin of the left subclavian artery, the left brachial pulse is diminished similar to the femoral.  
If the coarctation is proximal to the origins of both subclavian arteries, BP is symmetrically diminished to all four limbs. 




CXR might show notching of the posterior 1/3 of 3rd-8th ribs 
caused by erosion by large collateral arteries.
Postcoarctation dilatation producing a figure three sign.  



Disposal & Outcome:

Following diuresis with i.v. bumetanide, perindopril and 
metoprolol were discontinued, replaced by ivabradine
(selective NaIf channel inhibitor for rate control) and sacubitril
+ valsartan (combination neprilysin {inhibits endopeptidase 
catalyzed break down of natriuretic peptides} and AT1RA, 
titration protocol to optimize BP). 

A cardiovascular MRI was arranged to determine the location 
and severity of coarctation, and evaluate collateral flow. 

Successful percutaneous transluminal angioplasty with stent 
placement resulted in resolution of heart failure, hypertension, 
and the pressure gradient between upper vs lower limbs 
resolved.  She will be followed closely for stent-associated 
aneurysm, aortic dissection, re-coarctation
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infantile (juxtaductal or preductal) coarctation of aorta
Babies may be asymptomatic for a few hours to days, but patency of the ductus 
arteriosus can be critical for lower body perfusion, so with normal closure of the ductus 
within the first 2-14 days of life, babies manifest rapid hemodynamic deterioration, 
with tachypnea, irritability, lower limb cyanosis , hypoperfusion of kidneys with excess 
renin secretion and acidosis.  



2 males : 1 female 
(if female, suspect Turner syndrome)



Treatment Approaches:
• intubate and mechanically ventilate
• prostaglandin E1 infused i.v. to open and maintain 

patency of the ductus arteriosus
• norepinephrine and dobutamine inotropic support 

perfusion and counter PGE1-induced hypotension
• surgical:  end-to-end anastomosis, subclavian flap



• coarctation of the aorta is usually diagnosed in early 
infancy with closure of ductus arteriosus, causing 
sudden hemodynamic compromise
• more common in males; so, if female r/o Turner 

syndrome
• adult patients are uncommon, and usually 

asymptomatic until late cardiovascular complications 
ensue (ruptured cerebral aneurysm):
• Look for:  heart murmurs, diminished lower 

extremity arterial pulses and pressures, CXR: rib 
notching, 3-sign

Take home points
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Do not fail to diagnose coarctation of the aorta (CoA). Hypertensive patients have been treated by physicians well into adulthood without consideration of the diagnosis.  Complications of coarctation, such as a ruptured cerebral aneurysm



Secondary Hypertension

Worked Case Examples
Case 5



4 categories of 
hypertensive disorders 

during pregnancy



HYPERTENSION

Copyright Paul L. Foster School of Medicine

Hypertensive Disorders During Pregnancy

Pre-existing Hypertension
hypertensive before pregnancy

or < 20 weeks gestation

Gestational Hypertension
previously normotensive

> 20 weeks gestation

no proteinuria
> 140 / > 90

chronic hypertension
(a risk factor for pre-eclampsia)

proteinuria or other 
compelling features of 

pre-eclampsia 
pre-eclampsia superimposed on 

chronic hypertension

no proteinuria
> 140 / > 90

uncomplicated gestational 
hypertension

proteinuria or other compelling 
features of 

pre-eclampsia 

pre-eclampsia
eclampsia: if seizures/coma

proteinuria: ≥ 0.3 g/24 hr
other compelling features of pre-eclampsia

maternal
• focal neurological features: persistent unusual headache, visual disturbances, 

severe nausea & vomiting
• pulmonary features: chest pain, dyspnea, pulmonary edema
• liver features: elevated transaminases (AST, ALT, LDH), serum albumin < 20 g/L
• renal features: elevated serum creatinine
• thrombocytopenia: < 100 x 109/L
• hypertensive urgency/emergency
• suspected placental abruption, persistent abdominal pain

fetal
• oligohydramnios
• intrauterine growth restriction
• absent or reversed end-diastolic umbilical arterial flow 
• intrauterine fetal demise 

American College of Obstetricians & Gynecologists Committee on Obstetric Practice, 2017.



Ms. J. is a 35 y.o. Gravida 3, Para 2, Term 1, Premature 0, Abortions 1, Live 1.  Grp O Rh+
She presents today for 35-37 week antenatal visit.  Planned vaginal delivery.  
Hx current pregnancy:  unplanned, uneventful.  Switched from perindopril and indapamide to long-
acting nifedipine when pregnancy was confirmed at about 8-weeks, HTN remained well-controlled.  
OB Hx: 1st pregnancy age 22, previous marriage, uneventful, SVD; 2nd pregnancy at age 25, 
spontaneous abortion at 17 wks.
Pre-visit work-up:  
• Group A Strep negative, plasma glucose within normal range, hematology normal, urine protein 2+ 

dipstick
• ultrasound remains consistent with EDC 20 Nov 2019 (34 Weeks, 5 Days gestation), decreased 

fetal growth velocity to 44th-centile since 28-week ultrasound 55th-centile, along with lower 
umbilical artery pulsatility index: an apparently healthy fetus approx. 3100 g, 43 cm.  

Today:  maternal wght: 80 Kg, seated resting BP 164/98 and 158/100, mild ankle edema persists, 
new finger swelling and periorbital puffiness. 
FHR 154, normal fetal movement, cephalic presentation stationed above pelvic inlet.



Presenter
Presentation Notes

Poll Title: Untitled multiple choice question
https://www.polleverywhere.com/multiple_choice_polls/2Dg2EoEsqGg2fDot5j5ZS



Switched from perindopril and indapamide to long-acting nifedipine
when pregnancy was confirmed at about 8-weeks, HTN has remained 
well-controlled.
Today, proteinuria, non-dependent edema, BP around 160/100.
Recommendation:  
• start BP-lowering measures within 30-60 minutes, treat to target 

140/85.
• 1st-line options:  i.v. labetalol (unless asthma), i.v. hydralazine, 

immediate-release oral nifedipine
• admit to quiet unit, close maternal and fetal monitoring, standby for 

possible C-section 



Maternal risk incl. stroke, eclampsia, death. 
Delivery halts the progression of preeclampsia, usually with rapid resolution of high 
blood pressure, proteinuria and edema. But best interests of mother and fetus are 
at odds, because delivery before 37 weeks gestation carries considerable risk of 
neonatal morbidity, 
A recent prospective randomized controlled trial has shown that between 34-37 
weeks gestation, if maternal blood pressure and laboratory markers of organ 
function are stable, expectant delivery is a reasonable option, but immediate 
delivery is warranted if maternal blood pressure rises (160/110) or worrisome fetal 
or maternal status.
• Chappell LC, et al.  Planed early delivery or expectant management for late preterm pre-eclampsia (PHOENIX): A randomized controlled trial.  LANCET 

2019;S0140-6736(19)31963-4 [epub] https://doi.org/10.1016/SO140-6736(19)31963-4.
• Staff AC.  Long-term cardiovascular health after stopping pre-eclampsia.  LANCET 2019;S0140-6736(19)31993-2 [epub] https://doi.org/10.1016/SO140-

6736(19)31993-42.

https://doi.org/10.1016/SO140-6736(19)31963-4
https://doi.org/10.1016/SO140-6736(19)31993-42
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