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Under Pressure 
The educational game that helps to reduce your sympathetic-induced rise in blood 

pressure as it reinforces your understanding of mean arterial blood pressure regulation. 

 

Lucy Witchell&, Kayleigh Topel&, Alexandria Fons&, Hannah Van Ert&, Gabe Grindrod&, 

Eric Wendt&, Andrew J. Lokuta&* 

 

Introduction 

The best and most effective teaching tools on our workbenches are those that 1) clarify 

complex information, 2) allow students to apply their knowledge, and 3) promote engagement with 

the subject matter.  Such tools can be easy to hypothesize but difficult to realize.  Use of 

“educational” games is increasing across many academic fields as instructors continue the search 

for effective and efficient pedagogy.  These games are envisioned as a means to 1) foster deeper 

understanding of subject material, 2) allow students to directly apply what they know in a more 

interactive atmosphere outside of the traditional lecture format, and 3) promote the highly-valued 

“active participation” of students as they ask and answer questions about real-world challenges. 

One measured benefit of educational games thus far is that they increase a student’s metacognition 

of the subject by making it clear what it is the student does not yet fully understand (Benassi, 

Overson, & Hakala, 2014)  

As physiology instructors and former students, we understand that the regulation of mean 

arterial blood pressure (MABP) is a wonderfully complex, integrative, and therefore often difficult 

concept for students to grasp.  To assist students with learning about the challenging and 

comprehensive topic of MABP regulation, we continually searched for, and tinkered with, ways 

to address this issue.  What ultimately came out of those efforts was a novel educational game of 

our own design that we now wish to share with the education community.  Thus we describe in 

this article an original educational game called Under Pressure.  It is meant to be a low cost, highly 

adaptable, and easy to use teaching tool that enables human physiology students at any campus to 

understand and apply MABP regulation concepts.   
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This game has been used in conjunction with, and as a supplement to, related lecture 

material and laboratory activities.  Under Pressure utilizes common clinical scenarios containing 

MABP irregularities that challenge a student’s comprehension, analysis, and evaluation skills as 

they work to resolve the realistic medical situations. 

 

Materials and Administration 

A. Game cards.  Types, when used, and why used 

The two types of cards used in this game are “Big Picture” cards and “Fix It” cards (see Appendix 

A and B).  Each team receives 3 Big Picture cards and 5 Fix It cards every round.  The goal is to 

use the cards to fix a patient’s irregular blood pressure in a specific scenario.  The Big Picture 

cards contain general actions that might fix the irregular blood pressure, such as increasing total 

peripheral resistance (TPR), or decreasing MABP.  The Fix It cards are more complex and usage 

of these requires further reasoning.   Examples of Fix It cards include increasing cytosolic calcium 

or promoting salt intake.   Having two types of cards is intended to: 1) direct the participants (i.e. 

students) to considerations of the problem on different levels of Bloom’s taxonomy (1956, 2001 

References), 2) solve problems more confidently, and 3) give them a greater understanding of how 

targeting one cardiovascular element or process can influence the big picture. 

 

B. Game rules.  In general, how does this work? 

Students will be divided into teams wherein one person will be designated to keep score. Teams 

will be given 8 cards to play for each scenario. Their goal is to choose the cards that best help in 

the situations presented. 3 of the cards are “Big Picture” cards that provide more general solutions, 

whereas 5 of the cards are “Fix It” cards that provide more detailed methods of intervention.  After 

the facilitator distributes the cards and reads the scenario out loud, each group will have 2 minutes 

to consult with their team members. Students will receive 1 point for each correct Big Picture card 

played (max 2 per round), and 2 points for each correct Fix It card played (max 3 per round).  For 

each incorrect card played, students will be deducted 1 point from their score. 

 

C. Game Setup.  The logistics 

1. The classroom should be set up so there are at least six tables, each facing a projector 

screen. 
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2. The game facilitator must start the “Under Pressure” Powerpoint (see Appendix D) and 

have a personal timer, a stack of score sheets, a stack of Fix It Cards, and a stack of Big 

Picture Cards. 

3. Each team will consist of 4 to 6 students, who must immediately identify themselves with 

a collective a team name; this will be used by the facilitator to identify that group 

throughout the activity.  

4. Hand out a score sheet to each team and have them write their team name on top. 

5. Remind students that during game play, conversations must be as quiet as possible to 

conserve the integrity of the game and to prevent other teams from overhearing answers. 

6. Remind students that all notes, books, and phones must be put away before, during, and 

after game play. 

 

D. Administration and Facilitation 

The powerpoint slides contain all the information pertinent for game play, including set up, 

detailed instructions for facilitating the game, rules for the students, medical scenarios, and 

answers. This allows instructors to easily access and facilitate Under Pressure in a systematic 

fashion. The powerpoint slides will be used throughout the entirety of the game and allows the 

game to progress smoothly. 

 

E. Detailed game instructions  

(See Figure One for a schematic of the game sequence) 

Step 1: The game facilitators will go from table to table and, after shuffling the deck, will blindly 

hand out 5 Fix It Cards, and 3 Big Picture Cards to each team. 

Step 2: Once each team is ready, display the powerpoint slide labeled “Scenario 1”on the screen 

and read the scenario out loud. 

Step 3: Start a timer, and allow a two minute consultation time.  Encourage each team to consult 

with each other quietly to select the cards that best provide a solution to the problem presented. 

Step 4: At the end of the consultation period, each team must play the cards that they think could 

fix the scenario described. 

Step 5: At this point, click to the next Powerpoint slide, which is labeled “Scenario 1 Answers”. 

Have each team look at the answer key. 

Step 6: The teams will receive 1 point for each correct Big Picture card played (max 2 per round), 

and 2 points for each correct Fix It card played (max 3 per round).  The teams will receive -1 points 
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for each incorrect card played.  Have each team tally up their points and put that information on 

their score sheet. 

Step 7: At this time, it is important to go over the correct answers and their explanations for the 

scenario (for answer explanations, see Appendix C).  One useful method of doing this is to ask the 

students why a certain card was played, and to have them explain the answer to their classmates. 

It is also important to ask teams who played a card that was not correct to give an explanation as 

to why they played that card, and to thoroughly explain why that card was incorrect.  Be sure to 

answer any and all questions about the scenario and cards before moving on. 

Step 8: Once the discussion has ended, collect all of the cards.  Shuffle the Big Picture and Fix It 

cards, and again, hand out 5 Fix It and 3 Big Picture cards to each team.  

Step 9: Repeat with scenario 2, then 3, then 4, etc. 

Step 10: After all 16 scenarios (or if there is only 10 minutes left for game play), the 2 groups with 

the most amount of points will move to the championship round and compete against each other 

using the Championship Scenario. Whoever wins this scenario will be declared the tournament 

Victors. 

 

Figure One.  Flow Chart of the game sequence as it proceeds through scenarios. 
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Figure Two.  A useful short-hand representation of the baroreceptor reflex.  
 

 

 
Results and Discussion 

Regulation of blood pressure is a highly integrative and informationally dense topic that 

students often struggle with as they complete their coverage of cardiovascular physiology.  The 

intent of this game is to offer the students a novel and fun strategy that promotes both retention 

and application of their knowledge base.  It effectively leverages those things that instructors 

frequently desire in such a situation: 1) engagement with the topic through active group 

participation, 2) creation of a low cost workshop environment, 3) relatively easy to implement 

with a minimum of re-usable pieces, and 4) adaptable to any A&P course at any institution. 

 

Experiences Thus Far: What seems to work for this game. 

Through several trials of Under Pressure, several elements were immediately apparent as 

working and effective in maximizing students’ learning experience. First, it is more effective to 

host this game a few days prior to their cardiovascular exam rather than offering it is a “review 

session” the night before the exam. Students who participated in Under Pressure with more time 

before their exam were much calmer and better able to focus on what they were practicing rather 

than panicking about the exam. The optimal classroom size suitable for gameplay has space for 
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20-25 students and it allows an adequate number of small groups for competition while minimizing 

outside distraction. We also observed that teams of 4-5 students are large enough to encompass 

multiple points of view for collaborative thinking, yet small enough to keep the students focused 

on the scenarios in front of them. When the group got larger than that, it became more difficult to 

keep students on task.  Also to minimize distractions, we found two minutes to be plenty of time 

for students to critically evaluate each scenario. When allotted time exceeded two minutes, 

students were distracted and frequently began discussing unrelated matters.  

The most notable gains in student learning came from the interactive discussion following 

each scenario. We observed that as students engaged and explained the reasoning behind correct 

and incorrect answers, they were both more confident and better equipped to resolve scenarios in 

future rounds. Beyond critical evaluation of each scenario to solve the problems presented, the 

interactive review allowed students to compound their understanding, more actively learn the 

concepts presented, and increase their metacognition by explaining their reasoning to others. By 

actively participating in realistic medical scenarios, students seemed to be more interested and 

invested in learning as opposed to the more passive approach of studying and attending lecture.   

 

What does not work 

It is neither feasible nor efficient to have game officials do both the facilitation of the 

scenarios and the actual scoring of the group submissions. Administrative roles for those in charge 

of the game must be clearly defined ahead of time.  We observed that when facilitators tried to do 

both, the game devolves into students scoring themselves on the honor system which raises the 

question of whether students were being honest with their scores each round or not. Having clearly 

defined facilitators and submission evaluators improves the reliability of the scoring system. Based 

on our experience thus far, there needs to be at least one (or two) officials responsible for scoring 

the group submissions while separate facilitator(s) lead the interactive review.  This keeps the 

game moving efficiently and prevents students from losing interest.  

There were several playing cards that repeatedly raised student questions throughout game 

play, including “epinephrine,” “oral hydration,” and “PKA”. For example, it was unclear to 

students the amount of epinephrine that would be administered, so we found it necessary to clarify 

that they should consider this to be a substantial pharmacological dose, not the physiological 

amount that the adrenal medulla would be expected to release into the general circulation. 

Additionally, it was realized that oral hydration is not an option for patients in many of our 

scenarios, so we corrected that card to say “rehydration” instead to illustrate that IV fluids can be 
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administered. Finally, it was necessary to clarify that PKA was referring to protein kinase A, not 

the acid dissociation constant on a logarithmic scale. These are just a few of the great examples in 

which each subsequent game trial did, and will, further refine the cards which are then easily 

retyped and reprinted for better clarity. 

To make explanations for correct answers more understandable, we believe it would be 

effective to include diagrams and explanations in our game-play powerpoint for reference (see 

Appendix C and D). In this way students would have a visual schematic in front of them to address 

their gaps in understanding, rather than simply memorizing a new fact. Further, this could reduce 

variability in responses between multiple facilitators that could leave students confused. These 

responses would be approved and confirmed as correct by an instructor or game official.  This may 

also have the added benefit of limiting students from making “always” inferences as a shortcut to 

understanding concepts because diagrams can show the variability of processes involved in 

regulating blood pressure based on a variety of factors. These shortcuts often undermine holistic 

understanding and tend to be roadblocks for many students making efforts to understand the 

regulation of blood pressure. 

 

Future use and development 

 Many possible modifications could be made to Under Pressure. Some would undoubtedly 

improve the game for use in any course at any institution, others might be location specific.  In the 

end we are seeking widespread usage and comment by instructors everywhere and thus are posting 

the elements of this game on the JASS website.  By continually utilizing these experiences and 

feedback from many diverse institutions, the game could become a kind of living organic teaching 

tool that is never really complete but always adapting and getting better.  This could be facilitated 

by both ease of game download and then uploaded feedback to the JASS website.   

 Lastly, it is our goal to make Under Pressure available for all students to help supplement 

their A&P education in a more active and applied way. Through this game, we hope that students 

will gain a better understanding and appreciation for the wonderfully complex mechanism that is 

blood pressure regulation. We hope to get students excited about cardiovascular physiology and 

start thinking about the real-life implications of understanding blood pressure regulation which 

they might encounter throughout their careers or even in their own personal health. 
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Appendix A: Fix It Game Cards 
 

3: Fix It 
 

Limit fluids 
 
 

4: Fix It 
 

Cortisol 

5: Fix It 
 

Stimulate 
Reticularis 

6: Fix It 
 

Stimulate 
Fasiculata 

7: Fix It 
 

Histamine 
 
 

8: Fix It 
 

Nitroglycerine 

9: Fix It 
 

Stimulate 
Vasomotor 

Center 

10: Fix It 
 

Stimulate 
Cardioacceleratory 

Center 

11: Fix It 
 

Stimulate 
Glomerulosa 

 

12: Fix It 
 

Vasopressin 

13: Fix It 
 

Stimulate 
Cardioinhibitory 

Center 

14: Fix It 
 

Epinephrine  

15: Fix It 
 

Nitric Oxide 
(NO) 

 

16: Fix It 
 

Beta-2 Receptor 
Antagonist 

17: Fix It 
 

Limit Salt 
Intake 

18: Fix It 
 

Promote Salt 
Intake 

20: Fix It 
 

Alpha-1 Receptor 
Agonist 

 

21: Fix It 
 

Promote 
Rehydration 

22: Fix It 
 

Angiotensin 
II 

23: Fix It 
 

ACE 
Inhibitors 

24: Fix It 
 

Norepinephrine 
 
 

25: Fix It 
 

Muscarinic 
Acetylcholine 

Receptor Agonist 

26: Fix It 
 

Alpha-1 Receptor 
Antagonist 

27: Fix It 
 

Atrial Natriuretic 
Peptide (ANP) 
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28: Fix It 
 

Beta-2 
Receptor 
Agonist 

29: Fix It 
 

Stimulate 
Adrenal 
Medulla 

30: Fix It 
 

Beta-1 
Receptor 

Antagonist 

31: Fix It 
 

Beta-1 
Receptor 
Agonist 

32: Fix It 
 

Muscarinic 
Acetylcholine 

Receptor 
Antagonist 

33: Fix It 
 

Guanylyl 
Cyclase 

Activator 

34: Fix It 
 

Guanylyl 
Cyclase 

Inhibitor 

35: Fix It 
 

cGMP 
breakdown 

36: Fix It 
 

cGMP 
production 

 

37: Fix It 
 

Increase 
Cytosolic 
Calcium 

 
 

38: Fix It 
 

Decrease 
Cytosolic 
Calcium 

39: Fix It 
 

cAMP 
production 

40: Fix It 
 

cAMP 
breakdown 

 
 

41: Fix It 
 

PKA 
activation 

42: Fix It 
 

PKA 
inhibition 
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Appendix B: Big Picture Cards 
 

43: Big Picture 
 

Increase MABP 
 
 
 
 

44: Big Picture 
 

Increase TPR 

45: Big Picture 
 

Decrease MABP 

46: Big Picture 
 

Decrease TPR 
 
 
 
 

47: Big Picture 
 

Increase Stroke 
Volume 

48: Big Picture 
 

Decrease Stroke 
Volume 

49: Big Picture 
 

Decrease Cardiac 
Output 

 
 

50: Big Picture 
 

Increase Cardiac 
Output 

51: Big Picture 
 

Decrease Heart 
Rate 

52: Big Picture 
 

Increase Heart 
Rate 

 
 

53: Big Picture 
 

Increase Venous 
Return 

54: Big Picture 
 

Increase 
Contractility 

55: Big Picture 
 

Decrease 
Contractility 

 
 

56: Big Picture 
 

Decrease Ejection 
Fraction 

57: Big Picture 
 

Increase Ejection 
Fraction 
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Appendix C: Answer Explanations 
 

Scenario 1 
● Problem: Blood pressure is too low, due to blood loss. 

 

Correct Answers: 

● 4 (Cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (Stimulate fasciculata) The zona fasciculata of the adrenal cortex secretes cortisol. 

● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.   

● 10 (Stimulate cardioacceleratory center) The cardioacceleratory center is involved in the 

baroreceptor reflex to changes in blood pressure. When blood pressure falls, baroreceptors on the 

aorta are not stretched as much, so their firing to the cardioacceleratory and vasomotor centers in 

the brain decrease. Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory 

and vasomotor centers, therefore a decrease in that inhibitory input would increase their activity. 

The cardioacceleratory center causes an increase in heart rate and contractility, and it is involved 

in sympathetic nervous system responses.  

● 11 (Stimulate glomerulosa) The zona glomerulosa secretes the hormone aldosterone which 

increases sodium reabsorption by the kidneys. Water tends to follow sodium through osmosis to 

maintain osmolarity.   

● 12 (Vasopressin) Vasopressin, also known as antidiuretic hormone (ADH) works in two ways to 

increase blood pressure. It constricts arterioles causing an increase in BP as well as inducing the 

insertion of aquaporin channels in the collecting duct cells of the kidneys to increase the 

reabsorption of water. This increase in blood volume causes a rise in blood pressure.  

● 14 (Epinephrine - pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s. .  
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● 16 (Beta-2 receptor antagonist) Beta-2 receptors cause arterioles to dilate, so blocking them with 

an antagonist would prevent local factors from binding. 

● 18 (Promote salt intake) An increase in sodium in the blood will increase the osmolarity, causing 

more water to be reabsorbed from the kidneys in order to restore a homeostatic osmolarity. The 

increase in blood volume raises blood pressure.  

● 20 (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 22 (Angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (Norepinephrine) Norepinephrine is a neurohormone that is released by sympathetic 

varicosities. It has a higher affinity for alpha-1 receptors, which are located in arterioles.  Alpha-1 

receptors cause vasoconstriction which increases blood pressure.  

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  
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● 35 (cGMP breakdown) As described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP by breaking it down would prevent that 

and help in achieving a higher blood pressure.  

● 37 (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) A blood pressure of 76/43 is too low so blood pressure needs to increase. 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 53 (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57 (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 



15 

Scenario 2 
● Problem: Patient’s blood pressure is too high due to the kidneys reabsorbing water and constantly 

increasing the volume of blood, despite high blood pressure.  

 

Correct Answers 

● 3 (Limit fluids) Limiting fluids will help particularly in this patient’s case because the reason 

their blood pressure is so high is that their kidneys are malfunctioning and reabsorbing too much 

water. Limiting fluids will prevent the problem from worsening and help in achieving a lower 

blood pressure.  

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 15 (Nitric oxide) Nitric oxide is a product of the breakdown of nitroglycerin, therefore dilating 

blood vessels through the cGMP-protein kinase G second messenger pathway.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 
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● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure.  

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 
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contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 3 
● Problem: blood pressure is low due to dehydration from alcohol consumption, and heart rate is 

high. 

 

Correct Answers 

● 4 (cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (stimulate fasiculata) the Zona Fasiculata of the adrenal cortex is responsible for secreting 

cortisol, which as described above will increase blood pressure by supporting sympathetic 

responses 

● 9 (stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.  Stimulating the vasomotor center directly will increase 

blood pressure for this reason. 

● 11 (stimulate glomerulosa) The Zona Glomerulosa of the adrenal cortex, not to be confused with 

the glomerulus in the kidney, is responsible for secreting aldosterone. Aldosterone increases 

sodium reabsorption in the kidney, thereby increasing water retention and blood pressure.  

● 12 (vasopressin) also known as antidiuretic hormone (ADH), vasopressin is secreted from the 

posterior pituitary and increases blood pressure in 2 ways. It constricts arterioles, causing an 

increase in BP, and it induces the insertion of aquaporin channels in the collecting duct of the 
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kidney, stimulating water reabsorption. Increasing water reabsorption will increase blood 

pressure. 

● 14 (epinephrine- pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s.  

● 16 (beta 2 receptor antagonist) - when epinephrine binds to beta 2 receptors, it dilates the 

arterioles, thereby increasing surface area and decreasing blood pressure. An antagonist will 

block this effect. 

● 20 (alpha-1 receptor agonist) when stimulated, alpha-1 receptors constrict blood vessels, 

increasing blood pressure. 

● 21 (promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 22 (angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (norepinephrine) Norepinephrine has highest affinity for alpha-1 receptors on the blood 

vessels. When norepinephrine binds, it induces vasoconstriction of the vessels, thereby raising 

blood pressure. 

● 29 (stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 34 (guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) as described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP will increase blood pressure.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 
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increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output. 

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) A blood pressure of 93/62 is too low so blood pressure needs to increase. 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 51 (decrease heart rate) a heart rate of 115 is too high and is putting excess strain on the heart, so 

HR needs to decrease. 

● 53 (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57  (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 4 
● Problem: patient has very high blood pressure due to his atherosclerosis 

 

Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  
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● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. 

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 
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increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40  (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46  (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

 

Scenario 5 
● Patient is having an allergic reaction, very low blood pressure 

 

Correct answers 

● 4 (Cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (Stimulate fasciculata) The zona fasciculata of the adrenal cortex secretes cortisol. 
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● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.  Stimulating the vasomotor center directly will increase 

blood pressure for this reason. 

● 10 (Stimulate cardioacceleratory center) The cardioacceleratory center is involved in the 

baroreceptor reflex to changes in blood pressure. When blood pressure falls, baroreceptors on the 

aorta are not stretched as much, so their firing to the cardioacceleratory and vasomotor centers in 

the brain decrease. Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory 

and vasomotor centers, therefore a decrease in that inhibitory input would increase their activity. 

The cardioacceleratory center causes an increase in heart rate and contractility, and it is involved 

in sympathetic nervous system responses.  

● 11 (stimulate glomerulosa) The Zona Glomerulosa of the adrenal cortex, not to be confused with 

the glomerulus in the kidney, is responsible for secreting aldosterone. Aldosterone increases 

sodium reabsorption in the kidney, thereby increasing water retention and blood pressure.  

● 12 (vasopressin) also known as antidiuretic hormone (ADH), vasopressin is secreted from the 

posterior pituitary and increases blood pressure in 2 ways. It constricts arterioles, causing an 

increase in BP, and it induces the insertion of aquaporin channels in the collecting duct of the 

kidney, stimulating water reabsorption. Increasing water reabsorption will increase blood 

pressure. 

● 14 (epinephrine- pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s.  

● 16 (beta 2 receptor antagonist) - when epinephrine binds to beta 2 receptors, it dilates the 

arterioles, thereby increasing surface area and decreasing blood pressure. An antagonist will 

block this effect. 

● 18 (Promote salt intake) An increase in sodium in the blood will increase the osmolarity, causing 

more water to be reabsorbed from the kidneys in order to restore a homeostatic osmolarity. The 

increase in blood volume raises blood pressure.  

● 20  (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  
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● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 22 (Angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (norepinephrine) Norepinephrine has highest affinity for alpha-1 receptors on the blood 

vessels. When norepinephrine binds, it induces vasoconstriction of the vessels, thereby raising 

blood pressure. 

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) as described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP will increase blood pressure.  

● 37  (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  
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● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) An allergic reaction will dramatically decrease blood pressure, so the overall 

goal is to bring it back up 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 53  (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57 (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 6 
● Problem: patient has a post-op infection - decreased urine output, pale and clammy. Slightly low 

BP. 

Correct answers 

● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 
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as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.  Stimulating the vasomotor center directly will increase 

blood pressure for this reason. 

● 12 (vasopressin) also known as antidiuretic hormone (ADH), vasopressin is secreted from the 

posterior pituitary and increases blood pressure in 2 ways. It constricts arterioles, causing an 

increase in BP, and it induces the insertion of aquaporin channels in the collecting duct of the 

kidney, stimulating water reabsorption. Increasing water reabsorption will increase blood 

pressure. 

● 14 (epinephrine- pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s.  

● 16 (beta 2 receptor antagonist) - when epinephrine binds to beta 2 receptors, it dilates the 

arterioles, thereby increasing surface area and decreasing blood pressure. An antagonist will 

block this effect. 

● 20  (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 24 (norepinephrine) Norepinephrine has highest affinity for alpha-1 receptors on the blood 

vessels. When norepinephrine binds, it induces vasoconstriction of the vessels, thereby raising 

blood pressure. 

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 
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SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) as described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP will increase blood pressure.  

● 37  (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (increase MABP) blood pressure is low due to the infection, so the overall goal would be to 

raise it 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  
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● 53  (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57 (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 7 
● Problem: Man just ate entire bag of pretzels and a large soda, high blood pressure of 150/86 

 

Correct answers 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 15 (Nitric oxide) Nitric oxide is a product of the breakdown of nitroglycerin, therefore dilating 

blood vessels through the cGMP-protein kinase G second messenger pathway.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 21(Promote rehydration) Though an increase in water will increase blood volume, in turn raising 

blood pressure, this patient is incredibly dehydrated due to the amount of salt he just consumed, 

so that needs to be counteracted by increasing his hydration. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 
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pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. 

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40  (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 
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● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46  (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 8 
● Problem: high blood pressure (135/95)  and racing heart rate (over 110), overly caffeinated 

(dehydrated) 

 

Correct answers 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 15  (Nitric oxide) Nitric oxide is a product of the breakdown of nitroglycerin, therefore dilating 

blood vessels through the cGMP-protein kinase G second messenger pathway.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23(ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from its 

inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 
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● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. 

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40  (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 
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both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46  (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 51 (Decrease heart rate) a heart rate of 110+ is too high and is putting excess strain on the heart, 

so HR needs to decrease. 

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 9 
Problem: Allergic reaction causing histamine release 

 
Correct answers 

● 4 (Cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (Stimulate fasciculata) The zona fasciculata of the adrenal cortex secretes cortisol. 
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● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.   

● 10 (Stimulate cardioacceleratory center) The cardioacceleratory center is involved in the 

baroreceptor reflex to changes in blood pressure. When blood pressure falls, baroreceptors on the 

aorta are not stretched as much, so their firing to the cardioacceleratory and vasomotor centers in 

the brain decrease. Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory 

and vasomotor centers, therefore a decrease in that inhibitory input would increase their activity. 

The cardioacceleratory center causes an increase in heart rate and contractility, and it is involved 

in sympathetic nervous system responses.  

● 11 (Stimulate glomerulosa) The zona glomerulosa secretes the hormone aldosterone which 

increases sodium reabsorption by the kidneys. Water tends to follow sodium through osmosis to 

maintain osmolarity.   

● 12 (Vasopressin) Vasopressin, also known as antidiuretic hormone (ADH) works in two ways to 

increase blood pressure. It constricts arterioles causing an increase in BP as well as inducing the 

insertion of aquaporin channels in the collecting duct cells of the kidneys to increase the 

reabsorption of water. This increase in blood volume causes a rise in blood pressure.  

● 14 (Epinephrine - pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s. . 

● 16 (Beta-2 receptor antagonist) Beta-2 receptors cause arterioles to dilate, so blocking them with 

an antagonist would prevent local factors from binding. 

● 18 (Promote salt intake) An increase in sodium in the blood will increase the osmolarity, causing 

more water to be reabsorbed from the kidneys in order to restore a homeostatic osmolarity. The 

increase in blood volume raises blood pressure.  

● 20 (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 
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● 22 (Angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (Norepinephrine) Norepinephrine is a neurohormone that is released by sympathetic 

varicosities. It has a higher affinity for alpha-1 receptors, which are located in arterioles.  Alpha-1 

receptors cause vasoconstriction which increases blood pressure.  

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34(Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) As described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP by breaking it down would prevent that 

and help in achieving a higher blood pressure.  

● 37 (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 
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which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) A blood pressure of 76/43 is too low so blood pressure needs to increase. 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 53 (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57 (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 10 
Problem: Climber descending from Mt. Everest experiencing symptoms from sudden changes in air 

pressure 

 
Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  
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● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure.  

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  
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● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 51 (decrease heart rate) a heart rate of 115 is too high and is putting excess strain on the heart, so 

HR needs to decrease. 

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 
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Scenario 11 
Problem: Woman experiencing symptoms of preeclampsia, which includes high blood pressure. 

 
Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 28 (Beta 2 receptor agonist) Beta 2 receptors are on the blood vessels and has the greatest binding 

affinity for epinephrine. When epinephrine binds, the vessels dilate, which increases surface area 

and thereby reduces blood pressure. A beta 2 receptor agonist will have this effect by activating 

those receptors. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 
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● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure.  

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 51 (decrease heart rate) a heart rate of 115 is too high and is putting excess strain on the heart, so 

HR needs to decrease. 
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● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 12 
Problem: Patient has hypersecretion of adrenal cortex hormones. 

 
Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR).  

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 15 (Nitric oxide) Nitric oxide is a product of the breakdown of nitroglycerin, therefore dilating 

blood vessels through the cGMP-protein kinase G second messenger pathway.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 
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production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure.  

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42 (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 
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increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 51 (decrease heart rate) a heart rate of 115 is too high and is putting excess strain on the heart, so 

HR needs to decrease. 

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 13 
Problem: Patient with heart failure has low blood pressure and high heart rate. 

 
Correct answers 

● 12 (Vasopressin) Vasopressin, also known as antidiuretic hormone (ADH) works in two ways to 

increase blood pressure. It constricts arterioles causing an increase in BP as well as inducing the 

insertion of aquaporin channels in the collecting duct cells of the kidneys to increase the 

reabsorption of water. This increase in blood volume causes a rise in blood pressure.  

● 18 (Promote salt intake) An increase in sodium in the blood will increase the osmolarity, causing 

more water to be reabsorbed from the kidneys in order to restore a homeostatic osmolarity. The 

increase in blood volume raises blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  



42 

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) As described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP by breaking it down would prevent that 

and help in achieving a higher blood pressure.  

● 37 (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41 (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) A blood pressure of 76/43 is too low so blood pressure needs to increase. 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 53 (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  
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● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57 (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 14 
Problem: Patient has diabetes insipidus, causing high urine output. 

 
Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 4 (Cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (Stimulate fasciculata) The zona fasciculata of the adrenal cortex secretes cortisol. 

● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.  Stimulating the vasomotor center directly will increase 

blood pressure for this reason. 

● 10 (Stimulate cardioacceleratory center) The cardioacceleratory center is involved in the 

baroreceptor reflex to changes in blood pressure. When blood pressure falls, baroreceptors on the 

aorta are not stretched as much, so their firing to the cardioacceleratory and vasomotor centers in 

the brain decrease. Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory 

and vasomotor centers, therefore a decrease in that inhibitory input would increase their activity. 

The cardioacceleratory center causes an increase in heart rate and contractility, and it is involved 

in sympathetic nervous system responses.  

● 11 (Stimulate glomerulosa) The zona glomerulosa secretes the hormone aldosterone which 

increases sodium reabsorption by the kidneys. Water tends to follow sodium through osmosis to 

maintain osmolarity.   

● 12 (Vasopressin) Vasopressin, also known as antidiuretic hormone (ADH) works in two ways to 

increase blood pressure. It constricts arterioles causing an increase in BP as well as inducing the 
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insertion of aquaporin channels in the collecting duct cells of the kidneys to increase the 

reabsorption of water. This increase in blood volume causes a rise in blood pressure.  

● 14 (Epinephrine - pharmacological dosage) Epinephrine has a higher affinity for beta-2 receptors, 

which dilate arterioles, but at a pharmacological dosage, there is enough epinephrine that binds to 

alpha-1 receptors (which cause vasoconstriction) for the sympathetic response of alpha-1s to 

outweigh the parasympathetic response of the beta-2s, due to the sheer quantity of alpha-1 

receptors compared to beta-2s. 

● 16 (Beta-2 receptor antagonist) Beta-2 receptors cause arterioles to dilate, so blocking them with 

an antagonist would prevent local factors from binding. 

● 18 (Promote salt intake) An increase in sodium in the blood will increase the osmolarity, causing 

more water to be reabsorbed from the kidneys in order to restore a homeostatic osmolarity. The 

increase in blood volume raises blood pressure.  

● 20 (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 22 (Angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (Norepinephrine) Norepinephrine is a neurohormone that is released by sympathetic 

varicosities. It has a higher affinity for alpha-1 receptors, which are located in arterioles.  Alpha-1 

receptors cause vasoconstriction which increases blood pressure.  

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 



45 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35 (cGMP breakdown) As described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP by breaking it down would prevent that 

and help in achieving a higher blood pressure.  

● 37 (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39 (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41  (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (increase MABP) the patient’s diabetes insipidus is causing the patient to excrete mass 

amounts of urine, which decreases blood volume and therefore blood pressure, so the overall goal 

would be to raise this patient’s MABP 

● 44 (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  

● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  



46 

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57  (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

Scenario 15 
Problem: Patient taking corticosteroid  

 
Correct answers 

● 7 (Histamine) Histamine is a vasodilator, and therefore lowers blood pressure by decreasing total 

peripheral resistance (TPR). 

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 24 (Norepinephrine) Norepinephrine is a neurohormone that is released by sympathetic 

varicosities. It has a higher affinity for alpha-1 receptors, which are located in arterioles.  Alpha-1 

receptors cause vasoconstriction which increases blood pressure.  

● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 26 (Alpha 1 receptor antagonist) Alpha 1 receptors are on the blood vessels and bind most 

strongly with norepinephrine. When norepinephrine binds, the blood vessels constrict, and blood 

pressure increases. An alpha 1 receptor antagonist will inhibit this process, and thereby reduce 

blood pressure. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 
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● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42  (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 

● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49 (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta slower, decreasing arterial 

blood pressure.  

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 

 

Scenario 16 
Problem: Patient with neurogenic shock has low heart rate and urine output. 



48 

 
Correct answers 

● 4 (Cortisol) One of the effects cortisol has on the body is to increase blood pressure by supporting 

the sympathetic nervous system responses.  

● 6 (Stimulate fasciculata) The zona fasciculata of the adrenal cortex secretes cortisol. 

● 9 (Stimulate vasomotor center) The vasomotor center is involved in the baroreceptor reflex to 

changes in blood pressure. When blood pressure falls, baroreceptors on the aorta are not stretched 

as much, so their firing to the cardioacceleratory and vasomotor centers in the brain decrease. 

Baroreceptors fire inhibitory postsynaptic potentials on the cardioinhibitory and vasomotor 

centers, therefore a decrease in that inhibitory input would increase their activity. The vasomotor 

center causes vasoconstriction, thus regulating total peripheral resistance, and is involved in 

sympathetic nervous system responses.  Stimulating the vasomotor center directly will increase 

blood pressure for this reason. 

● 12 (Vasopressin) Vasopressin, also known as antidiuretic hormone (ADH) works in two ways to 

increase blood pressure. It constricts arterioles causing an increase in BP as well as inducing the 

insertion of aquaporin channels in the collecting duct cells of the kidneys to increase the 

reabsorption of water. This increase in blood volume causes a rise in blood pressure.  

● 16 (Beta-2 receptor antagonist) Beta-2 receptors cause arterioles to dilate, so blocking them with 

an antagonist would prevent local factors from binding. 

● 20 (Alpha-1 receptor agonist) Alpha-1 receptors are located on the blood vessels, and when 

activated cause an increase in vasoconstriction, which results in a higher blood pressure.  

● 21 (Promote rehydration) An increase in water will increase blood volume, in turn raising blood 

pressure. 

● 22 (Angiotensin II) Angiotensin II is a hormone that raises blood pressure in 2 ways. First, it acts 

on the cardiovascular system, causing vasoconstriction. Second, it increases the secretion of 

aldosterone, in turn promoting sodium reabsorption which increases water reabsorption. The 

increase in blood volume plus vasoconstriction results in a higher blood pressure.  

● 24 (Norepinephrine) Norepinephrine is a neurohormone that is released by sympathetic 

varicosities. It has a higher affinity for alpha-1 receptors, which are located in arterioles.  Alpha-1 

receptors cause vasoconstriction which increases blood pressure.  

● 29 (Stimulate adrenal medulla) The adrenal medulla secretes primarily epinephrine and a small 

amount of norepinephrine. Norepinephrine initiates the “fight-or-flight” sympathetic response 

while epinephrine supports it. The sympathetic response raises blood pressure.  

● 31 (Beta-1 receptor agonist) Beta-1 receptors are located on the SA node and cardiac muscle cells 

and respond to norepinephrine and epinephrine. These speed up the heart and increase the 
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contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure.  

● 32 (Muscarinic-Ach receptor antagonist) Muscarinic acetylcholine receptors are the 

postganglionic receptors of the parasympathetic nervous system. In the cardiovascular system, 

they are located on the SA node, and when stimulated they hyperpolarize the membrane of the 

SA node, reducing the pacemaker potential and slowing the heart rate. Although heart rate is not 

directly related to blood pressure, a slower heart rate due to parasympathetic input will not aid in 

raising blood pressure, therefore a muscarinic-Ach receptor antagonist will take that inhibition 

away.  

● 34 (Guanylyl cyclase inhibitor) Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure. Therefore, 

a substance that inhibits guanylyl cyclase would prevent that from happening, thus maintaining 

smooth muscle contraction and higher blood pressure.  

● 35  (cGMP breakdown) As described in 34, cGMP is part of the second messenger pathway that 

leads to vasodilation. Decreasing the amount of cGMP by breaking it down would prevent that 

and help in achieving a higher blood pressure.  

● 37 (Increase cytosolic calcium) Increasing the calcium in the cytosol of a cardiac muscle cell 

means that there is more calcium available to bind to troponin to allow actin and myosin to bind 

and cross bridge cycling to occur. This strengthens the contractions of the heart, meaning it 

pumps harder. This increases the blood pressure by increasing stroke volume and cardiac output.  

● 39  (cAMP production) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, as described in 37, 

increases contraction force and speed. This increases blood pressure by increasing stroke volume 

and cardiac output.  

● 41  (PKA activation) Protein kinase A, as described in 39, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure.  

● 43 (Increase MABP) the neurogenic shock is lowering this patient’s blood pressure, so the overall 

goal would be to raise it 

● 44  (Increase TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore an increase in TPR indicates vasoconstriction, increasing blood pressure.  
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● 47 (Increase stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure.  

● 50 (Increase cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

higher cardiac output indicates more blood being pumped into the aorta faster, increasing arterial 

blood pressure.  

● 52 (Increase heart rate) patient’s heart rate is too low and their heart is therefore not pumping 

hard enough, so the goal would be to raise heart rate 

● 53 (Increase venous return) An increase in venous return can be induced by sympathetic 

stimulation of alpha-1 receptors. The increase in blood back toward the heart can increase blood 

pressure through increased stroke volume.  

● 54 (Increase contractility) Increasing the force of contraction in cardiac muscle cells means that 

more blood will be pumped out per beat, increasing stroke volume and blood pressure.  

● 57  (increase ejection fraction) An increase in ejection fraction would allow more blood to be 

ejected during systole.  This would increase the amount of blood in circulation, and would 

therefore increase the overall blood pressure. 

 

 

Championship Scenario  
Problem: Patient has edema build-up due to high blood pressure  

 
Correct answers 

● 3 (limit fluids) Limiting fluids will inhibit blood volume from increasing, which in turn will 

prevent blood pressure from increasing further (more blood volume, higher blood pressure) 

● 8 (Nitroglycerine) Nitroglycerin is a vasodilator, working through activating guanylyl cyclase, 

increasing cGMP. This relaxes the smooth muscle of blood vessels by opening potassium 

channels and hyperpolarizing the membrane.  

● 15 (Nitric oxide) Nitric oxide is a product of the breakdown of nitroglycerin, therefore dilating 

blood vessels through the cGMP-protein kinase G second messenger pathway.  

● 17 (Limit salt intake) Because water gets reabsorbed along with salt, which would increase blood 

pressure. 

● 23 (ACE inhibitors) ACE increases concentration of active angiotensin II by converting it from 

its inactive form angiotensin I, which increases sodium and water retention, which raises blood 

pressure. ACE inhibitors thereby will lower blood pressure. 
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● 25 (Muscarinic-AchR agonist) Muscarinic acetylcholine receptors are the postganglionic 

receptors of the parasympathetic nervous system. In the cardiovascular system, they are located 

on the SA node, and when stimulated they hyperpolarize the membrane of the SA node, reducing 

the pacemaker potential and slowing the heart rate. Although heart rate is not directly related to 

blood pressure, a slower heart rate due to parasympathetic input will put less strain on the heart 

and will play a role in reducing blood pressure. 

● 27 (Atrial Natriuretic Peptide (ANP)) ANP is produced in the atria and acts as an “anti-

aldosterone”. When ANP is secreted, it decreases plasma aldosterone through decreasing renin 

production, which decreases sodium retention (and water retention since water follows salt), 

thereby lowering blood pressure. 

● 30 (Beta 1 receptor antagonist) Beta-1 receptors are located on the SA node and cardiac muscle 

cells and respond to norepinephrine and epinephrine. These speed up the heart and increase the 

contractility of the ventricles, increasing cardiac output and thus increasing arterial blood 

pressure. A beta 1 antagonist will inhibit this process, and will thereby decrease blood pressure. 

● 33 (Guanylyl cyclase activator)  Guanylyl cyclase is an enzyme that is activated by nitric oxide. 

Guanylyl cyclase produces cyclic GMP (cGMP) which activates protein kinase G to 

phosphorylate proteins that open potassium channels. This hyperpolarizes the membrane, 

releasing the contraction in arterioles, thus dilating them and lowering blood pressure.  

● 36 (cGMP production) As described in 33, cGMP is part of the second messenger pathway that 

leads to vasodilation. Increasing the amount of cGMP will reduce blood pressure.  

● 38 (Decrease cytosolic calcium) Calcium in the cytosol of a cardiac muscle will bind to troponin 

to allow actin and myosin to bind and cross bridge cycling to occur. This strengthens the 

contractions of the heart, meaning it pumps harder. This increases the blood pressure by 

increasing stroke volume and cardiac output. By decreasing cytosolic calcium, this process will 

decrease, thereby decreasing blood pressure.  

● 40 (cAMP breakdown) cAMP is part of the second messenger pathway when epinephrine and 

norepinephrine binds to beta-1 receptors on the heart. The receptor activates adenylyl cyclase 

which produces cAMP, activating protein kinase A (PKA) that increases cytosolic calcium from 

both the interstitial fluid and the sarcoplasmic reticulum. This extra calcium, increases contraction 

force and speed, which increases blood pressure by increasing stroke volume and cardiac output. 

Breaking down cAMP inhibits this cascade and the activation of PKA, thereby lowering blood 

pressure. 

● 42  (PKA inhibition) Protein kinase A, as described in 40, is part of the second messenger 

pathway that responds to sympathetic input by increasing heart rate and contractility, which 

increases blood pressure. Inhibiting PKA will block this process, reducing blood pressure. 
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● 45 (Decrease MABP) Since this patient’s blood pressure is too high, the goal is to lower it 

overall. 

● 46 (Decrease TPR) Total peripheral resistance refers to the level of resistance blood encounters 

while flowing through vessels. Resistance is inversely related to radius, to a power of 4. 

Therefore a decrease in TPR indicates vasodilation, decreasing blood pressure.  

● 48 (Decrease stroke volume) Stroke volume is a measure of the difference in the volume of blood 

in the left ventricle between systole and diastole. Stroke volume can be influenced by the 

contractility of the heart, meaning a harder contraction results in a higher stroke volume. This 

increases the amount of blood entering the aorta each beat, increasing arterial pressure. Therefore, 

lowering stroke volume will lower blood pressure. 

● 49  (Decrease cardiac output) Cardiac output is the product of stroke volume and heart rate. A 

lower cardiac output indicates less blood being pumped into the aorta, decreasing arterial blood 

pressure.  

● 55 (Decrease contractility) Decreasing the force of contraction in cardiac muscle cells means that 

less blood will be pumped out per beat, decreasing stroke volume and blood pressure.  

● 56 (Decrease ejection fraction) Decreasing the ejection fraction would decrease the amount of 

blood ejected during systole, which would lower the amount of blood in circulation, and therefore 

decrease the overall blood pressure. 
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Appendix D: Under Pressure Powerpoint Slides (facilitator instructions are under slides) 

 

Freeze the projector before moving on to the next slide.  

Keep frozen. 
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Keep screen frozen. While going through the powerpoint, you may find it easier to freeze and unfreeze 
the projector while moving between scenarios. Because there are slides meant only for the facilitator, 
doing this may provide the smoothest experience for the students and the least amount of distractions. We 
recommend doing on practice run before the real thing to make sure you have everything set up. 
 

Keep screen frozen. 

 

 
             



55 

 
Keep screen frozen. 

 
Keep screen frozen. 
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Keep screen frozen. 
 

 
Keep screen frozen. 
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Unfreeze the projector to display the instructions and read them aloud to the participants. Ask the students 
if they understand, and then announce that you will be starting the first round. When everyone is ready, 
move to the next slide. 
 

 
Start the timer for 2 minutes. Announce when there is 30 seconds left. Make sure everyone is done and 
collect the cards played before moving to the next screen. Once all played cards are collected, move on to 
the next screen. 
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones 
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide.  
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet. 
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide. 
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide.  
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide. 
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide.  
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
 

 
When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide.  
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During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
 

 
Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
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When everyone has the right amount of cards and is ready for the next scenario, unfreeze the screen and 
start the timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. 
Collect all played cards before moving on to the next slide.  
 

 
During this time, have scorers tallying points. Look through the played cards you collected and separate 
them into correct and incorrect piles. Then, discuss some of the correct and incorrect cards that were 
played with the group. Freeze the projector before moving to the next slide.  
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Do not unfreeze the screen. This slide is to help the facilitator with discussing correct and incorrect 
answers. Use this to facilitate discussion with the group. For the explanations of correct answers, refer to 
the provided document. Use this slide to fill in common discussion points as you go along for future use. 
Once discussion is concluded and new cards are handed out (don’t replace all the cards, just the ones that 
were played, so if they played 2 fix it cards they would get 2 new ones added to their 3 old ones totaling 
the 5). Move on to the next slide but do not unfreeze the screen yet.  
 

 
Unfreeze screen. After you get each of the score cards, find out who the two teams are with the most 
points, and then move to the next slide. 
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Once participants are ready, move on to the next slide 
 

 
Start timer for 2 minutes. Announce when 30 seconds are left and stop everyone when time is up. Collect 
all played cards before moving on to next slide.  
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Freeze screen. Have team tally up their points for this round and add it to their total score. Whichever 
team has the highest points wins! 
 

 
Do not unfreeze screen. Use this slide like the other discussion slides.  
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Unfreeze screen.  
 
 
 
 
 
 
 
 
 
 
 
 


