Case : Recent Inferior STEMI resulting in papillary muscle rupture

I. Target Audience:
Medical students, Internal Medicine residents, Cardiology fellows
II. Authors and their affiliations
	Author 1
	Alvan Buckley, MD, PGY-3, Internal Medicine, Memorial University of Newfoundland

	Author 2
	Eric Wong, MD, PGY-2, Internal Medicine, University of British Columbia

	Senior Author
	Nicolas Thibodeau-Jarry, MD, MMSC, Department of Medicine, Institut de cardiologie de Montréal



III. Learning and Assessment Objectives:

Participants are expected to manage the clinical situation through the optimal pathway described below. The critical management actions are listed in the checklist.

Participants will be expected to discuss the pathophysiologic reasoning behind the clinical presentation and course of management.

Critical Actions Checklist:

DONE    CRITICAL ACTION
􀂆     	CAB (circulation, airway, breathing)
􀂆     	Cardiac monitoring
􀂆     	IV access
􀂆     	Rapid patient history
􀂆     	Rapid physical examination
􀂆     	Identification of key exam findings of mechanical complications post-STEMI
􀂆     	Obtain labs, imaging (CXR, and bedside US), EKG
􀂆     	Respiratory stabilization with NIPPV or intubation
􀂆     	Initiating medical management of acute papillary muscle rupture
􀂆     	Contacting appropriate consultants


[bookmark: _1a2btazeshbs]IV. Environment:

A. Simulation room set up: Emergency room monitored bed
B. Mannequin set up:
a. High fidelity patient simulator
b. Single peripheral IV in place
C. Props:
a. Code Blue cart
b. Lab values (in appendix)
c. Images (CXR)
d. EKGs
e. Bedside ultrasound machine
D. Distractors: none

V. Actors:

A. Nurse: facilitates scenario
B. Consultants: supervising resident; interventional cardiologist

VI. Case Narrative:

ID: 60M presented to ER 6 days ago with retrosternal chest pain and was diagnosed with an inferior STEMI
CC: Progressive SOB

COURSE:
60M with a history of diabetes, hypertension, PMR, and TIAs presented after 12 hours of severe retrosternal chest pain at home. He was diagnosed as having an inferior STEMI en route to hospital in an ambulance. He received Aspirin, Ticagrelor, and Heparin prior to receiving primary PCI with 2 drug eluting stents to the RCA. He had a non-culprit 80% lesion of the proximal LAD, and 50% lesion in the mid left circumflex for which he is awaiting further intervention as an inpatient on the cardiology ward. The nurses call you to say the patient doesn’t look good and seems more short of breath than prior.

The rest of the symptoms and history are given only if asked for by the learners.

The patient is visibly tachypneic, with a decreased level of consciousness.

The patient is slightly arousable to name, but unable to say more than one word at a time. He endorses “some” chest pain, but feels very short of breath, saying he “can’t breathe.”
The nurses note that he has not been short of breath over the course of his admission, but began feeling progressively more short of breath for the last couple of hours.

PAST MEDICAL Hx:
1. Hypertension
2. Type 2 diabetes (on basal/bolus insulin)
3. Polymyalgia rheumatica
4. Transient ischemic attack (last year)
5. Smoker (50 pack years)

ALLERGIES:
NKDA

MEDICATIONS:
1. ASA 81 mg PO daily
2. Ticagrelor 90 mg PO BID
3. Atorvastatin 80 mg PO daily
4. Metoprolol 50 mg PO BID
5. Metformin 1000 mg PO BID
6. Prednisone 5 mg PO daily
7. Basaglar 16 units subcutaneous QHS
8. Novorapid 10 units subcutaneous TID 
9. Lovenox 40 mg subcutaneous daily

SOCIAL Hx:
No EtOH, smoker (50pk years)

FAMILY Hx:
Adopted
 
REVIEW OF SYSTEMS:
(+)   	chest pain, shortness of breath, nauseated, lightheaded, new cough
(-)    	denies abdominal pain, vomiting, diarrhea, fever/chills, headache, vision changes, lightheadedness, numbness/motor weakness.

PHYSICAL EXAM: learner must ask for specific findings if cannot be portrayed by mannequin and simulation technologist
GENERAL:  	Drowsy, diaphoretic.
HEENT:       	Unremarkable.
NECK: 	JVP @ 9cm above the sternal angle
CV:              	S1S2, with 3 out of 6 pansystolic murmur at the apex radiating to the axilla
PULM:         	Diffuse crackles.
ABD:           	BS present. Soft and non-tender.
EXT:            	Cold hands and feet. Palpable pulses in all extremities. +2 bilateral peripheral edema.
NEURO:      	No focal deficits.

	Temperature (oC)
	HR (bpm)
	BP (mmHg)
	RR (per min)
	O2 Sat

	37.0
	110
	90/50
	32
	85% on R/A

	Cardiac telemetry: Sinus tachycardia
ECG: A



INVESTIGATIONS: 
No bloodwork available

Portable CXR (see Appendix)
· Pulmonary edema

Bedside cardiac ultrasound (see Appendix)
· Demonstrates segmental wall motion abnormalities with basal and mid inferior akinesis
· Severe MR with ruptured posteromedial papillary muscle and flail leaflet resulting in torrential MR
· Ejection fraction of 62%

CLINICAL PRESENTATION:
History and physical as above, Supplemental O2, Monitors, Establish IV access.

Learners must immediately recognize an acutely ill patient requiring rapid diagnosis and appropriate management. The learners should identify that this patient is at risk for a mechanical complication post MI resulting in acute decompensation. The case progresses to worsening acute heart failure requiring positive pressure ventilation, IV diuretics, initiation of pressors and inotropes, and urgent cardiovascular surgeon consult.
 
Case will continue until the patient is stabilized, transferred to the CCU, and cardiovascular surgeon consulted.


*** If supplemental O2 is given via nasal prongs, venturi mask, or non-rebreather, the O2 saturation improves to 88%.

*** If BiPAP is ordered, patient continues to become progressively less conscious.
	Temperature (oC)
	HR (bpm)
	BP (mmHg)
	RR (per min)
	O2 Sat

	37.0
	110
	95/55
	28
	92% on 100% FiO2



*** If intubation ordered: Anesthesia called but unable to assist with rapid sequence intubation as they are running a code in the PACU. Learners are expected to choose analgesics/amnestic agents and perform intubation independently.
Discuss hemodynamics of invasive versus non-invasive positive-pressure ventilation (NIPPV).

*** If IV Lasix is given, the SOB improves slightly, O2 saturation increases by 3% and the BP drops.

*** If nitrates are given, the chest pain resolves and SOB improves slightly, but the BP drops and the HR increases.

*** If a pressor infusion is started (e.g. norepinephrine, dopamine, epinephrine) the BP increases to 100/60 mmHg.

*** If an inotrope is started (e.g. dobutamine, milrinone, epinephrine) the BP remains the same with corresponding titration of the pressor, while O2 saturation improves by a further 2%.

*** If an inotrope is started (e.g. dobutamine, milrinone, epinephrine) WITHOUT a pressor, the BP will decline to to 76/34 mmHg.

*** If an intra-aortic balloon pump (IABP) is ordered, the interventional cardiologist will be called.
Discuss hemodynamics of IABP.

*** If the cardiovascular surgeon is requested while the patient is in acute respiratory distress, consultants will be advised to stabilize the patient before he can be considered for OR.

*** If the interventional cardiologist is called, the cardiologist on call does not return the page.

*** After intubation, initiation of pressors and arrangement for IABP placement, the patient will be transferred to the CCU.

VII. Instructor Notes

A. [bookmark: _sxm6iifbo5vl]Tips to keep scenario flowing
a. [bookmark: _uis9i6p74nka]If need for further evaluation not recognized, nurse will make a suggestion for further evaluation.
b. [bookmark: _wa14tdm4gbq]Nurse will prompt learners to obtain previous ECG if not requested.
c. [bookmark: _7w67q09itj3l]Nurse will prompt contacting consultants/RICU if not requested.
d. [bookmark: _4px2yepdgp8n]Nurse will prompt learners to make management decision when O2 saturation drops.
 
B.  Scenario programming
a. Optimal management pathway
i. O­2­/IV/monitor
ii. History and physical examination
iii. Requisite studies
1. Labs: CBC, electrolytes, creatinine, cardiac markers, coagulation profile, BNP
2. Images: ECG, CXR
iv. Management of acute heart failure
1. Furosemide IV
2. Nitrates
3. Inotropes
v. Consulting Cardiology/Interventional Cardiology
vi. Management of acute hypoxic respiratory failure, requiring positive pressure ventilation

b. Potential complications/errors path(s):
i.  Failure to recognize acute heart failure
1. Learners should recognize and ideally verbalize the presentation as a potential mechanical complication of the previous STEMI
ii.  Failure to recognize need for intubation
iii.  Failure to contact appropriate consultants


[bookmark: _z9tdb750h0st]VIII. Debriefing

A. Method of debriefing: Group with teaching materials
B. Didactic material
















IX. Appendix A: Lab Values and Investigations
Chest X-Ray A
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Chest X-Ray B (post-intubation)
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EKG on initial presentation 5 days ago
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Current EKG
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Bedside Ultrasound (Source)
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Debriefing Guide – Cardiogenic Shock
(Adapted from a debriefing guide used at the Massachusetts General Hospital, Boston, MA) 

Approach to Hypotension: MAP = CO x SVR (systemic vascular resistance) 

  MAP 	=    CO 	 and / or   SVR 

First feel the extremities: Normal response to  MAP should be vasoconstriction and cool / cold skin

Warm =  SVR = presumed cause of  MAP 	
If Cold (SVR seems ok), then it must be  CO (which = HR x SV)

 CO =  HR and / or  SV

Address HR first: If acute bradycardia coinciding with acute hypotension, consider as the cause

If HR is ok, it must be the  SV

	
*Access saves lives: 18 G x 2 or better (smaller G is bigger lumen – colors are green 18, pink 20, blue 22)

*Vital signs are vital:   Proportional Pulse Pressure = Pulse pressure / Systolic blood pressure (PPP=SBP-DBP/SBP)
· If PPP < = 25%, indicates LVF and Cardiac index < = 2.2 L/min/m
· It is an indicator of LV function





Cardiogenic Shock – characterized by MAP < 60, CI < 2L/min/m2, PCWP > 18 mmHg and evidence of end-organ hypoperfusion (worsening renal function, low UOP, lactate, AMS, etc)

· Severe LV dysfunction (anterior MI)
· Severe extensive ischemia
· Mechanical complication of LVMI (acute MR, IVS rupture, tamponade)

Outcomes: 30d mortality ~ 50%, accounts for 60% of 30d mortality following acute MI (Killip class IV = cardiogenic shock associated with 60-80% mortality)

Treatment Goals: diuresis for goal PCWP < 18mmHg ( pulmonary edema, myocardial O2 consumption); afterload reduction to keep SVR < 1200, pressors to keep MAP > 60 mmHg; augment LV function (with inotropes, IABP, mechanical support) to keep CI > 2 L/min/m2
**Overarching goal is to improve perfusion!**

Tailored Therapy Strategy: Optimize CO by optimizing SV and/or HR (Recall: CO = SV x HR)

If bradycardia manage with chronotropic agents / pacing
If tachycardia consider slowing to improve filling of ventricles during diastole (unless sinus tach)

If HR is ok, manage the  SV

1. Preload: Stretch of cardiac myocytes, or LVEDV 
· LVEDV estimated by LVEDP ~ PCW ~ PA diastolic (assumptions)
· Goal in Cardiogenic Shock – goal PCWP < 18mmHg ( pulmonary edema, myocardial O2 consumption)
· Treatment Modalities – diuresis, UF, HD; vasodilators

2. Afterload: Load ventricle contracts against (pressure required to open AoV)
· Estimated by  SVR and diastolic BP
· Goal in Cardiogenic Shock – vasodilators for SVR < 1200
· Treatment Modalities – nitrates, inodilators (milrinone, dobutamine)

3. Contractility: Shortening of myocytes with each cardiac cycle
· Using Fick principle or thermodilution method to estimate CO (L blood / min)
· Ficks principle -> oxygen extraction (VO2) = (CO x arterial O2 conc) – (CO x venous O2 conc)
· Rearranged... VO2 = CO (arterial O2 conc – venous O2 conc)
· Further rearranged... CO = VO2 / (arterial O2 conc – venous O2 conc)
· Fick CO = O2 consumption (VO 2 in mL O2/min) / [13.4 (Hgb) (SaO2 – MvO2) in mL O2/L blood]
· If all constant (VO2 measured in cath lab), can use MVO2 as a surrogate for CO
· Goal in Cardiogenic Shock – augment CI>2 by optimizing preload, afterload; inotropic agents
· [bookmark: _GoBack]Treatment Modalities – inotropes (dobutamine, milrinone)

PA Catheter Basics 
[image: http://resources.ama.uk.com/glowm_www/graphics/figures/v3/0790/03.gif]
Indications: 
(1) Undifferentiated shock state 
(2) Congestive heart failure 
(3) Pulmonary hypertension 
(4) Myocardial infarction complicated by heart failure

Normal Values
· CO ~ 5 - 7 L / min
· CI  ~ 2.8 - 4.2 L / min / m2
· SVR ~ 1200 ± 270 dyne-sec-cm-5   
· PVR ~ 70 ± 30 dyne-sec-cm-5 
·  NOTE: SVR = ((MAP-RA)/CO) x 80
·  NOTE: PVR = ((PA-PCWP)/CO) x 80

Rule of 5s (Normal values)
· RA 5
· RV 25 / 5
· PA 25 / 10
· PCWP 10

	Class
	Drug
	Dose
	Mechanism
	Side effects

	Vasopressor
	Phenylephrine
(Neosynephrine)
	10-1000 mcg/min
	1 agonist
	Reflex brady


	
	Vasopressin
	0.01-0.04 U/min
	V-receptor agonist
	

	Mixed: Vasopressor +
Inotrope
	Norepinephrine
(Levophed)
	2-100 mcg/min
	11 agonist
	Arrhythmias
Digital ischemia

	
	Dopamine
	10-1000 mcg/min
	D>1/2>1 agonist (with higher doses)
	Arrhythmias

	
	Epinephrine
	0.05-10 mcg/min
	112  agonist
	Tachycardia, arrythmias, angina

	Inodilator
	Dobutamine
	10-1000 mcg/min
	1 agonist
	Arrhythmias, hypotension

	
	Milrinone 
	0.375-0.75 mcg/kg/min
	PDE III inhibitor
	Arrhythmias, hypotension
*Renally cleared
*Longer T1/2 than dobutamine

	Chronotrope 
	Isoproterenol
	0.1-20 mcg/min
	1 agonist
	Arrhythmias

	Vasodilator
	Nitroprusside
	5-800 mcg/min
	NO donor
	Cyanide toxicity

	
	Nitroglycerin
	10-500 mcg/min
	NO donor
	Reflex tachycardia, hypotension, headache, tachyphylaxis
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