Simulation Scenario Template

Section 1: Case Summary

Scenario Title:

Keywords:

Cardiac tamponade, obstructive shock, echocardiogram, point-of-care ultrasound,
pericardiocentesis

Brief Description of Case:

An elderly patient with multiple co-morbidities presents to the ED with dyspnea and is
found to be in obstructive shock secondary to cardiac tamponade. The learner should
perform a primary survey, recognize the need for emergent intervention, and rapidly
obtain key diagnostic data, including performance of a bedside ultrasound. Upon
recognizing that the patient has cardiac tamponade, appropriate management should be
initiated, including resuscitation and emergent pericardiocentesis.

Goals and Objectives

Educational Goal:

Understand the role of POCUS for diagnosis, resuscitation, and management of the
hemodynamically unstable patient. Specifically, identify cardiac tamponade using
bedside ultrasound and perform an ultrasound-guided pericardiocentesis.

Objectives:
(Medical and CRM)

e Perform a focused assessment of a hemodynamically unstable patient

e Recognize the clinical presentation of cardiac tamponade (e.g. Beck’s triad)

e Review the EKG, CXR, and echocardiographic findings in cardiac tamponade
e Incorporate POCUS in the evaluation of undifferentiated shock

e Describe techniques for ultrasound-guided pericardiocentesis

EPAs Assessed:

Perform a history and examination adapted to the patient’s clinical situation; recognize a

patient requiring emergent care; formulate and justify a prioritized differential diagnosis;

formulate an initial plan of investigation based on diagnostic hypotheses; interpret results
of common diagnostic tests; formulate, communicate, and implement management plans

for a high-acuity, high-complexity undifferentiated patient; perform and interpret a point-
of-care echo; collaborate as a member of an interprofessional team

Learners, Setting and Personnel

Junior Learners Senior Learners Staff

Target Learners: Physicians O Nurses O RTs O Inter-professional

O Other Learners:

Location: Sim Lab O In Situ O Other:

Instructors: 1

Recommended Number of

Confederates: if available, 1 nurse, 1 SP (or mannequin operated by instructor)

Facilitators:

Sim Techs: 0

Scenario Development

Date of Development:

10/1/2020

Scenario Developer(s):

Rabbia Saeed, MD and Tiffany Fong, MD
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Affiliations/Institutions(s): | Johns Hopkins University School of Medicine

Contact E-mail: | rsaced3@jhmi.edu, tfong3@jhmi.edu

Last Revision Date: | 10/21/2020

Revised By: | --

Version Number: | 1

section 2A: Initial Patient Information

A. Patient Chart

Patient Name: Tom Hardy | Age: 65 | Gender: M | Weight: 80kg

Presenting complaint: Dyspnea

Temp: 37.2 °C HR: 116 BP: 104/82 RR: 24 OsSat: 94% FiOs: 100%
(NRB)

Cap glucose: 86 GCS: 15(E4V5M6)

Triage note:
65-year-old male brought in to the ED by ambulance for progressively worsening shortness of breath x 1 week.

Allergies: Sulfa

Past Medical History: Current Medications:
e CAD s/p PCIto LAD (2 years ago) e ASA 81mg PO QD
e HFrEF (EF 35%) e Plavix 75mg PO QD
e COPD (no home O2, no intubations) e Lasix 20mg PO BID
e [Lung cancer e Nifedipine 30mg PO QD
e HTN e Metoprolol 25mg QD
e DM e Glargine 10units QHS
e Tobacco use (1 ppd) e Aspart 15units TID
e Albuterol PRN
e Tiotropium 2 puffs QD

section 2B: Extra Patient Information

A. Further History

Include any relevant history not included in triage note above. What information will only be given to learners if they ask?
Who will provide this information (mannequin’s voice, confederate, SP, etc.)?

EMS report: The patient called 911 for shortness of breath and was found at home tachycardic. Vital signs on scene were
HR 108, RR 26, BP 98/74, and SpO2 92% on RA. He had some audible wheezes on exam and was placed on oxygen by
NRB and given albuterol/ipratropium nebs en route.

Additional history from patient/mannequin if prompted:
-Multiple co-morbidities including CAD s/p PCI, HFrEF (EF 35%), lung cancer s/p chemo/XRT, COPD, and tobacco use
-SOB progressive over 1 week with DOE
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-Feeling generally weak.

-No chest pain, cough, hemoptysis, fever/chills

-Has mild BLE edema at baseline

-No abdominal pain, N/V, stool changes, or urinary symptoms
-His last chemo and radiation treatment were 3 weeks ago
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B. Physical Exam

List any pertinent positive and negative findings

Cardio: Tachycardic. Distant heart sounds. No murmurs, Neuro: A&Ox3, GCS 15, moving all extremities
rubs, or gallops. 1+ radial and DP distal pulses. 1+ BLE
pitting edema. If assessment for pulsus paradoxus is
performed, it is abnormal with >10mmHg inspiratory
decrease in SBP.

Resp: Mild respiratory distress, tachypneic, speaking in Head & Neck: JVD to tragus
short sentences. Good air movement with scattered end-
expiratory wheezes

Abdo: Soft, NT, ND, no guarding, no rebound Skin: Cool with capillary refill >2 secs

Other:

Section 3: Technical Requirements/Room Vision

A. Patient

Mannequin (specify type and whether infant/child/adult): Adult

O Standardized Patient

Task Trainer (for pericardiocentesis)

O Hybrid

B. Special Equipment Required

Ultrasound with phased array transducer

Pericardiocentesis supplies (18g spinal needle and 20-60 cc syringe), or central line kit, or pericardiocentesis kit
IV equipment

Oxygen, nasal canula, and non-rebreather mask

Intubation box

C. Required Medications

IV fluid

Vasopressor (e.g. norepinephrine, epinephrine, dobutamine)

Intubation medications, including neuromuscular blocker (rocuronium or succinylcholine) and sedative (etomidate,
propofol, ketamine)

D. Moulage

N/A

E. Monitors at Case Onset

O Patient on monitor with vitals displayed

Patient not yet on monitor

F. Patient Reactions and Exam
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Include any relevant physical exam findings that require mannequin programming or cues from patient
(e.g. — abnormal breath sounds, moaning when RUQ palpated, etc.) May be helpful to frame in ABCDE format.

Respiratory: Tachypneic, speaking in short sentences. Lung auscultation with mild scattered wheezes but with good air
movement.

Cardiovascular: Muffled heart sounds. Pulse rapid (HR 110s) with 1+ radial and DP pulses and sluggish capillary refill.
Jugular venous distension to tragus. 1+ bilateral lower extremity edema.
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Section 4: Confederates and Standardized Patients

Confederate and Standardized Patient Roles and Scripts

Role

Description of role, expected behavior, and key moments to intervene/prompt learners. Include any script
required (including conveying patient information if patient is unable)

Bedside RN

When requested, place patient on monitor, obtain I'V access, administer medications, gather procedural
supplies.

Prompts:

“Would you like to hear from the EMS crew before they leave?”

“The patient doesn’t look good. Do you want me to place him on the monitor / start an IV /send some
labs?”

EMS

When requested, describe pre-hospital history, examination, and interventions. If not asked to stay for
report by learners within first 2 minutes of case, then EMS should leave be unavailable for report later.

Script:

“The patient called 911 for shortness of breath and was found at home to be tachycardic with HR 108,
tachypneic with RR 26, BP 98/74, and SpO2 92% on RA. He had slight wheezing on exam so we
placed him on a NRB and started albuterol and ipratropium nebs.”

Standardized
patient or
mannequin

Q: “What brings you in today? What's going on?”
I’ve been getting more short of breath over the past week. I can barely walk without getting short of
breath. I’'m feeling very weak.

Note that patient’s history is limited by his dyspnea. He is able to answer with short phrases and
responds primarily to yes/no questions.

No chest pain, cough, hemoptysis, or fever/chills. Has mild BLE edema at baseline.
No N/V, abdominal pain, stool changes, or urinary symptoms.
His last chemo and radiation treatment were 3 weeks ago.
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Section 5: Scenario Progression

Scenario States, Modifiers and Triggers

distress.

(temporizing measure)
O Order EKG, stat portable CXR
[ Send labs including CBC, CMP,
troponin, pro-BNP, VBG, PT/INR
O Perform POCUS (echo, possibly
thoracic)
O Identify sonographic findings of
cardiac tamponade
0 Perform pericardiocentesis
O Consult interventional
cardiology or cardiothoracic
surgery for definitive management
0 Admit ICU

Dangerous Actions
O NIPPV or intubation
O CT scan

O Diuresis

O Nitroglycerin
O] Tube thoracostomy
O tPA

Triggers
For progression to next state

-No EKG [ State 2

-No CXR [ State 2

-No bedside echo [ State 2
-No pericardiocentesis[] State 2
-CT scan [J State 2

-NIPPV [ State 2

-Intubation [J State 3
-Diuresis [ State 2
-Nitroglycerin [J State 2
-Tube thoracostomy [ State 3
-tPA [ State 3

Patient State/Vitals Patient Status Learner Actions, Modifiers & Triggers to Move to Next State Faci
Is the patient alert? | Expected Learner Actions Modifiers

1. Baseline State In distress? I Establish IV/O2/monitor Changes to patient condition based on CT
Rhythm: Sinus tach Seizing? What O Perform initial assessment learner action sim
HR: 116 symptoms do they radi
BP: 104/82 currently have? (AB CDE) . -IVF/Vasopressors [] BP 90/75 pati
RR: 24 [ Obtain focused history _Pericardiocentesis (1 BP 100/70,

0,SAT: 94% NRB Alert aqd ) [ Perform PEX and recognize respiratory distress improves with Peri
T: 37.2°C interactive but in | Beck’s triad RR 18, SPO2 96% NRB and canbe | py |
GCS: 15 mild respiratory 0 Initiate IVF or vasopressors weaned to NC

2. Worsening
hypotension and
mentation

HR 130

BP 88/62

RR 26

Appears ill, in
moderate
respiratory
distress.
Endorsing
lightheadedness

Expected Learner Actions

If not previously completed:

O Initiate IVF or vasopressors
(temporizing measure)

O Order EKG, stat portable CXR

O Perform POCUS echo

Modifiers

-IVF/Vasopressors [J BP 96/72
-Pericardiocentesis [ BP 110/84,
respiratory distress improves with
RR 18, SPO2 96% NRB and can be
weaned to NC

GCS 13 (E3 V4 M6) and becoming Triggers
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lethargic and

O Identify sonographic findings of

-No bedside echo [ State 3

and pulseless

O Place defibrillator pads
O Review 5 H’s/T’s
O] Intubate

0 POCUS echo during pulse
checks, identify large pericardial
effusion and tamponade

0 Perform pericardiocentesis

confused cardiac tamponade -No pericardiocentesis[] State 3
O Perform pericardiocentesis -CT scan [ State 3
. . -NIPPV [ State 3
] Consult interventional .
. . . -Intubation [J State 3
cardiology or cardiothoracic .
.. -Diuresis [] State 3
surgery for definitive management . .
O Admit ICU -Nitroglycerin [ State 3
-Tube thoracostomy [ State 3
) -tPA [ State 3
Dangerous Actions
O NIPPV
U] Intubation
I CT scan
L] Diuresis
O Nitroglycerin
O] Tube thoracostomy
O tPA
Expected Learner Actions Modifiers
3. PEA arrest Unresponsive O Initiate CPR/ACLS - Perform pericardiocentesis [

ROSC with BP 100/72, HR 90, RR
20, Sp0O2 96% on vent

Triggers
-No bedside echo for 2 cycles of

CPR [ Death (end case)

-No pericardiocentesis for 2 cycles of

CPR [ Death (end case)
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Appendix A: Laboratory Results

Cardiac/Coags

CBC
WBC 10.9
Hgb 8.5
Plt 150k
Lytes
Na 135
K 4.8
Cl 100
HCO3 24
AG 12
Urea 23
Cr 1.3
Glucose 92
Extended Lytes
Ca 7.0
Mg 2.1
PO,
Albumin 5.0
TSH 3.5
VBG
pH 7.38
pCO2 45
pO2 70
HCO3 24
Lactate 3.0

Trop 0.08
D-dimer 0.32
INR 1.2
aPTT 20
Biliary

AST 31
ALT 35
GGTF

ALP 50
Bili 0.2
Lipase 10
Fox
EtOH
ASA
“Fylenol
Diglevel
-Osmels
Other
B-HEG
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Appendix B: ECGs, X-rays, Ultrasounds and Pictures

Paste in any auxiliary files required for running the session. Don’t forget to include their source so you can find them later!
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Image: Verlaan D, Veltman JD, Grady B. Total electrical alternans in a patient with malignant pericardial tamponade. BMJ Case Rep
2018;bcr2018224771. doi:10.1136/bcr-2018-224771
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AP SITTING

PORTAB

Image: Kaul P and Javangula K. Burkitt lymphoma masquerading as cardiac tamponade. J Cardiothorac Surg 2007;2:30.
https://doi.org/10.1186/1749-8090-2-30

Point-of-care echocardiogram
See Google Drive for clips in mp4 format
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Appendix C: Facilitator Cheat Sheet & Debriefing Tips

Pathophysiology

o As pericardial fluid accumulates, intrapericardial pressure increases, and the heart must compete with
pericardial fluid for the fixed intrapericardial volume. Venous return decreases, right and left
atrial/ventricular filling are impaired, and cardiac output and BP fall.

o During inspiration, venous return to the right heart increases and pulmonary venous return to the left heart
decreases. In tamponade, the rigid pericardium prevents the RV free wall from expanding; this together
with LV underfilling leads to bulging of the interventricular septum to the left, further reducing LV
compliance and filling (i.e. “ventricular interdependence”)

o Rapidly accumulating pericardial fluid is more likely to cause tamponade physiology; slowly
accumulating pericardial effusions can be better accommodated through stretch of the pericardium.

CardiacTamponade -- Pathophysiology Exaggerated interventricular interdependence
in cardiac tamponade (Inspiration)

Accumulation of fluid under high pressure:
compresses cardiac chambers & impairs
diastolic filling of both ventricles

- T

s SV’ T\?e‘nous pressures “
| 7 Increased RV volume

~_
Leo systemic pulmonary congestion with septal bounce toward LV
\

p 7
Hypotension/shock MIVP rales \
Reflex tachycardia hepatomegaly
ascites Decreased LV volume

peripheral edema I with reduced LV flows and

During inspiration: increased systolic blood pressure
venous return

Clinical presentation: Dyspnea, tachypnea, clear lungs; bradycardia preceding arrest

Beck’s triad: Hypotension (decreased cardiac output), JVD (impaired venous return), and muffled heart sounds.
Found in a minority of patients with tamponade

Dyspnea DDx: Flash pulmonary edema, COPD exacerbation, PE, tension pneumothorax, cardiogenic shock,
septic shock. Avoid early closure. Note that POCUS may be used to diagnose most of these conditions.

EKG: Tachycardia (sinus or afib), decreased QRS voltage, and electrical alternans (cyclic beat-to-beat variation in
QRS axis and amplitude associated with mechanical swinging of the heart to-and-fro in a large effusion)

CXR: Enlarged and globular cardiac silhouette (cardiothoracic ratio >50%)

POCUS: Moderate-to-large pericardial effusion, RA systolic collapse/RV diastolic collapse, dilated IVC with
minimal respiratory variations, increased respiratory variation in mitral and tricuspid flow velocities (MV inflow
velocity >25% variation, TV inflow velocity >40% flow variation)

Key Errors:

Diuresis, nitroglycerin: Heart is dependent on preload to maintain filling pressures. Decrease preload O [ decrease
RV filling 0 O reduce CO

NIPPV, intubation: Increase intrathoracic pressure 0 decrease venous return [ decrease RV filling 0 [I

reduce CO. Strive to delay intubation until after pericardiocentesis performed.

CT scan: Patient is too unstable to transport to CT scanner. Results delayed. Not gold standard to diagnose cardiac
tamponade.

tPA: Not indicated given in absence of right heart strain to suggest submassive/massive PE
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Tube thoracostomy: Not indicated in absence of tension pneumothorax

Common challenges:

Patient with multiple co-morbid conditions including CAD, HFrEF, COPD, and malignancy which considerably
broadens differential diagnosis
Anchoring on EMS report of wheezing and administration of bronchodilators -- premature closure

Echocardiographic diagnosis of pericardial effusion and tamponade:

SIZE VOLUME

MYOCARDIUM-EPICARDIUM

DIAMETER IN DIASTOLE

DESCRIPTORS

Trivial <50 mL

Seen only in systole

e Posterior atrioventricular groove
e May be physiologic [10]

Small 50-100 mL <10 mm e Seen throughout cardiac cycle
(Image 1)
Moderate | 100-500 10-20 mm e Surrounds entire heart [11]
Large > 500 mL >20 mm e Show your colleagues
(Image 2)
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Pericardial Effusion Right-Sided Chamber Collapse

Occurs when intrapericardial pressure > intracardiac pressure

Tamponade physiology depends on: 1) rate of rise of effusion 2) pericardial compliance ) ) e A FUESSTEE
Intrapericardial pressure (P) = Intrapericardial fluid volume (V) x Pericardial stiffness (AP/AV)

—and not necessarily effusion size

Diastolic RV collapse Systolic RA collapse
Specificity 75-90% Sensitivity: 50% (early) to 100% (late)
Severity correlated with duration of chamber collapse Earliest sign of tamponade

y Wtreevall
/" tamponade

no tamponade

INTRAPERICARDIAL PRESSURE

rapidly accumulating effusion slowly accumulating effusion

1. VOLUME OVER TIME

Plethoric Inferior Vena Cava Doppler Surrogate of Pulsus Paradoxus

Increased intrapericardial pressure -» compression of RA -> hindrance of venous return Exaggerated respiratory cycle changes in mitral (MV) and tricuspid valve (TV) in-flow velocities as
surrogate for changes in blood flow through the left and right heart, respectively.
- A reflection of exaggerated ventricular interdependence -

Sensitivity 95-97%

During inspiration: > 25% decrease for MV and > 40% increase for TV

Expiration Inspiration

i>25% !

A b M éﬁ‘. Ak Ry .‘ »‘,A:‘_
WYYV YT T Y Y

http://www.emdocs.net/us-probe-when-does-an-effusion-become-pericardial-tamponade/

US Probe: When Does an Effusion Become Pericardial Tamponade?

Stephen Alerhand, MD (@SAlerhand; Ultrasound Fellow and Instructor of Emergency Medicine, Icahn School of Medicine at Mount
Sinai) // Edited by: Brit Long, MD (@long_brit), Alex Koyfman, MD (@EMHighAK), and Manpreet Singh, MD (@MprizzleER)

Ultrasound-guided pericardiocentesis:
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PARASTERNAL APICAL

APPROACH

ULTRASOUND

LANDMARKS Under the xiphoid process 3rd or 4th ICS to left of sternum Probe marker - patient’s left
Probe marker - patient’s right shoulder

LIVER LIMA (left internal mammary artery) -
runs 1-2 cm lateral to sternum
LAD
LUNG

https://foamcast.org/2016/08/08/episode-54-the-pericardium/

Equipment:

-18g spinal needle or large bore needle from a central line kit or pericardiocentesis kit
-Large syringe (20-60 cc)

-Sterile supplies: Betadine or chlorhexidine prep, drape, and proper PPE for operator

General technique:

e Subxiphoid, parasternal, and apical approaches have all been described. A specific approach should be selected
based on distribution of pericardial fluid, distance of fluid from chest wall, and ability to avoid vital structures.

e This distance to the pericardium may be estimated by using the measurement markers on the monitor.

e An in-plane technique is preferred to enable real-time visualization of the entire needle as the tip is advanced into
the pericardial fluid collection.

e The syringe should be aspirated as the needle is advanced, until fluid is withdrawn.

e A one-time therapeutic aspiration can be performed or a pigtail catheter can be inserted using a Seldinger
technique for ongoing drainage.
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e Removal of small amounts of fluid (even <50 ml) can significantly decrease intrapericardial pressures, increase
the stroke volume by as much as 25-50%, and result in a dramatic improvement in cardiac output and blood
pressure. Pericardial fluid should be drained until hemodynamic improvement is seen.

Subxiphoid (SX) approach:
e The probe is placed inferior to the xiphoid process and directed toward the heart, using the liver as an acoustic
window.
e The needle should enter the skin at an a <30° angle adjacent to the ultrasound and directed towards the largest
fluid pocket adjacent to the RV.

Parasternal approach:
e The probe is placed on the chest wall in a left parasternal position between the 2"-5th intercostal spaces to obtain
a parasternal long axis view of the heart.
e The needle should enter the skin at a 45° angle adjacent to the ultrasound transducer and directed towards the
largest fluid pocket adjacent to the RV.
e The parasternal approach is often preferred over the subxiphoid due to its closer proximity to the pericardial
effusion and greater ease avoiding the liver and lung.

Apical approach:
e The probe is placed on the chest wall near the apex of the heart: inferolateral to the left nipple in men and in the
inframammary fold inferior and lateral to the left breast in women.
e The needle should enter the skin at a 30-45° angle adjacent to the ultrasound transducer and directed toward
largest fluid pocket.

Confirmation:
e Fluid or non-clotted blood will be aspirated from the pericardial space.
e Agitated saline flushed through the syringe into the pericardial space can create turbulent flow or appearance of
bubbles within the pericardial space on ultrasound. If bubbles are seen within a cardiac chamber, the needle
should be withdrawn and re-angled, and surgery should be consulted.

Complications:

Dry tap

Pneumothorax

Liver injury (with subxiphoid approach)

Myocardial injury

Arrhythmias

Intercostal artery or coronary artery injury

Cardiac arrest (needle can perforate the heart resulting in worsening tamponade)

References
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