Simulation: Cardiac Tamponade
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Targeted audience: 

	Cardiology resident
	CCU / ICU nurse

	Cardiac surgery resident
	

	ICU resident
	

	Emergency medicine resident
	



Participants: 1 resident (+ 1 nurse, + 1 simulation manager)
Duration: Introduction (10 min), Simulation (30 minutes), Feedback (20 minutes)
Material: patient monitor simulator, ultrasound guided pericardiocentesis simulator
Environment: community-based hospital emergency room
Learning objectives: 
· To recognize cardiac tamponade as a potentially life-threatening complication of acute pericarditis. 
· To recognize the main clinical features of acute cardiac tamponade.
· To perform: 
· a targeted history and physical examination (including jugular vein examination and pulsus paradoxus measurement technique)
· a point-of-care focused cardiac ultrasound (2D images: pericardial effusion, cardiac chambers collapse and IVC plethora. PW doppler: respiratory variation in transvalvular velocities)
· To recognize clinical instability, provide immediate hemodynamic support and perform urgent pericardiocentesis.
· To use a closed-loop communication strategy during a medical emergency. 
Suggested resources (preparatory readings):
· Chiabrando JG et al. Management of Acute and Recurrent Pericarditis (JACC State-of-the-Art Review) 2020;75(1):76-92.
· Fitch MT, Nicks BA, Pariyadath M, McGinnis HD and Mathey DE. Emergency Pericardiocentesis. N Engl J Med 2012;366;e17.
· Klein AL et al. American Society of Echocardiography Clinical Recommendations for Multimodality Cardiovascular Imaging of Patients with Pericardial Disease. J Am Soc Echocardiogr 2013;26:965-1012.
· Spodick DH. Acute Cardiac Tamponade. N Engl J Med 2003; 349:684-90.
· Roy CL, Minor MA, Brookhart MA and Choudhry NK. Does this Patient with a Pericardial Effusion have Cardiac Tamponade? JAMA 2007;297:1810-1818

Case narrative: Cardiac Tamponade
*  Provide the triage note below to the participant before he enters the simulation room: 
	TRIAGE 
60 yo female brought in by EMS after she called 911 for severe shortness of breath and lightheadedness. 
Priority 2
BP 95/50 HR 120 (regular) SaO2 88% Glucose 4.2 T° 37.2
The patient just arrived in the resuscitation area of your emergency department. Please evaluate and manage this patient.



60-year-old female patient, retired
Chief complaint: Acute dyspnea
Past medical history
· Acute idiopathic pericarditis (1st episode) diagnosed 2 weeks ago 
· High blood pressure. Mild asthma (well controlled). No CAD/CKD/DM. 
· No neoplastic, infectious or auto-immune disease
No family history
No allergy
No smoking. Rare alcohol consumption. No IV drug. No recent travel.
Medications
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· 
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· Perindopril Plus 2/0,625 mg OD
· Colchicine 0,6 mg BID
· Ibuprofen 600 mg TID
· Pantoprazole 40 mg OD
· Ventolin, Symbicort



History of present illness
Clinical deterioration since the ER visit 2 weeks ago for acute pericarditis. Had to stop ibuprofen because of heartburn.
Gradual dyspnea (now at rest) and cough over the last 4 days with dizziness, extreme exhaustion, loss of appetite and chest tightness. No loss of consciousness. 
No weight loss. No fever. No sputum nor other infectious symptoms.
Initial physical examination
Patient in mild respiratory distress. Diaphoretic.
Vital signs: HR 120 (sinus tachycardia), BP 95/50, SpO2 88% (on room air), RR 25, Temp 37.2 (R)
Distended neck veins. Blunted y descent (xx’ > y)
Muffled heart sounds. No murmur. No pericardial friction rub.
Soft abdomen
Clear lungs. No peripheral edema. Cool extremities. 
(Pulsus paradoxus 13 mmHg)



Diagnostic studies (provided to the participant when asked for)
Laboratory values: 
	
	Today
	2 weeks ago
	Reference

	WBC (x 109/L)
	15 (H)
	7
	3.5-12

	Hgb (g/L)
	125
	140
	120-180

	PLT (x 109/L)
	420
	350
	150-400

	CREAT (um/L)
	85
	45
	50-110

	POTASSIUM (mmol/L)
	3.7
	4.1
	3.5-5.1

	hs-CRP (mg/L)
	8 (H)
	7
	< 3

	LACTATE (mmol/L)
	3 (H)
	
	0.5-2.2

	hs-cTnT (ng/L)
	8
	7
	< 14

	TSH (mIU/L)
	
	2.5
	0.7-6.4



EKG: sinus tachycardia with electrical alternans (prior EKG from 2 weeks ago could also be provided with typical findings of acute pericarditis).
[image: ]
Source: Sreedhar Billakanty. Circulation. Echocardiographic Demonstration of Electrical Alternans, Volume: 113, Issue: 24, Pages: e866-e868, DOI: (10.1161/CIRCULATIONAHA.105.590430) 

CXR: enlarged cardiac silhouette, clear lung fields Source: case courtesy of Assoc Prof Frank Gaillard, Radiopaedia.org, rID: 7142
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Echocardiography: (ideally on an ultrasound simulator)
· moderate to severe circumferential pericardial effusion
· dilated IVC
· collapse of the right atrium
· increased mitral flow variation (> 30%)


Instructor’s note

	
	Simulation progression
	Clinical evolution

	0-5 minutes
	The participant should perform a targeted history and physical examination (using a C-A-B approach).
Appropriate monitoring (cardiac monitor / serial noninvasive blood pressure) should be initiated + IV access.
	see Clinical scenario above for details (vital signs, etc.)




	5-10 minutes
	The participant should be given the following investigations when he/she asks for them: 
- Blood test results
- EKG
- CXR

The participant should perform a targeted cardiac ultrasound.
	If oxygen initiated  SpO2 95%
Otherwise clinically stable




A diagnosis of cardiac tamponade should be made. 

	10-15 minutes
	The participant should monitor the clinical status and appropriately manage the patient. 





The participant should get prepared for an emergency pericardiocentesis.
	Blood pressure drops to 75/40, sinus tachycardia 135, altered mental status 
If IV fluids are administered  BP goes back to 95/55
If no recognition of BP drop  gradual clinical deterioration  PEA 

see Emergency Pericardiocentesis: Checklist below 
If no explanation about the upcoming procedure is given to the patient  patient should manifest anxiety 

	15-30 minutes
	The participant performs pericardiocentesis on the simulator.
The participant ensures appropriate disposal of the patient (CCU/ICU).
	see Emergency Pericardiocentesis: Checklist below 





Emergency pericardiocentesis: checklist

The participant:
· briefly explains the procedure to the patient. 
· gathers the required equipment: 
· sterile gown/gloves/drapes
· an ultrasound machine with sterile probe cover and ultrasound gel
· a pericardiocentesis kit including a 20cc syringe with an appropriate needle (16-18 gauge) and a 3-way stopcock (could also include a 6-8 Fr pigtail drainage catheter with a J-tipped guidewire)
· resuscitation material including a crash cart
· establishes two IV access and asks for continuous hemodynamic monitoring.
· ensures adequate positioning of the patient (head of the bed raised to a 30-45° angle).
· ensures a sterile non-painful technique including skin preparation with an antibacterial cleanser, sterile drapings and local anesthesia.
· performs pericardiocentesis using a subxiphoid approach with real-time ultrasound imaging (the needle should be inserted between the xiphoid process and left costal margin at a 15-30° angle).
· if needed, performs resuscitation maneuver in the event of PEA.
· admits the patient to the CCU/ICU for postprocedural surveillance.



Debriefing plan (based on the CanMEDS framework)

Role: Scholar
· Review the clinical presentation of cardiac tamponade including Beck’s triad and pulsus paradoxus.
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· Review the echocardiographic manifestations of cardiac tamponade.
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· Review the pericardiocentesis technique.
Role: Collaborator
· the participant communicates clearly and effectively with the team (closed-loop communication) throughout the simulation.
· The participant demonstrates leadership skills.
Role: Communicator
· The participant takes time to explain the situation and the procedure (pericardiocentesis) to the patient.
· The participant makes sure the patient is comfortable throughout the procedure and responds to the patient’s worries.
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Figure 3. Measurement and Mechanism of Pulsus Paradoxus

[A] Measuring Pulsus Paradoxus
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A, The examiner inflates the sphygmomanometer cuff fully, listens for Korotkoff sounds as the cuff is slowly deflated, and then notes the pressure at which Korotkoff
sounds are initially audible only during expiration. As the cuff is further deflated, the examiner notes the pressure at which Korotkoff sounds become audible during
expiration and inspiration. The difference between these 2 pressures is the pulsus paradoxus. In cardiac tamponade, the pulsus paradoxus measures greater than 10
mm Hg. Inspiratory dimunition in the pulse wave amplitude seen on this arterial tracing demonstrates pulsus paradoxus. A similar phenomenon may be observed on
a pulse oximeter waveform. B, During inspiration in the normal heart, negative intrapleural pressures increase venous retum to the right ventricle and decrease pul-
monary venous return to the left ventricle by increasing pulmonary reservoir for blood. As a result of increased right ventricular distention, the interventricular septum
bows slightly to the left, and the distensibility, flling, and stroke volume of the left ventricle are mildly reduced. In expiration, these changes are reciprocal, resulting in
the septum bowing to the right and a mild reduction in right ventricular fillng. In the presence of cardiac tamponade, the reciprocal changes seen in the normal heart
are exaggerated when the pericardial sac is filled with fluid, thus limiting distensibility of the entire heart. This results in a more dramatic reduction in filling of the left
ventricle during inspiration, exacerbating the normal inspiratory decrease in stroke volume and blood pressure.
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Table 3. Sensitivity, Specificity, and Positive and Negative Likelihood Ratios (LRs) of Pulsus
Paradoxus in the Diagnosis of Cardiac Tamponade*

Pulsus Paradoxus, mm Hat
) 1

>12 >10
Sensttivity, % %8 %8
Specificity, % 83 70
[R(95%C)
Positive 50 (2.4-14) 33(1.86.3)
Negative 003 (0-0.21) 0.03(0.01-0.24)

Abbreviation: Cl, confidence interval.
*Al data from Curtiss et al (N = 65).2
Measured using an intra-arterial transducer.
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Table 4. Sensitivity of the Physical Examination in the Diagnosis of Cardiac Tamponade

%
) 1
Reddy ~ Guberman  Singh  Curtiss  Levine  Brown  Cooper  Gibbs
etal® etal® etal?  etal®  etal®  etal®  etal®  etal  Pooled
1978 1981 1984 1988 1991 1992 1995 2000 Sensitivity
Sign (N=19) (N=56) (N=16) (N=65 (N=50) (N=18 (N=25* (N=46)  (95%Cl
Pulsus paradoxus >10mmHg 711+ 77§ 75§ o8t &6l 56| 80| 82 (72-92)
Tachycardia 77 74 6 87 77 (69-86)
Hypotension 35 14 30 24 26 (16-36)
Hypertension 1] 33
Tachypnea 80
Diminished heart sounds 34 24 24 28 (21-36)
Elevated VP 88 74 53 87 76 (62-00)
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Table 6 Imaging findings in PEff and tamponade

Echocardiography

CcT

CMR

Effusion
Echolucent space between visceral and
parietal pericardium

Qualitative size and distribution of effusion

Stranding, adhesions, slow moving contrast
(if blood present) with exudative effusions
Tamponade
PEff

Reduced LV size, appearance of LV
hypertrophy

Dilated IVC and hepatic veins

Cardiac chamber collapses

Respiratory variation in chamber size (1 RV,
| LV with inspiration)

Respiratory variation in transvalvular
velocities (1 tricuspid, pulmonic, | mitral,
aortic with inspiration) and1 isovolumic
relaxation time with inspiration

Low hepatic vein velocities, decreased
expiratory diastolic hepatic vein
velocities, with large reversals

Localization and quantitation of pericardial
fluid

Tissue characterization on the basis of
computed tomographic attenuation

Differentiation of pericardial thickening from
fluid

Feasibility of surgery vs percutaneous
drainage of complex effusions

“Flattened heart”; compressed coronary
sinus; septal bowing 1 SVC, IVC size using
static CT

Information similar to echocardiography using
dynamic CT

Localization and quantitation of fluid

Tissue characterization on the basis of signal
intensity

Differentiation of pericardial thickening from
fluid

Same as CT





image9.png
R A A e

Figure 36 PW Doppler recording of mitral inflow with a respirometer in a patient with cardiac tamponade. Peak velocities and
velocity-time integrals are low, reflecting the reduced cardiac output. There is increased respiratory variation in peak E-wave inflow
(E) velocity compared with normal, with the lowest values on the first beat of inspiration (insp) and the highest values on the first beat of
expiration (exp). The beats in between inspiration and expiration have intermediate values. From expiration to inspiration, the de-
crease in peak mitral E-wave velocity exceeds 30%, as is typical in significant tamponade. Note that percentage of respiratory var-
iation for mitral inflow should be calculated as (expiration — inspiration)/expiration based on the consensus of the Writing Group.
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Two-dimensional subcostal view of the heart in a patient with cardiac tamponade showing right atrial and RV indentation or
“collapse” (small arrows). In both the right atrial and RV chambers, the indentation occurs during their relaxation, when their pressure
is lowest and transiently falls below pericardial pressure. As shown by the arrows, atrial relaxation and indentation occurs near the top
of the QRS complex while RV indentation occurs in early diastole. LA, Left atrium; LV, left ventricle; RA, right atrium.
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Figure 33 Two-dimensional subcostal view of the heart in a patient with cardiac tamponade showing a dilated IVC (2.5 cm) by 2D
echocardiography and M-mode of the IVC throughout a respiratory cycle. The M-mode recording is used to calculate the inspiratory
reduction in diameter as shown. With tamponade, the inspiratory decrease in IVC diameter is characteristically <50%, as seen in this
case, and is often minimal. Note also the dilation of the hepatic veins (HV).
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