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Learning Objectives

Upon conclusion of this lecture, the participant will be able
to:

1. Describe approaches to risk stratification for
undifferentiated chest pain with suspected ACS.

2. Discuss noninvasive testing in suspected cardiac chest
pain, including the recent emergence of Coronary CT
Angiography.

3. Recognize advances in PE treatment, including special
populations.

4. Explain why high level of suspicion for acute aortic
dissection is crucial.



Chest Pain DDX

* Myocardial ischemia NSTE-ACS 16%

* ACS
e Stable angina

* Aortic dissection

* Pericarditis

* Myocarditis

e Cardiac tamponade
* Arrhythmia

e +/-Heart failure Souree: American Heat f’

Association

Learn and Live



Chest Pain DDX:
Musculoskeletal

Pulmonary Esophageal spasm Traumatic injury Somatization
embolism
Pneumothorax GERD Rib fracture/pain Depression
Gastritis
Pleural Esophagitis Costochondritis Panic
effusion/Pleuritis attack/disorder
Pneumonia Esophageal Rheumatic disease Generalized
rupture/perforation Anxiety
Malignancy PUD Cervical
radiculopathy
Asthma/COPD Biliary disease Myositis

exacerbation
Mediastinitis Pancreatitis

Sliding hiatal hernia



Thinking Outside the Box...

* Trauma

 Referred pain

* Herpes zoster

e Substance abuse

e Acute chest syndrome
 Collagen vascular disease




Clinical Features With Increased
Probability of Ml

+ Central + Left-sided « Stabbing « Right-sided « Sharp

+ Pressure * Dull « Tearing + Fleeting

« Squeezing « Aching » Ripping » Shifting

« Gripping * Burning « Pleuritic
+ Heaviness « Positional
« Tightness

« Exertional/stress-related
« Retrosternal

High Low
—
Probability of Ischemia

Circulation. 2021;144:e368—-e454



Mr. S

* 66 yo male presents with recurring substernal chest
pressure over the past day.

* Each episode has lasted about 2 minutes, described as “a
sandbag sitting on my chest”, and is relieved with rest.
There are no associated symptoms and no radiation of
pain.

* PMH: HTN, HLD, Type 2 DM

* SH: Current smoker, 20 pack-year history. Social EtOH use.
No drug use. He has a high stress job as a director of a
parks and recreation department. Diet mostly consists of
meat.

* FH: Unknown, he didn’t want to share much about his
family history.




Coronary Artery Disease (CAD)

Stable Unstable
Angina Angina

\ J

ACS



Coronary Artery Disease (CAD)

Stable angina

e Symptoms are stable, and resolve with rest.

Acute Coronary Syndrome

e Unstable angina
* Increasing severity/frequency/duration OR occurs at rest
e Myocardial Infarction
o NSTEMI
e Non-occlusive thrombus
¢ [schemia with elevated cardiac enzymes
o STEMI
¢ Occlusive thrombus, transmural infarction

10



Stable Angina

* Classic history: pressure, heaviness, tightness, fullness, or squeezing

in the center or left of the chest
* Precipitated by exertion and relieved by rest
» Can radiate to shoulder, arms, neck or jaw




Anginal Equivalents

e Study of 14,722 ACS patients from 2000 to 2016°!
» 78% presented with typical chest pain
» 21% presented with atypical complaint**

Shortness of Nausea and/or

Diaphoresis

Fatigue

Breath Vomiting

. “ -

* More likely to be elderly, female, and with more comorbidities (esp.
diabetes)

Hammer et al., 2019




Anginal Equivalents

* Female Patients:
* Women with moderate-to-severe ischemia are more symptomatic than men
* Women are less likely to have timely and appropriate care
* Women were more likely to report >3 associated symptoms than men

* Elderly Patients:

 Patients >75 years of age more likely to present with shortness of breath,
syncope, altered mental status, abdominal pain, or to have experienced an
unexplained fall

Circulation. 2021;144:e368—e454




Risk Stratification

* Goal = identify the largest number of low-risk patients
without compromising safety

* Why use?
* Cost
e Efficiency
* Length of stay
* Incidentalomas

* Should always couple clinical judgement with risk scoring!



Risk Stratification Tools

* Derived among patients with ACS:
* GRACE
* TIMI

* Derived among patients with undifferentiated chest pain in
the ED:

* HEART score and pathway
* T-MACS

* EDACS

* ADAPT



HEART Score

Predicts 6-week risk of major adverse cardiac event (MACE)

compatible with  suggestive of

with ACS

ACS ACS 0-3 Low Risk Outpatient follow
ECG Normal Nonspecific ST depression up
repolarization or transient ST 4-6 Moderate Admission to
abnormalities elevation Risk hospital
Age <45 45-65 >65 7 High Risk Admission to
Risk Factors None 1-2 Risk 3 Risk Factors or hospital
Factors known CAD
Troponin Normal 1-3x upper  >3x upper limit
Levels limit of of normal
normal



Risk Stratification

* s the HEART score perfect?
* NO!
* MACE 2.5% even in the low risk group
* Improved when high-sensitivity troponin used

* HEART Pathway created to address high MACE




HEART Pathway

[ Patient with Chest Pain |

Combines the HEART score
and serial cardiac troponins

1 Y

[__Score > 4 points |

* Low risk score< 4
° High Risk score>4 | Serial Troponins |

[ Y v

| : I I

v'Sensitive | _
. . . Discharge with follow-up [npatient admission with A Ad_mit to nh;ewatif_m
/G OOd negatlve pred |Ct|ve [ ] [lr:ardi|:|-lug1.r consultation ’[umturmpatlent unit ]

L 3

value

Y B

[ Further evaluation with stress ]

testing or cardiac imaging

Circulation. Vol 8, Issue 2. 2015




Mr. S

e Vitals:
*T36.7C; HR 78 bpm; BP 133/85; RR 18; 97% RA

* CXR:

* No focal consolidation, pleural effusion, or pneumothorax.
Heart size appears normal.

* Labs: N
15.9 140 ‘102 ‘12.2 /99
"3/ g \176 46 |27 | 09

* Troponin T: <0.01
* hs-cTnT hour 0: 7 ng/L ( male <15 ng/L)
* hs-cTnT hour 2: 8 ng/L




Mr. S’s ECG
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High-Sensitivity Troponin (hs-cTn)

* Shorter time intervals between repeat values and earlier rise
= more rapid “rule out” and “rule in”

* Gender specific reference ranges

* Emphasized the delta between the 2 troponin values

* High negative predictive value when used appropriately



Mr. S

* You admit Mr. S for observation. He is monitored on cardiac
telemetry overnight.

* A stress test is planned for the following morning...




Stress Test Modalities

Exercise Stress Test/ECG
e Simple, widely available, low cost
* Many limitation, but may be appropriate initial test in some

Stress Echocardiogram

* Exercise vs. pharmacologic (typically with dobutamine)

* Localizes ischemia, provides structural information, fast results
e Limited utility with resting RWMA’s

Radionucleotide Myocardial Perfusion Imaging (nuclear stress test)

e Perfusion defect can be visualized in areas of hypoperfusion

e Can quantify involved myocardium and assess viability, good for
known CAD

* More expensive, radiation exposure, longer interpretation times;
limited utility with balanced ischemia (3-vessel disease)




Stress Echo vs. Nuclear Stress

StressEcho | Nuclear Stress

* Faster * More reliable at detecting

e Less costly ischemia

* No radiation * Easier to interpret in pt with

* Provides additional information baseline cardiac dysfunction
about heart anatomy, valves, * Better for obese patients or
etc. others whose body habitus or

anatomy may prevent good
echo images



Coronary CT Angiography

* Can visualize and help to diagnose
the extent and severity of
nonobstructive and obstructive CAD

* Provides an estimation of lesion-
specific ischemia
* Recommended with a previously

inconclusive or mildly abnormal stress
test in the past year.

* Among those without a previous
diagnostic evaluation and no known
CAD, CTA (or stress testing) may be
the initial method of testing.

Circulation. 2021;144:e368—-e454




Coronary CT Angiography

e Scottish Computed Tomography of the Heart (SCOT-HEART)
investigators

* CTA had significant effect in diagnosis and treatment of
patients referred for stable chest pain

* CTA group had significantly lower death rate from
coronary heart disease or nonfatal myocardial infarction
than standard care alone (5 year outcome)

N EnglJ Med 2018; 379:924-933



Back to Mr. S

 He underwent stress myocardial perfusion imaging.
 Per his RN, he tolerated the procedure well. He is anxious to
discharge.

MYOCARDIAL PERFUSION TOMOGRAM INTERPRETATION: No evidence of ischemia or
infarction. There is mild dilation of left ventricle with ESV 88 mL. The

post-stress left ventricular ejection fraction is 46%. There is global mild

degree hypokinesis

== ADDITIONMAL REPORT - 23-Apr-2018 14:32 =

MM MPI1 Rest+Pharm Multi 1 Day

IMPEESSION/SUMMARY INTERPRETATION: Abnormal study.
Mo myocardial ischemia ar infarction.

Mild dilation of left ventricle with mild degree global hypokinesis.
Post-stress LWVEF at 46%.

HISTORY: Chest pain. Coronary artery disease. Status post stent placement.

STRESS STUDY: At baseline, blood pressure was 144/87, with a heart rate of 65
beats per minute. Oxygen saturation was 96%.

Fegadenoson 0.4 mg was given IV over 15 seconds, followed by 5 mL normal
saline given over 15 seconds. Heart rate at baseline was B5 beats per minute
and rose to a maximum of 81 beats per minute. The patient's baseline ECG
demonstrated sinus rhythm with nonspecific ST-segment changes inferolaterally.
Due to presence of baseline 5T-segment changes, the stress portion was
nondiagnostic. There were no significant arrhythmias noted. The patient
complained of shortness of breath with regadenoson infusion. However, this
had resolved by the conclusion of the study. Technetium-99m was injected
about 30 seconds after completing the |V regadenoson infusion, and the patient
was observed for 4 to & minutes longer. The patient tolerated the procedure




Myocardial Perfusion Imaging

MYOCARDIAL PERFUSION TOMOGRAM INTERPRETATION: No evidence of ischemia or
infarction. There is mild dilation of left ventricle with ESV 88 mL. The

post-stress left ventricular ejection fraction is 46%. There is global mild

degree hypokinesis.

== ADDITIOMNAL REPORT - 23-Apr-2018 14:32 =
MM MPI Eest+Pharm Multi 1 Day
IMPRESSION/SUMMARY INTERPRETATION: Abnormal study.

Mo myocardial ischemia or infarction.

ild dilation of left ventricle with mild degree global hypokinesis.
ost-stress LVEF at 46%.

STRESS STUDY: At baseline, blood pressure was 144/87, with a heart rate of 65
beats per minute. Owygen saturation was 96%.

Regadenoson 0.4 mg was given IV over 15 seconds, followed by & mL normal
saline given over 15 seconds. Heart rate at baseline was 65 beats per minute
and rose to a maximum of 81 beats per minute. The patient's baseline ECG
demonstrated sinus rhythm with nonspecific ST-segment changes inferolaterally.
Due to presence of baseline ST-segment changes, the stress portion was
nondiagnostic. There were no significant arrhythmias noted. The patient
complained of shortness of breath with regadenoson infusion. However, this
v had resolved by the conclusion of the study. Technetium-99m was injected
about 30 seconds after completing the IV regadencoson infusion, and the patient

Balanced ischemia was observed for 4 to & minutes longer. The patient tolerated the procedure




Mr. S

* He was eventually taken to
the OR and underwent 3-
vessel CABG

e Unfortunately, he is having a
hard time with the
recommended “lifestyle
changes”

Since'll'am not a rabbit,
no, | 'do not.
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Chest pain High-Sensitivity Early Care Share Testing
@ <
i < o>
- ” >
Chest Pain High-Sensitivity Seek Early Care Share the Testing Not
Means More Troponins for Acute Decision-Making Routinely
Than Pain in the Preferred Symptoms Needed in Low-
Chest Risk Patients
Pathways Accompanying Identify Noncardiac Structured
@

—

)

Use Clinical Women May Be Identify Patients Noncardiac Is In. Structured Risk
Decision More Likely to Most Likely to Atypical Is Out. Assessment
Pathways Present With Benefit From Should Be Used
Accompanying Further Testing
Symptoms

Circulation. 2021;144:e368—-e454




Elevated Cardiac Troponin Value(s) >99th percentile URL

l

Troponin rise and/or fall

With Without
acute ischaemia® acute ischaemia®

l l

Acute Acute
myocardial infarction myocardial injury

Oxygen supply
and demand
imbalance

l l ,,

Type 1 MI: triggers

Atherosclerosis
+ thrombosis

Type 2 MI: examples Examples

» Acute heart failure

i

Troponin level stable?

\

Chronic
myocardial injury

Examples
« Structural heart disease

* Plague rupture
 Plague erosion

» Severe hypertension

» Sustained tachyarrhythmia * Myocarditis

» Chronic kidney disease

Thygesen K, et al. Journal of American College of Cardiology. DOI: 10.1016/j.jacc.2018.08.1038.




ACS Treatment

* MONA is nho more...




ACS Treatment: What’s New-ish?

e P2Y12 Inhibitors

* Ticagrelor and prasugrel provide the greatest reductions in risk of recurrent
MI and stent thrombosis

* Of the two, ticagrelor is best!

e Better CV and all-cause mortality
* Lower bleeding risk

* POPular AGE trial suggests clopidogrel as reasonable alternative for older
patients3!

* Lowest bleeding risk associated with clopidogrel

* Analgesics

* Morphine = is it still the best analgesic in ACS?

e Recent studies show decreased antiplatelet effect, possible increased risk
of in-hospital mortality, in-hospital MI, and recurrent ischemia3# 36

Circulation. 2020;142:150-160



ACS Treatment: What’s New-ish?

* Oxygen
* Only in hypoxic patients!
* Above-normal oxygen levels can cause vasoconstriction?!3
e Supplemental O2 with normal O2 sats associated with:
* I early myocardial injury
 |larger myocardial infarct size assessed at 6 months

 PCSK9 Inhibitors

* Alirocumab — now indicated for risk reduction of Ml, stroke, and unstable
angina requiring hospitalization in those with established coronary artery
disease

» EVOPACS trial3’: Evolocumab + high-intensity statin therapy substantially
reduced LDL-C, >95% of patients in target range LDL-C, safe

* Enough evidence to warrant in-hospital use?

Circulation. 2015;131:2143-2150




't's not that diabetes,
heart disease and obesity
runs in your family. It's
that no one runs in your

family.

som@cards

user card

https://www.someecards.com/usercards/viewcard/MjAxMy1jN2Q2ZjExODBmZmIwNGY0/




Mrs. F

* 48 YO F with asthma, microcytic
anemia 2/2 menorrhagia and
uterine fibroids presents to the ED
with DOE X 4 weeks and R
shoulder and chest pain X 4 days.




Mrs. F

e Vitals:

*T36.5C; HR 117 bpm; BP 150/94 mmHg; RR 24 br/min;
Sp02 85% RA

 Labs:

89 / 135 | 103 | 165
9'8/ 30.9 {21 4.5‘ 19 ‘ 0.7X

hs-cTnT: 5 ng/L (female < 10 ng/mL)

NT-Pro BNP: 6,204 pg/mL (<248 pg/mL)
D-Dimer: 5,924 ng/mL (< 500 ng/mL*)



Chest X-ray




Admission ECG (no priors)
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(Modified) Wells Score for PE

Probability

Clinical symptoms 3.0

of DVT High > 6.0

Moderate 2.0to06.0

Other diagnosis less 3.0

likely than PE Low <2.0
HR > 100 1.5
ilization 2 1.
Idmmoblllzatlon . 3 5 Modified
ays or s'urgery in Wells

the previous 4 Ghiteris
weeks :

. PE likely > 4.0
Previous DVT/PE 1.5 PE unlikely  <4.0
Hemoptysis 1.0

Malignancy 1.0



(Modified) Wells Score for PE

Low risk (< 2 points) Consider d-dimer testing or
1.3% incidence of PE applying PERC rule
Intermediate risk (2-6 points) Consider high sensitivity d-dimer or
16.2% incidence of PE CTA
High risk (> 6 points) D-dimer NOT recommended,
37.5% incidence of PE consider CTA

PE unlikely (0-4 points) Consider high-sensitivity d-

12.1% incidence of PE dimer testing

PE likely (> 4 points) Consider CTA

37.1% incidence of PE

If d-dimer is + in any scenario, proceed to CTA; d-dimer alone is not enough to
make diagnosis.

Use age adjusted d-dimer if appropriate.

Before ordering, consider that d-dimer may be elevated for a variety of other
reasons.



YEARS Clinical Decision Rule®s

Suspected acute pulmonaryembolism

-

Order D-dimer test and score presence of the three YEARS items:
Clinical signs of deep vein thrombosis
Haemoptysis
Pulmonaryembolism the most likely diagnosis

. i - -

OYEARS items OYEARS items =1YEARSitems =1YEARSitems
D-dimer <1000 ng/mL D-dimer =1000 ng/mL D-dimer <500 ng/mL D-dimer =500 ng/mL
Pulmonaryembolism Order CTPA Pulmonary embolism Order CTPA

excluded excluded

* 14% decrease in CTPA as compared to Wells’
e Age adjusted D-dimer would decrease this %
e 3-month incidence of VTE in patients who did not undergo CTPA was 0.43%
in YEARS vs 0.34% in a meta-analysis of similarly structured 2 tier algorithm)



CT Pulmonary Angiography




Latest Guidelines

* ESC Guidelines for Acute PE in collaboration with ERS 2019 #°
* Some Highlights:
* Definition of hemodynamic instability, high-risk PE, algorithm for
high-risk tx
» Assessment of PE severity and early PE-related risk
recommended

» Assessment of RV by imaging/biomarkers should be considered
even in lowest PESI

* Risk factors for recurrence classified to high, intermediate, low
risk



Latest Guidelines

 American Society of Hematology (ASH) Guidelines for Management of
VTE 2020: Treatment of DVT and PE >2
* PE highlights:
 DOAC > Vitamin K

* No specific recommendation as to which DOAC — consider cost, once vs.
twice daily dosing, the need for parenteral anticoagulation, and renal
function

* DOACs may not be best choice in those with CrCl < 30, moderate to
severe liver disease, antiphospholipid syndrome

* PE and hemodynamic compromise >> thrombolytic therapy followed by
anticoagulation rather than anticoagulation alone

* RV dysfunction but no hemodynamic compromise (submassive PE) >>
anticoagulation alone

* PE and thrombolysis appropriate >> use systemic over catheter-directed
(conditional, low certainty)

* No IVCfilter unless AC contraindicated
* Breakthrough PE with therapeutic VKA >> use LMWH over DOAC



Latest Guidelines

e Antithrombotic Therapy for VTE Disease: Second Update of the
CHEST Guideline 2021 >3

* PE highlights
* PE >> DOAC over VKA (apixaban, dabigatran, edoxaban, or rivaroxaban)

* PE with cancer >> Oral Xa inhibitor (apixaban, edoxaban, rivaroxaban) over
LMWH

* PE and associated hypotension (w/o high risk of bleed) >> systemic
thrombolytics (weak, low certainty)

* PE and thrombolytics appropriate >> systemic thrombolysis over catheter-
directed (weak, low certainty)

* PE and hypotension WITH either high bleed risk, failed systemic lytics, or

shock that may cause death before systemic lytics take effect >> catheter-
directed thrombolysis (weak, low certainty)



Baseline Assessment of Severity/Risk
Stratification #°

PE Severity Index (PESI)

Parameter

Age

Male sex
Cancer

Chronic heart
failure

Chronic pulmonary

disease

Pulse rate =110
b.p.m.

Systolic BP <100
mmHg
Respiratory rate
>30 breaths per
min
Temperature
<36°C

Altered mental

status

Arterial oxyhaemo-

globin saturation
<90%

Original
version”*®
Age in years
+10 points
+30 points
+10 points
+10 points
+20 points

+30 points

+20 points

+20 points

+60 points

+20 points

Simplified

version

229

1 point (if age >80

Simplified
Classification

years) Original
- Classification
1 point Risk strata®
Class I: <65 points
very low 30 day mor-
1 point

tality risk (0—1.6%)
Class II: 66—85

1 point points
low mortality risk
1 point (1.7—3.5%)
Class Ill: 86105
_ points

moderate mortality
risk (3.2—7.1%)

Class IV: 106—125
points

high mortality risk
(4.0—11.4%)

Class V: >125
points

very high mortality
risk (10.0—24.5%)

1 point

0 points = 30 day
mortality risk 1.0%
(95% Cl 0.0—2.1%)

>1 point(s) = 30
day mortality risk
10.9% (95% Cl
8.5—13.2%)

©ESC 2019

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolisms developed in

collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the
European Society of Cardiology (ESC). Eur Heart Journ 2020;41(4):543-603. https://doi.org/10.1093/eurheartj/ehz405



https://doi.org/10.1093/eurheartj/ehz405

Prognostic Risk Assessment 4°

Early mortality risk Indicators of risk
Haemodynamic Clinical parameters RV dysfunction on Elevated cardiac
instability® of PE severity and/ TTE or CTPAP troponin levels©

or comorbidity:
PESI class IlI-V or
sPESI 2|

Intermediate—low +e One (or none) positive

* Hemodynamic instability defined by ESC as one of the following:
e Cardiac arrest
* Obstructive shock (SBP < 90mmHg / vasopressors required to achieve SBP >
90 + end organ hypoperfusion)
e Persistent hypotension (SBP < 90 or SBP drop > 40 for >15 min)

Intermediate

©ESC 2019

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolisms developed in collaboration with the European Respiratory Society (ERS): The Task

Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC). Eur Heart Journ 2020;41(4):543-603. https://doi.org/10.1093/eurheartj/ehz405



https://doi.org/10.1093/eurheartj/ehz405

ESC Acute PE Guideline Update®>

Suspected PE in a patient without haemodynamic instability2

Assess clinical probability of PE

Clinical judgement or prediction rule®

v ;

Low or intermediate clinical probability, High clinical probability
or PE unlikely or PE likely

l

( D-dimer test ]

+ \J

Negative Positive
| !
([ ctPa | [ ctPa )
| ' | }
No PE PE confirmedd No PE PE confirmedd
| | ; |
[ No treatment® ) [ Treatment® j No treatment< [ Treatment® )
or investigate
further®

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolisms developed in collaboration with
the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the European Society of Cardiology (ESC).
Eur Heart Journ 2020;41(4):543-603. https://doi.org/10.1093/eurheartj/ehz405

©ESC 2019
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ESC Acute PE Guideline Update®>

Suspected PE in a patient with haemodynamic

instability=

'

Bedside TTEP
[ J e Stabilize airway

v

( RV dysfunction?© )

* Oxygenate

Y

1 , e Restore perfusion

*Always focus on resuscitation

first!!

Yes
v

CTPA immediately available
and feasible?

I

[ 1
Nod Yes

v

CTPA

I
Positive

.

Search for other causes of

shock or instability

1
Negative

l

[ Treatment of Search for other causes of
high-risk PE? shock or instability

)

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolisms developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the European

Society of Cardiology (ESC). Eur Heart Journ 2020;41(4):543-603. https://doi.org/10.1093/eurheartj/ehz405

©ESC 2019



https://doi.org/10.1093/eurheartj/ehz405

ESC Acute PE Guideline Update*°

PATIENT WITH ACUTE PE ]

v

Anticoagulate

|

HAEMODYNAMIC INSTABILITY?

Distinguish low- from intermediate-risk PE" ]

CHECK @ and &:

@ CLINICAL SIGNS OF PE SEVERITY,
OR SERIOUS COMORBIDITY?

Yes: > PESI Class IlI-IV or sPESI = 1<
HIGH RISK>b > Alternatively: =1 Hestia criterion of PE

severity or comorbidity fulfilled?

@ RV DYSFUNCTION
ON TTE OR CTPA?e

0 or 9 present

Neither @ nor @ present:

LOW RISK®

( Perform troponin testf )7

Troponin positive
+ RV dysfunction:

HIGH RISK"

Reperfusion
treatment

haemodynamic
support

INTERMEDIATE-

Troponin negative:

b

HOSPITALIZE

No other reasons for
hospitalization?s
Family or social support?8
Easy access to medical care?

=| not true Yes, all true

EARLY DISCHARGE
HOME TREATMENT

European Society of Cardiology (ESC). Eur Heart Journ 2020;41(4):543-603. https://doi.org/10.1093/eurheartj/ehz405

Konstantinides SV, Meyer G, Becattini C, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolisms developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary embolism of the

©ESC 2019
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PE in COVID-19

* Pulmonary Thrombosis and Thromboembolism in VTE in
COVID-19: CHEST Review (Oct. 2021)

* at least two distinct, but interrelated, processes: a hypercoagulable state
responsible for large-vessel thrombosis and thromboembolism and direct
vascular and endothelial injury responsible for in situ microvascular
thrombosis

 Jimenez et al. -- pooled incidence of VTE in patients with COVID-19 was
17% (12% for DVT, 7.1% pulmonary embolism [PE])

* Klok et al -- 31% incidence of thrombotic events in 184 critically ill patients,
81% of the thrombotic events being PE

* Aggressive prophylactic strategy??
* Therapeutic dose vs. standard prophylactic dose



https://www-sciencedirect-com.proxy2.cl.msu.edu/topics/medicine-and-dentistry/thromboembolism
https://www-sciencedirect-com.proxy2.cl.msu.edu/topics/medicine-and-dentistry/endothelium-injury
https://www-sciencedirect-com.proxy2.cl.msu.edu/topics/medicine-and-dentistry/pulmonary-embolism

Back to Mrs. F

Transthoracic Echocardiogram:

Final Impressions

1. Findings consistent with cor pulmonale - possibly acute.

. Moderate right ventricular enlargement with moderate-severe systolic dysfunction (FAC 26%).

. Estimated right ventricular systolic pressure 93 mmHg (systolic blood pressure 170 mmHg).

. Tricuspid annulus dilatation with moderate-severe functional tricuspid regurgitation.

5. Severely dilated inferior vena cava with no inspiratory collapse and dilated hepatic veins.

6. Mormal left ventricular systolic function with concentric remodeling and D-shaped left ventricle, LVEF estimated 65-70%.
7. Mo significant mitro-aortic valve disease.

6. Mo pericardial effusion.

9. Mo previous studies available for comparison.

10. Emergency communication to Palermo, J (1-5431) at Internal Medicine regarding the critical echocardiography results was completed
and acknowledged.

TS

Echocardiographic images interpreted at MCA - Hospital campus.

Color flow and spectral Doppler performed in part to assess valvular heart disease.

Emergency communication to Palermo, J (1-5431) at Internal Medicine regarding the critical echocardiography results was completed and
acknowledged.

LEFT VENTRICLE:

Mormal left ventricular systolic function.

Estimated ejection fraction range 65 % - 70 %.

Mo regional wall motion abnormalities.

Flattening of the ventricular septum.

RIGHT VENTRICLE:

Moderate right ventricular enlargement.

Severe decrease in right ventricular systolic function.

Estimated right ventricular systolic pressure 93 mmHg (systolic blood pressure 170 mmHg).

Calculated right ventricular fractional area change; 26%.




Mrs. F

* Underwent emergent US guided catheter-directed

thrombolysis

IR Angiogram Pulmonary Bilat

IMPRESSION:

1. Pulmonary angiogram demonstrates acute thrombus within the bilateral
pulmonary arteries.

2. Bilateral ultrasound directed thrombolysis catheters (EKOS

catheters) were placed.

3. Elevated pulmonary artery pressures.

Orders were placed to have each EKOS catheter running at 0.5 mg tPA per hour.
Each EKOS catheter also should have a coolant running at 35 mbL/h of normal
saline. Each of the sheaths should be running at 500 units per hour of

heparin. Hence, the patient will receive 1000 units of heparin per hour. The

FTT should not be in the therapeutic range. The patient should not receive any
more heparin during the thrombolysis phase.

The TPA should be turned off at 8:00 AM on 1/4/18. We will remove the EKOS
catheters at this time.




Mrs. F

* At 24 hours = catheter pulled and placed on heparin drip
* COMPLETE resolution of symptoms!

* Transitioned to rivaroxaban upon discharge
* |UD placed for her vaginal bleeding




TTE Post-intervention:

Final Impressions

1. D-shaped left ventricle.

2. Calculated left ventricular ejection fraction 55 %.

3. Moderate night ventricular enlargement.

4. Moderate-severe decrease in right ventricular systolic function.

5. Estimated night ventricular systolic pressure 63 mmHg (systolic blood pressure 137 mmHg).
6. Findings consistent with moderate pulmanary hypertension.

7. Averaged right ventricular free wall longitudinal peak systolic strain is -10 %.
6. Moderate tricuspid valve regurgitation.

9. Main pulmonary artery dilatation.

10. Severely dilated inferior vena cava with no inspiratory collapse.

11. Tiny circumferential pericardial effusion.

12. Compared to the report of 01/03/2013 the following changes have accurred: RV size is smaller, RV function has impraved slightly, FAP
5 lower..

She is still following up with the Vascular
Medicine clinic and is planning to undergo a
VO2 max test to assess her persistent,
significant tachycardia with exertion.



Mr. S

45 YO M with untreated HTN presents to the ED with acute
onset of dizziness and severe chest pain with radiation to his
back, of acute onset while he was in the shower. He also
described bilateral 9/10 flank pain and nausea & emesis.




Mr. S

e Vitals:
*T37C; HR 78; BP 189/99:; RR 20 br/min; 96% RA
 Labs:
14.7 / 143 \ 108 \ 7/,
11. 4/ \ . " 9X04

hs-cTnT: 8 ng/L (male <15 ng/L)
D-dimer: 1,208 ng/mL (< 500 ng/mL*)



Admission ECG
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Mr. S

* You are called to see the patient in the
ED, so you quickly review his records
from when he was admitted to the
hospital with atypical chest pain 1
month prior...




TTE (one month prior):

Final Impressions

1. Mormal left ventricular chamber size. Hyperdynamic left ventricular systolic function.
2. Calculated 2-00 monoplane volumetric left ventricular ejection fraction 73 %.

3. Mid left ventricular maximal instantaneous Doppler gradient rest 6 mm Hg; Valsalva 26 mm Hg.
4. Concentric remodeling (increased wall thickness to cawty ratio).

5. Findings consistent with normal left ventricular filling pressure.

6. Mild nght ventricular enlargement with normal systolic function.

7. Mormal left atnial size.

6. No hemodynamically Signiﬁcant valvular heart disease.

9. Mormal inferior vena cava size with normal inspiratory collapse (=50%).

10. Mild ascending aorta dilatation (diameter 41 mm at proximal level).

11. Mo pericardial effusion.

ECG and CXR are unchanged.



Acute Aortic Dissection

A Kaplan-Meier Survival Curves
I ]
oo gl |
|
|
|
|
|
= .90
c
-
w
£ 0.0
e
3
-
E
S
0.704 o T ST Type A
0-24 hours 27 days{ 8-30 days greater than 30 days
0.60- (hyperacute) (acute) | (subacute) (chronic)
| BN B S S S S S S S S S E— —
0 1 4 8 12 16 20 24 28 32 36 40 44 48 52 56 6

Time from Symptom Onset (days)

Evangelista A, Isselbacher EM, Bossone E, et al. Insights From the International Registry of Acute Aortic Dissection: A

20-Year Experience of Collaborative Clinical Research. Circulation 2018;137:1846-1860.
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
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Acute Aortic Dissection

Risk Factors:

* Hypertension (76.6%)

* Hx of atherosclerosis (27%)

* Known aortic aneurysm or
previous aortic dissection

* Previous cardiac surgery

e Bicuspid aortic valve

 Marfan syndrome

* latrogenic

* Cocaine use

* Age

* Male sex

Signs:

Diastolic murmur
(40% of type A)
Hypotension (>25%)
Syncope (13%)
Pulse deficits
Aortic regurgitation
CHF

Ml

Cardiogenic shock
Neurologic
symptoms

Symptoms:

e Sudden onset of severe
chest pain (type A) or back
pain (type B)

e Abrupt onset

* Painless (6.3%)

e Atypical presentation —
abdominal pain




Aortic Dissection Detection Risk Score (ADD-RS)

 ADD-RS:
1. High risk conditions: Marfan syndrome or other CT disease, aortic

valvular disease, family history, gene mutation, known thoracic aortic
aneurysm, previous cardiac surgery or aortic manipulation

1. High risk features: pain in the chest back or abdomen that is abrupt,
severe, or a ripping/tearing sensation

1. High risk exam findings: pulse deficit, SBP difference, focal neurologic
deficit, aortic diastolic murmur, shock

» Score 0-3 based on the presence of any positives in each of the categories
* low risk=0

* intermediate risk =1
* high risk = 2-3




D-Dimer in Acute Aortic Dissection

* [ADD-RS score 0 or 1 + D-dimer < 500 ng/mL] is a possible rule out
diagnostic strategy 21
* If ADD-RS >1 should proceed to CT Angiography regardless of D-dimer

* Likely most useful in first 24 hours, for low-risk patients
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CT Angiography Chest




Mr. S

CT Angio Chest
COMCLSION-

1. Type B aortic dissection In the mid descending thoracic aorta with slow

ow In the talse lumen and intramural hematoma extending into the abdominal
aorta. Please see dedicated abdominal CT for detailed intra-abdominal
findings.

CT Angio Abd+Felvis

CONCLUSION:

1. Partially imaged type B aortic dissection without extension of the
dissection flap into the abdominal aorta described in detail below and on the
concurrent chest CT. There is intramural hematoma within the abdominal aorta
extending into the left common iliac artery. Mo abdominal aortic aneurysm or
evidence of rupture.




Management of Aortic Dissection

Classification of aortic dissection

* If hypotension or shock:
* IVF bolus +/- vasopressors
* Surgical consultation

* Review/additional imaging studies
* Severe AR? Cardiac tamponade?

/

* If stable, IV labetalol preferrec T —
° Maintain HR <60, SBP <120 mmHg Stanford A (Proximal) St(alljr:fsc:::l)B

 Pain control is essential
* [V morphine reduces force of cardiac contraction

 Dissections involving the ascending thoracic aorta (Type A) should
have urgent operative or interventional management if able

* Some type B dissections may also have indications for urgent surgery



Back to Mr. S

* Admitted to the ICU, started on esmolol drip + nicardipine
drip

 Vascular Surgery consult: recommended conservative
management and serial imaging studies

* Complicated hospital course, eventually discharged hospital
day 5 on the following regimen:

* |abetalol 400mg TID

e lisinopril 40mg QD

e amlodipine 10mg QD

* chlorthalidone 25mg QD




In Summarye...

* Have a high index of suspicion for potentially deadly
causes of chest pain

 Cardiac chest pain not always typical

e Risk stratification helpful in undifferentiated CP
* Always couple with clinical judgement

* Assessment of severity and risk important in
optimal management of PE

e Acute aortic dissection often under-recognized
* D-dimer helpful rule out, ADD-RS
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