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Consult #1
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Consult #1 - Objectives

In relation to severe aortic stenosis (AS) at the conclusion of this activity,
participants will be able to:

1. Be able to diagnose severe AS based on physical exam

2. Understand natural history and pathophysiology of AS

3. Learn the basics of echocardiographic assessment and how to interpret Echo
report/measurements
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Consult #1

A 78 yo M with no significant past medical history, now presents with syncope.

Physical Exam:
BP 131/63 | Pulse 55 | Ht5'4’ | Wt 70.3 kg (154 Ib 15.7 0z) | Sp0O2 96% | BMI 26.59 kg/m?

= Lound 3/6 systolic ejection murmur at the apex, R clavicle and 2" ISC radiating to the neck
(LR+/95% CI: 9-154; Etchells E et al. JAMA 1997;277(7):564-571)

Timing of peak = AS severity

/ ﬂ T Leg rising & Expiration

‘| d Valsalva & Handgrip

S1 S2 S1

= Usually peaks in early- or mid-systole; if absent or soft S2 = severe AS
= Apical murmur due to Galliverdin phenomenon .
= Carotid pulse is parvus et tardus, delayed carotid upstroke f]TﬂUNIVERSlTYOF IOWA



Consult #1 - Transthoracic echo images obtained, pending report

Technical Comments

Echo mage quality: sood to margmal.

MMode /2D Measurements & Calculations

INIDd: 4 5om
LVIDs: 3 2om
IVFWRA 02 on

LA/An: 21
ILVOT deam: 2.0am
LVOT area: 30 o’

SVABOD-5pd): 705 md LA Area {A20): 304 o’

LAV (AL bp) Indexed- £7 0 mlie?
Doppler Measurements & Calculations
MVE mmvel: 11410 on'ser

MV Amamwel 78 T om'sec
AVEA: 14

LY V] ma: 92 6 mon'sec
LY V] mesm: 64 8 om'sac .
LVVIVIT- 50 I

. -1 AV VIL 1005 an

EDVMOD-spd): 1120md
ESVIMOD-spd): 415l

LA Area (A40)- 310 an’

Ao V2 maz: 45015 om'sec
Apmax PG 725 pnHe
Ao V] mean: 3144 on'sec
Ap mesn PG 43 0 mmHz

AV AL (.50 o
AVAVDY: 0.5

EDVMOD-sp2): 766l
ESVIMOD-spZ): 297

LAV (AL-bpj: 1138 o’

Al dec slope: 81 0 cm'sec®
AT P12 1227 meec

Reference Values:

LVEF: 50-70%

SV: 80-120 ml
SVi: >35 ml/m?2

LVOT VTI: 18-22 cm

IVSd: <1.0cm
LVPWd: <1.0 cm

Ao V2 max: £2.5 m/sec

Ao V2 mean gr: <20 mmHg
AVA: 2.0-2.5 cm?

DI (V1/V2): >0.5
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Grading AS Severity

Table 3 Recommendations for grading of AS severity

Aortic
sclerosis Mild Moderate

Peak velocity (m/s) =2.5m/s 2.6-2.9 3.04.0 :
Normal LVEF *

Mean gradient (mmHgQ) <20 20-40
AVA (cm?) >1.5 1.0-1.5
Indexed AVA (cm?/m?) >0.85 0.60-0.85
Velocity ratio (or DI) > 0.50 0.25-0.50

Echo Doppler can NOT overestimate the gradient (unless Hb <8), so
AV gr 240 mmHg = SEVERE AS

L
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1. LV systolic function

, Ejection Fraction sa
Preserved (EF 240%) Decreased (EF <40%)

Echo Pen TIS0O4 MI1.2 -
X5-1 \ - .: A2Cs
220m 0 @ 2. b LV Length 549cm
— LV Area 13.7cm?
o (" - LVVol  29.7 ml
S X C 48 ESV(A2C) 29.7ml
HPen : il _ EF(AC)  61.2%
- ESV(BP) 357 ml
~ EF(BP) 64.0 %
& » | >t "‘ - - “\
) SN
A N N
G . !\/ :
®/I\R "
12 24 ™~

62 bpm

-,

60 bpm
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2. LV hypertrophy

5

X541 . .
o H 5 + IVSd 1.0cm , IVS:interventricular septum (N: <1.0 cm)
Trem e ®. 6 :: LVIDd 4.8 cm
0 o ST, = LVPWd 1.0 cm LVPW(d: LV posterior wall diameter (N:<1.0 cm)
i o B TIME EDV (2D-Teich) 108 ml
B7% = S,
C 44 == - I8 IVSILVPW (2D) 1.00
P Low - i
HFen y

The LaPlace’s law:

Pressure X Radius

G
{F) I: R

1.2 24

Wall stress =

T Wall Thickness

Severe AS without LVH ?

Heart 1996;76:250-255

Severe aortic stenosis without left ventricular
hypertrophy: prevalence, predictors, and short-
term follow up after aortic valve replacement

Christian Seiler, Rolf Jenni

194 pts: 90% - LVH, 10% no LVH, 4% had no macroscopically detectable hypertrophic adaptation

* small body size was an independent risk L |
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3. Aortic Valve hemodynamics

LV V1 VTIl: 22.8 cm Ao V2 VTIl: 104 cm
| ) Ao mean PG: 43 mmHg

V1=LVOT V2=AV

= LVOT VTl X5-1 —

=
50H / - -
20cm L — DN 4 Vmax 92.4 cmis 29Hz M1 M4
\ J ; . 14cm 0 g \ +53.9
an e i L, Vmean 63.9cm/s \ y 3
“Ba% L-' ' Max PG 3 mmHg 20 ~—t +AV VTI
C 48 - 4 Mean PG 2 mmHg CGE’:’ Vmax 430 cm/s
P Low ‘W ¥ VTI 22.8cm Vmean 308 cm/s
HPen » £ 0!
\ - AVVR 0.21 en < Max PG 74 mmHg
: A
e S AVA(VT)  0.89 cm? e e Mean PG 43 mmHg
e v 3y 104 cm|
™ -69.3
i L f ’ ,‘649"_ | .~ L » ‘ P ,_.
] : W
. 1
| i ) { | \

TIS0.6 MI 0.1

- SV (LVOT) 72ml

AN AVA (Vmax) 0.67 cm®
' . AVA(VTIVBSA  0.39 -0
ey .

--zoo

--80 - -300

i T AR R TR R ] 1 —————————————————— :—400

w & 1 WW 254 | W o BEWAY T B RR A VTR G 75mmys” | " 60bpm

Severe AS: Peak AV vel > 4.0 m/sec

Severe AS: Mean AV gradient > 40 mmHg

L
J Am Soc Echocardiogr 2017;30:372-92 m UNIVERSITY oF IOWA



2. Aortic valve hemodynamics

LV V1 max: 92.4 cm/sec = 0.9 m/sec Ao V2 max: 430 cm/sec = 4.3 m/sec

LV V1 VTIl: 22.8 cm Ao V2 VTI: 104 cm
. Ao mean PG: 43 mmHg

V1=LvOT V2=AV

= LVOT VTI X5-1

= .
{ ' W1 Pl
20cm 0 l\—} DN 4 Vmax 92.4 cmis 29Hz ) M1 M4
0 S £ %, Vmean 63.9cmis 14cm 0 ( 7 \ ia.‘s)
“B8% L-‘ ' Max PG 3 mmHg 20 s Y\A%
- J 65% Vmax 430 cm/s
C 48 ~ Mean PG 2 mmHg cd8
R ow il ¥ VTl 228cm o ‘ Vmean 308 cm/s
o n s = BV VR 0.21 en < Max PG 74 mmHg
Bt - AVA(VTI)  0.89 e ~ \x _, MeanPG 43 mmHg
1 SV (LVOT) 72 ml 2 VTl 104 cm|
A . £ \
(1 , ; .
N i I " i ! ooy . “ Y 4 v A A el d
] " 2.
1 | . | i
) |

TIS0.6 MI 0.1

AVA (Vmax) 0.67 cm? | P
R\(A{Wl}JBSA 0.38 -40
17 I

--100

................................

Dimensionless Index (Velocity Ratio)

Severe AS: DI <0.25 23

1
1

O
N
N

L
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3. Aortic Valve Area (AVA)
Continuity Equation:

Concept: LVOT flow (SV) = AV flow (SV)

AVA X VTl,, = CSA,or X VTlyor
A2xV2 = AlxVl

CSA,., X V1 Dimensionless Index (DI)
AVA (A2) = yg O Velocity Ratio (VR)

Severe AS: AVA < 1cm?
AVA < 0.6 cm?/m?

J Am Soc Echocardiogr 2017;30:372-92
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Natural History of Aortic Stenosis
Stages:

A. At risk of AS

Onset
Severe Sympltoms

Latent Period
(Increasing Obstruction,
Myocardial Overload)

B. Progressive AS

0 2 4
AV Survival (Yrs)
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=
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Average Death
Age

C. Asymptomatic severe AS T %

Age (Years)

Ross J Jr. and Braunwald E, 1968; Circ 38; Suppl 5:61

D. Symptomatic severe AS

L
1 |
2014 ASE/ACC Valvular Heart Disease Guideline, Nishimura et al, JACC 63:e57 ﬁﬂ_]‘ UNIVERSHYOF IOWA



Severe AS - Treatment

Operate at the ONSET of symptoms

Symptomatic

(stage D) Class lla

Low surgical risk

Low surgical Intermediate surgical High surgical Prohibitive surgical
risk risk risk risk

Abnormal ETT

Surgical AVR | [Surgical AVR TAVR Surgical AVR or TAVR TAVR
(Class I) (Class I) (Class lla) (Class I) (Class |)

Circulation. 2017;135:e1159-e1195

AVR AVR AVR
m (11a) (ITh)

2014 ASE/ACC Valvular Heart Disease Guideline, Nishimura et al, JACC 63:e57



Take home points

1. Severe AS can be recognized on physical exam (soft S2)

2. AS severity should be assessed by Transthoracic Echocardiography:

AV max velocity > 4.0 m/sec

AV mean gradient > 40 mmHg
Dimensionless index/VR <0.25

AVA < 1.0 cm? (<0.6 cm?2/m?)
LV hypertrophy +/-

3. Operate at the ONSET of symptomes, irrespective of LV function
(surgical AVR or TAVR)

4. Severe asymptomatic AS remains a clinical challenge
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Consult #2
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Consult #2 - Objectives

At the conclusion of this activity, participants will be able to:

1. Be able to differentiate between pleural and pericardial effusion on
transthoracic echocardiogram

2. Understand pathophysiology of cardiac tamponade

3. Recognize echocardiographic features of cardiac tamponade

i UNIVERSITY oF [OWA



Curbside Consult

A 62 yo M with SOB and a large pericardial effusion on POCUS. Does he need emergent pericardiocenthesis?

Adult Echo TISO4 MI1.2
X5-1 0

50Hz v , M3
19cm * . ‘

2D

63%
.52
P Low
HPen

®/N\R

13 26

A 114 bpm i UNIVERSITY oF [OWA.



Questions:

1. Is this pericardial effusion or pleural effusion?

2. Is hemodynamic compromise present?

3. Can it be drained percutaneously?

i UNIVERSITY oF [OWA



PLEURAL vs PERICRDIAL effusion?

STEP 1: Obtain Parasternal Long Axis view
STEP 2: Find descending thoracic Aorta

If effusion is POSTERIOR to Aorta If effusion is ANTERIOR to Aorta
T P DOB: 06/30/1938  University of o... o_;_alé%,zgm h?"a;%s'a:zupm :gl:ItEcho A~ TISO4 MI13
X / - .
e o i w om0 i @ .
2 o I 2D . — I
69% 62%
50 . * l,_). 50 "
N L\ o e :
N
1.2’;27.4'
Pleural Pericardial
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Curbside Consult

A 62 yo M with SOB and a large pericardial effusion on POCUS. Does he need emergent pericardiocenthesis?

Adult Echo TISO.4 MI1.2
X5-1 0

50Hz 3 v M3
19cm . 1

2D
653%
52
P Low
HPen

*

®/N\R

13 26

114 bpm

Large pleural effusion, small to moderate pericardial effusion
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STAT CONSULT

A 59-yo F with Hx of breast cancer presents to the ER with worsening shortness of breath.
HR 120 bpm, BP 95/72 mmHg, RR 20/min. On exam her extremities are cool, neck veins are
distended, and heart sounds are distant:
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STAT CONSULT

A 59-yo F with Hx of breast cancer presents to the ER with worsening shortness of breath.
HR 120 bpm, BP 95/72 mmHg, RR 20/min. On exam her extremities are cool, neck veins are
distended, and heart sounds are distant:

Parasternal long axis view Parasternal short axis view

Adult Echo TIS0.4 MiI1.2

X5-1
50Hz 0 .
20cm

-~ % Adult Echo TISO4 MI12
~ar X5-1
50Hz i . M3
ZBQQ% - \ 16cm " y
C 50 e ' .
B Low ' g o S -
HGen ' C 52 A D . .

. i UNTVERSITY oF [OWA



Subcostal view Subcostal IVC view

30cm
2D

“62%
C 50
P Low

HFen

Adult Echo TISO3 MI12 & O
X5-1 &
35Hz 0 " . M3 - .

GARIN B8

, COMP 55 > y -
) i'% _— . 117BPM -

. 5 21CM R y
®/AN\R - LA . 45HZ~ ' -
13 26 .

10
pONR
2 4
%‘_,_ i I P
120 bpm
A
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PW Doppler through MV with Respirometer

o
GRIN 6@ COMP 55 .
22CM .) /- :\ L
H/0/E/F3 r s
112EPM “ARY P
. 4
—

M(“{\ " W‘\N Lf LM “W W w

S AT U T

N H
L L)
m
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Questions:

1. Is this pericardial effusion or pleural effusion?

2. Is hemodynamic compromise present?

3. Can it be drained percutaneously?
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Cardiac Tamponade
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Cardiac Tamponade

Clinical diagnosis; Not diagnosed by Echo

Clinical syndrome of :

Hypotension

Tachycardia

Symptoms due to higher intrapericardial pressure than
intrathoracic pressure; Pulsus paradoxus:

Stanford
¢ MEDICINE 25

Promoting the Culture of Bedside Medicine
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https://www.youtube.com/watch?v=d4aCDhMvb0M

Cardiac Tamponade

Symptoms: dyspnea, chest pain, and/or non-specific sense of discomfort

Physical exam:

- Pulsus paradoxus (an inspiratory decline >10 mmHg in SBP)

- Beck’s triad: hypotension, muffled heart sounds, and elevated JVP
- EKG: low voltage and electric alternans

- CXR: flask-like or “boot-shaped” appearance of cardiac silhouette

i UNIVERSITY oF [OWA



Cardiac Tamponade - Pathophysiology

Pericardial Pressure > Intrathoracic pressure

Impaired cardiac filling

As fluid accumulates in the pericardial sac, pericardial pressure rises, and
systemic and pulmonary venous pressures must increase to maintain
cardiac filling. When compensatory mechanisms are exhausted, preload

becomes insufficient to sustain cardiac filling and coronary and systemic
perfusion

i UNIVERSITY oF [OWA



Cardiac Tamponade - Pathophysiology

Lower-pressure chambers (atria) are affected before higher-pressure
chambers (ventricles)

The compressive effect of the pericardial fluid is seen most clearly in the
phase of the cardiac cycle when pressure is lowest in that chamber—
systole for the atrium, diastole for the ventricles

i UNIVERSITY oF [OWA



Cardiac Tamponade - Pathophysiology
INSPIRATION EXPIRATION

Pulsus paradoxus: SBP drop (>10 mmHg)

Ventricular Interdependence

L
J Am Soc Echocardiogr 2013;26:965-1012 m UNIVERSITY oF IOWA



Cardiac Tamponade - Pathophysiology

The size of the effusion, its rate of accumulation, and any pathology
altering the pressure-volume relation of the pericardium determine the
extent of hemodynamic compromise.
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Normal Pericardial Pericardium - Pressure Volume Curves

pericardium effusion

/ l/ ; |

CHRONICALLY

- slowly developing effusions are safer
- pericardium stretches

- tamponade / large volume effusion

Pericardial sac ¥ ACUTELY
- rapidly developing effusion
/ - pericardium has no time to stretch
- tamponade may occur with small volume

Chronic

* The flat initial segments of the curves represent the pericardial reserve volume that once
exceeded, causes a steep increase in pressure.

Interpericardial Pressure (0

Interpericardial Volume

L
latrogenic Pericardial Effusion and Tamponade in the Percutaneous Intracardiac Intervention Era. m D 'E ’n,r .
Holmes Jr DR, Nishimura R, Fountain R and Turi ZG. JACC: Cardiovascular Interventions; 2009: Vol 2(8) UN RSI OF IOVVA



Echocardiographic features
of Cardiac Tamponade
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Cardiac Tamponade - Echocardiographic features

Physiologic changes evident on echocardiographic and Doppler examination
include:

1. RA systolic collapse for greater than 1/3 of systole

2. RV diastolic collapse

3. Reciprocal respiratory changes in RV and LV volumes (septal shifting)

4. Reciprocal respiratory changes (>25%) in RV and LV filling

5. Severe dilation of the inferior vena cava/”plethoric IVC”

L
Otto C. Textbook of Clinical Echocardiography. 6th ed. 2018 f UNIVERSITY 0F [OWA



Cardiac Tamponade - Echocardiographic features

1. RA systolic collapse for greater than 1/3 of systole

PHILIPS 06/28/2017 03:14:20PM TIS0.4 MI 0.9

X5-1/UIHC AdultX5

FR 89Hz M4
20cm

60% .
C 50
P Low
HPen ‘
. 2 \
108b ,*

5 ffi UNIVERSITY oF [OWA

13 26

JPEG



Cardiac Tamponade - Echocardiographic features

2. RV Diastolic Collapse

Adult Echo

TIS0.4 MI1.2
X541 0
50Hz : - M3
20cm : . @

m __SESENE.. _.,,, "
620/0 » 3 -
C 50 ‘

P Low g ’.
HGen 2

©
P‘R
1. ;‘i -

116 bpm
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Cardiac Tamponade - Echocardiographic features

Patients with pulmonary hypertension may NOT
have Right sided chambers compression
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Cardiac Tamponade - Echocardiographic features

3. Reciprocal respiratory changes in RV and LV volumes (septal shifting)

UIHC ECHO . TIS04 Mi1.2
X5-1 .

a1z oft— s w1 Inspiratory septal bulge / "bounce"
o[ e i . - Cardiac tamponade

ey R N I - COPD

P Med 4 e - Pulmonary embolism

” <
‘ i o y Ventricular Interdependence

‘ = S ‘ |
| | - . . #
12 24 £ - '
_ LA .
c Inspiration Expiration
— J Am Soc Echocardiogr 2013;26:965-1012
-

102 bpm i UNIVERSITY oF [OWA



Cardiac Tamponade - Echocardiographic features
4. Reciprocal respiratory changes (>25%) in RV and LV filling

PW Doppler of TV and MV inflow with a respirometer during cardiac tamponade

| M f~

L
ASE Clinical Recommendations for Multimodality Cardiovascular Imaging of Patients with Pericardial Disease. U ITY
IVE orl |
J Am Soc Echocardiogr 2013;26:965-1012 m N RS OWA




Cardiac Tamponade - Echocardiographic features

PW Doppler recording of LV outflow tract velocity and respirometer
in a patient with cardiac tamponade and pulsus paradoxus

Wy

[—05

- -1.0
- 1.5
90
. HR
L
ASE Clinical Recommendations for Multimodality Cardiovascular Imaging of Patients with Pericardial Disease. m UNIVERSHYOF IOVVA

J Am Soc Echocardiogr 2013;26:965-1012



Cardiac Tamponade - Echocardiographic features

5. Severe dilation of the inferior vena cava/”plethoric IVC”

FIK 94HZ ma
26cm i
2D &

77% d
C 50 b 7

P Off W

HPen "

-
a e e e e ———
=——— =

®/I\R — 10

14 28

[ ]
- JPEG
15
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ASE Clinical Recommendations for Multimodality Cardiovascular Imaging of Patients with Pericardial Disease.
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Pericardial effusion - Etiology

Bloody coagulum = EMERGENCY: acute MI, aortic dissection, catheter
manipulation, pacemaker, cardiac surgery

Echo Pen P TISO4 MI1.2 Echo Pen — TIS0O.3  Mi1.2 Echo Pen —, TISO4 MI12
X5-1 [ X5-1 / X5-1 / \
olkz o - , M 51Hz o— . M1 47Hz of— s & M1
19cm N ~ . pLI L ST » & 22cm Nig oo - k.
— 2 ~— ~F.
2D Pt e 2D ~ . 20 P,
2% DL~ 71% . 71% 2
c50 T C 50 : C 50 ~at ;%
P Low & P Low P Low g
HPen - e A HF'e‘n SuB =3 : HPen MF:J:—‘%&
™~ 7 2 . Sy AT A
. r// = B >- it p*
- o 3 3 « = ) \’
- - -~
_ -~ 3 ;
3 ,\ * E- R - :
. ¥ E X’ G ‘(?
E - N A <
: . = @) AN
il . \y | =— s ~_Ia
12 24 . 12 24 - 12 24
/ % ~ —
- 77 Z =
= . =3 —
= / -

S/p RV ﬁerforation — S/p pericaF—d’locenthesis o8 bpm

78 bpm

Neoplastic

Inflammation (infection, autoimmune, radiation)

Metabolic (hypothyroid, renal failure)
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Take home points

1. Cardiac tamponade is a clinical diagnosis and “echocardiographic
features of tamponade” are not by themselves an indication for
pericardiocentesis

2. Coagulum = Emergency
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Thank you!

milena-gebska@uiowa.edu




