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BICUSPID AORTIC VALVE ----- Active space -----

Introduction 00:00:12

Normoal oortic valve (BV) is tricuspid :
* Right cusp RO.
* Non-coronary cusp (.

F
Single cusp

* Left coronary cusp o). bich
Right coronary artery ReCA arises rom RC (9 olcloek/Il o'clock positior.
Le®t coronary artery Lew arises from LC (2o clock position).
Tricuspid oxo nlc od\/e
Developmental abnormalities 00:01:17

Developmental abnormalities can cause :
* Unicuspid AV.
* Bicuspid Av.
* Quadricuspid Av.

Lesser the number of cusps, more is the predisposition to aortic stenosis (AS).
H\gher the number of cusps, more is the predisposition to aortic regur gitation (OR).

Unicuspid ﬂv/b'\cusp‘\d : AS Y BR.
Quodricuspid AV : AR > AS.

Cardiology * v1.0 « Marrow SS Medicine



582 - Valvular Heart Disease

Unicuspid AV : Stenosis 7 requargitoadion, very norrow (clit like) opening of AV.

Bicuspid AV
* m/C congenital heart disease.
* 1-3% of population
* maole » Female (4 : .
* Autosomal dominance inheritance : NOTCH | gene.
* m/C cusp fusion : RC~LC Fusion.
Presence of a raphe helps in the identification.

7/ Fused cusps

: Normal Av.

: RC~NC fusion.

: RC-LC $usion (No raphe).
: RC~LC Susion (M/C.

: NC~LC Susion (rare).

0o g G e P

Cardiology * v1.0 « Marrow SS Medicine



Bicuspid Aortic Valve - 583

Clinical features 00:05:03

Characteristic of BAV : gjection click.
nMurmur of AS after the ejection click.

Crescendo-
I decrescendo
EC
S1

Click
52
A s1 Systole S2 Diastole S1
Problems of BAV : valvulopathy and aortopathy 00:05:25

VOd\Iulopod:hS :
* RS :40-S0 years of age @AV is an inherently stenotic volve).
mechanism of AS in BAV : Accelerated degenem’don/ weoyr and tear due to
s inability o handle the hemodgnamic stress.
Tricuspid caleific AS : Presents ok 70-80 years of age.
* mild-moderate AR : 30-30 years of age.
Severe AR is rare, only in cases of volve 1&/redundant valve leaSiets.

nor’copa’chg 3
* Portic dissection.
* Aortic dilotion.
* In all potients posted for AVR surgery, morpholo% of the AV should be
Known to rule out acr’copo@chg.
. Aor’copa‘chg is sereened bﬂ Tee/CT aortogram.

. Onlg 1S% of potients with BAV will have a. normal function in the f%th decade.

Severe AS in o BAV is different to o fricuspid \)od\/e, as BAV is associotred with
aor%opa’chﬂ :
* entire aorta is abnormal : ‘aspeciod\5 proximal aorta and is vulneroble to
accelerated degenerotion of medio causing aortic dilation.
* Abnormal fbrillin | and MMP release.

Cardiology * v1.0 « Marrow SS Medicine



584 Valvular Heart Disease

Normal aorta BAV aortopathy

- disrupted elastin and collagen
smooth muscle
cell loss

e @17 e

BAV aortopathy - disease of the extracellular matrix (ECM)

* portic dissection : £ 4%,
® portic aneurBSms : Proximal oorto.

—

Dilated oortic root Proximal ascend\ng
oorta dilotion

Aor’copoedrg :
. Inerease in aortic diameters ¢

® Sinuses.

. Ascending aorto.
3. Increose in oortic stitfness.
3. Increose in rote of aortic enlargemen’c.

4, Increose rigk of aortic dissection.

Does BAV affect Quality of lite (QOL)/ exercise capacity, lite expecmncﬂ?
No

Management 00:11:47

In all cases of BAV ook For aortopathy : Tee/CT aortogramy/Cardiac MRI.
Only BAV : Does not change lite expectancy,
Other presentodions :

° BAV + Severe AS.

* BAV + Severe AR (Rare).

Cardiology * v1.0 » Marrow SS Medicine



Bicuspid Aortic Valve § 585

(V5T AT (oT@ e I o s s i o s SR S R S R e e nse T sl swssistesiood I Active space -----
Indicadion for elective aortic root surgery
diometer A s
Al- class | in ACC/AHA guidelines and
2SS mm
a0 in esC 8uide|'mes.
12 associored with any of:
. Fam‘\\5 h\s%org of dissection or unexplained
sudden deoth.
SO-S4
mn Qap'\d grow’ch progression of aortic dilotation.
* Others (SE;S’(emic hypertension, associoted
coarctation, female podient seeking pregnancy.
> 45 mm 1€ concomitant valve surgery is indicoted

(Bental procedure).

Cose : SO year old BAV on follow up :

ECHO n

Right cusp + left coronary cusp fusion MYeor 2000)
more restriction of valve ear 3010)

marked caleification of valve (Year 4019)

CT aor’cogram :
Proximal oorta is marlﬁed@ diloted

nscend‘mg oorto b cm.

managemen’c :
Potient undergoes AVR + Povrtic root replacemen’c

(Bental procedure)

CT Aor’rogmm

Cardiology * v1.0 « Marrow SS Medicine



586 - Valvular Heart Disease

Associations of BAV

00:15:13

dilotodion

Incidence *
Condition Comments *
ot eav (%) U
Coarctotion of aorto - BAV confers increased risk of aortic
(com complications.
most frequent cardiac abnormality;
Tumer syndrome 30 _ _
right-left cusp fusion most common.
Supm\/al\/ular oortic
20 usuod\5 part of Williom sﬂndrome.
stenosis
Subvalvular oortic 25 Moy result in s'\gr\i?\can‘c oortic
stenosis requrgitadion.
Usually diagnosed in childhood/
Potent ductus arteriosis | Unknown
infancuy,
Frequently as tomodic; most
Sinus of Volsalva 4 e fess b )
IS-30 common\g involves r\gh’c coronary
aneurysm _
SINUS.
ventricular septal Moy result in significont oortic
P 20 J J
defect requroitation.
Series of left-sided oortic
Shone complex 0O-85 Lo
requygitation.
ﬂscend\ng oortic BAV is one of the most common
Common

ossociotes.

BAV § CoA : SO % cases of COR have BAV.

1%

4r ;*\t‘ $s {
" g ’_‘ ¥
w vV ¥

Normal

Coarctation

Cardiology * v1.0 < Marrow SS Medicine



AORTIC STENOSIS

Introduction 00:00:21

2 Jcﬂpes :
Based on site :
* Valvulor RS,
* Subvalvular .
* Supravalvular RS.
most common to least common occurance : Valvular AS > Subvalvular AS >

Swpra\/od\/ular As.

Normal BV areo— 2-4 cm? SCTIMNSTIS.
No s‘\gr\i?\can’c pressure Smd‘\en’c 0Cross valve.

Rortic volve completely open : & leoflets
paraliel to each other
LV pressure equal o Rortic systolic
pressure

Afteriood :

* Resistance against which ventricle ejects .

* Normal — no much contribution to afterload by aortic volve.

° In oortic stenosis ¢ LV s%mgg\es to eject agouns% the volve — LV pressure

increoses — Pressure 8rad\en’c &

- more the se\/er'HrB of stenosis more the pressure Bmdien’c.
- Valve is the site of maximum resistance.
- Time of peak ejection is increased.
- Increased \/e|oc'\+5 of ejection as large pressure Sradien% colled os

AV

mox

Cardiology * v1.0 » Marrow SS Medicine



588 - Valvular Heart Disease

Couses

Degeneroed\/e/ Colcific
* Tricuspid / Bicuspid aortic valve-mc.
* Colcification prevents valve opening;

Rheumatic :

* Ccommissural fusion prevents valve opening;

eicusPic\ oortic valve with
caleificotion

Rheumatic aor’c‘\(;s’cenosis with Triwspid oortic valve with
Commissural fusion coleification. No Commissural fusion

Cardiology * v1.0 « Marrow SS Medicine



Aortic Stenosis - 589

Severe AS due 1o Rheumadic -
————— ctive space -----

Rare E:’ciolog'\es :
* Conger\i’cod RS.
* Homozygous Type |\ hgperhpopro%e'\nem'\a,
* Rheumotoid arthritis.
* Alkaptonuria/Ochronosis.

Cardiology * v1.0 - Marrow SS Medicine



590 - Valvular Heart Disease

Hemodynamics of AS | 00:06:26

Interventricular
. Septum

Left Ventricle
Aortic Vi
R S 4

-

pntricular

jor Wal 10x - *
-

\_}"'f

]

Mitral Valve
Left Atrium

120/10

200/25

Systole Systol

Normal ___Aortic Stenosis

Note :
Increase in Pressure 8radien%(PC—:D as severity of AS increoses.

* LveDP = LAP = Pulmonarﬂ capp\\\ourﬂ wedge presssure
- LA pressure increases.
— Normal : LA contribute 80-3s % of cardioc output .
- In AS : LA contributes 40-S0% of cardiac output — manifested as LV
s4.,
- LVEDP increase —> LAP increases — force of contraction increases as

per Fronk S’car\'mg low.

¥ this patient develops
* AF — nypotension / shoek/ cardiac failure.
® Sgs’cem\c HTN — mask RS bﬂ decreasing pressure 8rad‘\er\’c.
- Hence Comment about the severity of RS only ofter controlling blood
pressure.
* LVF — decreases pressure gradien further called as classical Low Slow low
5rad\em% RS,

* fnemio —= increased \/e\oc\’rﬂ ocross all chombers.

Cardiology * v1.0 » Marrow SS Medicine



Aortic Stenosis - 591

Note : ECHO does not estimate pressure gradient. L ace e

Increoase in ve\oc\%5 ind\rec’r\g aids in assessmg pressure Smdient

Pressure Smd\en’c = 4%,

AVA = 0.5 cm?

Stenotic
aortic valve

m/s

4'm/ S

Mean Gradient
=92 mmHg

Se\/er‘HrB of BS ¢ se\/eri{'& is Slow dependent.

Mild Moderate Severe
Peak velocity 2-29 3-4 >4
(m/s)
Mean gradient <20 20-40 >40
(mmHg)
Valve area >1.5 1-15 <1
(cm?)
Indexed valve >0.85 0.60-0.85 <0.60
area (cm2/m?2)
Velocity ratio >0.50 0.25-0.5 <0.25

i

I
lu

120 cvalve | | i : i ' i .
e | 1 ; | : AT

S 1004 ' ¢ ‘ ' Aortic pressure mﬂ-, Y
i 80- y | Adrtic vy f ! v PHONO | § )lll‘”'
£ | closes 1 i B U
® 60 ' A ' : )
g oo el e | s
= 20 : ) H '
[n i L~ ; Atrial pressure

Ventricular pressure
= 1801 ) h ) '
£ : \ : : VeriFEBRGl
8 90- j 3 ‘: : entricular voiume
3 i ; | |
(=] ' P ) D
= 50- : : : !

‘/—/\ \/—/T\\— Electrocardiogram
: : : a g ;
| 1st 2nd 13rd o i
110& A ] 3"5’.’ vwh__ Phonocardiogram
Systole Diastole Systole

Cardiology * v1.
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592 - Valvular Heart Disease

Note :

® Pulses parvus et—tordus : Low volume slow r‘\s'\ng pulse.

* Heaving apex h'\gher amplitude + sustained apex beat.
* Longer late peaking murmur : More severe RS the loter the peak f longer

MM,

- Indicotes se\/er'\’cﬂ.

Summarg :
» Velocity increases as blood p .
passes through the stenosis -—i\ .
, ) P Viet
* Pressure Gradient = 4V P
Pathogenesis 00:20:45

* Similar fo adherosclerosis in pothoaenesis £ rigk foctors.
e

* gtoding given in severe AS not useful.

Disruption of endothelium

and basement membrane on —-\
aortic side of leaflet

Displacement of 3 .
elastic lamina Fine, stippled
mineralization

Ventricular side of leaflet (intact endothelium)

Authors: Otto CM, Kuusisto J, Reichenbach
DD, etiabing Mepicine

Progressive Risk

w iomwaserf

Male Gender
Oxidative Stress
e

Cardiology * v1.0 * Marrow SS Medicine
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Skages

Aortic Stenosis

Stage Definition Description

A At risk Patients with risk factors for development of VHD

B Progressive Patients with progressive VHD (mild-to-moderate severity
and asymptomatic)

c Asymptomatic severe  Asymptomatic patients who have the criteria for severe
VHD:
C1: Asymptomatic patients with severe VHD in whom the
left or right ventricle remains compensated.
C2: Asymptomatic patients with severe VHD, with
decompensation of the left or right ventricle.

D Symptomatic severe Patients who have developed symptoms as a result of VHD

Key: VHD = valvular heart disease.

Reproduced with kind permission from Nishimura'

Stages of Valvular Aortic Stenosis (AS)

VALVE HEMODYNAMIC
STAGE DEFINITION VALVE ANATOMY HEMODYNAMICS CONSEQUENCES SYMPTOMS
A Atrisk of AS Bicuspid aortic valve (or other congenital | Aortic Vmax <2 m/sec None None
valve anomaly)
Aortic valve sclerosis
B Progressive AS Mild to moderate leaflet calcification of a Mild AS: Early LV diastolic | None
bicuspid or trileaflet valve with some Aortic Vmax 2.0-2.9 m/sec or dysfunction may be
reduction in systolic motion or mean AP <20 mm Hg present.
Rheumatic valve changes with Moderate AS: Normal LVEF
commissural fusion Aortic Vmax 3.0-3.9 m/sec or
mean AP 20-39 mm Hg
C Asymptomatic severe AS
c1 Asymptomatic severe AS Severe leaflet calcification or congenital Severe AS: LV diastolic None
stenosis with severely reduced leaflet opening Aortic Vmax >4 m/sec or mean dysfunction Exercise testing
AP 240 mm Hg Mild LV is reasonable to
AVA typically is <1 cm’ (or hypertrophy confirm
AVAi £0.6 cm?/m?) Normal LVEF symptom status
Very severe ASis an aortic
Vmax 25 m/sec, or mean AP >
60 mm Hg
C2 Asymptomatic severe ASwith LV | Severe leaflet calcification or congenital Aortic Vmax >4 m/sec or mean | LVEF <50% None
dysfunction stenosis with severely reduced leaflet opening AP =40 mm Hg
AVA typically is <1 cm? (or
AVAi 0.6 cm”/m?)
D Symptomatic severe AS
D1 Symptomatic severe high-gradient | Severe leaflet calcification or congenital Severe AS: LV diastolic Exertional
AS stenosis with severely reduced leaflet opening Aortic Vmax 24 m/sec, or dysfunction dyspnea or
mean AP 240 mm Hg LV hypertrophy decreased
AVA typically is <1 cm? (or Pulmonary exercise
AVAi <0.6 cm¥m?), but may be hypertension may tolerance
larger with mixed AYAR be present. Exertional
angina
Exertional
syncope or
presyncope
D2 Symptomatic severe low-flow, low- [ Severe leaflet calcification with severely AVA <1 cm? with resting aortic LV diastolic HF
gradient AS with reduced LVEF reduced leaflet motion Vmax <4 m/sec, or mean AP dysfunction Angina
<40 mm Hg LV hypertrophy Syncope or
Dobutamine stress echo shows LVEF <50% presyncope
AVA <1 cm? with Vmax 24
m/sec at any flow rate
D3 Symptomatic severe low-gradient | Severe leaflet calcification with severely AVA <1 cm? with aortic Vmax Increased LV HF
AS with normal LVEF or reduced leaflet motion <4 m/sec, or mean AP <40 mm relative wall Angina
paradoxical low-flow severe AS Hg thickness Syncope or
AVAi <0.6 cm?/m? Small LV chamber presyncope
Stroke volume index <35 with low stroke
mL/m? volume

Cardiology * v1.0 < Marrow SS Medicine
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594 - Valvular Heart Disease

Progression of AS determined by :

® LVOTO vs RVOTO :
- LVOTO : mild AS oduoo%s progress to severe RS.
= RVOTO * mild P$ may not worsen for years.

* Rortic jet \/e\oci’cb AVMox
- Strongest determinant of progression.
- Higher velocity — foster progression.

* Severity of v caleification :
- Se\/er'\’vg increases — ropid progression.

* uncontrolled risk foctors.

Rate of progression :
* Highly variable and ditSicult to predict in a given individual.
® Portic sclerosis : A.5% progress to severe RS over 8 years
* Annual decrease in AVA : 03 cm?/ ye.
* Annual increase in jet velocity : 0.3a m/sec/yr

* Annual increase in mean aradient : 7 mm Ha/ur.
3 il

Clinical features 00:27:12

usuod\5 in seen in older age Pseudosgmp’romoedc.
ldentified bﬂ tread mill test.

ngpkoms
L ASSmp’coma’dc P yore
®* Classical %mp’coms
= Angina. * survives Lor sy

_ r referrable o LV outflow
- Syncope ¢ survives Sor 3y

- Dyspnea. : survives Lor ay, J troct obstruction
- Stroke/m ¢ caleium emboli

- lg:rare.

&l bleed in setting of severe RS is due to
® Aspirin induced qostritis.
* Colonic diverticulosis.
* Colonic po\gps.
* Colonic angjodysplasia. : Heﬂde’s syndrome.

Cardiology - v1.0 < Marrow SS Medicine



Normal Aotic Valve

No Shear Stress

ADAMTS13

. ¢

S

VWF uncoils at sites of vascular injury
Interacts with platelets
Stable clot formation

Shear Stress

ﬁAMTSﬂ

Tyrieos
L

Uncoiled vVWF

= A2 Domain ——

vWF fragements

B e e

3%

VWF fragment impaired binding

i3

Unstable or No clot formation

L AP T

multimeric VWF — passes — uncoiled—

b\eeding

* Correlate with severity of AS § correctable by AVR.

AS have Long course of time until 35mp’coms develop.

Aortic Stenosis

onset

Relative survival (percent)

Porticsclerosis

Mild-moderate AS

Severe AS, no symptoms

Age —»

LV compensates — Lv Lails/decompensate — symptoms.

Signs

* Pulses porvus et tordus :

- most spec‘\?\c.
- Pa]pa’ced over carotids.

Cardiology * v1.0 » Marrow SS Medicine
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AVR at symptom

Severe SympltomsAS
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596 - Valvular Heart Disease

* Corotid shudder :
- Thrill palpated over coarotids.
® Hea\/'mg opex
- Longjlouder; loke peaking murmur

Mild

NoYTow ————+-
S

E

Moderate

s‘mgle -—~——+~

Severe

A
parodoxical -/\,—]L

Gollavoyrdin phenomenon
* Split of %4
- As per se\/eri’@ of RS .

A; *

- Severe AS : Longer period for Lv emptying, hence AV closure delayed.
\m’doJ\5 narrowed split — single — parodoxical.
* Intensity of 24 & soft
* LVv34 : due to diastolic dgsi?unc’don ond adrial contraction.

Gollavardin phenomenon :
* Typical AS murmur is mixed frequency with low § high frequency
* In coleific AS : Selective propagation of high frequency component to apex.
- Longer  musical quality +.
- mMimics M.

which of the following increase in intensity following vee/! long cycle of AF:
° MR
° TR
* pS/PS  increoses
® HOCM : decreases

Jﬁ Resistant to cgc\e leng’ch changes

Cardiology * v1.0 « Marrow SS Medicine



Aortic Stenosis - 597

eCq e . s Active space -----

AV Blocks are common in AS oS ¢
* AV ,AV node § AV bundle are close to each other. -~
* The contraction - relaxation — some degree of '

mechanical erosion.

Colcification con easily extend to conducting system.

eCHOo :
* pssess LV function
* RAssess AV opening, morpholo\%.
* Assess transaortic jet veloci&ﬂ.
* Assess Pressure Smd\en’c.
* Caleulote valve area - Continuity equodion.

exercise eLg
® ngp’coma’cic severe RS : Absolute CI
* Indication for TMT in AS : ditSerentiate between pseudoasymptomadic §

aSljmp’coma’dc.

. Aor’ropa’chg in BAV : Before surgery oduoaﬂs Pressure 200
(mmHg)
assess for morphology of the valve as in ok
BAvV aor’copoechg i poss\ble.
® Pre TAVR evoluoadion.

* Assess valve caleificadion @ Predicts

100

50 4

progression, low Slow low gradient AS z s

m—— AOTTIC PresSUIe === | eft ventricular pressure

Peak-to-peak Peak Mean
@ gradient @ instantaneous @ gradient
gradient

Cardiology * v1.0 « Marrow SS Medicine



598 - Valvular Heart Disease

* Peok 1o peak grad‘\en’c :
- Rortic peok g LV peak.
= IS M
® Peak instantaneous grad'\en{ :
- Moaximum possible peok.
- Maximum possible ditference - between
aortic § LV pressures.
- 10S nm.
* mMean 8rcxdienic : Area. under curve
- SS mm.
- Peak instantaneous Sradien% > Peak to

peak 8radient

Coth
mMeasure P-P gradient, Mean gradient.
ECHO : measures Peak instantaneous gradient, mean gradient.

Phﬂs‘\o\og'\cal marker : Peak instantaneous Smd‘\en’c.

Echo Pen S E TIS0.5 MIO0.1

85-1
15Hz
18cm

WF 399Hz
2.5MHz

cw
51

259 cmis
54 mmHg
Mean PG 30 mmHg
VTI 79.8 cm

" '7smmis” ' 49 bpm

Coleulodion of AV area in coth lob :

¢ gorlin formula

CO / (SEP VX HR)

AVA = - e
44.3 X\ Mean Gradient

Aortic Valve Area = Cardiac Output
SEP xHRx 44.3VG

Cardiology * v1.0 » Marrow SS Medicine



Aortic Stenosis - 599

* HokKiformulo: Active Spags ———
: litr
Cardiac Output(—=)
\/Peak to Peak Gradient (mmHg)

. . 9
Aortic Valve area (in cm”) ~

®* Normal LV — Ro pud\ bock :

SVTIR RO SOV BTN O]

140

120

100 ’

80

60

20 \IJ \IJ \’J

* Pull bock- LV-Ro :

N N S I I

LV Pressure = Aortic Pressure

L %
29- i
,

A
[

100~ ' jl 3 ; .
W | ‘M‘*\\i"“\/‘\wéﬂ\/
R e

Continuous Withdrawal Tracing from LV to Aorta

* Pull bock pressure ’crac'\ng — LV RO

b 2000 ms
PN Y VN VY SN N VYA VNN DN VNN VN SN U N VRO O VY N U O N WY O O VY VY T W WY
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600 - Valvular Heart Disease

This ’cmc‘mg associoted with RS,
- Bocm.
Rib no’cch'mg.

\

\

\

elfin focies : Supraventricular AS.

RETROGRADE AORTIC CATH.
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G.B #2-39-78 6/59
Introventriculor pressure curve

HOCM : spike § dome patter.
Dynamic obstruction.
I¥ no spike § dome pattern : subvalvulor AS.

Simultaneous pressure ’crac‘ms :
* dpressure cunves : | cother in LV § other in aorta.
* poth cotheter simud’caneoudslﬂ measures pressure.
* Lv:Low diastolic pressure.
* porta: H'\gh diastolic pressure.
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erocKenbrOugh Brounwold Morrow sign
* Post extro SBS’(O\e beot .
* Pulse pressure decreasing post VPC beot — HOCM.
* Pulse pressure remain same/increasing post VPC beot — RS,
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Hemodgnam\c subsgets of AS

Peak velocity

(m/s)

Mean gradient
(mmHg)

Valve area
(cm?)

Indexed valve
area (cm2/m?2)

Velocity ratio

Mild

2-2.9

<20

>1.5

>0.85

>0.50

Moderate

3-4

20-40

1-15

0.60-0.85

0.25-0.5

Severe

>4

>40

<1

<0.60

<0.25

Adapted from Nishimura et all

In normal or high Slow states (sv » 3smL/md) :

°* Mmeosurement error
* |ndexed AVA to BSA.
® HTN.

Normal Slow h'\gh gmd'\en’c RS

Qouuc'me\B seen condition.
AvA <) em?,

Vmox »4m/sec.

P& — 40 mm Ha,

Low Slow &aradient AS :

* Clossical LFLG — A&+ HFreF/ LV SD.
* Paradoxical LFLG — AS + HFpaF/ L/ B0
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Systol

Aortic Stenosis

Aortic Stenosis - 601



602 - Valvular Heart Disease

Clossical low Sow low Smd‘\en’c AS :

* AVA > I emd,
* Vmoax < 4m/sec.
®* PG < 40mm hg.

AV opens when LV pressure exceeds the oortic pressure.

ortic valve

IS it severe AS with LV dgs\?unc’cion 2
(6]%
ls it DCM + severe LV dysfunction + moderate AS ?

Both the above conditions give the same values
* AVA — O.7Tom?
* Vmox — a.7m/sec.
* Pg — 20 mMmMm Hg,

&iving ionotrope (dobutomine) use dobutamine stress test.
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