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Coronary physiology

* Coronary circulation can be viewed as a two-compartment

model.
Coronary phySiOlOgy, Microvascular Assessment * Large epicardial vessels (> 400 microns), which are also referred to
as ‘conductance vessels’ because they have minimal resistance to
and Coronary Vasospasm blood flow.

* Arteries smaller than 400 microns, or ‘resistive vessels’.

* Myocardial flow is controlled predominantly by resistive
vessels.
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FFRand Non hyperemicinderes

CoronaryFiow Reseve (CFR)

18 Curen gy Revews, 2010, Vol 10,8 1 Senctat CFR = max flow/ basal flow = sum of flow thorugh epicardial and bed
CFR cannot tell us if the problem is a stenosis or an impaired microcirculation.
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Table 24.2 Regulation of Coronary Circulation
Mechanism Effector
Autoreguiation Intinsi vasoconstitor lone
Perfusion pressure Aortic or poststenofic pressure
Metabolic activity Exercise, ischemia
Myocardial compr echanism; ystoi
Neuralcontrol Sympathetic, parasympathetic,pain
Endothelium EDRF, EDCF

ik Phamacologic Dipyridamole, adenosine, acetylcholine, -, -agonists and

scloroi e

Artery

arterial
constriction
Partial microvascular Complete microvascular
dilatation dilatation
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Invasive Translesional Pressure Measurements

- |

Distal Coronary Pressure (Pd)

Concept of FFR i :

Paisa (hyper)

FFR=
Paoric (hyper)

* FFR is defined as a ratio of the maximal myocardial blood
flow in the presence of a stenosis to the theoretical normal

maximal flow in the same distribution. |

= FFR = 0.6 means: "Due to this particular stenosis, maximum achievable blood flow to the
. i . myocardium supplied by this artery, is only 60 % of what it would be if this coronary artery
* FFR is simply calculated by using the distal coronary pressure completely normal”

of the stenosis divided by the aortic pressure during maximal A
hyperemia; Pd/Pa

.

No symptom in resting, but

Normatronge dongerms n e s _f-- SEORRANE N
" Maximum Flow 1: i Concept Of IFR
H (Flow Reserve) H . ) ) .
§ | : «iFR is a physiological index used
&s H; to assess the severity of
g, stenosis.
§ Resting Flow «iFR is calculated by measuring
"""""""""""""""" the resting pressure gradient
e e across a coronary lesion during

% stenotic severity the portion of diastole (wave
free period) when microvascular
o and stable.

+ Stenosis in large epicardial (capacitance) vessel — decreased perfusion pressure —> arterioles
downstream dilate to maintain normal resting flow.

* As stenosis progresses, arteriolar dilatation becomes chronic, decreasing potential to augment flow

an thus decreasing CFR.

As CFR approaches 1 (vasodilatory capacity “maximum”), any further decrease in PP or increase in

MVO2 — ischaemia.

A prmalngnotng WAVE EREEPERICD fi
4 comoresionwa
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3 Figure 1
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o
22 Pa dPR[entire]  _ _ Schematic explanation of the NHPRs and FFR. Diastole starts
=2 at the nadir of the dicrotic notch. The dPRIentire] is defined as mean
8 Pd/P3 over the entire diastole. The dPRIWFP] is defined as the mean
Pd/Pa value in the wave-free period for 5 heart cycles (from 25% of the
B entire diastole to 5 ms before the end of diastole; equivalent to the
82 4l definition of iFR). Whole cycle resting Pd/Pa was calculated
§§ 2 Jously throughout the entire cardiac cycle for three heart cycles.
M isdefined s the lowest, artfact-free Pd/Pa during maximal
§2° hyperemia over at least three heart cycles (Pd/Pa and FFR are
) calculated in the same way, just under different conditions, . resting
C,.z ™ conditions vs hyperemic conditions). RFR is defined as the lowest Pd/Pa
3£ value in systole and diastole (mean of 5 consecutive cardiac cycles).
$2 & dPRlentire]. diastolic pressure ratio during entire diastole; dPRIWFP]
$E diastolic pressure ratio during wave-free period; FFR. fractional flow
L] reserve; NHPR, non-hyperemic pressure ratio; Pa, aortic pressure; Pd,
D - distal coronary pressure; RFR. resting full-cycle ratio.
£s
EES
§E 0l
&€

S Sen et al. J Am Coll Cardiol 2012;59:1392-402) Hendrik Wienemann et. Front Cardiov Med 2021, Vol 8, Article 744181
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Translesional Physiologic Options for LM assessment

o Sub-Max a 4
Hyperemic Hyperemic Non-Hyperemic Pressure Ratios (NHPR)

} 13

v v v v v
FFR cFFR pd/Pa [l DFR~
P s sl e || ||
Scientific

<0.80 <0.83 <0.91 <0.89

How to do it — Practical Tips

Step 1: Check transducer height

x Transducer higher
P,= lower

OK

k.. Catheter

Transducer lower
P,= higher

Check aortic pressure trace

L3

Peak
Anachrotic DICSSUIS
notch \
Diachrotic
& notch

Deep engagement  Guide withdrawn

Wedging of guiding catheter

Py
——  AFFR/iFR

VP,

Stenosis severity:
Underestimated

entricular
Aortic
morphology

Significant damping
aortic notch

Administer nitrates for all

measurements
X

Nitrates 300mcg IC

* Give before placing wire into vessel

* Prevent epicardial spasm which will
affect physiological measurements

* Ensure epicardial stability and maximal
vasodilatation
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Good ECG signal is essential

Remove needle introducer before
equalisation and iFR/FFR measurement

Needle introducer= WP, = ANFR

Equalization OK Introducer in Introducer out

Pd/Pa=1.04 | | Pd/Pa=10

Pd/Pa=1.0

Courtesy of ' Dr. Bon kwon Koo

iFR window must be correctly
identified

Where is the iFR window?

Check for drift

* Bring wire back to normailisation position
* +/-0.02 drift is considered accef)table
* Check aortic trace

* If there is drift you must re-normalise and re-
measure iFR/FFR

Step 7: Place wire distal to lesion and
make measurement

X
* At least 3 vessel diameters after the stenosis
to measure at a location of laminar flow

Measure here

Contraction and convective acceleration Expansion and eddy’s l
— @ —
— Laminar flow ==t  Oret o, (9] 1) Dret | cxmmm Laminar flows st
— ——
p— 020 | ——

Friction losses

iFR window must be correctly

identified

'
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Where is the iFR window? INOCA

Ischaemia with non-obstructive coronary arteries

MINOCA = myocardialinfarction with- non-obstructive co
arteries

List of Runs

09:46:20 AM
00:47:32 AM
09:47:48 AM
09:48:03 AM

0.
09:48:31 AM 0.83

CLINICAL RESEARCH . . . = b - Ischaemia with obstructive
Coronory he . Prognosis of patients with [ Ischaemia with non obstructive coronary arteries (INOCA) ]

INOCA is far from benign I I

Stable angina pectoris with no obstructive P . ;
z : 2 : i

coronary artery disease is associated |__Coronary Microvascular dysfunction (CMD} | | Atherc
with increased risks of major adverse Coronary Epicardial
cardiovascular events « Impaired quality of life microdirculation coronary artery

* Higher risk of disability Impairs coronary physiology and myocardial blood  Transient vasospasm  Persistent Stableplague  Vulnerable plaque

Tlow in subjects with risk factors vasospasm &
| -
* Increases mortality, R Al
e ¥ B /%
morbidity & -\ Y
o 1 Prinzmetal angina Myocardial infarction Reductionin FFR Plague rupture

v y

Higher recurrence rates of ' w - @ LT
hospital readmissions | // (f;,; — oy

Causes microvascular angina

o IR
ngher s Of repeated and contributes to Demand Thrombosis.
coronary angiograms myocardial ischaernia in ischaemia £

CAD angina p—
i P ) R
* Higher healthcare costs ﬁ"‘ ﬁ) o
o Acute coronary
| bstructi o isis frequently pi | syndromesfinfarction|

V. Kunadian et al. These mechanisms can overlap

Eur Heart J . 2020 1;41(37):3504-3520

Patient 1

PET (Positron Emission Tomography) Patient 2
CMR (Cardiac Magnetic Resonance Imaging)
MBG (Myocardial Blush Grade)

TIMI Score (Thrombolysis In Myocardial Infarction)

IMR-Index of microcirculatory resistance

MR Aere _ PoPe o pd x Trn
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Mr. DK =37 yr.

Recurrent chest tightness — exertion and rest.

Awoke at 3 am, chest tightness “someone was sitting on chest”. Radiated to his neck and
associated with sweating. Eased after 30 minutes.

A&E. Normal ECG, chest x-ray, and blood tests (FBC, CRP, D-dimer, clotting, liver function
test, U&Es and troponin). Advised Gaviscon. Already on Omeprazole 20 mg daily.

PMHXx: Raynaud’s disease. Previous CTCA: no obstructive disease.
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Clinical History

73 yr. old Asian male

Crescendo angina

Angio 2019 moderate RCA disease

Possible significant LAD disease.

Awaiting knee surgery turned down due to anginal symptoms. If possible within 1 month

Coronary angiogram. RRA. 6F

LMS: unobstructed

LAD: mild disease in proximal and mid course. Mild-moderate disease in distal LAD at apex
Cx: 40% hazy lesion in mid course

RCA: mild disease in proximal and mid course. Diffuse moderate disease in distal PDA with
slow flow.

G [ IR [y GEreis [ O
. \ | e

XB3 Guide.

Pressure wire X in Cx. RFR/FFR = 1
Coronary flow reserve: 1.8

Index of myocardial resistance: 40

Diagnosis: coronary microvascular disease. Stop ISMN (which can sometimes paradoxically
worsen anginal symptoms, and start Ranolazine 375mg BD. Can be listed for orthopaedic
surgery from a cardiac perspective.
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Mrs. GR—74 yr.
Hypertensive, Dyslipidaemia, Paroxysmal AF.
Possible diagnosis of coronary spasm /syndrome X, 2004 after normal coronary

angiogram

¥
i)

.

ECG showed diffuse non-specifically repolarization changes whilst in sinus rhythm. In view of her
history and because of the difficulties in getting a CT coronary angiogram | admitted her today for a
formal assessment

The procedure was performed using a right approach. The left main stem was
unobstructed. There was a 30% stenosis in the after a diagonal artery. The circumflex
artery was unobstructed and tortuous. The right coronary artery is dominant with mild plaque disease
in the mid-course.

An XB3 guide catheter was used to intubate the left main stem and the RFR in the LAD was 0.88.
The FFR was 0.91 confiming that the disease in the midcourse was not functionally significant. The
coronary flow reserve was 4.4 and index of myocardial resistance was 20, which exclude significant

z was in slow boluses of 2ygm,
20ugm, 100gm and 200 pgm. After the 100ugm bolus developed significant chest, jaw and arm pain
associated with ST depression 18ads V2 o V6. There was moderate spasm n the disal LAD. The
diagnostic criteria for significant epicardial coronary spasm is over 90%. She therefore has certainly
microvascular spasm and possibly epicardial coronary artery spasm. During the procedure she had
short runs of atrial tachycardia.

Clinical History

Seen in RACPC. CTCA. 50-69% non calcifed stenosis in prox.
Cx and partially calcifed 50-69% stenosis in mid LAD.
Dr. Ghuran's list please

Exertional pressure like pain associated with SOB. Good history for anginal
symptoms

Right radial artery. 6F

Almost separate ostium of LAD And CX.

LAD: Mild to moderate disease in mid LAD
Cx: Mild disease in proximal Cx

RCA: Dominant with mild disease in mid RCA.

XB 3 Guide

LA RFR:0.92,0.93
FFR 0.88

RFR: 0.92,0.93 CFR1.4

FFR 0.88 . IMR 37

CFR 1.4 L

IMR 37

Low coronary flow reserve and high myocardial resistance consistent with coronary
microvascular disease and microvascular angina.

Advice & Guidance to Cardiology

DL DL

Patient Details:
Name

Address El L

Hospalta [BER Sumsne Fooane S < o R 1[0 05 [ 1913 [61] 5o [k TIPS~ 0]

T Lot 23 Ticaments
5 Gt T

Email

Referrer Det

Date of Referral
Dates Not Available.
Telephone
Fax

26 May 2023

————— StressCMR

Reason

1 would valve your e sa 60 year is well known 0 D

— o exerton. He had 015 with showed 2

‘moderate atheroma in the mid LAD. pain Stress MR

VIR 25 s chest tress

continues resuling in multple ASE admission. The MRIshowed no convincing perfusion defect and he was | —~

aischarged §
Coronary angiogram

Since then, he R vermis stoke.

radiate into the arm and The
siroke team further 0 view, of this | vould
value your input to see if he does indeed need any further cardiac investigations.

| > stressecho
CTCA — mild to moderate CAD.

o |
Further Details and Previous

76 Viay 2025 i
T onpoiont | Lok [ Goups | B | Moot | _Dove

Essential hypertension (XEOUC), 1992
Hypertensive dsease (G2..),

Notes summary on computer (8344 ), Jun 2004

[VExam for normal Oct 2004

Allergi
[No known afergies |

Medication:

Acutes  None,
Repeats  Nicorandil 10mg tablets, take one twice dail
Isosorbide mononirate 60mg modiiied.release tablets, take one a day.
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Figure 1. How can a low fractional flow reserve (FFR) value be
(generated? Schematic representation of the relationship between
pressure gradient and flow across a coronary stenosis. The same
FFR value (in this example, 0.75, equivalent to a pressure drop of
25 mmHg) can be generated via 2 different mechanisms. In (1),
even a small magnitude of hyperemic flow is sufficient to gener-
ate a 25-mmHg drop in a severe, flow-limiting lesion. In (2), much
higher hyperemic flow rates are needed for the same 25 mmHg
to be created in a mild stenosis. Stenosis (1) is very likely caus-
ative of myocardial ischemia, whereas stenosis (2) is by definition
not significantly flow limiting, despite displaying the same FFR
classification.

clative Responsiveness
To Variable.

MACROCIRCULATION _m

Epicardial Arteries >400um  Small Arteries <400um  Arterioles <100um  Capillaries <10um

Invasive Trgn;lesional Pressure Measurements

Pressure
P

Paisa (hyper)

FFR=
Paoric (hyper)

Non-hyperemic Pressure
ratios, NHPR

Pistal (rest, wip)
Paoric (rest, wip)

Paistal (rest)
Paorio (rest)




