
www.revportcardiol.org

ISSN 0870-2551

Revista Portuguesa de

Portuguese Journal of Cardiology

Cardiologia
Volume 30 • Number 7-8  July/August 2011

Órgão Oficial da Sociedade Portuguesa de Cardiologia

See legend on page 681

Prediction of cerebrovascular event risk 
following myocardial infarction

Importance of different techniques in assessing 
the signi� cance of coronary stenosis

Primary cardiac lymphoma 
in an immunocompromised patient

See legend on page 686

www.revportcardiol.org

Portuguese Journal of Cardiology

Revista Portuguesa de

Cardiologia

0870-2551/ $ - see front  matter © 2010 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights reserved.

Rev Port  Cardiol. 2011;30(7-8):679-682

CASE REPORT

Importance of different techniques in assessing the signi fi cance 
of coronary stenosis

Tiago Godinho Teixeira*, Joana Silva, Paula Mota, A . M. Leitão-Marques

Laborat ório de Hemodinâmica, Serviço de Cardiologia, Cent ro Hospit alar de Coimbra, Coimbra, Port ugal

Received July 26, 2010; accepted February 18, 2011

*Corresponding author. 
 E-mail :  t iagoteixeiranoc@gmail.com (T. Godinho Teixeira).

KEYWORDS
Atherosclerosis;
Pressure wire;
IVUS;
Angiography

Abstract Atherosclerosis is a dif fuse arterial disease, discont inuously dist ributed, that  is not  
always linear in it s pathophysiological signifi cance. Start ing with a paradigmat ic clinical case, 
we review the hemodynamic techniques that  are current ly available for the assessment  of this 
condit ion. We present  the case of a male pat ient  with known dif fuse atherosclerot ic disease, 
who had previously undergone angioplast y,  in which angiography was repeated af t er acute 
pulmonary edema, with worsening left  vent ricular funct ion and local ischemia documented by 
myocardial scint igraphy.  The angiogram showed an int ermediate lesion in t he lef t  anterior 
descending art ery,  not  related t o t he ischemic t errit ory.  The signifi cance of  t he lesion was 
evaluated anatomically with int ravascular ult rasound, and funct ionally by determining fract ional 
f low reserve wit h a pressure wire.  We review t he pat hophysiology of  t he disease and t he 
parameters used for overall evaluat ion, focusing on catheterizat ion laboratory techniques and 
their indicat ions and cont ribut ion to the diagnosis and t reatment  of coronary atherosclerosis.
© 2010 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights reserved.

Importância de diferentes técnicas na avaliação da s igni fi cância de estenoses 
coronárias

Resumo A aterosclerose é uma doença arterial difusa,  com dist ribuição descont ínua,  cuj o 
signifi cado fi siopatológico nem sempre é l inear.  A part ir de um caso paradigmát ico faz-se a 
revisão das técnicas actualmente disponíveis na sala de hemodinâmica, para este fi m. Trata-se 
de um paciente do sexo masculino, com aterosclerose coronária difusa conhecida, previamente 
submet ido a intervenção percutânea,  que realiza coronariografi a após descompensação por 
edema agudo do pulmão, com deterioração da função vent ricular esquerda e documentação de 
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isquémia em cint igrafi a de perfusão miocárdica.  No cateterismo foi observada uma lesão de 
signifi cado angiográfi co intermédio na artéria descendente anterior, em território diferente do 
documentado por cint igrafi a.  Procedeu-se primeiro à avaliação do signifi cado da lesão quer 
anatómico, at ravés de ult rassonografi a int ravascular, quer funcional, at ravés da determinação 
da reserva coronária com guia de pressão. Revemos a fi siopatologia desta doença, parâmet ros 
da sua avaliação global, focando estas técnicas per-cateterismo, suas indicações e cont ribuição 
no diagnóst ico e terapêut ica da aterosclerose coronária.
© 2010 Sociedade Portuguesa de Cardiologia.  Publicado por Elsevier España, S.L. Todos os direit os 
reservados.

Introduction

The effect  of  atherosclerosis on vessels is discont inuous in 
both space and t ime, giving rise to acute and chronic clinical 
syndromes 1.  Accurate assessment  of its progression requires 
dif ferent  diagnost ic techniques, invasive and non-invasive, 
to guide the choice of the most  effect ive t reatment .

Case report

We present  t he case of  a 62-year -ol d mal e pat ient , 
hyper t ensi ve and dysl i pi demic,  a moderat e smoker 
(1 pack/ day),  fol lowed in the cardiology outpat ient  cl inic 
for coronary disease,  wi t h CCS class I st able angina.  In 
2001 cat het erizat ion showed 2-vessel  coronary disease 
af fect ing the fi rst  septal branch (99 % proximal lesion) and 
the right  coronary artery (RCA), the mid third of which was 
occluded and perfused ret rogradely (Rent rop grade 2) by 
collaterals f rom the lef t  coronary artery.  The lat ter lesion 
was t reated by angioplast y wit h a 3 × 20 mm balloon and 

a 3 × 23 mm ACS Tet ra st ent  was implant ed,  resul t ing in 
TIMI fl ow 3. One month later he was hospitalized for inferior 
ST-segment  elevat ion myocardial infarct ion following acute 
occlusion of  t he stent  in t he RCA, which was dilated with 
a 3 × 20 mm bal loon,  wit h re-est abl ishment  of  TIMI f low 
3.  He remained asymptomat ic for t hree years unt i l  2004, 
when fol lowing recurrence of  angina catheterizat ion was 
repeated,  and revealed in-stent  occlusion of  t he RCA and 
a 75 % lesion in the proximal third of the circumfl ex artery, 
which was t reated by implantat ion of a 3.5 × 13 mm Cypher 
stent  (with TIMI fl ow 3).

The pat ient  was stable and asymptomat ic unt il May 2009, 
when he was admit ted to the emergency department  with 
acute pulmonary edema. The t ransthoracic echocardiogram 
showed worsening paramet ers compared t o t he previous 
exam,  wit h lef t  vent ricular di lat at ion,  sl ight ly impaired 
syst ol i c f unct ion due t o inf eropost er ior  akinesia and 
hypokinesia of  t he sept um,  and mi ld mi t ral  and aort ic 
regurgitat ion. Myocardial perfusion scint igraphy showed an 
ischemic area in the septal wall and necrosis of the inferior 
wal l ;  lef t  vent ricular ej ect ion f ract ion was calculated at  
49.9 %. The pat ient  was asymptomat ic under therapy with 
aspir in 100 mg,  simvast at in 40 mg,  f urosemide 40 mg, 
telmisartan 40 mg, nit roglycerin 5 mg SC, isradipine 5 mg 
and alprazolam 0.5 mg.

The pat i ent  was r ef er r ed f or  sel ect i ve cor onar y 
angiography (Figure 1), which showed a 50-75 % lesion in the 
mid third of the left  anterior descending artery (LAD), patent  
stent  and no de novo lesions in the circumfl ex, and in-stent  
occlusion of the RCA, with Rent rop grade 3 ret rograde fl ow 
from the lef t -to-right  collaterals.  Since there appeared to 
be an intermediate lesion in the LAD, an important  vessel 
both in it self  and because of  t he collaterals supplying the 
RCA, and the ischemia appeared to be located only in the 
septal region,  funct ional assessment  was carried out  with 
a pressure wire,  using a Certus probe and a RADI Analyzer 
Xpress (St .  Jude Medical).  Af t er maximal hyperemia wit h 
a 60-� bolus of  adenosine,  f ract ional  f low reserve (FFR) 
was measured as 0.74 (Figure 2).  The lesion was t hen 
charact erized by int ravascular ul t rasound (IVUS) using a 
Boston Scient ifi c iLab system and an At lant is SR Pro imaging 
catheter,  reveal ing atheromatosis in t he mid t hird of  t he 
vessel,  wit h a minimum area of  2 mm 2,  a 30º calcium arc 
at  3 o’ clock,  and no signifi cant  involvement  of  t he ost ium 
of the fi rst  diagonal branch, an important  vessel,  proximal 
t o t he lesion (Figure 3).  A 3 × 24 mm Endeavor st ent  was 
accordingly implant ed direct ly,  released at  14 at m and 
overdilated with a 3 × 15 mm non-compliant  (NC) balloon, 

Figure 1  Lef t  coronary angiography,  lat eral  view,  showing 
50-70 % stenosis in the mid third of the left  anterior descending 
artery.
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af t er angiographic evaluat ion.  IVUS (Figure 4) revealed 
inadequate stent  expansion (maximum diameter 2.61 mm), 
and so it  was further dilated, this t ime with a 3.5 × 15 mm 
NC balloon, result ing in a fi nal diameter of 3.8 mm by IVUS 
(9.1 mm 2), and TIMI 3 fl ow.

The pat ient  was discharged af t er  24 hours wi t h no 
recorded complicat ions. Six months after the procedure he 
is asymptomat ic.

Discussion

Ther e ar e sever al  st ages i n t he devel opment  of 
at herosclerosis,  t he f i rst  of  which is charact er ized by 
endothelial dysfunct ion and eccentric vessel growth (posit ive 
remodeling) 1,  which leads to progressive obst ruct ion of the 
lumen due to the growth of atheromatous plaques.

Signi f icant  obst ruct ion of  ar t er ies,  par t icular l y t he 
coronary t ree,  can be def ined in dif ferent  ways.  From a 
funct ional standpoint ,  ischemia is defi ned as the inabil it y 
t o furnish adequate blood f low in sit uat ions of  increased 
demand such as exer t i on or  i nt ravenous adenosi ne 
administ rat ion, despite the self -regulatory mechanisms of 
t he microvasculat ure.  This general ly occurs when t here 
is ≥50 % st enosis,  which can give rise t o sympt oms and is 
thus of  cl inical signifi cance. Funct ional assessment  can be 
by non-invasive (exercise test ing, st ress echocardiography, 
myocardial perfusion scint igraphy,  or magnet ic resonance 
perfusion study) or invasive means (int racoronary Doppler or 
calculat ion of FFR) 2,3.  The lat ter method, recent ly validated 
in two large clinical t rials,  DEFER 4 and FAME 5,  assesses the 
funct ional signifi cance of a coronary lesion. FFR is the rat io 
between the pressures downst ream (distal vessel pressure) 
and upst ream (aort ic pressure) of  t he lesion measured 
at  maximal  hyperemia,  obt ained by administ rat ion of 
int racoronary adenosine (a vasodilator) in bolus or perfusion. 
The technique can assess isolated or sequent ial lesions and 
thus ident ify which lesions are causing the ischemia.

The art er ial  lumen can be assessed anat omical l y by 
angiography,  which is considered t he gold st andard for 
determining the presence and extent  of  disease, although 
recent  advances in mul t i sl i ce comput ed t omography 
may provide a val id al t ernat ive.  Over 75 % obst ruct ion 

is considered signi f icant .  However,  assessment  of  t he 
lumen, even in various planes and using computer-assisted 
quant it at ive coronary angiography (QCA), can lead to two 
t ypes of  error.  It  can overest imate t he signif icance of  an 
intermediate lesion that  does not  cause funct ional ischemia, 
result ing in unnecessary percutaneous t reatment . The FAME 
t rial showed that  percutaneous coronary intervent ion (PCI) 
guided by FFR in pat ient s wit h mult ivessel disease led t o 
a signifi cant  reduct ion in maj or adverse cardiac events at  
one-year (76 vs. 113, p <0.02) and two-year follow-up (105 vs. 
141, p <0.01), compared to PCI guided by angiography only, 
with a parallel reduct ion in the number of  stents used per 
pat ient  (1.9 vs. 2.7, p <0.001), procedure t ime and length of 
hospital stay 5.  More recent ly,  a substudy of the same t rial,  
analyzing the funct ional signifi cance of lesions according to 
the degree of angiographic stenosis, concluded that  65 % of 

Figure 3  Coronary stenosis in the most  crit ical region assessed 
by IVUS, showing a luminal area of  2 mm 2,  with a 30º calcium 
arc at  3 o’ clock and a pronounced adj acent  shadow cone.

Figure 4  IVUS showing the fi nal result  at  the crit ical stenosis 
after overdilat ion with a 3.5 × 15 mm NC balloon.

Figure 2  Assessment  of  st enosis by pressure wire fol lowing 
maximal hyperemia after int racoronary administ rat ion of 6 cc 
adenosine, giving an FFR of 0.74.
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lesions classifi ed as 50-70 % and 20 % of  t hose classifi ed as 
70-90 % were not  funct ionally signifi cant  6.

On the other hand,  angiography,  being a luminographic 
technique, may underest imate the signifi cance of a plaque, 
since it  does not  assess the vessel wall and the cont ribut ion 
of  posit ive remodel ing 7.  Improved underst anding of  t he 
pathophysiology of atherosclerosis has shown that  two-thirds 
of  acut e coronary syndromes are caused by funct ional ly 
and/ or angiographically non-signifi cant  atheromas plaques 
becoming unstable and thus clinically signifi cant  8.

The dif f icul t y of  assessing t he signif icance of  coronary 
disease is somet imes evident  during catheterizat ion, as in 
the case presented, when it  af fected t reatment .  Based on 
current  knowledge, angiographic assessment  of  lesions of 
intermediate signifi cance (50-70 %) should be complemented 
by funct ional assessment  using FFR. A value of <0.80 j ust ifi es 
t reat ing the lesion,  while a value of  ≥0.80 does not .  Unt il 
the publicat ion of the FAME study, values between 0.76 and 
0.79 were considered to be a gray area, in which t reatment  
was not  considered obligatory 9.

Histological study of  t he vessel wall  using IVUS can add 
vi t al  inf ormat ion 10,  even in t he absence of  f unct ional 
assessment  11.  Through direct  visual izat ion of  t he vessel 
wal l  and i t s di f f erent  layers,  IVUS can det ermine t he 
size, dist ribut ion (including in bifurcat ions and ost ia),  and 
const itut ion (part icularly calcium content ) of atheromatous 
plaques.  St udies correlat ing luminal  area by IVUS and 
funct ional repercussions show that  lesions are signifi cant  
when the area is <6 mm 2 in the left  main artery or <4 mm 2 in 
any other nat ive vessel. This guides the choice of t reatment  
st rategy, as well as the need for lesion preparat ion (plaque 
modifi cat ion techniques such as direct ional,  rotat ional and 
cut t ing balloon atherectomy) before stent  placement , and 
the select ion of appropriately sized stents. IVUS can also be 
used to evaluate t reatment  outcomes, including ident ifying 
dissect ions and t hrombi ,  and conf i rming correct  st ent  
apposit ion and expansion. 12,13.  In the case presented, IVUS 
following the fi rst  overdilat ion of the Endeavor drug-elut ing 
stent  detected the stent ’s underexpansion, a factor which 
can have negat ive repercussions (exemplifi ed by the in-stent  
occlusion in 2004),  and enabled subsequent  correct ion, 
result ing in a luminal area of >9 mm 2.

Conclusion

The signifi cance of  a coronary lesion, naturally taking into 
account  the pat ient ’s symptoms, should be determined on 
the basis of informat ion provided by careful select ion of the 
dif ferent  diagnost ic methods available,  which wil l  help to 
avoid errors of j udgement  and thus improve t reatment .

Coronary angiography has t radi t ional ly been t he gold 
standard for classifying coronary lesions, but  is now giving 
way to a series of techniques that  go beyond luminography. 
Methods are now available to assess plaque characterist ics 
(IVUS) and funct ional  repercussions (FFR),  which can be 
used to determine indicat ions for mechanical intervent ion 

and to evaluate it s out come. Together,  t hese techniques, 
which complement  convent ional angiography, are becoming 
est abl ished as t he most  import ant  det erminant s of  t he 
success of percutaneous coronary intervent ion.
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