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Introduction

One of the most significant disruptive technologies in the era of interventional cardiology was
the introduction of drug eluting stents (DES). The initial promise of DES in reducing re-stenosis
rate was tampered by concerns of late stent thrombosis and late ‘catch-up’ phenomenon in TLR
rates.

The drug eluting balloon (DEB) technology basically used an upgraded version of the old angio-
plasty balloon that allowed delivery of cytostatic drug to reduce neo-intimal hyperplasia and doing
away with issues related to stents,

This technology is still in its infancy. Active research are ongoing to try to refine the device and
define its application. There are still many issues that need to be learnt eg. what is the best drug,
optimal dosage, carrier matrix to use, etc.

There are many DEB systems available today (For examples, see table ):

Paccocath (B. Braun, Melsungen, Germany )

SeQuent Please (B. Braun, Melsungen, Germany)

Cotavance (Medrad Inc,Warrendale, PA USA)

Elutax (Aachen Resonance GmbH, Aachen, Germany)

Genie (Acrostak, Geneva, Switzerland)

Dior (Eurocor GmbH Bonn, Germany)

Clearway (Atrium Medical Corp,, Hudson, NH, USA)

Pantera Lux (Biotronik, Berlin, Germany)

Lutonix (Lutonix, Maple Grove, MN, USA)

In.Pact (Invatec, Roncadelle, Italy / Medtronic, Minneapolis, MN, USA)

Each of these individual system
needs to prove its worth,

This manuscript describes the avail-
able literature supporting the use of
DEB in coronary circulation. The main
indications for DEB are for in-stent rest-
enosis and small vessel disease. Applica-
tion of DEB for bifurcation disease and
specific clinical conditions eg. diabetes
mellitus and use in conjunction with
stents will also be discussed.

In-stent restenosis

One of the strongest indication for
DEB is for in-stent restenosis. The first
clinical data to suggest benefit was
the Paccocath study. Paclitaxel-based
DEB therapy significantly reduced in-
segment late lumen loss [(0.03+0.48)
mm vs. (0.74£0.86) mm; P= 0.002]
and binary restenosis(5% vs. 43%; P
=0.002) when compared to uncoated
balloon therapy.

Combining data from Paccocath | &
Il studies, the benefits of reduced in-
segment Iate loss was shown to be sus-
tained up to 2 years.

Direct comparison between TAXUS
stent(DES) and the paclitaxel-eluting
Sequent Please balloon for the treat-
ment of bare metal stent(BMS) in-stent
restenosis was investigated in the PER
CAD-II trial. DEB clearly trumped DES in
its ability to reduce in-segment late-1oss
[(0.17£042) mmvs. (0.38E0.61)mm;
P=0.03] and binary restenosis (7.0% vs.
20.3%; P=0.04).

Newer DEB platforms were also fairly
consistent in its efficacy for the treat-
ment of both BMS or DES -related ISR,

For example, PEPPER Registry of
the Panthera Lux'" DEB announced its
first 45 patients results at TCT 2010
demonstrating significant benefit in

angiographic and clinical outcomes.
The VALENTINES trial, investigating the
DIOR-II DEB system, was announced at
CRT 2011, This international multi-cen-
tre registry showed effective treatment
of ISR with single-digit TLR-rate at 8
months. As the DEB platforms are being
further refined, a lower dosed MOXY™
(Lutonix) paclitaxel-eluting balloon
(2 1 g/mm°?) showed similar efficacy
with the other higher dosed DEBs (eg.
Paccocath and Sequent Please systems
- 3 g/mm?) in reducing in-segment
late-loss in the PERVIDEO-I Registry.

Such consistent and impressive
results with DEB had led to the recom-
mendation of the 2010 Guidelines on
myocardial revascularization from The
Task Force on Myocardial Revasculariza-
tion of the European Society of Cardiol-
ogy (ESC) and the European Association
for Cardio-Thoracic Surgery (EACTS) -ie.
the consideration of DEB for the treat-
ment of bare-metal in-stent restenosis
with a grade lla recommendation and B
level of dlinical evidence,

Small vessel coronary disease

Suggestion of the benefit of DEB for
treatment of small vessel disease was
seen in the Spanish Registry of DIOR
(paclitaxel-eluting) balloon.

DEB treatment of vessels with a
mean reference diameter of (1.9£0.3)
mm had only (0.27£0.07)mm in-seg-
ment late loss and corresponding 13.3%
binary restenasis rate.

The PEPCAD-I data investigating ef-
fects of the Sequent Please DEB bal-
loon in vessels < 2.8mm were similarly
impressive with DEB-alone strategy .
However, in the event that a bare-metal
stent had to be implanted as a bail-out
strategy eg. for flow-limiting dissection,

CIT2011- ks

the outcome was significantly com-
promised. The late-loss in a DEB+BMS
treatment strategy was 0.73mm, much
higher than 0.18mm when only DEB
treatment was applied.

Subsequent analysis of this cohort
showed geographic mis-match as prob-
able explanation - seen in 10 out of
the 13 cases of restenosis at 6 months.
Geographic mis-match occured when
the implanted stent was placed beyond
the previously DEB pre-treated segment.

The Piccoleto trial (EuroPCR 2009)
from Italy showed contradicting results.
Utilising the Tst. generation DIOR
balloon in the treatment of small ves-
sels (about 2.5mm), it failed to show
equivalence to TAXUS stent with higher
restenosis rates and trend toward higher
TLR at 9 months. However, there were
indications that the poor DEB result
could be due to suboptimal techniques
eg. lack of use of pre-dilation in the
DEB cohort, lower balloon inflation pres-
sures, etc,

This trial raised the point that differ-
ent DEB designs might have different
efficacy. The first generation DIOR bal-
loon had paclitaxel coated on the bal-
loon without a carrier matrix whereas
the second generation DIOR balloon
used shellac as its carrier. This carrier
determined important issues eg. drug
load, stability, retention during transit
to lesion and transfer efficiency to the
vessel wall

2011/04 287 H5538 9




In summary, DEB could be useful for the treatment of small
vessel disease especially as a stand-alone strategy. However,
there might be a price to pay in terms of late-lumen loss and
TLR when we need to perform bail-out stenting.

This might be mitigated with attention paid to techni-
cal details eg. avoiding geographic mis-match, adequate pre-
dilatation, use of adequate balloon pressures and selection of
proven DEB platforms.

Bifurcation intervention

The Sequent Please DEB use in coronary bifurcations was
studied in the PEPCAD V study. Following DEB pre-treatment
in both main and side branches, the main vessel was stented
with a Coroflex BMS and a provisional BMS strategy in the
side-branch. Fairly impressive late loss figures were seen both
in the main and side branch (0.38mm and 0.21mm respec-
tively). These were almost DES-like and TLR was only seenin
1 of the 28 patients. However, there was safety concern with
2 reported cases (7.1%) of late stent thrombosis in the main
branch.

The DEBIUT (Drug Eluting Balloon in bifurcation Trial)
tested the DIOR balloon. This trial failed to achieve its primary
endpoints of defined improvements in late lumen loss for
both main and side branches owing to unexpectedly good
results in the BMS + uncoated POBA arm which was used as
the comparator with the BMS + DEB arm. However, strong
trends showing favourable outcome of BMS + DEB in the
main branch and DEB in the side branch with regards to late
loss and binary restenosis rates was seen.

DEB use in diabetic patients

The PEPCAD IV Asian multi-centre study compared the
Sequent Please DEB + Cobalt Chromium BMS strategy with
TAXUS DES device in the treatment of diabetics. The angio-
graphic 9 months late loss and major adverse cardiovascular
events (MACE) were no different between either strategy.
There were 2 possible late stent thrombosis in the DEB arm.

10  (Cheart Review

BMS premounted on DEB strategy

In @ comparison of BMS pre-mounted on a DEB -(Coroflex
Blue platform) with Sirolimus coated Cypher stent (PEPCAD Il
trial), the intended non-inferiority criteria was not met. The
former strategy was inferior in efficacy with greater late lu-
men loss, restenosis and TLR rates. There was once again a
hint of harm with higher stent thrombosis rate in the BMS +
DEB arm (2.0 % vs. 0.3%).

DEB + endothelial progenitor cell (EPC) cap-
ture stent (Genous® stent)

It appeared that combining DEB with a BMS might not be a
good option when compared to DEB alone strategy as the Iate
lumen loss tended to be higher (eg. In PEPCAD |, Ill and V, and
DEBIUT trials). In addition, there were concerns with late stent
thrombosis as seen in PEPCAD Ill, IV and V.

In view of these concerns, combination of DEB with an
EPC-capture stent was studied in 2 trials - PERFECT trial (TCT
2010) and POTENT registry (EuroPCR 2010).

The former study showed improved late loss and TLR
(4.8%) rates compared to EPC capture stent alone. The latter
registry showed comparable MACE (6%) and TLR rates (4%).
Both these studies showed no concern of increased stent
thrombosis rates.

The on-going REMEDEE ftrial utilizing the GENOUS stent
platform with EPC-capture antibody coating in the luminal
stent aspect and Sirolimus elution in the abluminal aspect re-
sultis highly anticipated,

Summary

It is very clear from the available and rapidly evolving clini-
cal data that DEB technology is here to stay. It will comple-
ment current percutaneous intervention strategies. The most
established roles of DEB are in the management of in-stent
restenosis and small vessel disease.

Most of the evidence supparting DEB use comes from rath-
er small studies and registries. As the technology evolves and
various clinical trial programs are completed, the indications
for DEB use will be further refined and consolidated. 51 4%

! X

Prof. Dr. med. Martin Mockel
Charité Universititsmedizin Berlin

Campus Mitte and Campus Virchow-Klinikum
Depts. of Emergency Medicine and Cardiology

CIT2011 - %5k |

Mechanism of Contrast In-
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1. Introduction

Radiographic diagnostic and therapeutic procedures are increasingly being used worldwide
and this has resulted in an increasing incidence of contrast media induced nephropathy (CIN).
CIN is usually defined as an increase in serum creatinine (Scr) concentration of >25% above
baseline or >0.5 mg/dl within 48 hours after radio contrast media (RCM) administration. The
occurrence of CIN is variable and usually low in the general population. Depending on the
presence of certain risk factors, the incidence of CIN increases, but the rates reported from
different centers vary significantly. In patients with pre-existing kidney disease who undergo
contrast studies, CIN occurs in up to 42% of cases. The development of CIN is associated with
a significant increase in both in-hospital and one year mortality, especially if hemodialysis
treatment is required.

Extensive research has been dedicated to identifying risk factors for a decline in renal func-

2011/04 28 85538 11




tion after RCM application. Pre-existing chronic kidney disease
(CKD), the presence of congestive heart failure, diabetes mel-
litus and RCM cumulative dose were shown to be the most
important and independent risk factors. In patients who un-
dergo coronary angiography and/or intervention one or more
of these risk factors is quite often found.

The impairment of renal function after RCM exposure is
multi-factorial. Mainly two pathophysiological mechanisms
which are related to the contast media have been proposed,
RCM induced direct cytotoxic effects and RCM induced va-
soconstriction followed by either regional hypoxic damage
or ischemia / reperfusion injury. These changes have mostly
been adjucated to the high osmolality of contrast media,
because in an early landmark experimental study in dogs,
Katzberg and colleagues showed a biphasic response to
intraarterial renal RCM administration: a short period of hy-
perperfusion, then vasoconstriction with hypoperfusion and
restoration of normal flow within several minutes. The hypop-
erfusion was more pronounced with higher osmolarity of the
contrast medium. Recently, another mechanism, which is also
related to the physico-chemical properties of different agents
has been proposed, namely rheological disturbances with con-
secutive renal medullary hypoxia due to increased viscosity in
the arterioles of the kidney;

2. Experimental evidence of the pathophysi-
ological background

Renal hemodynamic response

Vasoconstriction that CM induced have been shown before
more than three decades and described as biphasic response
during first couple of minutes after CM administration. In-
crease in renal blood flow (RBF), followed by decrease was
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confirmed in few experimental studies, measuring RBF in re-
nal arteries during renal angiography. Intravenous application
of contrast showed different renal hemodynamic response.
Human studies that measured RBF, using left renal vein ther-
madilution catheter, could not confirm fall in RBF after bolus
of contrast needed for left ventricle angiography and relation
between CIN, although biphasic pattern was occasionally
observed during longer time frame (hours). Data from experi-
mental studies further emphasized importance of CM induced
disturbances in microcirculation as an important pathophysi-
ologic mechanism. In the case of coronary angiography and
left ventricle angiography, bolus of 25% of total amount of
contrast medium with high or low osmolality directly enters
renal arteries. This situation could be characterized by vaso-
constriction of renal artery and distal branches, which could
potentially lead to dominant hemodynamic participation in
radio-contrast toxicity although acute vasoconstriction was
never confirmed in man.

Contrast media cell toxicity

Contrast media renal cell toxicity has been considered as
the other mechanism that causes CIN. Fall in oxygen par-
tial pressure (PO,) in renal medulla caused by CM has been
confirmed in experimental conditions. Renal medulla tubular
cells (TC) have been challenged after CM administration by in-
creased higher energy demands needed for sodium reabsorp-
tion in distal tubule, This leads to decrease in PO,, which could
be further aggravated by dopamine caused redistribution of
blood toward renal cortex. Experiments with use of non-ionic
and ionic CM confirmed more frequent functional disturbanc-
es when ionic CM had been added to cultured TC. In recent
paper Zager et al have shown direct CM damage to TC, apart
from reperfusion injury, after ischemia caused by CM induced

vasoconstriction and tubular obstruc-
tion. Experiment on mouse proximal TC
clearly shown that CM induced plasma
membrane damage characterized by
loss of Na-K-ATPase, and caveolin and
mitochondrial integrity impairment.

Other experimental evidences for CM
induced renal TC toxic injury have shown
impaired viability, impairment in tight
junction associated proteins, decrease
in content of energy molecules and K7,
increase in TC Ca”" content, reduced
activity of antioxidant enzymes, lipid
peroxidation of proximal TC membranes
and apoptosis. These results were sum-
marized elsewhere,

Effect of viscosity

Recently, Seeliger and colleagues
administered contrast media of equiva-
lent iodine concentrations but differing
physiocochemical properties: the high-
osmolality iopromide was compared to
the high-viscosity iodixanol. In addition,
the non-iodinated substances mannitol
(equivalent osmolality to iopromide)
and dextran (equivalent viscosity to
iodixanol) were also studied. Both types
of contrast media transiently increased
renal and hindquarter blood flow in
experimental rats. The high-osmolality
agents iopromide and mannitol mark-
edly increased urine production whereas

iodixanol, which caused less diuresis,
significantly enhanced urine viscosity.
Only the high-viscosity agents iodixanol
and dextran decreased renal medullary
blood flux, erythrocyte concentration,
and PO,. Moreover, iodixanol prolonged
the tubuloglomerular feedback re-
spanse and increased plasma creatinine
levels to a greater extent than iopro-
mide or dextran. The authors conclude
that the viscosity of contrast media
may play a significant role in contrast-
induced nephropathy.

3. Clinical context of CIN:
Risk factors and procedural
characteristics

The concept of CIN as a complication
of radiocontrast media exposure only is
challenged by several facts;

+ Day-to-day variation in creatinine lev-
els in one individual is very high and
therefore spontaneous changes may
mimick creatinine increase due 1o a
specific cause.

* The rate of patients with worsen-
ing of renal function after hospital
admission is very high and occurs
also in those who did not underwent
radiographic procedures.

+ (CIN-rate is higher after coronary pro-
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cedure than after venous contrast
application.

+ Patients with complicated creatinine
increase after coronary procedures
are characterized by risk factors
which influence independently the
renal function as hypotension, shock
and heart failure,

Putting these points into perspec-
tive it means that CIN should better be
translated into “cardiovascular interven-
tion nephropathy” and has much to do
with renal perfusion changes during the
procedure, which are most deleterious in
patients with pre-existing disturbances
of renal auto-regulation due to several
factors including typical medications
in atherosclerotic patients like ACE
inhibitors and Angiotensin receptor
blockers. Drop of blood pressure even
without acute symptoms of the patient
and maybe within physiological range
maybe one predominant cause of wors-
ening renal function in patients under-
going coronary procedure. This concept
is referred to as “normotensive ischemic
acute renal failure”,

The application of this concept in CIN
can be done by looking in the details
of a paper which analyses risk factors
for CIN in a large number of patients.
In this landmark study a number of risk
factors are summarized to build a score
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which predicts the probability of creatinine increase after
coronary procedures. The top three factors which contribute
most to the development of CIN are hypotension, use of intra
aortic balloon pump (in shock) and chronic heart failure (with
reduced perfusion of the kidney). The amount of CM used
ranks only number 8 in the end of the list. The table 1 shows
the Mehran-Score in detail

Table 1.

Risk factor Integer Score

Hypotension 5

IABP

CHF

Anemia

Diabetes

5
5
Age = 75 years 4
3
3
4

Serum creatinine = 1.5mg/d|

Contrast media volume 1 for each 100m|

IABP. intraaortic balloon counterpulsation, CHF, chronic heart
failure; The integer score is added up and the sum results into
four risk categories for CIN: <5 points: 7.5%, 6 to 10 points:
14.0%; 11 to 16 points; 26.1%, > 16 points. 57.3%.

4. Clinical data on the controversy around the
choice of modern contrast

There has been a debate in the past decade as to whether
the well-established class of the so-called low-osmolar
contrast media (LOCM) posses an inferior renal tolerance as
compared to the so-called iso-osmolar contrast media (I0CM).
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The majority of the LOCM compounds consist of non-ionic
monomers, with such well-known compounds as iopromide
(Ultravist®, Bayer Schering Pharma), iohexol (Omnipaque®,
GE Healthcase), iopamidol (Isovue®, Bracco), or ioversol (Op-
tiray®, Covidien). The LOCM are moderately hyper-osmolar
compared to blood and posses a low viscosity even at higher
iodine concentrations. The LOCM are remarkably well tolerated
substances and have been administered in well over 1.000
million patients globally. The class of the IOCM was created in
the quest to further reduce osmolality in the mid 1990ies.
The reduction of osmolality to blood osmolality was achieved
by creating a non-ionic dimeric structure, but at the price of a
considerably increased viscosity at similar iodine concentra-
tion. lodixanol (Visipaque™, GE Health) is the only representa-
tive of this class indicated for intra-vascular use on the mar-
ket. The IOCM have a clinically proven significant higher rate of
delayed skin reactions compared to the LOCM dlass.

The NEPHRIC trial in early 2003 created the hypothesis
that the IOCM may have a better renal tolerance compared to
the established LOCM. The NEPHRIC study was a randomized,
double-blind, controlled comparison of LOCM iohexol to I0CM
iodixanol in 129 risk patients undergoing coronary interven-
tion. The trial found a statistically significant lower incidence
of surrogate CIN, employing the =0.5 mg/dl absolute in-
crease definition, in the iodixanol group. There are a number
of limitations of this study, which are largely due to the small
sample size (imbalances in patient groups, some clearly favor-
ing the iodixanol group), however, those limitations are typical
for a hypothesis-generating study and as such no criticism on
the study itself, but merely a reminder for the need of con-
firmatory trials. As of mid 2011 one has to conclude that the
NEPHRIC study results have not been confirmed, quite to the
contrary there are increasing indications that the choice of

modern contrast is not the main factor
to influence the risk of CIN,

There are two studies, which claim
or are claimed to support the NEPHRIC
findings, however, this does not fully
stand up to scrutiny. In the RECOVER
study, a prospective, randomized, single-
center study in 275 renally impaired
patients undergoing coronary interven-
tion, a higher rate of serum creatinine
changes was found in the patients
receiving the LOCM loxaglate compared
to the I0CM iodixanol group. However,
the difference was only significant with
one, the most unspecific version, of the
three investigated definitions of the
surrogate marker CIN. The differences
where not significant using the same
definition as employed in NEPHRIC, put-
ting the favourable conclusions drawn
by the authors for iodixanol into ques-
tion. Another single-center investigation
conducted in China compared iodixanal
and LOCM iopromide in 208 risk pa-
tients undergoing PCl and found mildly
significant results in favor of iodixanol
with one variation of the surrogate
endpoint, but again not showing consis-
tency across the results.

Multi-center studies with larger
patient numbers have found no dif-
ferences in the rate of the surrogate
marker CIN between the LOCM and
the I0OCM group. The VALOR study

showed no statistical differences in the
incidence of surrogate CIN in 259 risk
patients in the patient group receiving
the LOCM ioversol as compared to the
IOCM iodixanol group. The CARE trial,
a randomized, double-blind, controlled
investigation of 414 renally impaired pa-
tients undergoing coronary intervention
found consistently neutral results com-
paring the LOCM and the IOCM group.
Similar neutral results were obtained
in the ICON trial (LOCM ioxaglate) the
JUrgens et al trial (LOCM iopromide) and
the CONTRAST trial (LOCM ioversol).
And finally, the Laskey et al. trial should
be mentioned. This trial sponsored by
the manufacturer of iodixanol is in de-
sign almost identical to the NEPHRIC
study, except that it uses a different
LOCM comparator and stringently em-
ploys current state of the art hydration
prophylaxis. This investigation of 526
risk patients found no significant differ-
ences between the LOCM and the IOCM
group regarding the incidence of the
surrogate marker CIN, but notably in the
per protocol set, the rate of what the
authors call ‘conservative CIN' (serum
creatinine increases where likely non-
contrast related causes were excluded)
was almost two-fold higher (3.3%) in
the iodixanol group as compared to the
LOCM group (5.4%) (see figure). A re-
cent meta-analysis of all published CIN
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trials confirms that there is no benefit
of the IOCM over LOCM regarding rate of
CIN in risk patients undergoing cardiac
intervention.
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Figure 1. Comparison of the results
of one small (n=129, Aspelin 2003)
and the larger second study (n=526,
Laskey 2009) on iodixanol versus LOCM
(low osmolar contrast media). The dif-
ference in the incidence of CIN in the
pilot study was not confirmed

Given the limitations of the surrogate
definition of CIN studies employing
patient outcomes should also be con-
sidered in the evaluation of preventive
strategies. Here the picture is also clear.
There are to-date two large registry
analyses comparing renal tolerance of
LOCM and IOCM. Both of these large-
patient registries find no benefit of
IOCM iodixanol on the contrary, both
registries find an about two-fold higher
incidence of hard clinical outcomes such
as clinically diagnosed renal failure or
need for dialysis in the IOCM patient
group. While the first analysis concluded
that these differences are related to the
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type of contrast, the second register study found that a risk-
adjustment between the two groups level the differences to
result in a neutral outcome in the comparison of I0CM and
LOCM.

From the currently published clinical evidence one can
conclude that there is overwhelming and consistent evidence,
that iso-osmolar, high-viscous CM do not offer advantages
over low-osmolar, low-viscous CM regarding renal safety,.

5. Current interpretation of the evidence

Choice of contrast media

Interventional cardiologists focus their interest on per-
forming an excellent intervention in which CM is only one
necessary means. Therefore, a huge number of details need
attention and CM is one of them. The topic of renal func-
tion in cardiovascular intervention is addressed in the 2003
Focused Updates: ACC/AHA Guidelines for the Management
of Patients With ST-Elevation Myocardial Infarction and in the
actual Guidelines on myocardial revascularization of the Euro-
pean Society of Cardiology (ESC).

In the American guidelines “in patients with chronic kidney
disease undergoing angiography who are not undergoing
chronic dialysis, either an iscosmolar contrast medium or a
low-molecular-weight contrast medium” is recommended.

The European guidelines clearly state to use “LOCM or
IOCM" and less than 350ml volume or < 4ml 7kg of body-
weight.

Preventive measures

The actually recommended preventive measures consist
of optimal medical therapy of the underlying atherosclerotic
disease including medication with statins, ACE inhibitors or
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sartans and /3 -blockers; hydration with isotonic saline; con-
sidering of N-Acetylcysteine and infusion of 0.84% sodium
bicarbonate. A prophylactic hemofiltration can be considered
in patients with severe chronic kidney disease.

6. Perspectives in the perception of CIN

Actual guidelines define chronic kidney disease (CKD) in
terms of strata of the calculated glomerular filtration rate
(GFR). GFR is nowadays usually estimated by using the MDRD-
formula (eGFR) and categorized into three groups: Patients
with mild (eGFR = 60 and < 90mlI/min/1.73m") or moderate
(eGFR =30 and < 60ml/min/1.73m°) chronic kidney disease;
patients with severe chronic and end stage renal disease or in
hemodialysis (€GFR < 60ml/min/1.73m°). Recommendations
are differentiated among these groups.

Once research has been more focused on the importance
of CKD, also acute renal injury has been more accurately de-
fined. There are actually two important classification systems
in use, called the Risk, Injury, Failure, Loss, and End-stage Kid-
ney (RIFLE) and the Acute Kidney Injury Network (AKIN) clas-
sifications. Although it was clearly shown in many analyses
that CIN by the traditional definition as outlined above (in-
troduction section) is related to outcome, there is a tendency
o classify acute renal injury more accurate using the new
classification. In the recently performed DIRECT study the pri-
mary endpoint was chosen according to the 'R" (R’ for risk) -
criterion of RIFLE, which is a 50% increase of serum creatinine
within 3 days after the procedure,

As discussed in detail above, a more sophisticated view on
the nature and pathophysiology of kidney injury in patients
undergoing interventional procedures, led to the discovery
that the contrast media itself is just one factors in a multi-
cause entity.

7. Future of CIN and safe interventions in patients with renal impair-

ment

Patients with CKD are prone for complications and need special vigilance to minimize ad-
verse outcomes and provide the basis for effective and safe cardiovascular interventions. The

basic principles of safe interventions in CKD patients are summarized in table 2.

Table 2: Safe interventions in patients with CKD

Intervention

Evidence

Intervention should be performed only in clear in-
dication

High risk of patients with CKI

Preventive measures as summarized in the guide-
lines including optimal medical therapy, hydration,
N-ACC and 0.84% bicarbonate infusion

Several randomized, controlled studies

Limitation of the diagnostic and interventional
procedure to spare as much contrast as possible
and limit intravascular manipulations, resulting in a
shaort investigation time

Pilot study data suggest that renal
perfusion diminishes with longer in-
vestigation time

Intensive control and vigilance for stable hemody-
namics during the procedure

Impairment of renal function after in-
vasive procedures may be at least due
to normotensive ischemic acute renal
failure

In patients with volume overload or known iodine
intolerance contrast media with lower iodine con-
tent (e.g 300 mg/ml) resulting in lower osmolality
maybe considered

Expert opinion
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SENPHNARIE, ARXKSHOEHLRBERE, REWL, NRISZAHZARNMEN
ARV, BASEBRAJREHM E BT AT BT TRR. BARRILIR
MR STEMELFAE—LEE, BNABEPTINEES SHEK, KRN THEME

EAEOIESIEERRS, MNRRAETOE.

B : ZOANBEXMEANRR, REEAES BN —FHRNIZIA SN E
HxE? WT F—EP ARz, SIEREEEA —LIRAR?

BRI Lz E R m, LEZ (0 T E BAEARTATZID,
MMENN S EFB TRZ R, FAIRIN, EIEN/LEERBREZBE CT0 7
EHZI TS/, BARBIIXRRZN, TICMARBIX BERNEITYE AR AR
I RRMREE T BN REEERE THESNF IS, FsmarBA, WP E
CTO AR F AR ERES —E 2R ERWAER.,

SEXBRENTWN, REZBZBNBARTIREEKTT. BHAE T SFNERIA
LA EREEENRNSHNS2S, AFENFENARZ-E2MEEFEROZEARN
B, BEINESHF.

RS : "BEREEIMER”

HESFHRNENTM, RET L O TR BAETRIERKT, K2
WRE BIZHTT T80 B, XL|IHRT — L@, BRNHEIbEE T L85
Wik, FalE (T A2MBK keno IR, MBETRBEANBER., X THEENER
R XS NE M ZE MR RN R) TR IE R BN, MMINEZRIET VT = RUMET T
FABAVETR TR S 2 ARSI E NS AERE, XN BAIEKIE
EWNBREEN, BIOTAAEERESFEONIRK ISR, BUPLLEHIIINE M E B2 ME
AIAZTARNERD, EHEZE, RFKBEL TRZEE, KFHSIAFKTNEEE
BT, BANMARENER, hinddAERENS LA G T EIRIT
BE B MR —IMAIEIRE, ANREABERENSISREMNIARE, XLEBNEREN
MERERET RHFE—EFMN, B2, HEBHRMEREL, KE0HAZERTHA
NEREZT2AARR, DERRNAERERNR SRIMERDIE 7%~8% A, 5
RERMMERBRE, BEABEIR RN SRR I L PIEEE R ESREE,
Fhitt, lkeno #URIRL, FEFHSMAIK BEIRKERRIIZP SRR LG aST
BB, LEARMNFEE D, URNERARERR, ERSBRBERES, MR
BIRBERRIMERERBRE, ERFEMITIARMESRIL, B

CIT2011 - Wizl |

BN
PEEFHFREEIMMERER S MESINEAMERFLHA
POMBXBIEE. EEEM, #iR, PEEZSOMER
DEBFEA. ALRTIRKGES 2P,
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BRe2H
PEEFMZRESIMMERER ZEEID, 2R,
BLESH, ZXBAEREY. (PEERES)
BEEIER. DABOLRAOENAMRFLERER
%%ﬁ\ PREZLNABIFLEIEERR. (P
DMEREE) . (PHREZFRE) . (PieEsF
Ei’“i>> CEPRLMERZEE) M (RENAL
IERFEE) REF,
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BRI HAORTR

St AT REEIE
— — SRR A

X/ fe Rl T N = R NN I =R

ATPE S FF DR AR E X R R IREE LAD 24430 3mm 2 NHRZE, EHRle
& OLAD I ERE, HIBRZR R F TR @ LAD BIAF=EXE, 8
PRAZRK IM: @ “#rg8” (A FOSEEFNER), BTHAHREER
LR NTE, TokEAERERERAT, REMIFABRENERERS, At
R RBHERE FANEE,

PR REIX B 2000 F B —HEERR A AIME X A EBmEHETT 77 R K
HIURHNMER, SEERIREE AMEEN AT HREEE - OBBEMLNT A
@ “Crossover” ZZRE A% @ SKB (stent kissing balloon) ZRE A%, (T
20171 k., AbXhXJUMIeYT RESL T IR BVBRIE I I _ERER ARG 1T IR,

1. RWEMMNETIREY : OLAD BIEFHRTER IM: @ LAD 5 LCX KA
=60 WBERTRM. BRBE LR OBMZN, #ETE—FPREEEHN
MHZ BB N FE  OFRE—RSSIINL T Lz OF/EEA 25mm BRET
LCX, EIREORRHAALET 2mm LhH: QFIREFREZE 4 ~ Satm, UEATAIATE
B REB ), R, BiEITOEHRENRTEEE OB, AIRA
R R /A ITANR, LN ARYIBIRE + @BRXZDAT IR AREthE—
MIRGFERYT AIFE T OEREEAEE, KRYBRRESODEOR 1 U FhEEFEL)
BIPREH) R/ NFHATHY 5K (8~ 10atm), B 20004 5 AZE 2003 & 11 A, BA1XR
FRNEIETY 5kAEA BMS (CAB+BMS) #y757%5877 50 fl LAD FOREE 7B
4 FRhE1E, B 2003 4 11 A= 2005 4 5 A DES JA¥7 LAD FFARKRE 51 41, 1
B5ek 2 FIRREEL. SR =& TR 72310 7.84% 1 10%. 4iit% 25, &
mARFEDEIRELLRE T DES 4B, AL AXE T/ MRES R A X, M

fl:l

CIT2011 - idlisr A

2 FIRRBEIFIE T, AAESEA MACE 9L ZERI, B 4 FiRREEF T EIBRBEANREERTH
F7R. VA L RTAT 45 BRIRR A A DES kR A8 CBA+BMS 3%0A 77 LAD T R A RAFH IR KT
HAT 3. AN T AEEMRE 2 M MRAMIKE ST MEORBERFRAT 75%. K
AR AFRM TN/ MRZS YA H MK IG I EE, A (BA+BMS FEAT7 FFAREMNTR AR
WA YT %,

2.Crossover XEBEAFZE  EATUNER: O LAD BIGE IR ER IM KRim: @ LAD 5
X ZBERAN (<60 )i @UXBIRIPLAERERET FKE<50%): @LADFOOR
5 MKBORZE< Imm, WRAD 5 M KHEORZZE> Tmm, AIXA "BH XALEE
AFE. R LAD BBIAEB AR R 30mm, LM Kk HZRAE 40 ~45mm 28 : 1) 5£F LAD
REEEA 30mm 228, AT LAD fimE A 3.5mm 28 (8 ~ 10atm), X Zmis5 E— WSE
BES, AW LAD FOBL 2 ~ 3mm, &ERA 40mm ZZ8 crossover, M ER AR LAIEE
ASmm S EMREBET KL ETFTHRAIZLE: 2) %£F LADEHEA 3.0mm X2, ﬁ?ﬁLﬁﬁ'ﬁﬁEﬁ

B 3~ 5mm, KREEM 40mm 25K crossover,

3.SKB XEEBE AL E . BRI ORENRIIES AR E TEATDEENNTARST
B, FEATERNEE O RERBENYHZREASE (SKBHER), RANAESE
AR 3AERHRIALEREMEZEREATE: OWMAOREERFLADAR (Imm): QLAD 5
X KA/ @LIX OPLAEIRERE, SKB FEMBRIEFE 1) MESSI4NL T LAD A
LCX: 2) LAD XBMALZET 1 ~2mm: 3) LOXHB—PERE (25mm), 1ZIREITIHFFICH

FZBE®HIRIE 1 ~2mm: 4) LB LAD X288 (SEH 12~ 16atm) : 5) AFEFTHZREK
g%ﬁgmﬁﬂ%ﬂﬁ (FZEEHN 8~ 10atm), BEIHRADELTRT 13 HIBRENIGRES, B
1061, 236l HAb 4 BETK TERMEIE. THFEER (59+30) ¥, FHEIHE
H642+288 K (HKEE 318K, &K 1176 K), &HE MACE MIXBRABRELR L,

PR BIiR AR SKB R{EBEE :
mil: BE, B, 48%, TREAELLE. BRMASL
ﬁ)&ié?a“%%ﬁ&\ 2
#5351 5% : 7F launcher EBU3.5
v%l’flﬂé : BMW Universal 2 1R
¥ 5KIKFE  Safecut 2.5/20mm
Firestar 2.0/15mm
248 ¢ Cypher Select+ 3.0/28mm
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Bl A4k ELFLADE®RBE  E2 Hoskfi 2 FLADRKHSE B3 £N2.520mmRF LKL B4 SKBE LA
E ¥k

LAD i simFniE2sa &8

A5 Soppd RAT 5 A G xR

A7 AWAREEFLADX L AR BRE A8 Hokkii B FLADAAEIH X RIER 2
£, PEIHII 2R F REAE B2 %
AT a Ik F AR B

I B4 / XUBRER dosd SCEAALATIRG, AR ZESHIE, KE5H R I, THEBEFHER http:/t.sina.cn/ccheartyixin & & B4 B http:/t.sina.com.

cn/ccheartyixin,

36  (CheartReview

CIT2011- s A

X/ XfE Eke £FER bses NRERE

T TREAMPBE & &

LETFRERETRIMET L E THRERE> 50% RE, HEEs
HRHIE) 25% ~ 10%, 1R¥E Blis F1 Miketic FiREMEM D E, TELETRE
HRERE (FEEYNENSKBSARLHRINEZER) SERE (TF
T EABENERNE SN ER) s, EMATRRRERIA,
TRFLETRE (UM) TfaRE. FMzERE UM 3 FIRRTEA IR 37%,
CABGC —E R UMAIT Mg, B2, BRBZMIARIESE, WFRELrE
FRAE, PO AT — 1T 2 BRUAATT 77k, AL, ACUAHA SETIERE TR
PLEFTRE PAHEES RN R EFAN N bR, AXELR B AIE RS UM
B BT %,

7 CHINA NATIONAL CONVENTION CENTER

1. SYNTAX#R

Xife
ERARFAREROEROEIEEET, Ft, 22R, WL N N .
REGN, FEFRETAFEFFOEDONEHAESS SINTAX RO EZRBREME. FERE. DX SHERISSTE

NERBSELRE, FEESSLNERSHEE EERLH
FEASER, EEFLOMTHHLE\EERLOTE  APMFIRIBOR T EEIEE (K 1. 2% wwwsyntaxscorecom), SYNTAX

BFERR, DEPFEAEREARIRDSOMELZTLERSE
B DEBLIERRAALTRIRS (THAN) S0 agasunre+ FI AR S B HITERE SYNTAX i35 0 ~ 22 S HREE X
NRE, 179 23~ R HUFEELAFE, =3B HOFEELHEE, 2
FREOIFLER, MACCE KA R BRERZ PC 4H 194%, CABGH 174%: FER
A5 PCl 4B 22.8%, CABG 4B 164% : EERRA PClI4H 282%, CABG 4H 154%, £
CABG 4B, B8 SYNTAX IR5FHS, MACCE AFIE#a%, BESIHLE N, M P
‘A, MACCE BE SYNTAX B Framftm. NTREMFESE, PO 5 CABG XY
MACCE WML S 2R, RAMIATHTARZEMIEY, INTFEEE
FEEMEE, CABGIASAERIMS. FEit. SYNTAX 5 RE st
&, POl AIAYES CABG BB ARIAST.
RE SINTAX IR AT A NS = TRAESEREMzEEZREEEE (PC
o CABG) 124H5S, {8 SYNTAX 9 S RME B EMNELHE, mARIGRK
R, SINTAXHZ 2 FREITE R E R, SYNTAX #2452 PCl 8.3 MACCE AR
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MIUNEF. {BFE CABG BE HR B RS HALMIUNIER,
Chakravarty A T 328 fIERIFCE FTREMEZER
ERERTfE, HA PCI4A 120 5], CABG 4B 208 fil, R E
R, SYNTAX #2432 PCl B3 MACCE BIR 7 TN T (47.7%.
SYNTAX #153=> 20 s, 766%, SYNTAX 324> < 207 P=002),
{8 SYNTAX 305> TEE TN CABG 458 & B K EATA/E. MAIN-
(OMPARE iff7u 4k A ik 1580 Bl =+ 283& (819 fIEE1T PC
AR, 761 5147 CABG AK). BEARIBERE KR TIRE 21T
SYNTAX #55, 98 &8 (< 22). FfE (23~36) A
=z (> 36). HROVIRESE MACE (FET. QIO
BRNZER), RBMEZSM, —REAEMHRE MACE (3t
T, QRO RZES. TVR), IHMEIEEKE, 4RE
™. SYNTAX 21T PO 235 3 F MACE XK 55
FMEF (C-index=063). M1EST CABGC BB, FUNR
FF=£ (C-index=053). EH C-index &R 053, SYNTAX
W FHEEHUN MACCE £4 =X (C-index=059), HHREIA
79+ SYNTAX TR REEIHE L £ F1TMiz EREH /K EAM
f&. FTi~&7T PC 8 CABG K,

F 1 SYNTAX FRo it &AM

1. TRIABASE 5. HXRE
2. B—IREREIKER iMedina %Y
3, FTTEME il 173 = 2 K153 2 A A
RARERE 6. FFKITORE
i FZERTE) (> 31NA) 7. FPEARE
iii Blunt stump 8. WEKE> 20mm
VE753 9, PESNK
vPAZERmAIME kR 10, M
VDSR2 1. WBRE /NMERE
4, ZXRE i RARER IR

AR

E o ORFERE > 50%, oF HAR> 1.5mm 699K TE A
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EiX SYNTAX 252 H k0, FTARERSZABIRE] %
% SYNTAX #24-,

2, EuroSCORE

SYNTAX R REE TRENEREE, MEEERE
HWHAEZE, EuoSORE 19 24525 BEMNFR, R L
AEIngE. fhIngE. EI0RE. IRRUDS (RETRERLLK
FOTE M) RIME N ZERERRZETME (K 2),
TN BEBEF RN, 5 CABC IRKRBH A EXRERLT
AR, 121D RS —TDUEMHAR.E R, 2 EuroSCORE 72
50~ 2 5H8f, CABGIET-%RH 018%, AHH3~5%
if, CABGSET-%7 30%. 9N 6 28, CABGIET-RH
11.2%,

B #2588 % 1 EuoSCORE AR 7E ULM B3 CABG
FRF N AIF, B2 CABG FAR EuroSCORE #iEE+
BiEEIS 4000 filg) UM 5mAR 23, 1X 2 LATF{E EuroSCORE R
S UM 8w CABG FARNBE KA,

B 812 DU R ST 55 EuroSCORE 27T PO A#I UM
£E KA MACCE BRSO F . 78 SYNTAX BRRZE = THm
AR, EuroSCORE 2 a K ahbkimiz &= (PCl 3k CABG)
&4 MACCE #3RsZ HMEA-F (OR1.21.P < 0001), Rodes
Cabau F AN 249 BILARIF - £ FRAELBERE 231N A
&R, EuroSCORE > 9 & PC 8% CABG % 4 MACCE BU&5REY
FUME T, Kim 5 AR EuroSCORE W& T 324 7T PO &Y
UM B2, FHBEIH 263 N A, EuoSORE > 5, BIF RS
e, RILT / OFRPR I TUNEF (P=002), FMgE
G ZeitE7 061, Ak, BAI8IRRRIESE, EuroSCORE
TN PO 3% CABG BE LT3k A 4 MACCE KBRS A,

MM ER, 2 SYNTAXFRS 7 22 ~ 32 53 B EuroSCORE
M9 > 4 4y, PCLAS CABG AT MACCE A7 =48 (P
=071)+ M EuroSCORE M5 < 4 4>, M PCl 4B &9 & MACCE

HFRAZKT CABG A (P=004), Eitt, FELBRIGHRFR
e, RZECAE A EuroSCORE A SYNTAX #3493 1#44 CABG
sk PCI RS, AR TEENRE. I TFRSBES
(EuroSCORE > 5), RE%EEE PO, % SYNTAX 295> 32
B, NEEER CABG,

3 2 EuroSCORE fR 4

CIT2011 - idlwif A

MEMEERE, SRER, NERS > 25 DHGRM KR
FMHHRIT 92% A 74.1%, BAE ST SYNTAX &f&fls (8
BRI S5 BN 705% F135.2%, P < 0001), 1XAl4E
FREET NERS ¥4 R PTG A B35 B IR B R R IR IE
BERE, TASHIER, NERS KIRD 5 SYNTAX K273
HAERBLUNTUNNE, BEiFTRFR MACE &£ FHRIE.
i, X FESZ PO MTRIF A ETEE, NERS RO 7T MACE
EFUNNMERRE ST SYNTAX 293, NERS = 25 5 = &M
MACE FsZ 2R I fME— &9 3R TN F (P < 0001),

3 3 NERS ¥ R4%

1. ERRBRERXSE

e Ry S8 R
BERR DBEMR M EE
FHE> 60 % 1 TMeERLLE 2
gogi 1 MELLE 1
e fbER S 1 BELLR 3
SNE SRR 2 FERVE 2
MR ZSERR 2 fahbkEE 2
OBEFARSE 3 FAREXRERE
[MANEF> 200umoliL 2 RIZFAR 2
SE BN BEA 3 CABG SMNELAR MEF A 2
RAETHEREERTR 3 83 ZRKF AR 3
N IEESEIICHES 4
3. NERS

NERS (new risk stratification) A4 FAFRLR RZIRIEH.
Z1T9 ZEHBIE 54 Mo (17 DRRSE, 4 MEARER
e, 33 NEEFZSE. &k 3). 5 SYNTAX 98
tb. NERSIR 433800 T B & AV IR PR = & PC S RE AR 1ER
=, BRARIUIRA NERS W0 Rgeith 7 337 filE= PO
ST ETRESE, H5 SINTAX RH MR, e
RWFBARSEMHR MACE, BIEOIER, £FHXT, 38

S Ro | S8 Ro
Fip>70% 15 | RERAHST 05
pegia 0.1 |LDL > 52mmol/L 18
MENE (=2mg/dl) | 10 |EfEEm (6 MNAMW) | 02
OEDRETE 15 | TRemzERE 02
SNEEHRIR R 15 |dFEE+F (70 KW 102
DERSE (ME=> 14 X)) | 55 |RITVUS S 05
SR 73 | M BREAR 35
NS 25 | A Crush 22 33
HEPR IS 18 | DKcrush 748 002
IR 56 |Culotte 2.1

7 IABP 49 | T2 06
SIE (= 160/90mmHg) | 1.2 |V 3k SKS 238 26
R AR 12
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t%| &7 aR &R
3 3| % Sm tha |t
B | B | @
RCA LCX
CT0 10| 0 |CTO 18 | 4.2
7 XRAE 10| 0 |»XmE 18 | 4.2
KRE 05| 0 |&WE 10 | 21
mimllE < 20mm| 05 | O |mimMmE<20mm| 10 | 2.
PR 05 | 0 |mEsSH 10| 21
H R AR 05 | 0 |HEmEE 10 | 21
MR 10 | O | mimaE 18 | 4.2
LAD WmT
CT0 35 | 58 |@mimFks XA 24 |59
7 IR 35 | 58 |mimm XA 53 | 100
KR 18 | 29 | mif = XJm3s 53 | 100
WinME< 20mm| 18 | 29 |CT0 53 | 100
BTt 18 | 29 |FEMSL 46 | 73
AR 18 | 29 | BANETRE 24 |59
keSS 35 | 58 |FARE 16 | 35
e _, | 12| 21
S MR - MR 53 | 100

F B EuroSCORE #243 > 6 23 + GRC R TE X SYNTAX
153> 27 93 F B EuroSCORE A< 6 %, 8K SYNTAX 325>
<27 9 # B EuoSCORE 7843 > 6 2+ GRCAEKBL TE X
SYNTAX 153 < 27 433 B EuroSCORE A9 < 6 55 (5% 4),

Capodanno & ATE 255 A @ bkm A 1T PCATY
FBEF. N T GRCAYTUNMEEE, £5R5A, 2 EuroSCORE
WA SYNTAX 1T R4imt, 58 A SYNTAX iR 45 48
b, FUMOAESET R A C- it EM 0681 IREZE 0732,
% EuroSCORE IIATEEL fF ) S Z MR x *=4.109
(P=0043). EFDEMNBRER26% (P=0002), b
WPE, SINTAX ISR, . &AL TES AN
39%. 54% K 219%., GRCIEK. &, SEAOMLT Ry
AR 16%. 160% & 314%. Eit, XF 2 FOMFLTER,
5845 SYNTAX 1749 (P=0006, C- S5it&5 0747)
#5 EuroSCORE (P=0005, C- 451t&3 0.708) #itk. GRC &
& (P<0001, C-£it837 0756) ASFHFUNFX 5
CEVAN

x4 GRCIFDARESE

SYNTAX 35

<19 19~ 27 > 27

0~2 (39 KE e

EuroSCORE 3~6 (39 K Ffe

>6 FfE Ffe S

4, GRC

GRC (global risk dassification) 1A TRIFEE TEE
B2 PORITHNE RS —ITS R4, ©F SYNTAX Fis
A EuroSCORE MAHLEEE—iE, AN S T 2ENTINET
BRI K8 REZE, GRCE MBS E LA SYNTAX TS > 27 53
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NTEXEAIMEERNTRIPEETERE, R
‘S B BB SYNTAX. EuroSCORE, NERS. GRC ETREIAVER
DEEY, B MRIVEE IR ARBFHITIHE,
HbginedE), HIREKEFSTER,. FERENF R,
A, BEMDEHE 2N RR D REKRES TR
AETRENKEMEERERR, BN xR/ B2

X/ S BT ARER

HEEZF

CIT2011 - idlwif A

oRF

WTFEXMEREN ARTHHESHEIEEER

HIfH

EETETAREROARIERE. KAAREE 2K
SR LEIEE, TEEM. R, FLHRES
m, KEOIFEFEER T, AEFPEERIBHSO0E
NRD2ESEARBBTER. PELEFLES
ZR., PEEFZZF2OMNERTLEASBIES
ZR., DEDBRAFETRARRZ A2 OMEE
UERLBEERR. DER "2RMHRERHETR
A ER,

RER AL, $XhFRTELFTHAECIISL, BTG, HH
B 4B K f AT R F TR, IEZ L ERAN (PC) Fo @Mk BABHAR
(CABG) %77 Kuba it B % £%. BATIER LA 6 ERkiEH (angiography)
Fadn i WA FE (IVUS) RN BRI F AR, @it IR BRE A w2 it
H o sFiAk&-4-%% (fractional flow reserve, FFR) T VATEM B K DBk F 2 Akt
BN IT 0B 2 R BTG FI 8. £ CIT 2011 29Xk, 4 BARFAAREA
BT AP HLFIF L L EREANNBGITORR, 2T FFR 2455
% £ EmE PCl gy P egtEm

WEEDYREXR (DES) MR, ZXmEREH PO EREERSHNK
W, BRHHAERERAR RFOZIMR, R PO AERFEORSY
ZXMERLOBRBZ, PORTEZXMERTET KB 2, BI%
B A DES Al e FE —E BB ZE, RMAES X MERZHNN AT H
BEFEMA DS FEEE, ZXRLMEEEZD N e M T T2 Mz EEMIP,
PC st Mz ERRERAEREER> 15mm, MEKRE=> 50% HKEE,
L2|5 CABC AR, T2z S#EFAER D —FER 1.5mm A L.
PRARIRE=> 50% WERk. MEie EHE2MZERN ST N e2MzER,
BARZEILEFRIESR, 18R ISR RIRAR KB+ 2 2 ME w2 PO 1M
EEEREHIARDFE—E P

ZUEARKRA, OARIEN R OESEFEIRSIFONE T, Fa 0GR
MRESHLTMOENRERRBES T NEROHBRMAKEE, XF5/&20H1
BRIMAIRE M BRI TIZERAST Al AR BN EEENEREIE. A
MEE DR RN AL A2 5 OHRMAFEHTMZEZRE2ULRE
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FFEEREER, &

TR RO, XX TS AL
J é /L\Bﬂﬁj&ﬂfﬂm 5||5§E:

b, EEXMNEREHNEEFH
ME FHITTI0A] BE A 7o

BIKERX RS Z X MEREINT AJGTHIRER
R, BERNEZXMEREFZITIELEENENS
ERRERELSEHE PC R, REBRENERAYaTT. H
TEEFEARDANVUS (MERFES) F0CT (FeFAE T
EE) BEARAIAEREHILTESREAKERE, hiHA

KIS ZZRENNAET7, BXEPZRFREARYTEEIR
BIER /BRI AT,

b & 3T R SRk I 2 ) 5 R B A 3R A ) T
AN, IANHTERIBER F G FEARE TN B IE R
HREE FHFERNR. XEFEFRAETSS MR
MERTEMERZFEY, BEUBTEMNEREZEESIROM
BRI, FEELRRMY, BRIPKITFEDNES 2
BARMARE, EXNTERPIRENEIRZE HITITNK
JIRT8E. 1993 £ Nico Pijls #4527 @ N E bk &
TN IR B F AR — — O AL iE &5 20 (myocardial
fractional flow reserve, FFR) MFEHR, FFR R XTI 05K ER
ERREHITIEEMEITA, ATLAIRAS| RO HLER M A $E M
mELfmAr, At EA—REREREARFFRAIABTIESS
X MERZEITAIET .

FFR —IEFAEREREZHIERT, LRI
X FRER G R R A M SR —XIEIRIe FIERER T

BERBRRAINR 2 th. FFREZBIITEENSLNEH
TR 1T m R 7 S S| S ERZNEDN E hkE
NWLERRKG. EHNEIEBKGRHAY KRG
(BB EKPESTIRE ). FFREVIEFEER 10, Hd
HSMET KA SREREIFER, M FFR < 10, ZWMARER

]]
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FFR < 0.75 XIETIAEE X B0 BXFE 2R ME R AR 2 B0 GURK
AR MRS,

FAME fiff 53 [Tonino PA, et al. Fractional flow reserve versus
angiography for guiding percutaneous coronary intervention. N
Eng | Med, 2009, 360(3): 213-24] 1 FFRIESZ X METR
TN NRTT =R O] A ETE KR % 0 REHL T BRI R
I, ZHRERCAEF BB ZERZRE LR, M 2006 F
1 AZE 2007 € 9 A, FEREFRMEY 20 AL =it 1005
PILNEALYAR TN Z T MEREBERNATR,
ZEFE 2 THA EMEERRE 50% A £, ZHEDH
BhEF S PO AN FFR 155 PO A, fFEES FFR< 08
WA ZETPAFR, AREASN—FFEELHETRE
HEEE, EXLRRT., MERBRMZERNEEEN,
GRERFFRIESPOBEELEFREMHAERAIKT
BROESES PO B (132%vs 183%, P=002), FFR1ES
PCI 4B 81% BEAKLEIERASIZS]. BIERAES PO AN
N 78%, ERFELEITFEN (P=020), B FFR AEHIEE
THRBAMEBRIF (19+13vs.27+£12,P < 0001),
HREEIA FFR 85 PO BB R EXT EL @A E, Al
LA FH BT SERF AR E,

EHit, FFRIESZTMERENARTZEBR. 1
FETMERETRE “TeeMEemzER". BRI FFR
NERPTEF LR ERLERG 2SR OMGRM, X
XI5 /O AERMAYRAE#TT PC, X JER MR E R AL
FHY T, LA EF AR R ARINEHOGER AR FFR
MWEMER, IMREEEESEMERESZTMERETMNT
HURES, BRETLEHNK, REBEHMZHG, B &
U | XIEHTS

LI I A

28 (5 / R) @ik

AR ARITZ *@&’nﬁ

A CAG &I PC

32/ HIEAE FTACEERIRAEEE EERE
PRERA T MO N ER X EUR DRI RN, FW%K
BRI IR, IR, BEEOCRNARTHHTSLRBESEEX
= EE w%(ﬁ/ﬁ)@%Mm%m%ukﬁﬁT%ﬁA%&Fﬁ%
B —ANETEATT KT, RFRRIRTE 2005 F AR, bEE LTI A
BT BRI A M B HTE, RELEIKEIKNT AJeTT G T
R VEHB AR, #2009 F (KBRIIKEIKNT AT EMELR
DY ERER, K5DPkEIOEF AR I 60%, £
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. BIER. PENALIERFEAS (CIT) T/HEERAARSIER

MEZER

X/ XFET st RERE

BUOREMEZEHE

TR ARSI BIGREEREAL MBS (RIARTE M) R0/
HETEFEMALRRENZ LRNE IR, MEBER
RIBARARE (EFA) MEROGEREZR (ARE).
AR EEHFE, BEADZRECEEZNINR, AR
ORI TT F RS, BORBE M BEE
B TFRT (BT E K, SRS T OR B B R IS
B IR, th A RS E NIPE R E W OH & FHE O
Ao AR R & F B B E HITR BN AA
F7 B BSRIAK 7N AE 2 A AN 7R A] 2138 MY EE B IR R AL

2 REREN N AR SIEXT M DR ETT

BRAMEERET ORI EEER
iz, FEBEZXN TR AR (percutaneous
coronary intervention, PCl) F1 7 4K 37 bk 55 Bk B R
(coronary artery bypass surgery, CABG). PCl #yjn)tt 2
DRRTT B — IR Ean, W AT R B kR BRAL# 1 TR
T/Y KM (30) BEAXRE, AIERIKRE B RTIKE EH
B, EmsEONeHm, 5CABC L, PO AR
i, BESTHEMRD, BRRmES ZHNA.

18 PCl fE58 7 78 /L H (R A 75 SR — LL T B[R] /R,
HREY KA (30) EAXRRAIERUIETE RAKE &
RE, BhERIEARZINMMERL. PORE, K
AR & B X R R BB T IR RIEIN/E
RS, #inSHRURABREEIER A

) 80

A, At EXRARFIBEMT R AR EE ——BHAKRML (re-endothelialization) Z &,
EEFITWEI/MOATT, BEEIEN RIIUAMRFI SN E, LARLE PO ZBAL ISR
PR EAA T TORTE T HRR AR ZRATIR], #MRE T XETLIMRA T BT AR,
BAEREY K. BARESEXZ (bae metal stent, BMS) FEAZHLA 52
stent, DES) f&, XEXHUM/MRGTT IR B RINED 2 E, B4 ~6 FAFMED T F, 40
REBETREM X SR FHABR 7 A2 O RER LI MEURTT . AR R I TAER 7 =B PCHRTT

(drug eluting

PhFERT 2 B TR DBk A A 97 B9 RS

BN EAE NI RNRENEREE, MEEELETEEZINEFARAT FIK
Fr. 57, Eit, IRMEEERE RIETT PO, AMEMTFE RN PO L2 MIERNK R
MW, EEIFANAE :

(1) PPERTEEIE N PO RER RS MMAS FER O NBG . B, MRS ML iR
ZY) (WRAE. IMERE) AISBURRERMIR : B, TUAMEZ YRS AR 14 ] se it
— IR PC AL BN AT RE, B RIEEINME R E PO ARG A £ RN ke
REIER

(2) BREERIREILHN PCI REHMAINES, Eit, ZHIMBEEFTEEIF ALY, Wi
P MRRTTERFR, REFARMAOBMAXGREIIEM : BX, MRRSEIEAR T A Kb
BT, tFr e TR I/ MR, 1S e BRI/ MR T B3 H AT S

A, MBS MBS B ATRER M PO L2, ﬁﬁﬁﬂfllﬁﬂﬁﬂfﬂﬁkﬁﬁi’%ﬁﬁl
BEIGIN, SEIRKIERESR, KA,

FREE R M /4R 7T 33 I F AR e R2 R

ETFmA, PORENBARACIERE —ENRE, EXRNEETKZHET, FR
0 PO BB IMASTERR VI, B BURFF R ANELIL MRS . IMERE S HFRRXIN
FAORTT, WEIU/MRAST RAIREE IO, RiFHmeile, Eitk, PORENMERE,
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THBOFREGT. B0 0RREERE, TLRER, N
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4METs) 4 NER, TMETHEHTEE
KRS THRBFE, 4METs BETIE
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BT, AT EEFHITINEIFAR B,
R TRE— 21T,
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FERE, (3) FE=> 3 MaKER
BRI e, FFARAEIR B XU X e AR
F+HEE, BREEMTPEFA N
A8E (2) RARLERR: 8%
MITEEFAR, NWREEBFHITHER
WSO M8 SEE ™SR E,

BEOINIFR—BRP. KE
FAR, BIELAFREN, BFEEENIR
REREZE=> 3, —RTHEH
7O BRI SRR 36

BT B RO TR 143 B TR D
B A AT

REFABENERR BT
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REES, —ROTEEHTLIR
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L EEREES XA

X/ T ERERERKEM R R

EEBHIRERE LTI OMERY —. (ENIEBATH—E K, SEBEIRON A
PR 20 H T EAMER., EEREIET BIBIRALNE, T RFIEERYHEARS,
REHSERFIEN RS, Hit, SEBRRN AT ERILAERE S HEE,

IG5 £ RS =ERBEIR (VSD) HH=%, EREEAGIR, AR NEK FAERA,
TR s amene B ATIRR EES AT VSD EBATAEM VSD. LIVELRE ZEBHRE. VD EIMERED
Bonk iihn tsmme AR, HAELAERIEVSD SEASH, EREEBEE: (1) BEBVD, FRER
Tom mueosa > 3% OB MR AL L VSD, VSD FEIEESERE> 3mn, FEbE

TWBA VSD REDHRSR. (2) MEBVSD, BERRERZ> 5mm. (3) IMFEREHRED
o (4) Hih DAUESESRIMEIE VD, @ HAELFIE, (BEERIRMIATRA LRI OB VSD AR AR T,

BEZRMWIRE, RARMESTEMMEGHE, bk VSD AR ERIFHBESIAR, (1) VSD HEBE AT
< 2mm. SHEHE VSD, BETHROBEEZNATRE, MTEEROARE, S EEBEIHETE< 2mm
B VSD ATLASRISRUINEE, (2) /N0 VSD, 1R%22% T3/ VSD BME R LR A8 S MM 5 )28, (RT3
PRMELMEL, EREETE. i, EESHALEE, wAUANAAS, (3) BA VD EHIREESE.
W EEHDRSEENASRE, TLELHIREENSEY. Btk BaRk. AEERRRE S L2
HEEREAR, (4) BEPER VSD, FEMEE VSD ARSI, BESMEO, HEEE, BUAN LR, RIE
VSD AOREITAS, JAB M REIE RN AL, TUEIERMAMAT, BIREHES K.

VSD AHLEMEZ, NIATRIER, HERS, EHS S MBMATsmERT, o HBES SR M
= BARELGRWREMDOER. MBETHAMMN AT, RIESTARNE, MRS ERESTRRA
RIFIRIE,

BLE5 VSD £ B 2@ VSD EHE R, WTASEA. AEE/ MU VSD, REFKSERNIEBTET AR
BEPREL VSD B IEROEIEHE S 5 R0 VSD EIE BB E S, TAENHE, HRE (NEANE) SRR
BHEE TEERERAAN DEER. BIDHE. AEEEEE. RS, BADANKREREE.
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RNATIRIRERIR O AN +(1 ~ 2)mm 5 +(3 ~ 4)mm: HF SR EIRAETI R 2, RAZRIE, &
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BN, BERASHIERS - WHAIMEERAALRE, BEOR, FRe, HESaRIT.
5~ 10 pHEEYLTORKDREBRIRS. THEEMRIEHEE,
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BT ERE
bl =2 3 (i1 i — 1

3/ AER EER Aoz i ERE

BEEH: 25 /5%

Fif: BX 2B/ 1 NA, T 2010 F8 A ARk,

BEERS : SMERE 104, &aMFE 180/100mmHg, mEEHmA], &AIlSE
BEIEZIMAE 5 5, RERMIEAEZY, GNRERRSE, TR, BB,

O I A |

APBRE M : BP 120/70mmHg, MAFFRER, REEBE, LXE8K/5, #5F,
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