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Abstract

A study on the performance of the
preexisting risk prediction scoring systems
In patients undergoing anaortic -gfimp

coronary artery bypass grafting

Jae- Woong Choi
Clinical Medical Sciences
The Graduate School

Seoul National Univer sity

Background: Risk predicton scoring systems are usetb measure
perioperative risk and idefyi high-risk patients. Currently, the Socieof
Thoracic Surgeam (STS) risk model and European System for Cardiac
Operative Risk Evaluation Il (EaBCORE I) are widely used for cardiac
surgery. Additionally, the Synergy between PCI with Taxus and Cardiac
Surgery (SYNTAX) scordl predics 4-year mortalityafter coronary artery
bypass grafting (CABG)This study aimed to evaluate the performance of
preexistng preoperative risk evaluation systems, such as the STS risk model,
EuroSCORE I, and SYNTAX score I, for patients undergoingartic off

pump coronary bypass grafting (OPCAB).



Methods: Of 1,140 patients had planned to undergeolated OPCAB
preoperdtely between January 2010 and &2017, 1048 patients (isolated
anaortic OPCAB: 1043, epump conversion: Syvere enrolledin this study.

The STS riskscore EuroSCORE II, and SYNTAX score were retrospectively
or prospectively calculated with dedicatedline software Calibration of the
STS risk model and EuroSCORE |l wererformed by the risldjusted event
ratio that was defined as observedentsdivided by expected events (O/E
ratio) andthe HosmerLemeshow test. The discrimination powefshe STS

risk model and EuroSCORE Il were evaluated by the area under the receiver
operating characteristic curve (AUC3.t u d étest Wwas used to compare
SYNTAX scoe | andll between patients witand without mortality or
morbidity.

Results Operative mortaty occurred in 10 patients (0.95%jhe predicted
mortality rates calculated by the EuroSCORE Il and STS risk model were
258 + 4.15% and 1.72 + 2.92%, respectively. The O/E ratio of the
EuroSCORE Il was 0.37@¢nfidence interval(Cl): 0.17v 0.681) andthe
EuroSCORE Il significantly overpredicted the operative mortality for patients
(P =0.003). EuroSCORE Il showed good discrimination power with an AUC
of 0.784. The O/E ratio of mortality in the STS risk model was 0(&36
0.2661 1.023) and the STSisk model overpredicted the operative mortality
with marginal significanceR = 0.052). However, in the subgroup analysis,
the STS risk model significantly overpredicted mortaldyE ratio: 0.481, ClI:
0.1930.992).Permanent stroke occurred in 6 patigft$3%). The predicted

permanent stroke occurrence rate calculated by the STS risk model was 1.73 +



1.48%. The O/E ratio was 0.332 (ClI: 0.120.722), and the STS risk model
significantly overpredicted the permanent stroke occurrencedRPate0.011)

In terms of discrimination power for the STS risk model, the AUC for
operative mortality and permanent stroke were 0.876 and 0.740, respectively.
There was no significant difference in SYNTAX score | value between
patients who did and did not experience ralitt or morbidity. However,
patients with mortality or morbidity showed a significantly higher SYNTAX
score |l than those without mortality or morbidity.

Conclusions The preexistingrisk predit¢ion scoring systems for CABG, the
STS risk model and EuroSRE I, overprediced the risk of mortality and
stroke rate for anaortic OPCABhese findings suggest the possibility that
anaortic OPCAB can lower the operative mortality and occurrence of
postoperative stroke than conventional CABG. In addition, thesgtseshow

that the characteristics of the surgical method, especially whether anaortic
OPCAB is performed,ould be considered to predict the operative risk for
CABG.
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Keywords: risk prediction scoring system, coronary bgpagraft grafting,
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1. Introduction

Preoperative risk prediain scoring systems have been ugedmeasue
perioperative risk and identify higisk patients in cardiac surgery. Currently,
there are several preoperative risk evaluation systiem predicting the
surgical risk of coronary artery bypass grafting (CABG). The Soadéty
Thoracic Surgeam (STS) risk model and European System for Cardiac
Operative Risk Evaluation (EuroSCORE)are widely used scoring systems
[1-3]. In addition to these two scorisgstems, the Synergy between PCI with
Taxus and Cardiac Surgery (SYNTAX) scores Il gisedict4-year mortality
according to the procedure and recommend the optimal revascularization
method for coronary artery disease [4, 5].

The STS risk models were déeped based on the Society of Thoracic
Surgeons National Adult Cardiac Surgery Databases (STSNCD). The STS
databaseriginatedin 1984 as a result of a small group of cardiac surgeons
and was established in June 1990 [6]. The first STS risk model waspedel
in 1994 and calculated the expected operative mortafitisolated CABG
based on data from 1984 to 1990 [7]. After that, the STS database published
six CABG-only risk stratification models between 1997 and 20033&jrting
in 2003, the STS risk medhascalculated not only mortality risk but also the
major morbidity risk [9]. The latest update to the STS risk mogdakion 2.9)
was in 2018 and showed nine endpoints, including expected mortality and
morbidities, such as permanent stroke, renalifajlreoperatiofor any cause,

prolonged ventilation >24 hours, deep sternal wound infection, major



morbidity or mortality, long length of stay (>14 days), and short length of stay
(<6 days and alive) [23]. In the validation data, the latest STS riskdelo
showed acceptable calibration and improved discrimination compared to the
previous version in patients undergoing CABG [3].

The EuroSCORE was developed based on multinational data from 8
European countries in 1999 and predictedrly mortality in carghc surgery,
including CABG [10]. In 2003, the system was updated to the logistic
EuroSCORE to corredbr underestimatiosifor highrisk patients [11]. The
latest updateo the EuroSCORE (EuroSCORE II) in 2011agsmultinatioral
datafrom 43 countries.The EuroSCORE 1l showed good calibration and
discrimination (area under theceiver operating characteristR@C) curve =
0.8095) inthevalidation data [1].

The SYNTAX score was developéd evaluatethe complexity of coronary
artery disease in 2005, atids score was helpful in establishing the optimum
revascularization approach in patients with complex coronary artery disease
[4]. In 2013, the SYNTAX Il score was developed to overcome the limitation
of the SYNTAX scorejncluding the absence of an inidualized approach
and clinical variables [5]. fle SYNTAX score Il predicts-gear survival rates
through a combination of anatomical and clinical factors, such as age,
creatinine clearance, left ventricular functioeex chronic obstructive
pulmonary désease, and peripheral vascular disebsthe external validations
using the Drug Eluting stent for Left main coronary Artery disease (DELTA)

registry, the SYNTAX Il score showed good calibration in patients with three



vessel disease (expectegear suvival 88.2%, actual 4ear survival 86.2%)
[5].

Although these risk predicn systems have been well validated for
predicting mortality and morbidity [13, 5], these systems calculate the
operative risk of CABG regardless of whether cardiopulmonaryds(a#B)
machines or aortic manipulations aa@plied However, currently, many
studies have reported the benefits of anaortigpofhp CABG (OPCAB) in
terms of postoperative stroke and mortality compared to conventional CABG
[12, 13]. This study aimed teevaluate the performance gifreexisting
preoperative risk predicih scoring systems, such as the STS risk model,
EuroSCORE Il, and SYNTAX score Il, for patients undergoing anaortic

OPCAB.

2. Patients and Methods

2.1 Patient characteristics and surgicedqedure

The study protocol was reviewed by the institutional review board and was
approved as a minimaisk retrospective study (Approval Number:11911-
041-1076) that did not require individual consdatom January 2010 to June
2017, 1,14 patients haglanned to undergo isolated OPCAB preoperatively.
Among them, 8 patients with concomitant cardiac or noncardiac procedures
and 9 patients with aortic manipulation were excluded, and a total of 1048

patients were enrolled in this studifigure 1) One thaisand fortythree



patients underwent anaortic OPCAB, and 5 patients who plaonecdergo
anaortic OPCAB were converted to onpump CABG because of
hemodynamic instability during anastomosis. The preoperative characteristics
of the present study group asammarized in Table IThe overweight was
defined as a body mass indefxmore thare5 kg/n¥. Chronic renal failure was
defined as a glomerular filtration raté less than60 mL/min for more than 3
months or a state requiring dialysis. The peripheral gekedisease included
claudication, amputation, vascular reconstruction surgery, abdominal aortic
aneurysm, and computed tomography imaging of >50% diameter stenosis. The
acute coronary syndrome included ST elevation myocardial infarctionSTion
elevationmyocardial infarction, and unstable angina.

The basic surgical procedures and principles of OPCAde been
previously described [14]. The internal thoracic artery was used as the first
choicefor thegraft in almost all patients (n=1044, 99.6%), angl tbmposite
graft technique was used for patients with multivessel disease (n=1019,
97.2%). The saphenous ve{8V) has been used ake preferred second
conduit of choiceo constructcomposite grafts since 2008 at our institution.
The SV was harvested wh a A mi ni mal mani pul ati ono
October 2013 and wdoulcahovdsetchdi qiuteh ad t |
2013. Transitime flow measurement (TTFM; Medtim AS, Oslo, Norway)
and postoperative early angiographic evaluatimere routinely pdormed.

The operative characteristics of the present study group are summarized in

Table 2.

2.2 Calculation of the risk prediction scores



The EuroSCORE Il was calculated for each patisith dedicated online
software to predict operative mortality [15Fhe EuroSCORE Il was
calculated retrospectively by two surgeonsBKK, JW. C) before January
2016 and prospectively by a single surgeorB(KK) after January 2016. The

STS score was calculated using dedicated online software for each patient to
predict operative mortality and postoperative outcomes, including renal
failure, permanent stroke, prolonged ventilation, deep sternal infection,
reoperation, morbidity or mortality, short length of stay and long length of
stay, these scores were calculatettogpectively by a single surgeon (JW. C)
because the STS score was recently revised to STS Adult Cardiac Surgery

Databaseversion 2.9 in 2018 [16]. The SYNTAX scores | and Il were
calculated for each patient retrospectively before January 2016nby
surgeon(JW. C) and prospectively after January 2016 by one surged (K
K). The SYNTAX scorescould not be calculated fa2 patients without
preoperative coronary angiography.

All definitions of operative death and postoperative complications were
followed bythe STS risk model outcomes except for short and long length of
stay [16]. Operative mortality was defined as boththe following: (1) all
deaths occurring during the hospitalization in which the operation was
performed, even after 30 days, and (2) deatftarring after discharge from
the hospital, but within 30 days of the procedure. Permanent stroke was
defined as a confirmed neurological deficit of abrupt onset caused by a

disturbance in blood supply to the brain that did not resolve within 24 hours.



Renal failure was defined as acute or worsening renal failure resulting in one
or more of the following: (1anincreasdn serum creatinine to 4.0 with an

increase of at least Orfg/dl oranincrease in serum creatinite 3-fold the
baselinevalue and (2) a new requirement for dialysis postoperatively.
Prolonged ventilation was defined agluration of postoperative pulmonary
ventilation >24 hours. The hours of ventilatiocluded the timerom exiting

the operation room to extubation and any additlomeurs following
reintubationDeep sternal wound infectisincluded sternal wound infectien

or mediastinitis diagnosed within 30 days of the operation or > 30 days after
the procedure but during the hospital stay for surg®esoperation was
defined asany reoperation for bleeding/tamponade, valvular dysfunction,
graft failure, aortic reintervention, or other cardiac reason. Major morbidity or
operative mortality was defined as a composite endpoint that included
operative mortality, permanent strokenaé failure, prolonged ventilation,
deep sternal wound infection, and reoperatianshort length of stay was
defined as a hospital stay lefssthan 13 days, and a long length of stay was
defined as a hospital stay of more than 16 days, referrinigetdata from
Koreads Health Insurance review and
the STS risk model and EB&OREIl were evaluated for calibration of 9
variables (mortality, renal failure, permanent stroke, prolonged ventilation,
deep sternal wound ietion, reoperation, morbidity or mortality, short length

of stay, long length of stay) and calculation of discrimination poWee two

types of subgroup analyses were perforniégut first subgroup analyses were



performed for calibration of the STS riskodel for patients who underwent
CABG after July 2011 (n = 834pecause STS risk model version 2.9 was
developed for patients who underwent cardiac surgetyween July 2011 and
June 2014The €condsubgroup analyses were performed for patients with

the IS Predicted Risk of Mortaltiy (PROM) scored to evaluate the

performance ofhe STS risk model and EuroSCORE Il for highk patients.
For the SYNTAX score, we evaluated the difference inesbetween the
patients withand withoutmorbidity or mortality following the definition of

the STS risknodel.

2.3 Statistical analysis

Statistical analyses were performed using IBM SPSS statistical software
(version 25.01BM Inc., Armonk, NY, USA) and SAS software (version 9.4,
SAS Institute, Cary, NC, USA). The risldjusted event ratio and the Hosmer
Lemeshow test were used to evaluate the calibration power of the STS risk
model and EuroSCORE Il. The riskljusted event ratio was defined as
observed events divided by expected events (O/E ratio). An O/E ratio > 1.0
means that the model underpredicts thent while an O/E ratio <1.0 means
that the model overpredicts the events. If the 95% confidence in{@Wadf

the O/E ratio excludes the value of
significant [17]. The Cl was calculated by the Byar approximati@thod.

The Hosmetemeshow test was used to assess whether the observed event
rate matched the expected event rate for the quartiles of the predicted value

[18]. The calibration was also assessed by plotting the predicted probability of



operative mortalit and postoperative complications against the actual
probability with 95% Cls for the quartiles of the predicted value. The
expected probability is shown on theaxis, and the actual probability is
shown on the jaxis. In the subgroup analyses for the Higgk patients, the

only risk-adjusted event ratio was used to evaluate the calibration power of
the STS risk model and EuroSCORE I, because the patients and events were
too small.

The area under the ROC curfJC) was used to evaluate the discrimipati

power of the STS risk model and EuroSCORE II. The discriminative power is

thought to be excellerwhen AUC, 0.80, very goodvhen0 . 75 OAUC<O0 . 8,

and acceptablesthen0 . 7 < AUC< 0 . 7 btest was usedem dordpare
SYNTAX scores | and Il between the patie withand withoutmortality or
morbidity. Dataare expressed as the mearstandard deviation, as medians
with ranges, or as proportion& P value less thar0.05 was considered

statistically significant, an®.05¢ P value <0.1 was considered marginally

significant.

3. Results

3.1 Performance of the EuroSCORE I

Operative mortality occurred in 10 patients (0.95%)e causes of operative
mortality were septic shock (n = 4), low cardiac output syndrome (n = 3),

acute respiratory distress syndrome (12)=and limb ischemia (n =1)'he



predicted mortalitycalculated fromEuroSCORE Il wa®2.58 + 4.15%. The
O/E ratio of EuroSCORE Il was 0.370, and EuroSCORE Il significantly
overpredicted the operative mortality for patients who underwent anaortic
OPCAB (CI:0.17771 0.681, Table 3). In thélosmerLemeshow test, there
was a significant difference betwedme predicted mortality calculated by
EuroSCORE Il P = 0.003)and actual mortality. The calibration plot showed
that the predicted mortalityalculated fromEuroSCORE Il was higher than
the actual mortality in all group$igure 2(A)). EuroSCORE Il showed good

discrimination power with an AUC of 0.784 (Cl: 0.648924, Figure3(B)).

3.2Performance of the STS risk model

The predicted mortalitycalculated fromthe STS risk model was.72 +
2.92%. The O/E ratio of operative mortality in the STS risk model was 0.556,
and the STS risk model overpredicted the operative mortality without
statistical significance (Cl: 0.266 1.023). In theHosmerLemeshow test,
there was a marginally significant difference between the predicted mortality
calculated by the ST8sk model and the actual mortaliffp = 0.052, Table
3). The calibration plot showed that the predicted mortakidgulated bythe
STS risk model was highendn the actual mortality in the top three gilest
(Figure 2(B)). In terms ofdiscrimination power for operative mortality, the
STS risk modekhowedexcellentresults with an AUC of 0.876 (CI: 0.748
1.000,Figure 3(B)). In subgroup analyses for patiemvho underwent anaortic
OPCAB after July 2011, the STS risk model significantly overpredicted

operative mortality based on the O/E ratio (Cl: 0.1093992, Table 4).



Permanent stroke occurred in 6 patients (0.57%), 5 of whonamathbolic
stroke, and me had a hemorrhagic strokeNo patients experienced atrial
fibrillation before the stroke. The predicted permanent stroke occurrence rate
calculated bythe STS risk model was 1.73 + 1.48%. The O/E ratio was 0.332,
and the STS risk model significantly opeedicted the permanent stroke
occurrence rate (Cl: 0.121 0.722, Table 3). There was a significant
difference between the predicted occurrence rate of stroke and the actual
stroke occurrence rate in the Hosrhemeshow test(P = 0.011) The
calibration pot showed that the predicted probability of permanent stroke was
higher than the actual probability in all groupbkigure 2(C)).). The
discrimination power of the STS risk model for permanent stroke was
acceptable, with an AUC of 0.740 (CI: 0.5i78.905,Figure 3(C)). Subgroup
analysesfor patients who underweranaortic OPCAB after July 2014lso
showed that the STS risk model significantly overpredicted permanent stroke
based on the O/E ratio and Hosrhemeshow test (Cl: 0.140 0.889,P =
0.020, Tableb).

The calibrations of other outcomes are summarized in Table 3 and Eigure
Based on the OJ/E ratio, the predicted occurrence rates of renal failure,
prolonged ventilation, mortality or morbidity, long length of stay, and short
length of staycalculatel by the STS risk model significantly underpredicted
the actual occurrence rate. The Hosibemeshow test also showed
statistically significant differences between the predicted rates of renal failure,

prolonged ventilation, mortality or morbidity, longnigth of stay, and short



length of stay and actual occurrence rates.

The discrimination power of the STS risk model for other outcomes are
summarized in Table 5, and the ROC curves of the STS risk model for other
outcomes are shown in Figute The STS riskmodel showed excellent
discrimination power for renal failure and good discrimination power for deep
sternal wound infection and long length of stay. Additionally, the STS risk
model showed acceptable discrimination power for prolonged ventilation and
mortality or morbidity. However, the STS risk model showed relatively low

discrimination power for reoperation and short length of stay.

3.3 Performance of SYNTAXcore | and Il

The SYNTAX scores | and Il for all patients (n = 1046)d patients who
experiened mortalityor morbidity (n = 199)were323+11.5 and 3.6+11.8,
respectively, and32.8:125 and 36.3+12.2, respectivelfthere was no
significant difference in SYNTAX scoreletween patients whdid and did
not experience mortality or morbidityP(= 0.469). However, patients who
developed mortality or morbidity showed significantly higher SYNTAX score
Il valuesthanthose who did not develop mortality or morbidiy €0.001,

Table6).
3.4 Subgroup analyses for higlsk patients

Eighty patients (7.6%had aSTS PROM scoref more than 4Operative
mortality occurred in 5 patients (6.3%) and the permanent stroke occurred in 1

patient (1.3%)The O/E ratio of EuroSCORE Il was 0.534, and the O/E ratio

of operative mortality and permanent strokeéhieSTSrisk model were 0.694



and 0.266, respectively. Although the EuroSCORE Il and the STS risk model
overpredicted the operative mortality and permanent stroke forrisigh

patients, thergvereno statisticdy significant(Table7).

4. Discussion

This studyreported three main findings. Firsis preexistingrisk predicton
scoring systemghe EuroSCORE Il and theTS risk modeloverpredict the
mortality for patientsundergoinganaortic OPCAB. Second, the STS risk
model overpredicts the occurrence rate efnpanent stroke for patients
undergoinganaortic OPCABThird, the SYNTAX score Il is associated with
the occurrence of mortality or morbidity, but the SYNTAX score | is not.
Currently, the EuroSCORE Il and STS risk models are widely used risk
predicton scoring systems. EuroSCORE Il predicts operative mortality after
all cardiac surgeries, and the STS risk model predicts 9 early clinical
outcomes, including mortality and permanent stroifer six common
cardiac procedures.

The first STS risk model wasblished in 1994 and calculated the expected
mortality for isolatedCABG [7]. This model was constructed using the
records of 80,881 patients undergoing CABG between 1984 and 1990 and
was based on a Bayesian algorithwhich has advantages in handling
incomplete data. The next version was made in 1997 using information from
more than 300,000 patients undergoing isolated CABG between 1990 and

1994 [19].Logistic regression techniques were used to citsédenodel, and



there was a good correlation betwebeapredicted and observed mortality in
simple comparisamand subgroup validatienAfter that, the next version was
developed in 1998 usinthe 1995 STS National Adult Cardiac Surgery
Database (STWNCD). This model showed good discrimination powe€r
index: 0.786) but overestimated the risk for the high patient deciles (p
value of Hosmet.emeshow: 0.0004) [20]. The model was revised in 1999
usingthe 1996 STSNCD. This model showed excellent performance across
all risk groups(C index: 0.774, p valuef HosmefLemeshow test: 0.99) [21].

The next version was developed in 2002 using the records of more than 1
million patients undergoing isolated CABG between 1990 and 1999 and
calculatedthe predicted risk based on 23 preoperative risk factors [22]. The
other model, developed in 2002, started to predict other clinical outcomes.
This risk model predicted the expected length of hospital stay and the risk of
short or prolonged hospitalization [23]. In 2003, the STS risk model started a
system to predicinortality and major morbidigs simultaneously. First, this
model calculated operative mortality and five major endpoints: permanent
stroke, renal failure, reoperation, prolonged ventilation (>48 hours), and deep
sternal wound infection [24]. In 2009, the STisk model was revised again
and predicted nine endpoints, including major morbidity or mortality, long
length of stay, and short length of stay [25]. The latest update to the STS risk
model (ersion 2.9) was in 2018 anutedictednine endpoints for commdbn
performed adult cardiac surgical procedures: isolated CABG, isolated aortic

valve replacement, isolated mitral valve repair or replacement, aortic valve



replacement plus CABG, and mitral valve repair or replacement plus CABG
[2,3]. The latest STS risk malel calculate the predicted risk for isolated
CABG based on 65 preoperative risk factors, including medications and blood
tests [3].

The additive EuroSCORE was developed in 1999 based on the records of
13,302 patientbased ormultinational datafrom 8 European countries and
predicted operative mortalityased on 17 preoperative risk factorsardiac
surgery [10]. The 17 risk factors included nine patretated factors, four
cardiacrelated factors and four operatioglated factors. This system shedv
good performance (C index: 0.76, p value of Hosmer Lemeshow test: <0.68).
In 2003, the system was updated to the logistic EuroSCORE because the
EuroSCORE showead trend of underestimatg the operative risk in very
high-risk patients [11]. The latest dateto theEuroSCORE (EuroSCORE |I)
was in 201land incorporatedhe multinatimal data of 43 countrieand
22,381 patients. EuroSCORE predicted operative mortality based on 10
patientrelated factors, 5 cardiaelated factors, and 3 operatioziated
factors [1].

These two systems showed good calibration and discriminatiothein
validation data [1,3]. However, these risk predictscoring systems have not
been considered to calculate ssdi@ aortic manipulation or «sl for CPB.
Therefore, we evaluatl whether thee preexistingrisk predicton scoring
systens can appropriately predict the perioperative risk for patients

undergoinganaortic OPCAB.



In this study, the EuroSCORE Il and STS risk model (for subgroups)
overpredicted the operative mortalityorf patients undergoing anaortic
OPCAB. Although the advantage of OPCAB for mortality remains
controversial [26, 27], our study showed the possibility that anaortic OPCAB
has an advantage in terms of early mortality compared to conventional CABG.
These redts might be due to anaortic OPCABbeing performed bya
dedicated surgical team for OPCARduced occurrence of permanent stroke,
and intrinsic featuresf not usingCPB.

Although the EuroSCORE Il and STS risk model overpredicted the operative
mortality for patientsundergoinganaortic OPCAB, the STS risk model
(1.72%) calculated predicted mortalityhat wascloserto the actual mortality
(0.95%)thanthe EuroSCORE Il (2.58%). Theegetwo possible factors that
could affect this result. Firsthe two gystems havalifferent model desiga
The STS score was developed using patients who only underwent isolated
CABG, but the EuroSCORE Il was developed using patients who underwent
all kinds of cardiac surgery, and the operation type was considered a risk
factor. The STS risk model calculated the predicted values based on 65 risk
factors, but EuroSCORE Il calculated the value based on 18 risk factors.
Second, the latest STS risk model was developed for patients who underwent
cardiac surgery between July 20lidaJune 2014, and EuroSCORE Il was
developed for patients who underwent cardiac surgery in 2010. These
differences may havallowedthe STS risk modeb calculatea more accurate

prediction for operative mortality.



Anaortic OPCAB has theoretical benefiegarding the occurrence of stroke
because this technique can prevent dameaesedby CPB and aortic
manipulation, such asmboli caused bygaseous or fat particles or
atherosclerotic embolization [13, 28, 29]. Some previous studies showed a
decrease inhe risk of stroke after OPCAB [12, 30, 31], and recently, a-meta
analysis by Zhao and colleagues showed that anaortic OPCAB could decrease
the risk for postoperative stroke, especially in highk patients [12]. In this
study, the STS risk model significlly overpredictd the occurrence rate of
permanent stroke with an O/E ratio of 0.332. This result means that anaortic
OPCAB could have a protective effect on permanent stroke compared to
conventional CABG.

Unexpectedly, the STS risk model underpredictesl accurrence rate of
acute renal failure, prolonged ventilation, and mortality or morbidity. There
are some possible explanations for these results. First, our postoperative
protocolincluded routineearly angiography for all patientwhich might lead
to a higher incidence of acute renal failuhanthe prediced value. Second,
the relatively long operation could be related to a higher incidence of acute
renal failure and prolonged ventilatioProlongation ofthe operationto train
residents and fellowsould increase the possibility of intraoperative volume
overloading. Third, our postoperative strategy, which favoredtubation
duringtheregular workingperiod might affect thgrolongation of intubation
Fourth, the STS risk modelfor predicing prolonged ventilationis likely

inaccurate in AsiansWhen the latest STS risk model was developed, only



2.8% of patients (12,076/439,092) were Asian ped@e Moreover, since
they have lived in differentifestyles, the Asians includeth the model
developnent cannot represent Asians living sia. Fourth although most
cases of acute renal failueed prolonged ventilation do not cause sequelae,
these cases affect the higher incidence of mortality or morbidity.

In terms of hospital stay, the criteria tesdiminate short and long stays
were different from the definitianof the STS risk modebecause of the
different health insurance systems between the USA and South Korea. The
value of 16 days, which is the criterion for long stays, corresponded tgothe to
75%, and 13 days, which is the criterion for short staggespondedo the
bottom 25%. According to a previous study performed using SICD in
2002, 52.5% (260,908/496,797) of patients had a short stay, and 5.2%
(26,008/496,797) of patients had a Istgy[23]. This means that our criteria
using quartilesifottom25% and top 75%) for short and long Stayay be too
low. If the criteria weresetsimilarly to thevaluesof the previous study, the
occurrence of short stawould increase, and the occurce of long stgs
would decrease.

According to the current guidelines, the SYNTAX scome used to
recommendhe type of revascularizatidor patients with left main disease or
threevessel disease 23 33]. The SYNTAX score | was developed to grade
the anatomical complexity of coronary lesions in patients [4], and the
SYNTAX score I, which is a combination of anatomical and clinical factors,

such as age, creatinine clearance, left ventricular funcBer, chronic



obstructive pulmonary disease, andijpleeral vascular disease, predicts 4
year survival rates [5].

Previous studies found thalhe SYNTAX score | was an independent
predictor of longterm outcomes in patients treated wiglercutaneous
coronary intervention (PCI)}32], but the association heten anatomical
complexity of the coronary artery and clinical outcomes after CABG remains
uncertain. Previous studies showed that there was no significant association
between the SYNTAX score and major adverse cardiopulmonary events,
including death, myaardial infarction, stroke, and repeat revascularization [4,
5, 3#]. This study also confirmed the findings of previous studies regarding
the association between the anatomical complexity of the coronary artery and
clinical outcomes after CABG. In this stydthere was no significant
difference in SYNTAX score halue between patients witland without
mortality or morbidity, but there was a significant difference in SYNTAX
score |l valuesbetween patients witland withoutmortality or morbidity.
These findigs suggest that anatomical complexity cannot affect the early
clinical outcomes after CABG, but the clinical comorbidity of patients can be

associated with early adverse outcomes.
4.1 Limitations

The present study has several limitations. Fimsbst of operations were
performed bysingle surgeon a single institution. Thereforghis could limit
the generalization of these resuttsall surgeons and hospitals. A multicenter

study involving many surgeonperforming both orpump and ofjpump



CABG will be required to evaluate the performancedexistingrisk modeg

for anaortic OPCAB. Second, the number of events was too small to evaluate
the calibration ofthe models, especiallyor deep sternal wound infection,
using the Hosmekemeshow test. Therefgrdhe riskadjusted ratio was
mainly used for the calibration die models, and there were some differences

between the risladjusted ratisand Hosmet_emeshow tests.

5. Conclusion

The preexistingrisk predid¢ion scoring systems for CABG, the STS risk
model and EuroSCORE,Ibverpredictdthe risk of mortality and stroke rate

for anaortic OPCAB.These findingssuggestthe possibility that anaortic
OPCAB can lowerthe operative mortality andccurrence ofpostoperative
stroke than conventional CABG.In addtion, these resultshow thatthe
characteristics of the surgical method, especially whether anaortic OPCAB is

performed, Bouldbe considered to predict the operative risk for CABG.
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Figure 1. Summary flow diagram of enrolled patients. (CABG = coronary

artery bypass grafting)
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Figure 2. Receiver operating characteristic (ROC) curve of the (A)

EuroSCORE I, (B) mortalitycalculated bythe STS risk modeland (C)

permanenstrokecalculated byhe STS risk model.
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(B)  ROC curve for mortality (STS)

1.0

08

06

Sensitivity

04

AUC = 0.876

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

(C) ROC curve for permanent stroke
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Figure 3. Calibration plot of the (A) EuroSCORE II, (B) mortalitalculated
by the STS risk model and (C) permanent stro&feulated bythe STS risk

model
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Figure 4. Calibration plot of (A) rerafailure, (B) reoperation, (C) deep
sternal wound (DSW) infection, (D) prolonged ventilation, (E) mortality or
morbidity, (F) long length of stay, and (G) short length of stalgulated by

the STS risk model.
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