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Opening the Gates for
Beating Aortic Surgery

AABBSS  TTRRAACCTT    OObbjjeeccttiivvee::  This study as ses sed the ad van ta ges of on-pump be a ting aor tic val ve sur-
gery in high-risk aor tic re gur gi ta ti on pa ti ents. The su pe ri o rity of this ope ra ti on was ap pro ved
in com pa ri son to tra di ti o nal aor tic val ve rep la ce ment. MMaatteerriiaall  aanndd  MMeett  hhooddss::  Sixteen high-risk
aor tic re gur gi ta ti on pa ti ents we re fol lo wed-up pros pec ti vely. Seven pa ti ents had undergone be -
a ting aor tic sur gery com pa red to nine pa ti ents with tra di ti o nal aor tic val ve rep la ce ment. Blo od
samp les for Tro po nin T and cre a ti ne ki na se-mB (CKmB) we re col lec ted at 0, 1, 6, 12, 24 and 48
ho urs of sur gery. Sur gery was per for med on be a ting he art and con ti no us nor mot her mic nor -
mo ka le mic co ro nary per fu si on with aor tic cross clamping whi le tra di ti o nal sur gery was do ne
with hypot her mic car di op le gic ar rest. RRee  ssuullttss::  For both gro ups the re were no sig ni fi cant dif fe -
ren ces in pre o pe ra ti ve echocardiography fin dings, car di o pul mo nary pump ti me, cross clamp ti -
me, in ten si ve ca re unit and hos pi tal stay ti mes. The me an car di ac tro po nin T and CKmB va lu es
sho wed sig ni fi cant differences with the pro tec ti ve ef fects of be a ting he art aor tic val ve sur gery.
Pos to pe ra ti ve ec ho car di og rap hic fin dings of the pa ti ents we re en co u ra ging, with pre ser va ti on
of ven tri cu lar func ti ons and well-func ti o ning mec ha ni cal aor tic val ve. CCoonncc  lluu  ssii  oonn::  On-pump be -
a ting aor tic val ve rep la ce ment has en co u ra ging re sults es pe ci ally in high-risk pa ti ents. At the sa -
me ti me, re sults re ve a led su pe ri o rity of this approach in pos to pe ra ti ve out co me in com pa ri son
to tra di ti o nal aor tic val ve rep la ce ment. 

KKeeyy  WWoorrddss::  Aor tic val ve; tro po nin T; myo car di al re per fu si on in jury

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma nın ama cı, yük sek risk li aort yet mez li ği olan has ta lar da pom pa da ça lı -
şan kalp te ya pı lan aort ka pak cer ra hi si nin avan taj la rı nı be lir le mek tir. Bu tür ope ras yon la rın ge -
le nek sel ka pak cer ra hi siy le kı yas lan dı ğın da üs tün lü ğü da ha ön ce den ka nıt lan mış tır. GGeerreeçç  vvee
YYöönntteemmlleerr::  Yük sek risk li 16 aort re gür ji tas yon lu has ta ile ri ye dö nük ola rak ta kip edil miş tir. 7
Adet ça lı şan kalp te aort cer ra hi si ya pı lan has tay la, 9 ge le nek sel aort ka pak rep las ma nı ya pı lan
has ta kar şı laş tı rıl mış tır. Tro po ninT ve kre a tin Ki naz-mB(CKmB) için kan ör nek le ri ope ras yo nun
0, 1, 6, 12, 24 ve 48. sa at le rin de top lan mış tır. Ge le nek sel cer ra hi hi po ter mik kar di yop le jik ar -
rest ile ya pı lır ken, di ğer cer ra hi de ça lı şan kalp te ve sü rek li nor mo ter mik nor mo ka le mik ko ro -
ner per füz yon la aor ta klemp le ne rek ya pıl mış tır. BBuullgguullaarr::  Cer ra hi ön ce si eko kar di yog ra fi
bul gu la rın da, kar di yo pul mo ner pom pa za ma nın da, kross klemp sü re sin de, yo ğun ba kım ve has -
ta ne ya tış sü re le rin de an lam lı fark lı lık göz len me miş tir. Or ta la ma kar di yak Tro po nin T ve CKmB
de ğer le rin de ça lı şan kalp te aort ka pak cer ra hi sin ko ru yu cu et ki le riy le bir lik te an lam lı fark lı lık -
lar gö rül müş tür. Cer ra hi son ra sın da ki eko kar di yog ra fi bul gu la rı, ven tri kül fonk si yon la rı nın ko -
run ma sı ve iyi fonk si yo ne me ka nik aort ka pak ha re ket le ri ce sa ret ve ri ci bu lun muş tur. SSoonnuuçç::
Yük sek risk li has ta lar da pom pa da ça lı şan kalp te ya pı lan aort ka pak rep las ma nı nın so nuç la rı
umut ve ri ci dir. Ay nı za man da, ge le nek sel cer ra hiy le kı yas lan dı ğın da cer ra hi son ra sı so nuç la rın -
da ki üs tün lü ğü de or ta ya çık mış tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Aort ka pak; tro po nin T; mi yo kard re per füz yon ha sa rı
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or tic re gur gi ta ti on (AR) is cha rac te ri zed by
mal co ap ta ti on of the aor tic cusps. This is
may be due to ab nor ma li ti es of the aor tic

val ve le af lets or a or tic ro ot dilation that pre vent le af -
let co ap ta ti on. Pre sen ta ti onsare va ri ab le and depend
on many fac tors inc lu ding age, he mody na mic con-
di ti on, se ve rity at pre sen ta ti on and un derl ying pat -
ho lo gi cal con di ti ons. The ove rallpre va len ce of AR in
men was 13% and in wo men 8.5%.1

The di ag no sis of aor tic re gur gi ta ti on is mainly
based on cli ni cal exa mi na ti on but its se ve rity is as-
ses sed with pe rip he ral fin dings and ec ho car di og -
raphy. In ca ses of chro nic AR, ec ho car di og rap hic
fin dings ha ve an es sen ti al ro le in de ter mi ning the
sur gi cal in di ca ti ons of pa ti ents. De te ri o ra ti on of left
ven tri cu lar func ti ons (ejec ti on frac ti on <30%, end-
di as to lic di a me ter 55-70 mm and/or end-systo lic
di a me ter 40-50 mm) may chan ge the de ci si on abo -
ut sur gi cal in ter ven ti on. In addition, the left ven tri -
cu lar func ti ons are con si de red predictive of
ope ra ti ve mor bi dity and mor ta lity. Moreover, pe-
ri o pe ra ti ve risks and pos to pe ra ti ve out co mes are af-
fec ted by fac tors that in cre a se myo car di al isc he mi a
such as re per fu si on in jury inc lu ding ef fec ti ve ness
of myo car di al pro tec ti on, durations of car di o pul -
mo nary bypass and aor tic clamp.

In this study, we as ses sed the su pe ri o rity of
on-pump be a ting aor tic val ve rep la ce ment (AVR)
with con ti nu o us nor mot her mic nor mo ka le mic
per fu si on of co ro nary ar te ri es in se lec ted pa ti ents
with high ope ra ti ve risk.

MA TE RI AL AND MET HODS

Bet we en Ja nu ary 2002 and Sep tem ber 2006, 7 pa-
ti ents with on-pump be a ting AVR (gro up A) we re
fol lo wed-up and com pa red to 9 pa ti ents with the
sa me high risk cri te ri a who un der went tra di ti o nal
aor tic val ve sur gery (gro up B). High-risk criteria
inc lu ded chro nic sympto ma tic AR with pre o pe ra -
ti ve NYHA class II I-IV, ejec ti on frac ti on <30%,
end-di as to lic di a me ter 55-70 mm and/or end-systo -
lic di a me ter 40-50 mm.

The me an va lu es for gro up A/B wereas fol-
lows: age 55/ 52 years, ejection fraction (EF)
26.57/27.22, left ventricular end systolic diameter

(LVESD) 45.14/ 44.44 mm and left ventricular end
diastolic diameter (LVEDD) 59.43/ 60.56 mm.
Blo od samp les for car di ac tro po nin T (cTnT) and
cre a ti ne Ki na se -mB (CKmB) we re col lec ted at 0,
1, 6, 12, 24 and 48 ho urs of sur gery (cross clamp
pla ce ment ti me con si de red 0 ho urs). The blo od
cTnT was eva lu a ted using Co balt analy zer tro po -
nin kit. CKmB was measured with im mu no as say
test kit. 

For both gro ups, we re por ted car di ac per for -
man ce eva lu a ted with trans tho ra cic ec ho car di og -
raphy in the early pos to pe ra ti ve pe ri od, and
in ten si ve ca re unit and hos pi tal stay. 

SUR GICAL TECH NI QU E

All surgical interventions were done by the same
surgeon. Surgical approach was with standard me-
dian sternotomy, cardiopulmonary bypass was es-
tablished using aorto-atrial cannulation. The
catheter for venting was administered through the
right superior pulmonary vein to the left atrium.
After the establishment of extracorporeal circulation
and placement of aortic cross clamp, a transverse
aortotomy was performed 2 cm above the sinotubu-
lar junction. Intraoperative evaluation presented an-
other criteria for convertion to traditional method,
that was the presence of heavy calcification.

In group A patients, coronary perfusion was
established via a soft ostial cannulae with continu-
ous infusion of warm noncardioplegic oxygen en-
riched blood concomitant with venting through
right superior pulmonary vein. This way ensured
myocardial protection and suitable view for aortic
valve as good as traditional method. In group B pa-
tients, hyperkalemic cold blood cardioplegia was
administered directly into the coronary ostia.

After resection of native valve leaflets and de-
calcification; on demand; we utilized mechanical
valves ( 19-23 No./St Jude Medical Inc, Minnesota,
USA) for valve replacement. After weaning from
cardiopulmonary bypass machine, we evaluted car-
diac functions clinically(depending on the stability
of hemodynamic state of the patients) and with
transesophageal echocardiography which give us
detailed information about the valve morphologi-
cal and functional status.
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STA TIS TICS

Sta tis ti cal eva lu a ti on was ma de using the tests
men ti o ned be low and p< 0.05 was con si de red sta-
tis ti cally sig ni fi cant. Da ta we re com pa red using
the Mann-Whit ney-U test. Comparison between
control values within the group and cTnT and
CKmB data; in which time factor is found to be
important; we applied Repeated Measures analy-
sis of variance with Bonferroni correction for  P-
values. Gender comparison bet we en gro ups was
per for med using the Fis her’s exact, chi-squ a re
test.

RE SULTS

In the sta tis ti cal com pa ri son bet we en gro ups in
terms of age, gen der, EF, LVEDD, and LVESD, no
sta tis ti cally sig ni fi cant dif fe ren ces we re fo und (p>
0.05) (Tab le 1). Pos to pe ra ti ve tro po nin T me an va lu -
es for 0, 1, 6, 12, 24 and 48 ho urs of the sur gery (cross
clamp pla ce ment) we re 0.016, 0.209, 0.432, 0.356,
0.233 and 0.191 ng/mL for gro up A and 0.014, 0.274,
0.532, 0.477, 0.263 and 0.206 ng/mL for gro up B. Sta-
tistically sig ni fi cant ele va ti on was detected in the va -
lu es of 1, 6 and 12 ho urs of sur gery in gro up B (p<
0.05) compared to gro up A (Tab le 2). CKmB me an
va lu es were 13.95, 61.72, 47.73, 31.92, 26.93 and
21.99 U/L for gro up A and 15.73, 71.46, 60.30, 38.30,
32.21 and 26.57 U/L for gro up B. The se re sults re ve -
a led sta tis ti cally sig ni fi cant ele va ti on in pe ri-and
pos to pe ra ti ve va lu es in gro up B (p< 0.05) in com pa -
ri son to gro up A (Tab le 3).   

For gro ups A/B, me an car di o pul mo nary by-
pass ti mes we re 76.29/69.44 mi nu tes and me an
cross-clamp ti mes we re 38.29/31.67 mi nu tes. The -
re was no in tra o pe ra ti ve or early pos to pe ra ti ve

mor ta lity. Ma jor comp li ca ti ons inc lu ded 2 ca ses
of at ri al fib ril la ti on (one ca se in every gro up), one
ca se of mul tip le ex trasy sto les in gro up B pa ti ents
and one ca se of acu te re nal fa i lu re in gro up B pa-
ti ents, which was tre a ted con ser va ti vely. Me an
in ten si ve ca re unit (ICU) stay ti mes for gro up A/B
we re 1.91/2.19 days and me an hos pi tal stay ti mes
for gro up A/B we re 9.14/10.33 days. No sig ni fi -
cant dif fe ren ces we re fo und bet we en gro ups in
terms of car di o pul mo nary bypass ti me, cross-
clamp ti me, in ten si ve ca re unit stay ti me, and hos-
pi tal stay ti me (Tab le 4). Pos to pe ra ti ve early
fol lo w-up with trans tho ra cic ec ho car di og raphy
re ve a led pre ser va ti on of myo car di al func ti ons
with bet ter con trac ti lity and cor rec ti on in wall
mo ti lity. All pa ti ents we re disc har ged from the
hos pi tal in go od he alth.

Characteristics Group A (n= 7) Group B (n= 9) p

Age (year) 55.00 ± 8.94 52.00 ± 9.58 0.536

Gender (female:male) 4:3 5:4 0.949

EF (%) 26.57 ± 2.23 27.22 ± 1.86 0.681

EDD (mm) 59.43 ± 4.96 60.56 ±  3.57 0.606

ESD (mm) 45.14 ± 2.41 44.44 ±  2.51 0.681

TABLE 1: Demographics variables, EF, EDD and ESD
[(mean ± SD), n].

EF: Ejec ti on frac ti on, LVEDD: Left ven tri cu lar end di as to lic di men si on, LVESD: Left 
ven tri cu lar end systo lic di men si on.

Time of sample taking Group A (n= 7) Group B (n= 9) p

0 0.016 ± 0.008 0.014 ± 0.007 0.758

1 0.209 ± 0.036+ 0.274 ± 0.050*,+ 0.016

6 0.432 ± 0.077+ 0.532 ± 0.064*,+ 0.023

12 0.356 ± 0.047+ 0.477 ±  0.076*,+ 0.005

24 0.233 ± 0.039+ 0.263 ±  0.042+ 0.114

48 0.191 ± 0.030+ 0.206 ± 0.028+ 0.299

TABLE 2: The mean serum levels of cTnT (ng/mL) for
Group A and B.

All data presented as mean ± SD,  cTnT: Cardiac troponin T.
*p< 0.05: Between groups,
+p< 0.05: 0 with comparative.

Time of sample taking Group A (n= 7) Group B (n= 9) p

0 13.95 ± 3.13 15.73 ± 2.39 0.091

1 61.72 ± 5.02+ 71.46 ± 4.30*,+ 0.002

6 47.73 ± 5.31+ 60.30 ± 2.95*,+ < 0.001

12 31.92 ± 4.95+ 38.30 ±  2.42*,+ 0.023

24 26.93 ± 2.63+ 32.21 ± 2.17*,+ 0.004

48 21.99 ± 1.52+ 26.57 ± 2.73*,+ 0.003

TABLE 3: The mean serum levels of CKmB (ng/mL)
for group A and B.

All data presented as mean ± SD, CKmB: Creatine Kinase-mB.
*p< 0.05: Between groups,
+p< 0.05: 0 with comparative.
Note: Blood samples for cardiac troponin T(cTnT) and Creatine Kinase–mB(CKmB)
were collected at 0, 1, 6, 12, 24 and 48 hours of surgery (cross clamp placement time
considered 0 hour). Comparing to basal values of cTnT and CKmB, there is significant
elevation in the follow up of both groups (Tables 2 and 3). 
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DIS CUS SI ON

The majority of aor tic in suf fi ci ency pa ti ents are
ab le to com pen sa te chro nic re gur gi ta ti on.2,3 Cur-
rent re se arc hes sup port me di cal fol lo w-up of
asym pto ma tic pa ti ents with pre ser ved left ven-
tri cu lar func ti on. Aor tic val ve sur gery is in di ca -
ted on ce fol lo w-up re ve a ls func ti o nal
de te ri o ra ti on.4,5 The prog no sis of sympto ma tic
pa ti ents is po or with de ath oc cur ring wit hin 4 ye -
ars af ter de ve lop ment of an gi na and wit hin 2 ye -
ars af ter the on set of con ges ti ve he art fa i lu re.2

Thus, when ejec ti on frac ti on fall be low 55% with
left ven tri cu lar end di as to lic di a me ter >75 mm
and/or end systo lic di a me ter >55 mm, sur gery is
indicated.6,7

Typi cally, ir re ver sib le myo car di al fib ro sis
and hyper trophy sho uld be pre ven ted and sur-
gery sho uld be per for med be fo re the po int of
ven tri cu lar func ti on de te ri o ra ti on. Although the -
re was high pe ri o pe ra ti ve risk in pa ti ents with de-
te ri o ra ted ven tri cu lar func ti ons, this did not
cir cum vent the fact that sur vi val in this gro up
was bet ter than in tho se on fol lo w-up with me d-
i cal tre at ment. One ye ar mor ta lity in me di cally
(no no pe ra ti ve) ma na ged se ve re aor tic re gur gi ta -
ti on pa ti ents with left ven tri cu lar dysfunc ti on is
up to 50%.8 Cor rect ti ming of sur gery le ads to re-
co very of ejec ti on frac ti on to nor mal le vels pos to -
pe ra ti vely.9 Fol lo wing aor tic val ve sur gery, the
re duc ti on in the left ven tri cu lar di men si ons may
ta ke up to thre e ye ars. Pre o pe ra ti ve end di as to lic
en lar ge ment is con si de red one of the pre dic tors
for pos to pe ra ti ve left ven tri cu lar di men si on but
not for the out co mes. In addition, preoperative
duration of symptoms may predict po or pos to pe -
ra ti ve out co me.10

Des pi te all the developments in cardiac  sur-
gery tech ni qu es, myo car di al pro tec ti on re ma ins a
one of the chal len ging issue. Still the re is no ide al
met hod for myo car di al pro tec ti on; this may be due
to increasing researches about ischemic-reperfu-
sion injury and variable methods of myocardial
protection during surgery. He re, we tri ed to con-
firm the ad van ta ges of on-pump be a ting AVR and
pre sent it as an al ter na ti ve met hod to the tra di ti o -
nal aor tic val ve rep la ce ment in se lec ted high-risk
AR pa ti ents.

This tech ni qu e was first des cri bed by Sa vitt in
re do ca ses with pa tent co ro nary bypass con du it.11

This was fol lo wed by ot her stu di es that con fir med
the ef fec ti ve ness of on-pump be a ting in pre ser va ti on
of hyper trop hic myo car di um, espe ci ally in re do co -
ro nary bypass and in preg nant pa ti ents.12-14 The be a -
ting he art technique allows the physi o lo gi cal
con di ti on of the car di ac tis su es to be ma in ta i ned
thro ug ho ut the pro ce du re.15 Thus, attenuation of the
da ma ging ef fects of isc he mic-re per fu si on in jury is
possible. It is con si de red one of the simp le and ef fec -
ti ve met hods in myo car di al in jury and it may gi ve
suf fi ci ent pro tec ti on for hyper trop hic myo car di um.14

Al so we de pend on the know led ge from the li -
te ra tu re on the clo se cor re la ti on that was des cri bed
bet we en cTnT and CK-mB le vels and pat ho lo gi cal
in farct si ze af ter ex pe ri men tal in duc ti on of acu te
myo car di al isc he mi a.16,17 On the ot her hand, the re
is no sig ni fi cant im pact of aor tic cross-clamping ti -
me on the pos to pe ra ti ve va lu es of cTnT and CK-
mB.18 Thus, we re li ed on cTnT as a mar ker of
isc he mic myo car di al da ma ge and uti li zed it as a
mir ror in stud ying myo car di um in jury. 

The cTnT and CKmb va lu es of pa ti ents with
on-pump be a ting aor tic sur gery re ve a led bet ter

Paramaters Group A (n= 7) Group B (n= 9) p

Cardiopulmonary bypass time (minute) 76.29 ± 21.20 69.44 ± 15.33 0.536

Cross-clamp time (minute) 38.29 ± 10.87 31.67 ± 5.22 0.210

Intensive care unit time (day) 1.91 ± 0.34 2.19 ± 0.37 0.201

Hospital stay time (day) 9.14 ± 1.77 10.33 ±  1.58 0.174

TABLE 4: Cardiopulmonary bypass time, cross-clamp time, intensive care unit time, intensive care unit time for group A and B.

All data presented as mean ± SD, CKmB: Creatine kinase-mB.
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myo car di al pro tec ti on. Although there was no sig-
ni fi cant dif fe ren ce in the ICU and hos pi tal stay ti -
mes, the bi oc he mi cal re sults were en co u ra ging and
are in favor of on-pump sur gery es pe ci ally in high-
risk pa ti ents.

CONC LU SI ON

Be a ting aor tic val ve sur gery is pre fe rab le par ti -
cu larly in pa ti ents with de te ri o ra ted ven tri cu lar
func ti on. Every ef fort sho uld be spent for bet ter
pro tec ti on of the myo car di um. This will gi ve a

chan ce for bet ter re co very in the pos to pe ra ti ve
pe ri od.

AAcckk  nnooww  llee  ddggee  mmeenntt

The surgical operations were performed in Private
Çankaya Hospital and Gazi University Hospital, the
biochemical tests were followed in the laboratories of
both hospitals and some of cTnT tests were evaluated
by other private laboratories. Statistics was done by
Dr. Mustafa ARSLAN. The language was checked by
Dr. Naim Boran TÜMER.
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