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Effects  of different cardioplegic solutions on nitric oxide
release from coronary vasculature in diabetic patients 

undergoing coronary artery bypass surgery
‹ki de¤iflik kardiyoplejik solüsyonun koroner arter baypas cerrahisi geçiren diyabetik

hastalarda koroner yataktan sal›nan nitrik oksit seviyelerine etkileri

OObbjjeeccttiivvee::  The aim of this study was to compare the effects of two different cardioplegic solutions on nitric oxide (NO) release from coro-
nary vasculature in patients with type II diabetes mellitus undergoing coronary artery bypass grafting (CABG) surgery.
MMeetthhooddss:: Forty patients undergoing elective CABG surgery were randomized to be given crystalloid (Group 1 ) or blood (Group 2) cardiople-
gia. Aortic and coronary sinus blood samples were taken at three different time periods and the release of  NO from the coronary vascula-
ture was determined by measuring its stable end-products, nitrite and nitrate. The difference between the aortic and coronary sinus con-
centrations of nitrite and nitrate represents the amount of NO released by coronary vascular bed.
RReessuullttss:: Before application of aortic cross-clamp, at T1 period, the levels of nitrite/nitrate from the coronary vasculature were similar in both
groups (6.53±1.21 µM vs 6.07±1.24 µM , p> 0.05). However after the removal of cross-clamp, a significant decrease in NO was observed in
Group 1 as compared with Group 2 (4.21±0.73 µM vs 4.92±1.02 µM, p< 0.01) . This decrease persisted at T3 period, after 30 minutes of reper-
fusion in group 1 being significantly different from group 2 (3.86±0.49 vs 4.37±0.72 µM, p<0.05). 
CCoonncclluussiioonn:: This study has shown that in patients with type II diabetes mellitus crystalloid cardioplegia causes a decrease in the release of
NO from coronary vascular bed during aortic cross-clamp and reperfusion period whereas more physiologic blood cardioplegia did not. Our
findings indicate that blood cardioplegia protects endothelial function better than crystalloid cardioplegia in diabetic patients.   (Anadolu Kar-
diyol Derg 2006; 6: 347-51)
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AAmmaaçç:: Bu çal›flmada kan ve kristalloid kardiyoplejinin tip II diyabeti olan hastalarda koroner yataktan sal›nan nitrik oksit (NO) düzeylerine etk-
ilerini karfl›laflt›rmay› amaçlad›k.
YYöönntteemmlleerr:: K›rk hasta iki gruba ayr›larak Grup 1'de kristalloid; Grup 2'de  kan kardiyoplejisi kullan›lm›flt›r. Aort ve koroner sinüs kanlar› 3 farkl›
zamanda al›nm›fl ve NO seviyelerindeki fark koroner yataktan sal›nan  NO olarak kabul edilmifltir. Ayr›ca indüksiyon öncesi ve kardiyopul-
moner baypastan ç›kt›ktan 15 dakika sonra hemodinamik ölçüm yap›lm›flt›r.
BBuullgguullaarr:: Aortik kros klempten önce iki grup aras›nda farka rastlanmazken, kros klempin al›nmas›n› takiben Grup 1'in NO seviyeleri anlaml›
olarak düflük bulunmufltur (4.21±0.73 µM; 4.92±1.02 µM, p< 0.01). Bu düflüflün  reperfüzyonun 30. dakikas›nda da sebat etti¤i gözlenmifltir
(3.86±0.49 µM; 4.37±0.72 µM, p<0.05). Kardiyak indeks Grup 2'deki hastalarda daha yüksek bulunmakla birlikte istatistiksel olarak anlaml›
de¤ildir.
SSoonnuuççllaarr:: Bu çal›flmada tip II diyabeti olan hastalarda kristalloid kardiyoplejinin koroner yataktan sal›nan NO seviyelerini düflürdü¤ü bu
düflüflün reperfüzyon döneminde de devam etti¤i görülmüfltür. Öte yandan daha fizyolojik olan kan kardiyoplejisinin bu etkiyi yapmad›¤› ve
bu gruptaki hastalarda kardiyak indeksin daha yüksek oldu¤u gözlenmifltir. Bu bulgular›n ›fl›¤›nda, diyabetli hastalarda kan kardiyoplejisinin
zaten disfonksiyonu olan endoteli daha iyi korudu¤unu düflünmekteyiz. (Anadolu Kardiyol Derg 2006; 6: 347-51)
AAnnaahhttaarr kkeelliimmeelleerr:: Diyabet, kardiyopulmoner baypas, nitrik oksit
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Introduction

Although it is being used commonly, cardiopulmonary
bypass (CPB) is not an innocent technique. The contact of blood
cells with the non-physiologic surfaces activates many inflam-

matory pathways and inflammatory cells in the body. As a con-
sequence of this wide-spread activation, a clinical picture of "
Whole Body Inflammatory Response Syndrome" develops with
characteristic fluid retention, coagulation dysfunction and mul-
tiple organ dysfunction.



In addition to CPB itself, application of aortic cross-clamp to
create a bloodless surgical field, results in myocardial ischemia-
reperfusion injury and causes myocardial contractile dysfuncti-
on at the end of operation. Despite vigorous use of a variety of
myocardial protection methods, ischemia-reperfusion injury still
can be seen. Ischemia- reperfusion injury is an end-point of va-
riety of reasons including reactivation of local and systemic inf-
lammatory mediators (1, 2) and endothelial dysfunction (3). It has
been known, that patient with diabetes have higher risk of peri-
operative complications and mortality compared to those with no
history of diabetes following cardiac surgery (4). Altered endot-
helial responses and release of endothelial substances in this
patient population may play a role. Ischemia and reperfusion of
the myocardium and the endothelium triggers the release of en-
dothelin and nitric oxide (NO), important mediators of vascular
tone. In diabetic patients the metabolism and production of this
substances are altered (5, 6). 

Nitric oxide, basally released by vascular endothelial cells, is
generated by the enzyme nitric oxide synthase (NOS). Nitric oxi-
de inhibits neutrophil and platelet accumulation (7), ameliorates
'no-reflow' phenomenon (8) and reduces infarct size (9). Howe-
ver, the release and metabolism of NO in diabetic patients and
how it may be affected by the cardioplegic solutions are unclear.

In this study, we aimed to compare two different cardiople-
gic solutions with respect to NO release from coronary vascular
bed in patients with type II diabetes mellitus.

Methods 

This study has performed in Dr. Siyami Ersek Thoracic and
Cardiovascular Surgery Center between the dates of January
2003-March 2003. After the study protocol has been approved by
the local ethics committee, written informed consent was obta-
ined from 40 American Society of Anesthesiologists (ASA) physi-
cal status II-III male patients with a history of type II diabetes,
aged 50 to 70 years, undergoing elective coronary artery bypass
graft surgery for two and three vessel coronary artery disease,
with no history of peripheral vascular disease, hypertension and
prostate hypertrophy. Patients with ejection fraction of less than
40%, those patients who used acetyl salicylic acid in the last 7
days before the surgery, and smokers were excluded from the
study.

Forty patients scheduled for elective coronary artery surgery
were randomized into either the cold crystalloid cardioplegia
group (Group 1; n= 20) or the cold blood cardioplegia group (Gro-
up 2; n=20). In both groups the myocardium was protected by in-
termittent antegrade (every 20 min) and continuous retrograde
cold (4-6°C) cardioplegia. Premedication was standardized and
consisted of oral diazepam 0.15 mg.kg-1 one night before surgery
and intramuscular midazolam 0.07 mg.kg-1 and scopolamine 0.01
mg.kg-1 1 h before surgery. 

All patients had insertion of a pulmonary artery catheter
(right internal jugular vein) to evaluate hemodynamics. In additi-
on, continuous electrocardiogram, invasive blood pressure (radi-
al artery, non-dominant side), end-tidal carbon dioxide and oxy-
hemoglobin saturation were monitored throughout surgery.

Anesthesia was induced with intravenous fentanyl (20 µg.kg-1)
and propofol (2 mg. kg1). Muscle relaxation was provided with

pancuronium (0.1 mg.kg-1). Anesthetic maintenance was ensured
with fentanyl infusion 0.3-1.0 µg. kg-1.min-1, propofol (1 mg.kg-1. h-

1), and isoflurane (0.4-1.0%) until the initiation of CPB. During
CPB, fentanyl was infused at 0.1 µg. kg-1.min-1, and propofol was
infused at 0.5 mg.kg-1.h-1. After completion of CPB fentanyl and
propofol dosages were increased to previous levels. Intermittent
positive pressure ventilation (IPPV) with 10 ml.kg-1 tidal volume at
12 breaths.min-1 respiratory rate, and 100% oxygen (F1O2 =1.0)
was used before the initiation and after completion of CPB. No
vasodilators were used in any of the patients in the study. All pa-
tients received short-acting insulin as a continuous infusion for
24 hours starting with anesthesia induction. The rate of insulin in-
fusion was adjusted according to the following formula:

Units per hour: Plasma glucose (mg.dL-1)/ 150.
Blood glucose levels were monitored periodically and they

were kept between 120-180 mg.dL-1. 
All patients were treated with the same operative technique

by the same surgical team. Anticoagulation was achieved by ad-
ministration of sodium heparin (200 U.kg-1).

Cardiac arrest was provided by the use of cold crystalloid
cardioplegia (PLEGISOL;ABBOTT LABORATORIES North Ch›ca-
go-IL 60064, USA) in Group 1 and hyperkalemic cold blood cardi-
oplegia in Group 2, 10 ml.kg-1 as the initial dose (1 L Blood, 20 mEq
K+, 16 mEq HCO-3, 7.364 mg.L-1 citrate, 16 m Mol.L-1 Mg++ and 1
gr.L-1 glucose). Both crystalloid and blood cardioplegia were gi-
ven by infusion bag manually. Antegrade cold induction cardiop-
legia infusion was not allowed to become greater than 100
mm/Hg and retrograde infusion was not continued with pressu-
re exceeding 40 mm/Hg due to risk of myocardial edema. The
cardioplegia infusion rates of antegrade and retrograde cardiop-
legia were 200 ml/min and 100 ml/min respectively.

During cross-clamp period, in every 20 minutes retrograde
cardioplegia was repeated (5ml.kg-1). Patients were cooled to
rectal temperature of 28 0C. In all patients complete revasculari-
zation was performed. All patients had a left internal mammary
artery graft to the left anterior descending coronary artery. The
remainder of the bypass grafts used a reversed saphenous vein
for conduit. After re-warming (rectal temperature of 36.5 0C) pa-
tients were weaned from CPB. 

Before anesthesia induction, we recorded baseline measu-
rements of hemodynamic parameters.

Arterial and coronary sinus blood were drawn simultane-
ously for blood gas analysis and determination of arterio-coro-
nary sinus nitrite/nitrate concentration difference which repre-
sents the amount of NO released from coronary vascular bed
were done at;

T1 : after institution of CPB and hypothermia, before the app-
lication of aortic cross clamp

T2 : immediately after cross-clamp removal
T3 : following the proximal anastomoses and 30 min of reper-

fusion.
At 15 min after weaning from CPB we repeated measure-

ments of all hemodynamic parameters.
Blood samples drawn at each point of observation were

centrifuged at 4000 rpm for 5 min and serums were refrigerated
at -70 0C. Total NO level was determined as the total amount of
nitrite plus nitrate, the stable end-products of NO, since NO is ra-
pidly oxidized to nitrite and nitrate (9).Before the measurement,
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again serums were centrifuged at high speed and supernatants
were studied for nitrite/ nitrate according to Griess method at 540
nanometer spectrophotometrically (10). 

SPSS (Statistical Package for Social Sciences for Windows
version 10.0 Chicago, IL, USA program was used for statistical
analysis. All data are presented as mean± standard deviation
(SD). Parametric variables were analyzed using Student's t- test
for independent samples and non-parametric variables were
analyzed by using Mann Whitney U test. Intragroup comparisons
were performed by using Wilcoxon test. 

Intragroup changes were assessed by analyses of variances
(ANOVA) for repeated measurements. A p value of 0.05 or less
was considered to be statistically significant. 

Results

Patients in both groups possessed similar cardiovascular di-
sease profiles. Preoperative and peroperative characteristics are
shown in Table 1. There were no significant differences between
the groups with respect to age, weight, height, cross-clamp time,
CPB time or perioperative therapy. Additionally, hemodynamic pa-
rameters were comparable between groups at baseline. 

The changes in the nitrite/nitrate levels in aortic and coro-
nary sinus blood and the difference between the two, which rep-
resents the release of NO from the coronary vasculature, are
shown in Table 2. Before application of aortic cross-clamp, at T1
period, the nitrite/nitrate levels were similar in both groups
(6.53±1.21 µM vs 6.07±1.24 µM, p>0.05). A significant decrease in
nitrite/nitrate concentration was observed in group 1, immedi-
ately after the removal of aortic cross-clamp (4.21±0.73 µM vs
4.92±1.02µM, p<0.01) as compared with group 2. This decrease
persisted at T3 period, after 30 minutes of reperfusion in group 1
being significantly different from group 2 (3.86±0.49 µM vs
4.37±0.72 µM, p<0.05).

Patients receiving crystalloid cardioplegia (Group 1) displa-
yed a significant decrease in NO production at T2 and T3 periods
when compared to baseline T1 period (ANOVA, p= 0.01), howe-
ver, patients receiving blood cardioplegia did not (Table 2).

Hemodynamic parameters measured 15 minutes after we-
aning from bypass showed no differences between the two
study groups (Table 3). However, cardiac index (CI) CI tended to
be higher and systemic vascular resistance (SVR) was lower in
Group 2. Atrial fibrillation developed in 3 (15%) patients in Group
1 and in 2 (10%) patients in Group 2 during their hospital stay. No-
ne of the patients had a stroke or any major neurological event.
No patient died in the hospital. There were no serious adverse
drug events. Blood glucose levels remained within the same ran-
ge throughout the surgery in both groups of patients (Table 4)

AAmmoouunntt ooff nniittrriittee//nniittrraattee GGrroouupp 11 GGrroouupp 22 PP 

Aorta at T1, µmol/lt 32.69±6.07 30.35±6.22 NS

Coronary sinus at T1, µmol/lt 39.23±7.28 36.42±7.46 NS

Difference at T1, µmol/lt 6.53±1.21 6.07±1.24 NS

Aorta at T2, µmol/lt 21.07±3.68 24.61±5.12 0.02

Coronary sinus at T2, µmol/lt 25.28±4.41 29.53±6.14 0.02

Difference at T2, µmol/lt 4.21±0.73# 4.92±1.02# 0.01

Aorta at T3, µmol/lt 19.34±2.49 21.89±3.60 0.01

Coronary sinus at T3, µmol/lt 23.21±2.99 26.27±4.32 0.01

Difference at T3, µmol/lt 3.86±0.49#* 4.37±0.72#* 0.05
#compared to baseline (T1) p < 0.01
*p=0.01 - differences are significant ANOVA  for repeated measurements for changes through
T1 to T3 
CPB- cardiopulmonary bypass, NS- nonsignificant
T1: After institution of CPB and hypothermia, before the application of aortic cross clamp
T2: Immediately after cross-clamp removal
T3:  Following the proximal anastomoses and 30 min of reperfusion

TTaabbllee 22.. IInnttrraaooppeerraattiivvee nniittrriittee//nniittrraattee lleevveellss 

CChhaarraacctteerriissttiicc GGrroouupp 11 GGrroouupp 22 PP 

Age,years 61.10±5.68 59.50±5.84 NS

Weight, kg 81.10±3.71 81.70±3.58 NS

Height, cm 168.00.8±1.73 169.00±1.68 NS

Vessels bypassed, n 2.60±0.50 2.50±0.51 NS

EF, % 50.45±5.97 50.10±6.60 NS

Cross-clamp time, min 48.05±8.35 50.15±10.06 NS

CPB time, min 74.90±8.48 73.10±6.60 NS

ICU stay, hr 20.05±2.81 18.70±2.71 NS

Hospital stay, days 5.90±0.96 6.15±0.93 NS

Chest tube drainage, ml 799.50±121.58 767.50±130.78 NS
CPB- cardiopulmonary bypass, ICU- intensive care unit, NS- nonsignificant

TTaabbllee 11.. DDeemmooggrraapphhiicc aanndd ppeerrooppeerraattiivvee vvaarriiaabblleess

PPaarraammeetteerr GGrroouupp 11 GGrroouupp 22 PP

Blood glucose at T1,mg.dL-1 176.4±9.5 174.6±8.9 NS

Blood glucose at T2, mg.dL-1 175.5±5.6 171.7±6.7 NS

Blood glucose at T3, mg.dL-1 178.6±5.3 174.9±5.7 NS
T1: After institution of CPB and hypothermia, before the application of aortic cross clamp
T2: Immediately after cross-clamp removal
T3:  Following the proximal anastomoses and 30 min of reperfusion
CPB- cardiopulmonary bypass, NS- nonsignificant

TTaabbllee 44.. BBlloooodd gglluuccoossee lleevveellss 

PPaarraammeetteerr GGrroouupp 11 GGrroouupp 22 PP 

CVPbefore, mmHg 4.40±0.99 4.55±1.19 NS

CVPafter, mmHg 3.90±0.78 3.80±0.61 NS

MAPbefore, mmHg 65.30±4.07 65.75±4.55 NS

MAPafter, mmHg 63.20±2.98 63.15±2.64 NS

CIbefore, L.min-1.m2 2.25±0.18 2.29±0.16 NS

CIafter, L.min-1.m2 2.18±0.11 2.23±0.13 NS

PCWPbefore, mmHg 9.35±1.72 8.55±1.39 NS

PCWPafter, mmHg 7.15±1.04 6.90±0.78 NS

HRbefore, bpm 79.05±6.14 78.05±5.97 NS

HRafter, bpm 83.70±5.50 81.75±5.60 NS

SVRbefore, dyn.sn.cm-5 1143.34±130.72 1123.75±84.45 NS

SVRafter, dyn.sn.cm-5 1144.28±85.54 1114.01±66.07 NS
CI- cardiac index, CPB- cardiopulmonary bypass, CVP- central venous pressure,  
HR- heart rate,  MAP- mean arterial pressure, NS- nonsignificant, 
PCWP- pulmonary capillary wedge pressure, SVR- systemic vascular resistance

TTaabbllee 33.. HHeemmooddyynnaammiicc ppaarraammeetteerrss bbeeffoorree aanneesstthheessiiaa iinndduuccttiioonn aanndd 1155
mmiinnuutteess aafftteerr wweeaanniinngg ffrroomm CCPPBB
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Discussion

Nitric oxide has been accepted as one of the vasoactive me-
diators implicated in cardiovascular and diabetic pathophysi-
ology. The effect of different cardioplegic solutions on NO rele-
ase from the coronary vasculature during cardiopulmonary
bypass in patients with type II diabetes has not been characteri-
zed. In the present study, the levels of NO released from the co-
ronary vasculature before cardioplegic arrest and after reperfu-
sion were compared between two groups of diabetic patients re-
ceiving different cardioplegic solutions. This study has shown
that in patients with type II diabetes mellitus, crystalloid cardiop-
legia decreased the release of NO from coronary vasculature
during aortic cross-clamp and reperfusion period whereas more
physiologic blood cardioplegia did not.

The production and metabolism of NO is altered in diabetic
patients according to some studies (5). However NO metabolism in
diabetics during cardiac surgery involving cardiopulmonary
bypass is still not clearly defined. Matata et.al (11) showed incre-
ased production of NO in diabetic patients during cardiopulmo-
nary bypass but in that study they measured the amount of NO
from the peripheral blood not from the coronary effluent, sugges-
ting that the source of the increase in NO production is not the he-
art. On the other hand Sharma et.al (12) have shown elevated le-
vels of endothelin-1 (ET-1) but no change in NO levels in the coro-
nary effluent in patients with diabetes. Different from our study
Sharma cooled the patients to 30 °C and used warm blood cardi-
oplegia after the last distal anastomosis. These factors may dec-
rease the impact of ischemia-reperfusion on endothelial injury and
therefore they did not experience the decrease as in our study. 

Nitric oxide, basally released by vascular endothelial cells, is
an important determinant of vascular tone and vascular patency.
It accounts for vasodilation. However, the role of NO in global
myocardial ischemia and reperfusion is controversial. In literatu-
re some studies have shown its cardioprotective effects where-
as others indicated that increased myocardial NO release indu-
ced by ischemia may contribute to reperfusion injury (13). Poten-
tial cardioprotective effects include inhibition of neutrophil and
thrombocyte accumulation, inhibition of release of mediators
from neutrophils (14), attenuation of 'no-reflow- phenomenon'
(15). Thus, diminished NO release by the coronary vascular en-
dothelium may play an important role in the pathogenesis of myo-
cardial ischemia-reperfusion injury (16). In acute ischemia, resto-
ration of blood supply and reduction of metabolic demand are the
protection mechanisms and increased levels of NO have been
shown to support these mechanisms (17). However, it is also pos-
sible to find studies reporting the deleterious affects of increased
NO levels on myocardial performance after ischemic arrest (13,
18-20). Nitric oxide is synthesized from L-arginine by NOS. In the
presence of oxygen-derived free radicals NO was metabolized to
peroxynitrite ( OONO-) which is toxic for vascular endothelium.
Thus, the increase in NO levels in the hypoxic medium and in the
presence of oxygen-derived free radicals in the same environ-
ment may explain the conflicting results in the literature (21). 

The effect of CPB on the endothelial injury in diabetic pati-
ents has not been thoroughly studied. However it is now well-
known that in diabetic patients ET-1 levels significantly rises af-
ter myocardial revascularization (12, 22). Interestingly in the non-

diabetic population CABG causes no changes in plasma profiles
of ET-1 (23, 24). Endothelin, produced by the vascular endotheli-
um, is also an important mediator of vascular tone. In the coro-
nary vasculature, ET-1 mediated vasoconstriction may be detri-
mental and would favor increased coronary vascular resistance,
impaired tissue perfusion and exacerbation of the reperfusion in-
jury. Verma et.al (25) reported that diabetic coronary microves-
sels respond to bypass and reperfusion with greater endothelin-
1- mediated vasoconstriction and diminished NO-mediated vaso-
dilatation and these effects were attenuated by endothelin anta-
gonism. Coronary artery surgery, by its nature, involves ischemia
and reperfusion. Thus, an increased ET-1 levels associated with
altered endothelial dysfunction in diabetic patients may be asso-
ciated with negative outcomes. Although the release of ET-1 du-
ring CPB in diabetic population has been studied, the effect of
CPB and cardioplegic solutions on NO production in the same
patient population is not clear. Our data show that, during cardi-
oplegic arrest provided by crystalloid cardioplegia the release of
NO from the coronary vasculature decreased significantly com-
pared to blood cardioplegia. This decrease is persistent and be-
come even more pronounced during reperfusion period. Our fin-
dings are in agreement with the results of previous studies (26,
27). One mechanism is that, NO release decreases during cross-
clamp period due to the depletion of L-arginine, the substrate for
NO synthesis in Group 1, since crystalloid cardioplegic solutions
do not contain L-arginine, whereas blood cardioplegia does. The
other possible mechanism to explain the decrease in NO produc-
tion during cross-clamp period is that, the endothelial damage is
caused by crystalloid hyperkalemic cardioplegic solutions per se
(28). Blood cardioplegia, in this point of view, appears to carry a
number of advantages over crystalloid cardioplegia. Its oxygen
carrying capacity, pH-buffering ability and oxygen radical sca-
vengers in the erythrocytes limit the ischemia-reperfusion injury
during cross-clamp period. The third mechanism is the tempera-
ture difference between the cardioplegic solutions. The admi-
nistration of cold (4 °C) crystalloid cardioplegic solution might
have decreased the myocardial temperature resulting in depres-
sion in the activity of NOS. On the other hand, blood cardioplegia
is always warmer than crystalloid cardioplegia. Since NO
synthesis is affected by temperature, this point is one of the limi-
ting factors in the present study (29).

After 30 minutes of reperfusion, the level of NO release from
coronary vessels continued to decrease although during this pe-
riod the myocardium was perfused with blood. This suggests that
the coronary endothelial dysfunction persisted during reperfusi-
on period and is in agreement with our and other authors' results
on impairment of endothelial functions following cardioplegic ar-
rest (30, 31).

However, despite the decrease in NO levels we did not ob-
serve any difference in hemodynamic parameters or clinical pic-
ture of patients after CPB . This may result from the our inclusion
criteria of enrollment of patients with EF > 40 %. The relatively
preserved ventricular function might have compensated the ot-
herwise negative outcome of decreased NO levels. Further stu-
dies including patients with lower EF are required to determine
the impact of ventricular function on negative effects of decre-
ased NO levels. On the other hand, although not significant, SVR
measurements performed after weaning from CPB were found to
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be lower and CI were found to be higher in patients receiving
blood cardioplegia. This finding is parallel with higher levels of
nitrite/nitrate levels in this group since NO is one of the potent
vasodilators. 

In conclusion, the present study, showed that the level of NO
release from coronary vasculature decreased during cardioplegic
arrest and this decrease persisted during reperfusion period in pa-
tients receiving crystalloid cardioplegia as compared to blood car-
dioplegia in patients with type II diabetes. Our data suggest that
crystalloid cardioplegia induced myocardial arrest may lead to en-
dothelial dysfunction which results in limited recovery during early
reperfusion as proved by decreased NO levels. We believe our fin-
dings have important implications for diabetic patients since car-
diac surgery carries high risks of morbidity and mortality for this
patient population. Thus, to decrease the perioperative complica-
tions and clear the mechanisms and pathways resulting in negati-
ve outcome and to determine the significance of what we know
today, further investigations are warranted.
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