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Introduction 
The cardioplegic arrest is essential for 

motionless and bloodless heart valve surgery, in 
addition to myocardial protection during the 
ischemic period. Cardioplegia can be administered 
as a warm or cold solution, antegrade, or 
retrograde.  Warm cardioplegia provides a more 
physiological environment and a protective effect 
against ischemia-reperfusion-induced apoptosis 
[1-2]. However, cold crystalloid cardioplegia 

decreases oxygen consumption because of the 
associated hypothermia. 

Antegrade cardioplegia may not perfuse all 
myocardial segments homogeneously in patients 
with poor collaterals. The combination of 
antegrade and retrograde cardioplegia could 
overcome this problem and achieve better results 
[3]. 
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Abstract 
Background: The cardioplegic arrest is essential for motionless and bloodless heart 
valve surgery. The objective of this work was to compare antegrade cold versus 
warm blood cardioplegia during valve surgery. 
Methods: This randomized controlled study included 100 patients who had mitral 
valve surgery. Patients were randomly assigned into two groups; the warm 
cardioplegic group (n= 50) and the cold cardioplegic group (n= 50). Study endpoints 
were creatine kinase myocardial band, lactate dehydrogenase, and troponin levels. 
Results: There was no significant difference in age and sex between groups (p= 0.51 
and 0.56, respectively). Cardiopulmonary bypass was significantly longer in the cold 
group (85.66 ± 22.9 vs. 72.34 ± 25.09 minutes; P= 0.01); however, there was no 
difference in ischemic time (p= 0.32). The number of DC shocks given for each 
patient is less in the warm group with a median of 1.5 (range 1-3 times), while in 
the cold group, the median was 2 (range 2-4 times); p= 0.02. The amount of blood 
loss was significantly lower among the warm group (645.4 ± 464.93 ml vs. 404 ± 
252.7 P< 0.01). warm group had significantly lower postoperative CK (532.78 ± 
249.08 vs. 638.14 ± 344.01 IU/L; P< 0.01), CK-MB (78.64 ± 34.58 vs.  103.18 ± 82.11; 
P< 0.0.01), LDH level (805.3 ± 322.71 vs. 1060.88 ± 500.94 mg/dl; P< 0.01) and 
(0.4148 ± 0.226 vs. 0.6404 ± 0.411 ng/ml; P< 0.01).   
Conclusion: Antegrade warm blood cardioplegia may provide better myocardial 
protection during valve surgery compared to the cold cardioplegia. A larger study is 
recommended. 
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It is still debatable, which cardioplegia offers 
better protection and less cardiac injury reflected 
by postoperative troponin levels [4]. The objective 
of this work was to compare antegrade cold versus 
warm blood cardioplegia during valve surgery. 

Patients and Methods: 
This work was conducted according to the 

Code of Good Practice and the guidelines of the 
Declaration of Helsinki. The local Ethical 
Committee approved the study, and informed 
consent was obtained from all participants.  

The study included 100 patients who had 
isolated mitral valve surgery between 2015 and 
2018. Patients were randomly assigned to either 
cold or warm groups. Patients in the cold group 
(n= 50) received cold intermittent antegrade 
blood cardioplegia at moderate hypothermia 
(28ºC). The warm group patients (n= 50) received 
warm intermittent antegrade blood cardioplegia 
at normothermia.  

Randomization was done using computer-
generated random number tables and opaque 
sealed envelopes containing the patients' group 
allocation. All patients were blinded to the 
assignment. 

We excluded patients with ischemic mitral 
valve regurgitation, concomitant cardiac surgery, 
patient with severe pulmonary hypertension 
pulmonary artery pressure (PAP) > 60 mmHg, low 
ejection fraction (EF) < 50%, and those required 
urgent or re-operative surgery. 

Anesthetic technique 
Induction of anesthesia was performed using 

fentanyl citrate and sodium thiopental. Patients 
were monitored using five-leads 
electrocardiography (ECG), invasive blood 
pressure line, and central venous pressure. Urine 
output was monitored via an indwelling Foleys 
catheter, and the esophageal temperature was 
monitored. 

Cardiopulmonary Bypass Technique 
The mean perfusion pressure was maintained 

between 60 and 90 mmHg. In the cold cardioplegia 
group, patients were cooled to 28ºC. The systemic 

flow was 2.2 L/m2 /min at 37ºC and 2 L/m2/min at 
28ºC. In the warm group, the temperature was 
drifted to 34ºC, and the systemic blood flow was 
maintained at 2.2 L/m2 /min all the time. 

Surgical technique 
All patients had median sternotomy with 

aorto-bicaval cannulation. Exposure of the mitral 
valve was performed through the Sondergaard's 
groove. 

Warm cardioplegia group 
Normothermic blood (37◦c) was drawn from 

the oxygenator then infused into the aortic root. 
Syringe pump containing K+ in a concentration of 
2 mEq/ml was connected to the cardioplegia line. 
The first dose of cardioplegia was 600 ml in 2 
minutes; further doses of cardioplegia were given 
every 15-20 minutes.  

Cold cardioplegia 
We infused antegrade cold blood cardioplegia 

at a temperature of 4°C, into the aortic root. 
Cardioplegia solution was used, which is 
composed of 20 mmol/L of potassium, 144 
mmol/L of sodium, 16 mm of magnesium, and one 
mmol/L of procaine. Blood was withdrawn from 
the cannula and mixed with the cardioplegia 
solution in a ratio of 1:4. The first dose of cold 
blood cardioplegia was 110 ml/kg; further doses of 
cardioplegia were 5 ml/kg and were given every 
25-30 minutes. Systemic cooling was done up to 
28°C. Topical cooling the arrested heart was done 
using ice slush. 

Data collection 
Preoperative and operative data were 

collected. The study outcomes were postoperative 
creatine kinase level (CK-MB), troponin, and 
lactate dehydrogenase (LDH). 

Statistical Analysis 
Continuous data were presented as mean, 

range, median, and standard deviation (SD) and 
categorical data as number and percent. The 
comparison of the continuous variables was 
performed using the Student t-test for parametric 
data. The Chi-square X2 test or Fisher exact test 
was used for categorical data. P-value was 
significant if < 0.05. All statistical calculations were 
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done using Microsoft Excel version 7 and SPSS 
version 20 (IBM Corp- Chicago- IL- USA). 

Results 
Baseline data 

The mean age of patients in the cold group was 
39.82 ± 13.74 years, and in the warm group was 
44.06 ± 13.06 years. The number of males to 
female's ratio in the warm group was 1.3: 1, and in 
the cold group was 1:1. There were no significant 
differences between groups in age and sex. 
(Table 1) 

Table 1: Age and sex among studied patients. Data 
expressed as frequency (percentage), mean (SD). 

Warm group 
(n= 50) 

Cold warm 
(n= 50) 

P 

Age (year) 39.82 ± 13.74 44.06 ± 13.06 0.51 

Sex 
Male 28 (56%) 25 (50%) 

0.56 
Female 22 (44%) 25 (50%) 

Operative data 
Cardiopulmonary bypass (CPB) time was 

significantly higher in the cold group (85.66 ± 22.9 
vs. 72.34 ± 25.09 minutes; P= 0.01). While the 
aortic cross-clamp time was insignificantly shorter 
in the cold group.  

The need for DC shock to regain sinus rhythm 
was significantly lower in the warm group (8% vs. 
34%; P= 0.01). Temporary ventricular pacemaker 
support was required in two patients in the cold 
group. The number of DC shocks given for each 
patient is less in the warm group with a median of 
1.5 (range 1-3 times), while in the cold group, the 
median was 2 (range 2-4 times). The warm group 
required lower doses and duration of inotropic 
support. (Table 2) 

Postoperative Data 
The mean amount of postoperative bleeding 

was significantly higher in the cold group (645.4 ± 
464.93 ml vs. 404 ± 252.7 P< 0.01). One case had 
left-sided hemiparesis in the warm group with no 
neurological events in the cold group. The time 
needed for extubation was significantly higher in 
the cold group. 

The warm group had significantly lower 
postoperative CK (532.78 ± 249.08 vs. 638.14 ± 
344.01 IU/L; P< 0.01), CK-MB (78.64 ± 34.58 vs.  
103.18 ± 82.11; P< 0.0.01), LDH level (805.3 ± 
322.71 vs. 1060.88 ± 500.94 mg/dl; P< 0.01) and 
troponin (0.4148 ± 0.226 vs. 0.6404 ± 0.411 ng/
ml; P< 0.01). (Table 3)  

Discussion 
During periods of hypothermia, an imbalance 

between oxygen demand and supply may exist. 
Hypothermia is associated with reduced oxygen 
consumption, but a leftward shift of the oxygen 
dissociation curve and extracellular alkalosis may 
impair oxygen delivery to tissues [5]. Hypothermia 
has many effects on myocardial function; it 
inhibits calcium sequestration and myocardial 
enzymes, disrupts cellular membranes, decreases 
energy production, and reduces oxygen delivery. 
These effects can lead to poor recovery of cardiac 
performance after surgery [6]. 

The age of our population was lower 
compared to other published series [7]. This 
difference could be explained by the inclusion of 
patients with rheumatic pathology who are 
younger compared with patients with ischemic 
mitral valve disease. 

Table 2: Operative data among studied patients. Data expressed as frequency (percentage), mean (SD). 

Warm group (n= 50) Cold warm (n= 50) P 

Bypass time (minutes) 72.34 ± 25.09 85.66 ± 22.9 < 0.001 
Aortic cross clamp time (minutes) 49.5 ± 19.34 44.24 ± 15.29 0.32 

DC shock 
Frequency (%) 4 (8%) 17 (34%) < 0.001 
Median (range) 1.5 (1-3) 2 (2-4) 0.02 
Joules  25 ± 5.77 28.23 ± 14.24 0.12 

Inotropes 
Dose (mic/kg/min) 0.0482 ± 0.058 0.0842 ± 0.063 < 0.001 
Duration (hours) 13.68 ± 26.01 26.52 ± 25.66 < 0.001 
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Table 3: Post-0perative data among studied patients. Data expressed as frequency (percentage), mean (SD). 

Warm group (n= 50) Cold warm (n= 50) P 

Bleeding (ml) 404 ± 252.7 645.4 ± 464.93 < 0.001 
Time to recovery (hours) 8.88 ± 5.38 9.88 ± 4.11 0.95 
Time of extubation (hours) 9.44 ± 6.19 10.54 ± 4.53 0.11 

Laboratory 
data 

Creatinine (mg/dl) 1.088 ± 0.21 1.19 ± 0.39 0.45 
Creatine kinase (IU/L) 532.78 ± 249.08 638.14 ± 344.01 0.03 
CK-MB (IU/L) 78.64 ± 34.58 103.18 ± 82.11 0.02 
Lactate dehydrogenase (mg/dl) 805.3 ± 322.71 1060.88 ± 500.94 < 0.001 
Troponin (ng/dl) 0.4148 ± 0.226 0.6404 ± 0.411 < 0.001 

CK-MB: Creatine kinase-myocardial band 

The total bypass time was higher in the cold 
group secondary to the time required for 
rewarming, which is consistent with the literature 
[8]. Cross-clamp time was found to be longer in 
the warm group because of the intermittent 
administration of cardioplegia.  

Spontaneous recovery of sinus rhythm without 
DC shock was less marked in the cold group where 
only 17 patients (34%) of the cold group needed 
DC shock to return to sinus rhythm, while four 
patients (8 %) in the warm group needed DC shock 
to return to sinus rhythm.  Additionally, the 
number of shocks given for each patient was 
higher in the cold group. This finding is compared 
to Kammerer's, who found that 10% of the warm 
group need DC shock to regain sinus rhythm, in 
comparison to 45% in the cold group [9]. Franke 
and colleagues noticed a higher need for 
defibrillation shock in the cold group, and the 
requirement of defibrillation was significantly 
lower in the warm group [10]. 

The cold group required more inotropic 
support. Our results are similar to what was 
reported by Nappi and coworkers, who found that 
the frequency of inotropic support use in the 
postoperative period was less in the warm group 
[11]. The increased need for inotropic support in 
the cold group is attributed to the increase in both 
pulmonary and systemic vascular resistance (SVR) 
during hypothermia, as was reported by Leslie 
and colleagues [12, 13]. 

Postoperative bleeding was significantly 
higher in the cold group, which is correlated with 
the results of Pelletier and coworkers who found 
that approximately 6% of the cold group required 

ex-exploration for bleeding versus 2% in the 
warm group [14]. Endothelial-associated 
coagulation platelet aggregation is reduced with 
hypothermia with increased risk of postoperative 
bleeding and increase the need for blood 
products [15]. Boldt found that postoperative 
bleeding and the demand for blood products 
were higher in the hypothermic group [16]. It was 
found that 10% to 20% of the cold group showed 
inefficient hemostasis that needed blood 
products transfusion, 3% required ex-exploration 
for bleeding [8, 17]. On the other hand, Boldt and 
associates found no difference in the number of 
platelets between both groups; however, there 
was thrombo-asthenia, which was higher with 
hypothermia [16]. 

We had one case of left-sided hemiparesis in 
the warm group with no neurological events in 
the cold group. The recovery of consciousness and 
ventilation times were lower in the warm group. 
This result correlates with what Craver and 
associates found. They reported higher incidence 
of postoperative neurologic sequelae in the 
normothermic group (4.7% versus 1.8%; p = 
0.0380) [17]. Ikonomidis and associates found 
that the use of hyperkalemic blood avoided the 
need for infusing extra fluid to obtain cardioplegic 
arrest in the warm group. Unlike the cold group in 
whom a more cardioplegic volume was needed 
with resulting tissue and brain edema. This effect 
was not only reflected in the form of delayed 
recovery of conscious level and hence delayed 
extubation, but also lead to a higher total fluid 
imbalance in the postoperative period [18]. Singh 
found that stroke was not related to the systemic 
perfusion temperature. Still, it was related more 
to the preexisting cerebrovascular disease, or 
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some alteration in the surgical techniques with
dislodgment of debris and old age of patients 
with associated atherosclerosis [19]. 

The biomarkers of cardiac injury were higher 
in the cold group. Pelletier and colleagues found 
the levels of CK, CK-MB, and troponin were higher 
in the cold group [14]. Yau and coworkers found 
that CK-MB in the first two days postoperative 
was insignificantly lower in the warm group [8]. 
However, Chocorn and associates found that 
there was a significant increase in cardiac 
troponin I after cold cardioplegia in comparison to 
warm cardioplegia [20]. Ascione and coworkers 
found that the cold group had lower troponin 
release than the warm group and concluded that 
cold blood cardioplegia had less ischemic stress 
and myocardial damage in patients with aortic 
stenosis [21]. In a meta-analysis of randomized 
controlled trials (RCTs), there was no statistical 
difference between both groups regarding clinical 
outcomes; however, warm cardioplegia was 
associated with improved postoperative cardiac 
index with lower CK-MB and troponin [22]. 

Study limitations 
The main limitation of the current study was 

the patients' number; however, we were able to 
find a difference in the study endpoints between 
groups. Moreover, all patients had mitral valve 
surgery, and generalization of the results to other 
surgeries may be an issue. Therefore, we 
recommend performing a larger study on more 
patients with different types of cardiac surgeries. 

Conclusion 
Antegrade warm blood cardioplegia may 

provide better myocardial protection during valve 
surgery compared to the cold cardioplegia. A 
larger study is recommended. 

Conflict of interest: Authors declare no conflict of 
interest. 

References 
1. Preusse CJ. Custodiol Cardioplegia: A Single-

Dose Hyperpolarizing Solution. J Extra Corpor
Technol. 2016; 48: 15-20.

2. Elwatidy AM, Fadalah MA, Bukhari EA, et al.
Antegrade crystalloid cardioplegia vs

antegrade/retro- grade cold and tepid blood 
cardioplegia in CABG.  Ann Thorac Surg. 1999; 
68: 447–53. 

3. Mallidi HR, Sever J, Tamariz M, et al. The short-
term and long-term effects of warm or tepid
cardioplegia. J Thorac Cardiovasc Surg. 2003;
125: 711–20.

4. Franke U, Wahlers T, Cohnert TU, et al.
Retrograde versus antegrade crystalloid
cardioplegia in coronary surgery: value of
troponin-I measurement. Ann Thoracic Surg.
2001; 71: 249–53

5. Durandy Y. Warm pediatric cardiac surgery:
European experience. Asian Cardiovasc Thorac
Ann. 2010; 18, 386–395.

6. Martin T, Craver J, Gott J, et al. Prospective,
randomized trial of retrograde warm blood
cardioplegia: Myocardial benefit and
neurologic threat. Ann Thorac Surg, 57 (1994),
pp. 298–304

7. Calafiore A, Teodori G, Mezzetti A, et al.
Intermittent antegrade warm blood
cardioplegia. Ann Thorac Surg. 1995; 59: 398-
402 

8. Tonz M, Miholjevic T, Segesser CV, et al.
Normothermia versus hypothermia during
cardiopulmonary bypass: A randomized
control trial. Ann Thorac Surg. 1995; 59: 137-
43.

9. Kammerer I, Nagib R, Hipp G, Preßmar M,
Hansen M, Franke U. Myocardial Protection in
Minimally Invasive Mitral Valve Surgery:
Comparison of the cold-blood cardioplegia of
the Bretschneider Solution and the warm-
blood cardioplegia of the Calafiore Protocol.
Arch Clin Exp Surg. 2012; 1 (1): 14-21.

10. Franke U, Korsch S, Wittwer T, et al.
Intermittent antegrade warm myocardial
protection compared to intermittent cold
blood cardioplegia in elective coronary surgery
– do we have to change? Eur J Cardiothorac
Surg. 2003; 23 (3): 341-346. 

11. Nappi G, Torella M, Romano G. Clinical
evaluation of normothermic cardiopulmonary
bypass and cold cardioplegia. J Cardiovasc
Surg. 2002; 43 (1); 31-36.

12. Leslie A, Turner M. Alterations in Pulmonary
and Peripheral Vascular Resistance in
Immersion Hypothermia. Circulation
Research. 1959; 7 (3): 366 - 374

Abdelbaky H 

In
Pres

s

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5001528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5001528/
https://www.sciencedirect.com/science/article/pii/S0003497599003598
https://www.sciencedirect.com/science/article/pii/S0003497599003598
https://www.sciencedirect.com/science/article/pii/S0003497599003598
https://www.sciencedirect.com/science/article/pii/S0022522302733527
https://www.sciencedirect.com/science/article/pii/S0022522302733527
https://www.sciencedirect.com/science/article/pii/S0022522302733527
https://www.sciencedirect.com/science/article/pii/S0003497500021457
https://www.sciencedirect.com/science/article/pii/S0003497500021457
https://www.sciencedirect.com/science/article/pii/S0003497500021457
https://journals.sagepub.com/doi/abs/10.1177/0218492310376675?casa_token=BJIJ4Ek_9XQAAAAA:MaDXkr2cvTuZ4tZvrGjIBXaT2oM4l-vzPfNzES6BuW54WGlGPNQ_Jk50lgRV7vcgcRFz-CqCR4nEWQ
https://journals.sagepub.com/doi/abs/10.1177/0218492310376675?casa_token=BJIJ4Ek_9XQAAAAA:MaDXkr2cvTuZ4tZvrGjIBXaT2oM4l-vzPfNzES6BuW54WGlGPNQ_Jk50lgRV7vcgcRFz-CqCR4nEWQ
https://www.annalsthoracicsurgery.org/article/0003-4975(94)90987-3/abstract
https://www.annalsthoracicsurgery.org/article/0003-4975(94)90987-3/abstract
https://www.annalsthoracicsurgery.org/article/0003-4975(94)90987-3/abstract
https://www.annalsthoracicsurgery.org/article/0003-4975(94)90987-3/abstract
https://www.sciencedirect.com/science/article/pii/000349759400843V
https://www.sciencedirect.com/science/article/pii/000349759400843V
https://www.sciencedirect.com/science/article/pii/000349759400718M
https://www.sciencedirect.com/science/article/pii/000349759400718M
https://www.sciencedirect.com/science/article/pii/000349759400718M
https://pdfs.semanticscholar.org/c075/589948e392427ffff0ce3f72b67c42951a26.pdf
https://pdfs.semanticscholar.org/c075/589948e392427ffff0ce3f72b67c42951a26.pdf
https://pdfs.semanticscholar.org/c075/589948e392427ffff0ce3f72b67c42951a26.pdf
https://pdfs.semanticscholar.org/c075/589948e392427ffff0ce3f72b67c42951a26.pdf
https://pdfs.semanticscholar.org/c075/589948e392427ffff0ce3f72b67c42951a26.pdf
https://academic.oup.com/ejcts/article-abstract/23/3/341/520911
https://academic.oup.com/ejcts/article-abstract/23/3/341/520911
https://academic.oup.com/ejcts/article-abstract/23/3/341/520911
https://academic.oup.com/ejcts/article-abstract/23/3/341/520911
http://search.proquest.com/openview/a2591543114b844fcf982c4534d970f4/1?pq-origsite=gscholar&cbl=29910
http://search.proquest.com/openview/a2591543114b844fcf982c4534d970f4/1?pq-origsite=gscholar&cbl=29910
http://search.proquest.com/openview/a2591543114b844fcf982c4534d970f4/1?pq-origsite=gscholar&cbl=29910
https://www.ahajournals.org/doi/abs/10.1161/01.res.7.3.366
https://www.ahajournals.org/doi/abs/10.1161/01.res.7.3.366
https://www.ahajournals.org/doi/abs/10.1161/01.res.7.3.366


95 

13. Birdi I, Regragui I. Influence of normothermic
systemic perfusion during coronary artery
bypass operations: A randomized prospective
study. J Thorac Cardiovasc Surg. 1997; 114:
425-81.

14. Pelletier L, Carrier M, Leclerc Y, Cartier R,
Wesolowska E, Solymoss B. Intermittent
Antegrade Warm Versus Cold Blood
Cardioplegia: A Prospective, Randomized
Study. Ann Thorae Surg. 1994; 58: 41-9.

15. Timothy J, Raymond GR. Should patients be
normothermic in the immediate postoperative
period. Ann Thorac Surg. 1999; 68 (4): 1454-
1455. 

16. Boldt J, Konthe C, Zidkmann B. Platelet
function in cardiac surgery: Influence of
temperature and aprotinin. Ann Thorac Surg.
1993; 55: 625-8.

17. Craver J, Bufkin B, Weintraub W, Guyton R.
Neurologic Events After Coronary Bypass
Grafting: Further Observations with Warm
Cardioplegia. Ann Thorac Surg 1995; 59:1429-
34.

18. Ikonomidis J, Rao V, Weisel RD, Atayushida N,
Shirai T. Myocardial protection for coronary
bypass grafting: The Toronto Hospital
perspective. Ann Thorac Surg. 1995; 60: 824-
32.

19. Singh AK, Bent AA, Freng WC, Rotenberg FA.
Stroke during coronary artery bypass grafting
using hypothermic versus normothermic
perfusion. Ann Thorac Surg; 1995; 59: 84-9.

20. Chocorn S, Kaili D, Yan Y, et al. Intermediate
lukewarm (20 C) antegrade intermittent blood
cardioplegia compared with cold and warm
blood cardioplegia. J Thorac Cardiovasc Surg.
2000; 119 (3): 610-616.

21. Ascione R, Caputo M, Gomes WJ, et al.
Myocardial injury in hypertrophic hearts of
patients undergoing aortic valve surgery using
cold or warm blood cardioplegia. Eur J
Cardiothorac Surg. 2002; 21: 440-446.

22. Fana Y, Zhangb A, Xiaoa Y, Wengc Y, Hetzer R.
Warm versus cold cardioplegia for heart
surgery: a meta-analysis. Eur J Cardiothorac
Surg. 2010; 37 (4): 912-919.

The Egyptian Cardiothoracic Surgeon 

In
Pres

s

https://www.sciencedirect.com/science/article/pii/S002252239770196X
https://www.sciencedirect.com/science/article/pii/S002252239770196X
https://www.sciencedirect.com/science/article/pii/S002252239770196X
https://www.sciencedirect.com/science/article/pii/S002252239770196X
https://www.sciencedirect.com/science/article/abs/pii/0003497594910693
https://www.sciencedirect.com/science/article/abs/pii/0003497594910693
https://www.sciencedirect.com/science/article/abs/pii/0003497594910693
https://www.sciencedirect.com/science/article/abs/pii/0003497594910693
https://www.annalsthoracicsurgery.org/article/S0003-4975(99)00927-3/abstract
https://www.annalsthoracicsurgery.org/article/S0003-4975(99)00927-3/abstract
https://www.annalsthoracicsurgery.org/article/S0003-4975(99)00927-3/abstract
https://www.annalsthoracicsurgery.org/article/0003-4975(93)90269-N/fulltext
https://www.annalsthoracicsurgery.org/article/0003-4975(93)90269-N/fulltext
https://www.annalsthoracicsurgery.org/article/0003-4975(93)90269-N/fulltext
https://www.sciencedirect.com/science/article/pii/000349759500236E
https://www.sciencedirect.com/science/article/pii/000349759500236E
https://www.sciencedirect.com/science/article/pii/000349759500236E
https://www.sciencedirect.com/science/article/pii/000349759500421G
https://www.sciencedirect.com/science/article/pii/000349759500421G
https://www.sciencedirect.com/science/article/pii/000349759500421G
https://www.sciencedirect.com/science/article/pii/000349759400672T
https://www.sciencedirect.com/science/article/pii/000349759400672T
https://www.sciencedirect.com/science/article/pii/000349759400672T
https://www.sciencedirect.com/science/article/pii/S0022522300701449
https://www.sciencedirect.com/science/article/pii/S0022522300701449
https://www.sciencedirect.com/science/article/pii/S0022522300701449
https://www.sciencedirect.com/science/article/pii/S0022522300701449
https://academic.oup.com/ejcts/article-abstract/21/3/440/383290
https://academic.oup.com/ejcts/article-abstract/21/3/440/383290
https://academic.oup.com/ejcts/article-abstract/21/3/440/383290
https://academic.oup.com/ejcts/article-abstract/37/4/912/406682
https://academic.oup.com/ejcts/article-abstract/37/4/912/406682



