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Abstract:
Objectives: Myocardial hypertrophy represents a great challenge in cardiac surgery. Several strategies have been described to protect 
the hypertrophied myocardium during cardiopulmonary bypass, and aortic clamping, yet the ideal strategy has not been identified. This 
study investigates the use of moderate systemic hypothermia (MSH) as an adjuvant method to protect the hypertrophied myocardium in 
patients undergoing aortic valve replacement (AVR).
Methods: Twenty eight patients undergoing AVR were divided into two groups, (Group I) received continuous cold 5–8 °C retrograde 
blood cardioplegia (CRBC) and their body temperature was cooled down to 23–26 °C. (Group II) also received CRBC but their body 
temperature was kept at 32–34 °C.
Results: No operative morality (30 days) was noted in both groups. Postoperative reduction in ejection fraction (EF) was seen in 
nine patients of group I and in twelve patients of group II (P , 0.05). The need for multiple inotropes was more in group II (eight 
patients) than in group I (two patients) (P , 0.001). IABP was needed in three patients of group II and non in group I (P , 0.01).
Conclusion: Moderate systemic hypothermia might have a role in protecting hypertrophied myocardium in patients undergoing AVR.
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Introduction
Myocardial hypertrophy is the physiological 
myocardial response to the increased cardiac after-load 
eg, in the state of hypertension, Aortic valve stenosis, 
etc.1 The increased cardiac muscle mass is not asso-
ciated with an adequate and proportional increase in 
the intra-myocardial vasculature. The physiological 
oxygen supply demand ratio in hypertrophied myo-
cardium is disturbed and therefore is vulnerable to 
ischemic damage and myocardial fibrosis.2

Various intra-operative myocardial protective 
methods have been used to protect the structure 
and therefore the function of the hypertrophied left 
ventricle. These methods include: Intermittent, con-
tinuous, cold or warm cardioplegia delivered either 
ante-grade or retrograde or both.3–6

The effect of moderate systemic hypothermia 
23  °C to 26  °C has not been tested as an additive 
intraoperative protective method for hypertrophied 
myocardium. This study with its small patient’s sam-
ple is considered as a pilot study based on the follow-
ing hypothesis: systemic moderate hypothermia has 
a positive additive protective effect on hypertrophied 
left ventricle. This is based on the understanding that 
cooling the body helps in keeping the myocardial 
temperature down and prevents quick myocardial 
ischemic re-warming. Patients with severe isolated 
aortic valve stenosis represent a good practical left 
ventricular hypertrophied model and therefore were 
used in this study.

Patients and Methods
Consecutive twenty eight patients with isolated critical 
aortic stenosis and left ventricular hypertrophy undergo-
ing aortic valve replacement were prospectively included 
in the study. All patients provided informed consent to be 
included. To avoid technical differences, all cases were 
done by one surgeon. The patients were alternatively 
assigned to MSH as (Group I) or not (Group II). The 
patients of both groups are demographically well matched 
(Table  1). The patient’s inclusion criteria includes: 1) 
Critical aortic valve stenosis defined as “mean Pressure 
gradient . 30 mmHg and valve area of ,0.7 cm2 mea-
sured by the continuity equation Echocardiographically 
and by the Gorlin equation during Cardiac catheteriza-
tion”. 2) Left Ventricular Hypertrophy (LVH) defined as: 
.15 mm myocardium thickness at the septum and or the 
inferior wall during diastole by 2D-Echocardiography.

All patients were operated upon using a median 
sternotomy incision. After giving heparin, aortic cannula 
and a double-stage right atrial venous cannula were used, 
cardiopulmonary bypass started when ACT reaches 400 
or higher. Retrograde cardioplegia cannula is inserted in 
the coronary sinus guided by tans-esophageal echocar-
diogram (TEE). Antegrade cardioplegia is usually used 
as an initial dose in patients with no aortic incompetence. 
In addition to the use of CRBC, the body temperature is 
lowered to 23–26 °C during aortic cross clamping in the 
group I (fourteen patients). The other fourteen patients 
of group II also received CRBC but the body tempera-
ture was kept at 32–34 °C. The intra-operative TEE is 
used to assess the wall motion (WM) and estimates the 
ejection fraction (EF), postoperative use of inotrops, 
intra aortic balloon pump (IABP) use, and Troponin 
leak were compared in the two groups.

Data were expressed as mean  ±  SEM and were 
analyzed with analysis of variance (ANOVA) fol-
lowed by t test. P values of  ,0.5 were considered 
statistically significant.

Results
Reduction in EF compared to the pre operative value 
by TEE was seen in nine patients in group I (13%) and 
in 12 patients of group II (32%), (P , 0.05). seven 
patients in group I 50% compared to four patients 
29% in group II required single inotrope (P , 0.05) 
while two patients 14% in group I required multiple 
inotropes compared to eight patients 60% in group II 
(P , 0.001). IABP was needed in three patient 21% 
in group II and non in group I (P , 0.01). No signifi-
cant difference between the two groups in post pumps 
Troponin levels. No Myocardial infarctions were 
reported based on combined ECG changes and rise in 
Troponin levels. No operative morality (30 days) was 
noted in the two groups (Table 2, Fig. 1).

Table 1. Patient’s characteristics. 

Group (I) Group (II)
Age (years) 55 [34–76] 59 [39–79]
Gender (M/F) 8/6 9/5
E. F. (%) 63 ± 8 56 ± 7
Valve area (cm2) 0.55 [0.4–0.7] 0.5 [0.3–0.7]
Pressure gradient  
(mmHg)

77.5 [45–110] 79 [53–105]

IVS thickness (mm) 16 [15–18] 17 [15–19]

Abbreviation: IVS, intra-ventricular septum.
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Discussion
Cardiac hypertrophy comprises a tenuous balance 
between adaptive characteristics and potentially 
deleterious structural, functional, and biochemical/
molecular alterations including enlarged muscle mass 
with alterations in the cardiac configuration, enhanced 
metabolic requirements, synthesis of abnormal 
proteins, decreased capillary/myocyte ratio, fibro-
sis, micro vascular spasm, and impaired contractile 
mechanisms.7

Hypertrophy also decreases myocardial compli-
ance and thereby hinders diastolic filling. In addition, 
LVH is an independent risk factor for cardiac mortal-
ity and morbidity, especially for sudden death.8

Duncan et  al concluded that concentric geom-
etries, weather concentric hypertrophy or concentric 
remodeling, are associated with increased risk for in-
hospital mortality after aortic valve replacement. And 
that postoperative risk stratification should include 
assessments of LV hypertrophy and LV geometry.9

The adequate protection of the hypertrophied myo-
cardium during surgical procedure is still a challenge. 

It is known that the hypertrophied myocardium already 
presents ultra structural changes that rend it more sus-
ceptible to ischemia and fibrosis.10 Moreover, these 
changes and the relative deficiency of microcircula-
tion hinder the delivery of the cardioplegic solution 
to the sub-endocardium, compromise intra-operative 
myocardial preservation and render the heart particu-
larly susceptible to ischemic damage and infarction.2

Various methods of myocardial protection have 
been used to protect hypertrophied myocardium. 
Different delivery routes (antegrade, retrograde and 
combinations),11 temperature (cold, tepid or warm),12 
or composition (blood and crystalloid)13 were com-
pared and different strategies have been tried.

Lotto et al showed that myocardial protection with 
either antegrade or retrograde intermittent delivery of 
cold blood cardioplegia is suboptimal.11

A study done by Ascione et al examined myocar-
dial injury in hypertrophic hearts of patients undergo-
ing aortic valve surgery showed evidence of metabolic 
derangement and reperfusion injury, indicating sub-
optimal myocardial protection by both cold and warm 
blood cardioplegia.12

Ovrum et  al found that there was no indication 
that the composition of cardioplegia; whether blood 
or crystalloid administered retrograde in patients 
undergoing AVR; had an effect on the immediate 
postoperative outcome of these patients. It is worth 
mentioning that their group of patients was identified 
as low or moderate risk group and that they did not 
identify patients according to the severity of LVH.13

Terminal retrograde “hot shot” reperfusion was 
studied by Ascione et al in patients with left ventricu-
lar hypertrophy undergoing aortic valve replacement. 
The group concluded that this technique did not add 
any extra benefit to antegrade cold-blood cardiople-
gia in preventing myocardial injury in patients with 
left ventricular hypertrophy undergoing aortic valve 
replacement.14

The use of MSH, to our knowledge, was not used 
or at least mentioned in the literature as an additive 
protective method for LVH in patients with severe 
aortic stenosis.

Despite the small patient sample in the current 
study, we think that it represents the problem of pro-
tecting the hypertrophied myocardium during heart 
surgery. This has been achieved by selecting patients 
with isolated sever aortic stenosis and randomizing 

Table 2. Summary of the results.

Group (I) Group (II) P-value
Post  
pump E. F.  
reduction

9 Pt 12 Pt ,0.05

Single  
inotrope need

7 Pt 4 Pt ,0.05

Multiple  
inotropes  
need

2 Pt 8 Pt ,0.001

Post pump  
IABP use

0 Pt 3 Pt ,0.01

Troponin  
release

233.6 [146.0  
to 321.2] μg/L

240.25 [179.3  
to 301.2] μg/L

,0.15
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Figure 1. Results comparison.
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them alternatively between control and study cases. 
The results compared important variables and showed 
difference between the two groups in the immediate 
post-operative Cardiac performance. This is seen by 
the significant differences in the use of IABP, EF 
reduction and the use of inotropes.

Conclusion
The results indicate that combining moderate systemic 
hypothermia with continuous retrograde cold blood 
cardioplegia might have a better protective effect on 
hypertrophied myocardium in patients undergoing 
aortic valve replacement.

Disclosure
This manuscript has been read and approved by all 
authors. This paper is unique and is not under con-
sideration by any other publication and has not been 
published elsewhere. The authors and peer review-
ers of this paper report no conflicts of interest. The 
authors confirm that they have permission to repro-
duce any copyrighted material.

References
	 1.	 Schoen FJ. The heart. In: Kumar V, Fausto N, Abbas A, editors. Robbins 

and Cotran Pathologic Basis of Disease, 7th ed. Philadelphia, WB Saunders; 
2004:555.

	 2.	 Padera RF, Schoen FJ. Pathology of Cardiac Surgery: Lawerence H Cohn 
Cardiac Surgery in the Adult, 3rd ed. McGraw Hill Medical; 2008:136.

	 3.	 Calafiore AM, Teodori G, Bosco G, et al. Intermittent antegrade warm blood 
cardioplegia in aortic valve replacement. J Cardiac Surg. 1996;11:348–54.

	 4.	 Anderson WA, Berrizbeitia LD, Ilkowski DA, et al. Normothermic retro-
grade cardioplegia is effective in patients with left ventricular hypertrophy— 
a prospective randomised study. J Cardiothorac Surg. 1995;36:17–24.

	 5.	 Dorman BH, Hebbar L, Clair MJ, Hinton RB, Roy RC, Spinale FG. 
Potassium channel opener augmented cardioplegia: protection of myo-
cyte contractility with chronic left ventricular dysfunction. Circulation. 
1997;96(Suppl):II-253–9.

	 6.	 Jin XY, Gibson DG, Pepper JR. Early changes in regional and global left 
ventricular function after aortic valve replacement: comparison of crystal-
loid, cold blood and warm blood cardioplegia. Circulation. 1995;92(Suppl): 
II-155–62.

	 7.	 Benjamin EJ, Levy D. Why is left ventricular hypertrophy so predictive of 
morbidity and mortality? Am J Med Sci. 1999;317:168.

	 8.	 Gosse P. Left ventricular hypertrophy as a predictor of cardiovascular risk. 
J Hypertens Suppl. 2005;23:S37.

	 9.	 Andra Ibrahim Duncan, Boris S, Lowe, et al. Influence of concentric left 
ventricular remodeling on early mortality after aortic valve replacement. 
Ann Thorac Surg. 2008;85:2030–9.

	10.	 Elthon Silveira CRESSONI, Luiz Ernesto AVANCI, Domingo Marcolino 
BRAILE, et al. Myocardial protection to the hypertrophied heart: the eternal 
challenge. Rev Bras Cir Cardiovasc. 2008;23(1):97–107.

	11.	 Attilio A Lotto, Raimondo Ascione, Massimo Caputo, Alan J Bryan, 
Gianni D Angelini, M-Saadeh Suleiman. Myocardial protection with 
intermittent cold blood during aortic valve operation: antegrade versus 
retrograde delivery. Ann Thorac Surg. 2003;76:1227–33.

	12.	 Ascione R, Caputo M, Gomes WJ, et al. Myocardial injury in hypertro-
phic hearts of patients undergoing aortic valve surgery using cold or 
warm blood cardioplegia. European Journal of Cardio-thoracic Surgery. 
2002;21:440–6.

	13.	 Ovrum E, Tangen G, Tollofsrud S, Oystese R, Ringdal R Istad. Cold blood 
versus cold crystalloid cardioplegia: a prospective randomized study of 345 
aortic valve patients. European Journal of Cardio-thoracic Surgery. Article 
in press.

	14.	 Raimondo Ascione, Saadeh M Suleiman, Gianni D Angelini. Retrograde hot-
shot cardioplegia in patients with left ventricular hypertrophy undergoing aor-
tic valve replacement. Ann Thorac Surg. 2008;85:454–9.

http://www.la-press.com
http://www.la-press.com

