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Purpose:  The efficacy of combination treatment of original cold crystalloid cardioplegia 
(SHA solution; St. Thomas + Histidine + ATP + oxygen) and additional blood cardioplegia 
was studied in patients who required cardiac arrest time of 120 minutes or longer.
Methods:  One hundred and thirty-six patients were included in this study. Patients were 
divided into two groups according to the cardiac arrest time: S group (cardiac arrest time: 
120–149 minutes, n = 81); L group (150–180 minutes, n = 55). Just after cross-clamping of the 
ascending aorta, 800 ml of SHA solution was infused in an antegrade fashion. Cold-blood 
cardioplegia was initiated after two hours of cardiac arrest.
Results:  Six (4%) of the 136 patients died after surgery, 3 in each group. Two critical patients 
with ischemic cardiomyopathy died of cardiac failure after coronary artery bypass grafting 
(CABG), and 4 died of noncardiac morbidity. The mean value of postoperative maximum  
creatine phosphokinase-MB (CPK-MB) in dead patients was 47 IU/L in the S group and 75 
IU/L in the L group. The peak CPK-MB values exceeded 100 IU/L in one out of 6 patients 
who died after surgery.
Conclusions:  Combination treatment using original SHA solution and additional blood car-
dioplegia was effective in patients who required prolonged cardiac arrest. (Ann Thorac 
Cardiovasc Surg 2010; 16: 335–339)
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applied to clinical use after experimental studies, and we 
had already reported the excellent effect of this cardiople-
gia in preliminary clinical application.2) The application 
of SHA solution, however, in patients who required pro-
longed aortic cross-clamping time over 120 minutes is 
controversial. In this study, we examined the efficacy of the 
combination treatment of SHA solution and additional 
cold-blood cardioplegia.

Materials and Methods
A total of 866 patients have undergone cardiac surgery in 
Teikyo University Hospital for six years since 2000, and 
136 (16%) of them required long cardiac arrest time (120–
180 minutes). This study includes these patients; 86 were 
males and 50 were females. Their mean age was 64, rang-
ing from 17 to 84. Elective (EL) and urgent/emergency 

Introduction

St. Thomas’ Hospital solution is the most popular crystal-
loid cardioplegia available and has been used worldwide.1) 
We compounded conventional St. Thomas’ Hospital car-
dioplegia solution with histidine, adenosine triphosphate 
(ATP), and oxygen. This new solution (SHA solution) was 
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(UR/EM) operations were performed on 123 and 13 
patients, respectively. The patients were divided into two 
groups according to cardiac arrest time: S Group (120–149 
minutes, n = 81) and L Group (150–180 minutes, n = 55). 
In the S group, the predominant heart disease was valvular 
in 46 patients and ischemic in 35. In the L group, it was 
valvular in 35 patients and ischemic in 20. There were no 
significant differences between the groups in age, male/
female ratio, cardiothoracic ratio, cardiac diseases, operative 
timing, or cardioplegia. Operation time, cardiopulmonary 
bypass time, and aortic cross-clamp time were signifi-
cantly longer in the L group than in the S group (Table 1).

SHA solution was compounded by a pharmacist in an 
aseptic room of the pharmacy department. It contains 
modified St. Thomas’ Hospital cardioplegic solution, 
L-histidine (30 mmol/L), ATP (0.16 mmol/L), and oxygen 
(95% O2 + 5% CO2). The compound fluid is percolated 
using membrane filters (0.22μ) with compression. The 
SHA solution is preserved in a refrigerator, and its avail-
able period is five days. The constitution of SHA solution 
is presented in Table 2. Just after cross-clamping of the 
aorta, SHA solution (800 ml, 10˚C was infused in an ante-
grade fashion via an aortic root cardioplegic cannula or 
directly into coronary artery orifices. Cold-blood antegrade 
cardioplegia (500 ml, 15˚C, potassium 15 mmol/L) was 
added every 30 minutes after two hours of cardiac arrest 
by SHA solution in all but nine patients. Intraoperative 
topical cooling was not used in any patient.

Statistical analysis was conducted with SAS version 5.0 
software (SAS Institute, Inc., Cary, NC). Continuous data 
are expressed as the mean ± standard deviation (SD). The 
Student’s t-test and the chi-square test were used for sta-

tistical analysis, and a p value of less than 0.05 was 
considered significant.

Results

Six (4%) out of the 136 patients died after surgery, including 
3 (4%) of the S group and 3 (5%) of the L group. In elective 
surgery, the operative mortality rate of the S group was 
lower than that of the L group; however, there was no 
significant difference (1% vs. 6%). Two patients of the S 
group died after UR/EM surgery. In total patients, the 
operative mortality of UR/EM surgery was significantly 
(p<0.05) higher than that of elective surgery (3% vs. 15%). 
In the S group, 3 with ischemic heart disease died after 
surgery. In the L group, 3 with valvular heart disease died.

Causes of death were cardiac events in 2 patients and 
noncardiac events in 4. In the S group, 2 patients with 
ischemic cardiomyopathy died of cardiac failure after 
UR/EM surgery. One dead patient was assisted by percu-
taneous cardiopulmonary support preoperatively and 
underwent CABG (5 grafts) plus Dor’s left ventriciular 
plasty. The other was assisted by high-dose catecholamine-
dependent preoperatively and underwent CABG (4 grafts), 
left ventricular volume reduction (Batista), and mitral 
valve plasty. In the L group, all 3 patients died of noncardiac 
morbidity. Causes of noncardiac death were ischemic 
colitis, sepsis, mediastinitis, and cerebral infarction, 
respectively. There were no significant differences in 
operating time between the dead and live patients. How-
ever, the cardiopulmonary bypass time and the aortic 
cross-clamp time were significantly (p <0.01) longer in 
the dead patients than in the live patients (277 ± 36 vs. 

Table 1.  Demographics of patients 

   S Group L Group p

 Number of patients 81 55 
 Age  64 ± 12 65 ± 12 NS
 Male/Female  51/ 30 35/ 20 NS
 Cardiothoracic ratio (%) 54 ± 10 57 ± 6 NS
 Disease Valvular 46 35 NS
  Ischemic 35 20
 Operation Elective 71 52 NS
  Urgent/Emergency 10 3
 Cardioplegia SHA 6 3 NS
  SHA + blood 75 52
 Operation time (min.) 355 ± 71 402 ± 76 < 0.01
 CPB time (min.) 166 ± 28 202 ± 37 < 0.01
 Aortic cross-clamp time (min.)  132 ± 8 165 ± 8 < 0.01

CPB, cardiopulmonary bypass.
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179 ± 37 minutes, 167 ± 46 vs. 144 ± 18 minutes, respec-
tively). The mean value of postoperative maximum 
CPK-MB in dead patients was 47 IU/L (range 31–63) in 
the S group and 75 IU/L (range 32–118) in the L group. 
The peak CPK-MB values exceeded 100 IU/L in a dead 
patient of the L group.

Discussion

In cardiac surgery, the quality of cardioplegic solution 
influences the operative results, especially in patients 

with major cardiac surgery. Cardioplegic solution was 
developed together with the experimental study of heart 
preservation for heart transplantation. In the 1980s, myo-
cardial protection during open heart surgery had been 
the focus of many surgical interventions, and debate con-
tinued regarding the ideal cardioplegic solution. But a 
review of laboratory and clinical studies shows no con-
clusive advantage of one solution over the others. Among 
many cardioplegic solutions, St. Thomas’ Hospital solution 
has been the most popular crystalloid cardioplegia. How-
ever, the compound components in addition to St. Thomas’ 

Table 3.  Operative Mortality and Cause of Death

   S Group L Group Total   (n = 81) (n = 55)

Total  3 cases (4%) 3 cases (5%) 6/136 (4%)
 Operative timing
  Elective 1/71 (1%) 3/52 (6%) 4/123 (3%)*

  Urgent/Emergency 2/10 (20%) 0/3 2/13 (15%)*

 Disease
  Ischemic 3 0 3
  Valvular 0 3 3

Cause of Death (n = 6)
 Cardiac 2  PCPS  1 0 2
         Batista  1
 Noncardiac 1 3 4
  Ischemic colitis 0 1
  Sepsis 1 0
  Mediastinitis 0 1
  Cerebral infarction 0 1
*p <0.05
PCPS, percutaneous cardiopulmonary support.

Table 2.  Constitution of SHA solution

Modified St. Thomas’ solution
 Sodium chloride (NaCl) 97.5 mM
 Sodium bicarbonate (NaHCO3) 12.5
 Potassium chloride (KCl) 14.8
 Potassium phosphate (KH2PO4) 1.2
 Magnesium chloride (MgCl2) 15.5
 Magnesium sulfate (MgSO4) 1.3
 Calcium chloride (CaCl2) 0.6
 Procaine hydrochloride  0.98
Additions for SHA solution
 Glucose  11.1
 Histidine  30.0
 Adenosine triphosphate (ATP) 0.16
 7% NaHCO3  8.3
 95% O2 + 5% CO2  saturated
Osmolality: 330 mOsm/L
PH : 7.8 (nonoxygenation), 6.9 (oxygenation)
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Hospital solution was considered necessary to obtain lon-
ger and safer cardioplegic effects in clinical use.3)

Oxygenated cardioplegic solutions can deliver suffi-
cient oxygen to support aerobic metabolism of heart 
tissue during cardiac arrest,4,5) Oppell and his colleagues 
reported that modified St. Thomas’ Hospital solution 
should be oxygenated, but with 95% oxygen: 5% carbon 
dioxide rather than 100% oxygen because of the additive 
effect of a relatively “acidotic” pH.6) Intramyocardial pH 
is an important determinant in the functional recovery of 
the heart, and acidic conditions during normothermic 
ischemia optimize preservation of myocardial function. 
For this purpose, histidine was reported to be an effective 
buffer.7) High-energy phosphates such as ATP and cre-
atine phosphate improve the cardioprotective properties of 
the St. Thomas’ Hospital cardioplegic solution during pro-
longed hypothermic ischemic arrest.8,9) After sufficient 
basic animal studies, we compounded a cardioplegia of 
St. Thomas’ Hospital solution by adding histidine (30 
mmol/L), ATP (0.16 mmol/L), and oxygen (95% O2 + 5% 
CO2).

We maintained temperature of the SHA solution at 
10˚C and infused it in an intermittent antegrade fashion 
in clinical use. Some authors reported that tepid-blood 
cardioplegia was superior to cold-blood cardioplegia10,11) 
for heart protection. However, Lajos and colleagues12) 
reported that cold crystalloid cardioplegia and cold retro-
grade blood cardioplegia was safe under hypothermic 
conditions, whereas warm cardioplegia required continu-
ous uninterrupted technique with oxygen delivery.

The clinical results of SHA solution in patients who 
required aortic cross-clamping time of less than 120 
minutes were favorable in the previous clinical series.2) 
However, the effect of SHA solution was not sufficient in 
prolonged cardiac arrest of more than 120 minutes, probably 
because of tissue edema. Thus since 2000 we have adapted 
additional cold-blood cardioplegia after two hours of car-
diac arrest by SHA solution. Six out of a total of 136 
patients died after surgery, and there were no significant 
differences in hospital mortality rates between two 
groups divided by aortic cross-clamping time. Only 2 
patients died of cardiac failure, and another 4 died of 
noncardiac morbidity. The peak CPK-MB values 
exceeded 100 IU/L in 1 of the 8 patients who died after 
surgery. The cardiopulmonary bypass and aortic cross-
clamp times were significantly longer in the dead patients 
than in the live ones; thus prolonged cardiopulmonary 
bypass might influence the onset of postoperative com-
plications. In cardiac surgery that used typical crystalloid 

or blood cardioplegia, repetitive infusion of cardioplegia 
every 30–60 minutes is required, which is sometimes 
troublesome. By comparison, SHA solution has almost 
two hours of lasting effect and provides a clearer operative 
field. Thus operative procedures can be continued without 
interruption for two hours after the initial infusion of 
SHA solution. This report is not a comparative study; so 
we cannot verify the evidence of superiority of our 
method in comparison with others. Buckberg13) reported 
that a combination of antegrade/retrograde cardioplegia 
was the preferred method of myocardial protection in all 
adult operations and in many pediatric cardiac proce-
dures. According to the reports by Partington et al.,14) 
antegrade/retrograde cardioplegia provides better myo-
cardial protection than either technique alone, it ensures 
good cardioplegic distribution to the left and right ventri-
cles, and it allows regional delivery of cardioplegic flow to 
segments supplied by occluded arteries. We generally infuse 
cardioplegia in an antegrade fashion; however, we use early 
additional cardioplegia in the jeopardized areas with 
operative resources. We believe that our method is at least 
clinically acceptable and reliable. In conclusion, combina-
tion treatment using original SHA solution and additional 
blood cardioplegia was effective in patients who required 
prolonged cardiac arrest time within 180 minutes.
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