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Abstract 
Purpose. To investigate the hematological changes during 
the perioperative period of open-heart surgery without ho- 
mologous blood transfusion under simple deep hypothermia 
in infants and small children, and to define the limits of body 
weight for open-heart surgery without homologous blood 
transfusion under simple deep hypothermia. 
Methods. We performed open-heart surgery without ho- 
mologous blood transfusion under simple deep hypother- 
mia on eight children, four infants, and a neonate with 
diagnoses of atrial septal defect, ventricular septal defect, on 
total anomalous pulmonary venous return (TATVR). All pa- 
tients except for one with TAPVR were surface-cooled with 
ice water under deep ether anesthesia. Hematological exami- 
nations were performed seven times during the perioperative 
period. 
Results. The body weight of the patients ranged from 2.5 
to 15.0kg (mean _+ SD, 9.5 _+ 3.5kg) and the blood loss from 
0.7 to 7.1g.kg i (4.6 _+ 2.0g.kg 1) The lowest values of the 
hematological findings in each case after surgery were as fol- 
lows: Hb ranged from 7.6 to 10.9g.dl 1 (8.8 _+ 1.0g.dl-1), blood 
platelet count from 158 • 103 to 337 • 103 cells. ~f ~ (271 _+ 88 
• 10 ~ cells. ~f 1), and total protein from 4.3 to 5.5 g-dl z (5.0 _+ 
0.4 g.dl-1). 
Conclusion. Severe anemia and hypoproteinemia were not 
detected in any case, and, in particular, the reduction of the 
platelet count was slight. No events occurred as a result of 
decreased Hb concentration, serum protein, or both. 
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Introduction 

It has been a serious concern that blood transfusion may 
cause complications such as serum hepatitis, acquired 
immune deficiency syndrome (AIDS),  and graft-versus- 
host disease (G V H D )  after surgery, and open-heart  sur- 
gery without homologous blood transfusion is becoming 
an important  topic for this reason. Open-heart  surgery 
without homologous blood transfusion is a generally 
accepted method for adults but not for small children 
and infants. It should be more  positively considered for 
infants and small children, since they have a longer 
expectation of life than adults. 

We have at tempted to perform open-heart  surgery 
without blood transfusion in eight small children, four 
infants, and a neonate  diagnosed with atrial septal 
defect (ASD), ventricular septal defect (VSD), or total 
anomalous pulmonary venous return (TATVR)  using 
simple deep hypothermia under  deep ether anesthesia 
except for one with TAPVR.  Hematological exami- 
nations were performed seven times during the 
perioperative period. We report  the anesthetic pro- 
cedure and the hematological findings during the 
perioperative period. 

Patients and methods  

We studied 13 patients (6 boys and 7 girls) with con- 
genital heart  diseases (ASD 5, VSD 7, T A P V R  1) 
undergoing open-heart  surgery under simple deep 
hypothermia between January 1994 and April 1996. 
Their  body weight ranged from 2.5 to 15.0kg (mean _+ 
SD, 9.5 +_ 3.5) and age from 11 days to 5 years. The 
characteristics of the patients are shown in Table 1. 

The patients were premedicated as follows: atrop- 
ine sulfate 0.005mg.kg -1, hydroxyzine hydrochloride 
0.5mg.kg 1, pethidine 0.5mg.kg -1, and triflupromazine 
0.15mg.kg -~ were injected intramuscularly 60 and 
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Table 1. Patients and resutls 
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Temperature at 
cardiac arrest (~ 

Body weight Duration of cardiac Blood loss LMWD a 
Case no. Age (kg) Diagnosis Esophageal Rectal arrest (min) (g.kg -1) (ml.kg 1) 

1 ly 9.1 VSD 21.9 18.0 23 5.8 18.7 
2 5y 15.0 ASD 22.1 20.4 29 6.1 10.0 
3 4y 12.5 ASD 21.5 20.0 27 5.9 12.0 
4 ly 9.5 VSD 21.3 19.8 23 2.7 12.3 
5 4y 10.5 ASD 21.8 19.6 32 3.6 14.3 
6 ly 8.0 VSD + PH 20.5 19.8 55 6.8 12.5 
7 3y 14.0 ASD 21.0 19.9 21 7.1 14.3 
8 5m 6.9 ASD + PH 22.1 17.4 19 5.7 12.3 
9 9m 13.0 VSD + PH 19.9 17.5 65 3.5 13.1 

10 ly 10.7 VSD 20.8 19.4 34 0.7 13.6 
11 8m 5.2 VSD + PH 21.7 16.9 56 2.3 14.4 
12 b 1 ld 2.5 TAPVR 21.8 16.9 38 2.4 20.8 
13 9m 7.1 VSD + PH 20.5 16.4 64 7.0 10.6 

Mean 9.5 + 3.5 21.3 + 0.7 37 _+ 16 4.6 +_ 2.0 13.1 -+ 2.9 
1.8.6 _+ 1.4 

Amount of low-molecular-weight dextran infused during anesthesia. 
bplasma protein fraction administered after surgery. 
VSD, Ventricular septal defect; ASD, atrial septal defect; PH, pulmonary hypertension; TAPVR, total anomalous pulmonary venous return. 

30 min before  induction of anesthesia. Anesthesia was 
induced with thiopental  2.5mg.kg 1 IV, endotracheal  
intubation was per formed with succinylcholine chloride 
1 mg.kg 1 IV  or vecuronium bromide 0.15mg.kg -~, and 
ventilation was controlled with a-s tat  regulation in 
F~O2 1.0 during anesthesia. After  inhalation of about  
lml .kg  1 ether  f rom a wick-type vaporizer  in a closed 
circuit, the patient  was covered with a vinyl sheet and 
immersed in ice water. The  patient inhaled a total of 2.5 

3.0 ml-kg 1 ether and was cooled to 20~ esophageal  
temperature .  At  30~ esophageal  temperature ,  100 
uni ts .kg 1 of heparin were  administered IV. During 
the period of cooling, 10ml.kg -1 of 10% low-molecular- 
weight dextran in 5% dextrose (LMWD),  lactated 
Ringer 's  solution, and prostaglandin E1 (PGE1) 0.1 
0.3bt.kg lmi n 1 were continuously infused. When  the 
target esophageal  t empera tu re  had been achieved, the 
ice water  was removed and surgery was started. 

After  clamping the venae  cavae, pulmonary  artery, 
and aorta had been clamped,  10ml of Young 's  solution 
(5g potassium citrate, 12.3g magnesium sulfate, and 
5 mg neostigmine bromide  in 500ml solution) at r oom 
tempera ture  was injected transaortically into the coro- 
nary artery to induce cardiac standstill, and intracardiac 
correction was then performed.  

Intracardiac blood was sucked into a device 
(Solcotrans, Solco Basle, Rockland,  MA, USA)  for the 
collection and reinfusion of autologous blood and was 
immediately transfused. Af ter  intracardiac correction 
had been completal ,  artificial ventilation was started, 
the clamps were r emoved  f rom the large vessels, except 

for the aorta, and 10ml of cardiotonic cocktail (10ml 
of 20% dextrose, 10ml of 2% CaC12, and l m l  of 0.1% 
norepinephr ine  in 21ml solution) with autologous 
blood sucked f rom the aorta  was pumped  transaor- 
tically several times into the coronary ar tery with a 
syringe. At  the momen t  of achieving cardiac resuscita- 
tion, the aortic clamp was removed  and the patient  
wrapped  in the vinyl sheet was surface-rewarmed with 
hot water  at 42~ to 36~ esophageal  temperature ,  
without  getting wet. After  cardiac resuscitation, the 
acid-base balance was corrected with a sodium bicar- 
bonate  solution. 

During rewarming, lactated Ringer 's  solution, 
L M W D  5ml.kg-l .h -1, and dobutamine hydrochloride 
(DOB)  5 - 15 btg.kg 1.min -1 were infused in order to 
maintain the optimal  arterial blood pressure (ABP)  for 
each body temperature .  Protamine sulfate l mg.kg 1 
and furosemide 0.5mg.kg -1 were administered to re- 
verse the effect of the heparin and to cause urination at 
30~ esophageal  temperature .  

During anesthesia, all patients were moni tored 
by electrocardiogram and electroencephalogram, and 
ABP,  central venous pressure (CVP),  arterial gas 
analysis, body tempera ture  in esophagus and rectum, 
and urine volume were also monitored.  Seven blood 
samples were drawn for hematological  examinat ion the 
day before  surgery, the day after surgery, the next 3 
days, one week after surgery, and the day of discharge 
f rom the hospital (about  2 weeks after surgery). All 
values of blood samples are given as mean  +_ standard 
deviation. Statistical analysis among groups was per- 
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Table 2. Hematological findings during perioperative period 
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Day before Day after 
Finding surgery surgery 2nd day 3rd day 4th day After lwk Day of discharge 

WBC 9.8 + 4.1 16.3 • 6.3* 15.4 • 3.1 16.3 • 5.3* 12.8 _+ 3.8 8.4 • 1.4 8.5 _+ 3.9 
(5.3 - 17.9) (9.2 - 28.5) (11.3 -- 19.8) (10.6 - 27.2) (5.5 - 19.3) (6.3 - 11.4) (3.2 - 17.9) 

RBC 4.61 + 0.39 3.82 + 0.32* 3.44 _+ 0.18" 3.10 -- 0.28* 3.15 • 0.27* 3.56 • 0.32* 3.91 + 0.30* 
(4.12 - 5.72) (3.15 - 4.30) (3.18 ~ 3.76) (2.77 - 3.53) (2.77 ~ 3.53) (3.09 - 4.05) (3.47 - 4.47) 

Ht 39.0 + 7.2 32.3 + 2.8* 29.3 • 2.3* 26.6 • 2.9* 26.5 • 1.9" 31.3 • 3.0* 33.0 -- 2.7* 
(35.4 - 62.9) (28.8 -- 39.7) (26.1 ~ 35.1) (22.2 ~ 32.9) (22.5 ~ 29.4) (25.8 - 36.6) (29.3 ~ 37.5) 

Hb 12.9 • 2.1 10.7 • 1.1" 9.7 + 0.7* 8.8 • 1.0" 8.7 § 0.5* 10.0 • 0.8* 10.6 • 0.9* 
(10.5 ~ 19.8) (9.0 ~ 13.3) (8.8 ~ 11.7) (7.9 ~ 11.5) (7.6 ~ 9.2) (8.3 ~ 11.4) (9.6 - 12.0) 

P1 386 + 80 358 • 98 301 + 68 265 _+ 78 271 +_ 88 424 • 151 534 • 150" 
(267 -- 552) (230 ~ 525) (208 ~ 429) (177 ~ 428) (158 ~ 379) (245 ~ 732) (284 ~ 848) 

TP 6.9 • 0.5 5.0 • 0.4* 5.3 + 0.4* 5.4 + 0.5* 5.4 _+ 0.4* 6.3 • 0.5 6.9 • 0.5 
(5.8 ~ 7.6) (4.3 ~ 5.6) (4.6 ~ 5.9) (4.8 ~ 6.2) (4.9 ~ 6.0) (5.5 ~ 6.9) (6.2 ~ 7.9) 

WBC, White blood cell count (N103- ~tl 1); RBC, red blood cell count (x106. ~tl-1); Ht, hematocrit (%); Hb, hemoglobin concentration 
P1, blood platelet count (• 103. ~tl 1); TP, total protein (g.dl ~). 
Data from case 12 were rejected. 
* P < 0.05vs day before surgery. 
Range of data in parentheses. 

(g.dl ~); 

fo rmed  by analysis of  variance.  The  post  hoc  test was 
used for  compar i son  with the day before  surgery.  A P 
value less than  0.05 was considered significant. 

Results 

Table  1 shows esophageal  t empera ture ,  rectal t empera -  
ture  at the beg inn ing  of  induced cardiac arrest, dura t ion  
of  cardiac arrest,  and dose of  L M W D  during surgery.  

We  were  able to pe r fo rm cardiac resusci tat ion easily 
in all cases by  pumping  cardiotonics,  wi thout  cardiac 
massage or  cardioversion.  Af te r  surgery,  mild disorder  
of  the central  nervous  system was found  in case 11. 

The  b lood  loss ranged f rom 0.7 to 7.1g-kg ~ (mean  
_+ SD, 4.6 _+ 2.0g.kg-~). The  results of  per iopera t ive  
hemato logica l  examinat ions  are shown in Table  2. Since 
p lasma pro te in  fract ion (PPF) was adminis tered  in case 
12, this case was excluded f rom the statistical analysis of  
total  p ro te in  (TP). 

Af te r  surgery,  red b lood  cell count  (RBC) ,  hema-  
tocrit (Ht),  and  hemoglob in  concent ra t ion  (Hb)  were  
significantly r educed  and did not  recover  to pre-  
operat ive  values on the day of  discharge f rom the  
hospital.  O n  the o ther  hand,  no significant reduc t ion  in 
b lood  platelet  count  was seen, and it was increased over  
the p reopera t ive  value on the day of  discharge f rom the 
hospital.  TP  was also reduced  significantly but  recov-  
ered to p reopera t ive  values after a week  of  surgery  or  
on the day of  discharge f rom the hospital.  

Table  3 shows. the  lowest values of  the hematologica l  
findings f r o m  the preopera t ive  day to discharge f r o m  

Table 3. Lowest value of hematological findings after surgery 

RBC (• 1) 
Ht (%) 
Hb (g-dl z) 
P1 ( x l 0 3 " ~ v  ~ I) 
TP (g.dl -~) 

3.10 • 0.28 (2.73 - 3.95) 
26.5 _+ 1.9 (22.2 - 32.9) 

8.8 _+ 1.0 (7.6 - 10.9) 
271 _+ 88 (158 - 337) 
5.0 + 0.4 (4.3 ~ 5.5) 

the hospital  for about  2 weeks  of  follow-up. H b  ranged  
f rom 7.6 to 10.9g.d1-1 (8.8 _+ 1.0g.dl ~), b lood  platelet  
count  f rom 158 • 103 to 337 • 103 cells, gl * (271 _+ 88 
x 103 cells.~l-~), and T P  f rom 4.3 to 5.5g.dl 1 (5.0 _+ 
0.4g.dl 1). 

Discussion 

Today ,  the targets for open -hea r t  surgery without  ho- 
mologous  b lood  t ransfusion are mainly  adult  J ehovah ' s  
Witnesses or  their children, and it is not  yet  general ly 
used for  infants or  small children. In this study, we 
evaluated  the hematologica l  findings after open-hear t  
surgery under  deep  h y p o t h e r m i a  wi thout  homologous  
b lood  transfusion in infants and small children, and as- 
sessed the possibility of  pe r fo rming  such surgery with- 
out  homologous  b lood transfusion.  

I t  is unde r s tood  that the  indications for open-hea r t  
surgery wi thout  h o m o l o g o u s  b lood  t ransfusion using 
ca rd iopu lmonary  bypass (CPB)  for  children should be 
de te rmined  by b o d y  weight,  and the critical b o d y  weight  
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is considered to be 4kg [1] or 5.0kg [2]. However, in this 
study body weight ranged from 2.5 to 15.0kg (9.5 +__ 
3.Skg). 

When such surgery is performed with CPB on a pa- 
tient weighing 6 kg, even though the artificial lung appa- 
ratus and circuit have been reduced in size and the 
pumps reduced in number as far as possible, the Hb falls 
to 5.0g.dl -~ during surgery [3]. It is safer to combine 
CPB with cooling when the hemodilution is high, but 
the increase in oxygen demand may put demand and 
supply out of balance during rewarming [4]. The heart is 
an organ with a low tolerance for hemodilution. Al- 
though Ht or Hb is reduced to 20% [5,6] or 4.0g.d1-1 [7] 
by hemodilution during surgery in small chidren or in- 
fants using CPB, the postoperative anemia is less than 
when simple deep hypothermia is used, because blood 
can be concentrated to a Hb concentration of about 
8g-d1-1 by a hemoconcentrator on weaning from CPB, 
and blood from the operative wound can be reinfused. 

Open-heart surgery using simple deep hypothermia 
should not in principle cause either bleeding or 
hemodilution during induced circulatory arrest. Fur- 
thermore, the intracardiac blood removed is returned to 
the patient, and most of the blood loss in our study was 
considered to have occurred after the surgery. 

The reduction in blood platelet count after surgery 
was very small in this study. In our other study of open- 
heart surgery without homologous blood transfusion 
using CPB in infants and small children weighing 16 to 
57kg, the blood platelet count was reduced to (177 + 
32) • 103. ~t1-1. It is suggested that the risk of postopera- 
tive bleeding is lower in simple deep hypothermia than 
in CPB. 

Only one case (case 12, 7-day-old baby, body weight 
2.5 kg) in this study, a neonate, required treatment with 
PPF. The total blood loss was 7 g (2.4g.kg-1). Surgery 
without homologous blood transfusion succeeded, but 
PPF was administered for hypoproteinemia 3.8 g.dl ~ on 
the day after surgery. At that time Ht was 31%, Hb was 
8.7 g.dl ~, and blood platelet count was 158 • 103. ~1-1. 
We suppose that surgery without blood transfusion us- 
ing CPB might not have been successful in this case. 

In cases in which homologous blood transfusion is not 
performed, there may still be a risk of infection in 
heating the processed blood preparation for supplying 
serum protein. As simple deep hypothermia does not 
always cause extreme hemodilution, PPF should only be 
administered when excessive hypoproteinemia is found 
by hematological examination. Since reduction of TP 
may result in delay of wound healing and anasarca, 
ascites, or hydrothorax due  to depression of colloid 
osmotic pressure, and reduction of Hb may attenuate 
oxygen transport ability, PPF and red blood cells should 
be administered when TP and Hb are lower than the 
allowed limits. In this study all patients could maintain 

more than 7.6g.dl 1 of Hb and 4.3g.dl -~ of TP, and 
no event was detected resulting from anemia and/or 
hypoproteinemia. 

When Hb concentration and cardiac output are pre- 
sumed to be 7g.dl -~ and 100ml.kg.min -~, respectively, 
oxygen delivery is calculated to be 9.38ml.kg.min -1 
(1.34 x 7). As oxygen consumption is about 4ml.kg. 
rain -1, the uptake:consumption ratio of oxygen is cal- 
culated to be 0.42. It is suggested that Hb concentra- 
tion of 7g-d1-1 does not disturb oxygen transport in 
the patient without cardiac failure. Postoperative mild 
disorder of the central nervous system in case 11 might 
have been caused by exceeding the time allowed for 
induced cardiac arrest. 

In open-heart surgery with transfusion under simple 
deep hypothermia, 10ml-kg -1 of LMWD is regularly 
infused. Since we intended in this study to perform 
open-heart surgery without homologous blood transfu- 
sion, we infused LMWD additionally to keep CVP at 
10mmHg and also maintain blood pressure, especially 
during rewarming. The total dose of LMWD was up 
to 13.1 _+ 2.9ml.kg-L The use of a sympathetic nerve 
blocker is beneficial to prevent shivering and to main- 
tain normal peripheral blood circulation, but the 
synergistic effect of rewarming and the action of the 
sympathetic nerve blocking agent causes dilatation of 
the vascular bed, because the agent remains active dur- 
ing the rewarming process. A large amount of colloid 
solution is therefore necessary to reverse the relative 
hypovolemia caused by this dilatation. In our study, we 
gave an adequate supply of ether by inhalation and 
administered PGE 1 to dilate arterioles only during 
the cooling. Since sympathetic nerve blockers that are 
longer-acting than PGE1 were not administered dur- 
ing anesthesia, relative hypovolemia causing vascular 
bed expansion did not occur, and optimal CVP and 
ABP could be maintained. These are important points 
in the performance of open-heart surgery without 
homologous blood transfusion under simple deep 
hypothermia. 

Open-heart surgery under simple deep hypothermia 
has been performed on many infants and small children 
with congenital heart disease, including one under- 
weight neonate of 2.5 kg [8-10]. The target diseases for 
open-heart surgery without homologous blood transfu- 
sion using simple deep hypothermia should be congeni- 
tal simple cardiac defects such as ASD, VSD, tetralogy 
of Fallot, coarctation or interruption of the aorta, and 
TAPVR, because in these diseases intracardiac repair 
can be completely performed in about 60min at 20~ 
body temperature. 

We believe that simple deep hypothermia is more 
beneficial than CPB for open-heart surgery without 
homologous blood transfusion in infants and small 
children. 
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We  conc lude  as follows: 

1. O p e n - h e a r t  surgery wi thout  homologous  b lood  
t rans fus ion  was pe r fo rmed  unde r  simple deep hypo-  
t he rmia  on  13 pat ients  with congeni ta l  hear t  disease. 

2. The  m i n i m u m  body weight  of the pat ients  was 2.5 kg. 
3. H b  concen t r a t i on  and  TP after surgery could be 

m a i n t a i n e d  at more  than  7.6g.dl 1 and 4.3g-dl 1, re- 
spectively,  and  no even t  could be de tec ted  resul t ing  
f rom a n e m i a  and/or  hypopro te inemia .  

4. The  decrease  in b lood  platelet  coun t  after  surgery 
was very small.  

5. Simple  deep  hypo the rmia  is good  for o p e n - h e a r t  
surgery wi thou t  b lood  t ransfus ion  for small  chi ldren,  

infants ,  and  neonates .  

References  

1. Takahashi Y, Tatsuno K, Kikuchi T (1995) Open heart surgery 
with bloodless priming for ventricular septal defect and pulmo- 
nary hypertension. Nippon Kyoubu Geka Gakkai Zassi (JJATS) 
43:1004-1011 

2. Jacques AM, Hagop H, Ivatury MR, Gue-Wei H, Gregory AM, 
Dauglas HK (1995) Strategies for repair of congenital heart de- 
fects in infants without the use of blood. Ann Thorac Surg 59:384- 
388 

3. Maeda M, Koyama T, Murase M, Teranishi K, Sakurai H, 
Nishizawa T (1996) The indications and limitations of open heart 
surgery without homologous blood transfusion in children and 
infants. Nippon Kyoubu Geka Gakkai Zassi (JJATS) 42:1-7 

4. Stein JI, Gombotz H, Rigler B, Metzler H, Suppan C, Beitzke A 
(1991) Open heart surgery in children of Jehovah's witnesses. 
Extreme hemodilution on cardiopulmonary bypass. Pediatr 
Cadiol 12:170-174 

5. Utley JR, Wachtel C, Cain RB, Spaw EA, Collins JC, Stephens 
DB (1981) Effect of hypothermia, hemodilution and pump oxy- 
genation on organ water content and blood flow and oxygen 
delivery and renal function. Ann Thorac Surg 31:121-133 

6. Niinikoski J, Laakosonen V, Meretoja O, Lalonen J, Inberg M V 
(1981) Oxygen transport to tissue under normovolemic moderate 
and extreme hemodilution during coronary bypass operation. 
Ann Thorac Surg 3i:134 143 

7. Matsuki O, Matsuda H, Shimazaki Y, Kadoba K, Kaneko M, 
Miyamoto Y, Matsuwaka R, Chang JC, Kuratani T, Kawashima Y 
(1992) Open heart surgery without homologous blood transfusion 
in small children of body weight less than 20 kg. Nippon Kyoubu 
Geka Gakkai Zassi (JJATS) 40:235-241 

8. Wakusawa R, Shibata S, Okada K (1977) Simple deep hypother- 
mia for open heart surgery in infancy. Can Anaesth Soc J 24:491- 
5O4 

9. Litasova EE, Lomivirotov VN, Gorbatich JN, Shunkin AV, 
Vlassov JA (1994) Deep hypothermia without extracorporeal cir- 
culation in surgery of congenital cardiac defects. J Cardiovasc 
Surg 35:45-52 

10. Okada K, Kawamura T, Okada H, Nakayama H, Wakusawa R 
(1997) Simple deep hypothermia with a large amount of fentanyl 
anesthesia in neonates undergoing correction for total anomalous 
pulmonary venous return. J Anesth 11:153-158 


