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Transfusion-free cardiac surgery in small cyanotic children 
is challenging to anesthesiologists because of cardiopulmonary 
bypass (CPB)-induced hemodilution and coagulopathy. Redo- 
complex cardiac procedures increase the incidence and volume 
of the transfusion [1]. Rastelli’s procedure is a high risk proce-
dure (RACHS; risk adjustment in congenital heart surgery cat-
egory 4) and usually requires a blood transfusion.

We present a 27 month-old girl (78.5 cm height and 7.7 kg 
weight) who was admitted for Rastelli’s operation. The patient 
underwent the modified Blalock-Taussig shunt and patent duc-
tus arteriosus closure 1 year ago without a transfusion. 

Her parents were Jehovah’s Witnesses. They refused a peri-
operative blood transfusion, which included packed red blood 
cells, fresh frozen plasma, platelets, and albumin. They also re-
fused usage of a cell saver. The anesthesiologist explained acute 
normovolemic hemodilution (ANH) and the parents agreed 
to ANH with the understanding that the collected autologous 
blood was not separated from the patient.

One week before the surgery, recombinant human eryth-
ropoietin (2000 IU) was administered three times per week 
and iron sucrose was administered every day to stimulate the 
patient’s blood cell production. After treatment, the hematocrit 
(Hct) increased from 47.2 to 49.1%. Platelet count and coagula-
tion factors were within the normal range.

After induction of anesthesia, 10 mg/kg tranexamic acid was 
infused for 30 minutes, then a continuous infusion was started 
at a rate of 5 mg/kg/hr. Cerebral oximetry (INVOS 5100, Soma-
netics, NY, USA) monitoring was started and the initial regional 
cerebral oxygen saturation (rSO2) values were 48/47% on the 

right/left sides. For ANH, 190 ml of whole blood was withdrawn 
from the patient's central line to the blood bag (single-320 ml 
blood bag, Greencross, Seoul, Korea), which contained 44.8 
ml of citrate phosphate dextrose adenine. The same volume of 
hydroxyethyl starch (VoluvenⓇ, Fresenius Kabi, Bad Homburg, 
Germany) was infused while collecting the blood. The Hct de-
creased from 45 to 35% after ANH. The changes in rSO2 were 
< 10% from baseline, and blood lactate was within the normal 
range during ANH. 

A high-performance, low prime volume oxygenator (RX-05TM, 
Terumo, Tokyo, Japan) was used and the arterial line filter was 
excluded to minimize the priming volume for CPB. During 
CPB, the Hct and pH ranged from 24 to 28%, and from 7.23 to 
7.33 respectively. Intraoperative changes in blood lactate during 
surgery were within the normal range.

After weaning from CPB, the collected autologous blood was 
transfused after protamine administration. 

Total operation time was 7 h and 20 minutes. The estimated 
blood loss and urine output was 130 and 720 ml. The patient 
received 190 ml of autologous blood and 215 ml of other fluids. 
The hematologic data are shown in Table 1. 

Erythropoietin and iron sucrose were re-started. The low-
est hemoglobin concentration in the ward was 7.6 g/dl, which 
increased to 9.4 g/dl on day 13 after surgery. The patient was 
discharged on postoperative day 19 with oral iron therapy and 
no complications. 

Three important issues must be considered for transfusion-
free surgery. First, the volume of red blood cells should be in-
creased before surgery. Second, the volume of blood loss should 
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be minimized during surgery. Third, bleeding should be pre-
vented after surgery.

The patient received erythropoietin and simultaneous oral 
iron supplementation preoperatively. These have been shown to 
promote red blood cell production and reduce allogenic blood 
transfusion in children undergoing open heart surgery [2]. 

ANH is a blood conservation method to collect a patient’s 

red blood cells before or just after induction of anesthesia. In a 
previous report, the non-transfusion rate of Rastelli’s procedure 
was only 17%, but it increased to 75% following autologous 
blood donation [3]. 

The ANH-induced decrease in Hct may have impaired tissue 
oxygenation. Therefore, target Hct was determined to be 35%, 
and 190 ml of blood was collected as calculated. During ANH, 
safety was assessed using vital signs, lactate values, and rSO2, 
which is a useful indicator of trends in cerebral oxygenation [4]. 

Complex transfusion-free procedures can be accomplished 
safely in pediatric patients with a miniaturized CPB system for 
low priming volume [5]. In our case, we used a neonatal CPB 
system (Heart-Lung machine HL 30TM, Maquet, Hirrlingen, 
Germany) to reduce hemodilution and maintain adequate oxy-
gen supply. 

Additionally, tranexamic acid was continuously infused dur-
ing the operation to reduced intra- and post-operative blood 
loss.

In summary, we performed a transfusion-free Rastelli’s pro-
cedure in a child weighing 7.7 kg. We conclude that multidis-
ciplinary approaches, including perioperative erythropoietin, 
ANH, a low-prime CPB circuit, and tranexamic acid, enable 
high risk transfusion-free cardiac surgery in children. 
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Table 1. Changes in Hematological Data

Hemoglobin
(g/dl)

Hct
(%)

WBCs
(× 103 μl)

Platelets
(× 103/μl)

Admission
Before surgery
After ANH
CPB off
ICU initial
POD #1
POD #2
POD #11
POD #17

15.8
16.4 

N
N

10.3
10.5

9.2
7.6
9.4

47.2
49.1
35
26
31.3
31.2
27.7
24.1
29.9

4.71
6.17
N
N

12.15
12.66
15.43
13.01

9.22

152
265
N
N

135
130
107
394
436

Hct: hematocrit, WBC: white blood cell, CPB: cardiopulmonary bypass, 
ICU: intensive care unit, POD: postoperative day, N: no data.


