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The detrimental impact of blood transfusions on the outcome of patients is increasingly being appreciated. Miniaturized
cardiopulmonary bypass systems facilitate transfusion free cardiac surgery even in neonates. We assessed the possible
impact of transfusions on the duration of ventilation and of stay on the intensive care unit in a series of neonates undergoing
the arterial switch operation at our institution. Charts of 23 consecutive patients diagnosed for transposition of the great
arteries without concomitant cardiac malformations who underwent the arterial switch operation at our institution in an
18 month period after the implementation of a new miniaturized cardiopulmonary bypass circuit were studied. Patients
were divided into three groups: group I consisted of patients without any transfusions, group 2 patients who underwent
the intra-operative period without transfusions but received transfusions postoperatively and group III patients with intra-
operative transfusions. There were 4 patients in group I, 7 patients in group II and 12 patients in group III. .All patients had
an uneventful clinical course. Patients of group I had significantly shorter duration of mechanical ventilation and stay on
the intensive care unit than those in the other groups. There was no significant difference between group II and group III in
this regard. Avoidance of any transfusions in neonates undergoing complex cardiac surgery with cardiopulmonary bypass
appears to reduce duration of ventilation and length of stay on the intensive care unit, while the timing of the transfusion has
no impact on these outcomes.
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B Hacrosiiiee Bpems 00J1b110€ BHUMAHMA YAeJsieTcsl Mpod/ieMe HeOJIaronpusiTHOr0 BJAMSIHUSI NepeJMBAHUA KPOBU HA MCXO0
0os1e3HM y nanuenToB. [IpuMeHeHe MUHHATIOPHBIX CHCTEM MCKYCCTBEHHOI0 KPOBOOOpalieHus ofecneynBaeT NMpoBeleHne
KapIHOXHPYPrudecKux onepanuii 6e3 ncnojab30BaHusl MepeiMBaHus KPOBH J1a:Ke Y HOBOPOKAEHHBIX ManMeHToB. MbI npo-
aHAJIN3MPOBAJIHN (PAaKTOpP BJIMSIHUS NEPeJUBAHUA KPOBH HA NMPOJOKUTENLHOCTH BEHTUISINMU U AJUTEIbHOCTh HAXO0XK/Ie-
HMS TAIMEHTA B OT/eJICHMU HHTEHCUBHOM Tepanuu Ha MpUMepe 1eJI0ro psija HOBOPOXKIEHHbIX MAIMEHTOB, KOTOPBIM OblLIa
c/leJIaHA OIepalusi apTEPHAJILHOIO NMePeKIIYeHHs B HallleM JiedeOHOM yupe:xaennu. Hamu 661111 ucc/ieioBanbl JaHHbIe 23
MANMEHTOB ¢ AUATHO30M «TPAHCHO3UIHA MATHCTPAJIbHBIX apTepHii 63 CONMYTCTBYIOLIEr0 MOPOKAa CepALa», KOTOpbIe ObLIN
NMPOONEePUPOBAHbI B HalleM KapauoueHTpe. UcciaeroBanue NnpoBoANMJIOCH, Ha MPOTskeHUU 18 MecsinieB ¢ MOMEHTA YCTAHOB-
KM HOBOIl MUHMATIOPHO# CHCTEMBI HCKYCCTBEHHOr0 KpoBooopauenusi. [lauuenTsl 0b11H BhilesieHbI B 3 rpynnbl. B nepByio
Tpyniny BOULTH NAIMEHTHI, KOTOPbIM He NMPOBOAWIOCH NepeJinBanue KpoBU. BTopyio rpynmy cocTaBu/Iu MalHEHTbI, KOTO-
PbIM NepeuBaHuE KPOBH ObLJI0O MPOBEIEHO Nocje onepanuu. B Tperbeii rpynne 0blJ1M NManueHThbl, KOTOPbIM NPOBOAMIOCH
nepeJinBaHNe KPOBH BO BpeMs onepauun. B nepBoii rpynne Haé.ioaaioch 4 naiuenTa, B0 BTopoii — 7, a B TpeTheii -12 nanu-
€HTOB. Y BCeX MAIMEHTOB KYPC JieYeHHs MPOTeKaJ 0e3 KaKuX-J1u00 0C/10KHeHH . Y NalueHToB NepBoii rpynnbl NoKa3arejib
NMPOIOTKUTEILHOCTH MEXaHUYECKOH BEHTUJISINY H JJIMTEIbHOCTH NPe0bIBAHUS B OT/IeJIEHHH HHTEHCHBHOH Tepanuu 0bL1
3HAYMTEJIHLHO HHKE, YeM Y NAIMEHTOB B JBYX APyrux rpynmnax. CyumecTBeHHbIX Pa3jIHyMii 10 MOKA3aTe 0 TAKOro IjiaHa
MeKIy NanueHTaMi BTOPOW M TpeTheil rpynnsl He 3a¢ukcupoBano. OTka3 oT mnepeMBaHUs KPOBH Y HOBOPOKIEHHBIX,
KOTOPBHIM MPOBOAWJIACH KOMILIEKCHASI KAPANOXUPYpPruyeckasi onepauusi ¢ NpuMeHeHHEM CHCTEMbI HCKYCCTBEHHOIO KpoO-
BOOOpaIeHNsl, KAK YCTAHOBJIEHO, CHHIKAET MOKA3aTe/b NMPOJOIAKUTEILHOCTH BEHTHISIIMU U JTUTEILHOCTH NPe0bIBaHUA
B OTJeJIeHUH HHTeHcuBHOM Tepanuu. [IpoBeneHue nepejMBaHus KPOBU He MPUBOIMUT K NMOJYYEHHI0 TAKUX NOKa3aTeJIeil.
Kniouesvie cnosa: mpancghysus, kapouonyibMOHAIbHOE WYHMUPOBAHUE, 8DONCOCHHDLI NOPOK cepoya

In recent years, increasing evidence has been  of patients undergoing cardiac surgery [1;2]. Additionally,

accumulated that suggests a detrimental effect of the strong data suggest that not only the fact that autologous
transfusion of autologous blood products on the outcome  blood products are transfused but also that the age of stored
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autologous red blood cell concentrates impacts the outcome
of patients who underwent cardiac surgery dramatically
[3]. In consequence the development of strategies to
reduce the consumption of donor blood products as well
as re-evaluation of lower “critical” hemoglobin values as
a trigger for transfusions are of increasing importance
[4]. However, particularly in small infants and neonates,
the goal of transfusion free cardiovascular surgery is
usually limited by the extreme hemodilution caused by the
relatively large priming volume of the CPB system. During
recent years, we have demonstrated that implementation of
small components in the CPB circuit resulting in reduction
of the CPB priming volume facilitates transfusion-free
cardiovascular surgery in selected cases in neonates and
small infants [5].

Purpose. In the current study of 23 consecutive
neonates undergoing the arterial switch operation at our
institution, we assessed the effect of transfusions and the
timing of the transfusion on selected clinical outcome data.

Materials and methods

After approval by the local ethics committee and
having obtained informed consent from the patients’
parents, we analyzed the data of 23 consecutive neonates
diagnosed for with transposition of the great arteries
without concomitant malformations (ventricular septal
defect etc) who underwent the arterial switch operation
at our institution employing a miniaturized CPB set-up
[5]. Patients were divided into three groups. Group I were
patients without any transfusions, group 2 patients who
had no transfusions in the intra-operatively but received
transfusions postoperatively and group III patients with
intra-operative transfusions.

Surgery was performed by a single surgeon, anesthesia
by three different anesthetists and CPB by three different
perfusionists. In accordance with departmental standards,
surgery was done in moderate hypothermia of 24°-28° C.
Cardioplegia was performed with 10 ml/kg body weight
(BW) of crystalloid cardioplegic Kirsch solution (Mg-
Aspartat Procain, Kéhler-Chemie, Alsbach, Germany) and
10 ml/kg BW cardioplegic perfusion solution (Fresenius
AG, Bad Homburg, Germany).

The set-up of the miniaturized CPB circuit was
designed as described before, resulting in the requirement
of a priming volume of between 90 and 120 ml depending
on the weight of the patients [5]. In all procedures, a pump
flow of 2.5-3 1/m? was maintained with the aid of vacuum-
assisted drainage. In accordance with departmental
standards, during CPB the “critical” hemoglobin (Hb)
value was 7-8 g/dl, and after CPB, under the condition
of normothermia (36-37 °C) and normovolemia (central
venous pressure of 6-10 mmHg), dependent on the overall
clinical situation of the patient: 8-10 g/dl in patients needing
only minimal inotropic support (adrenalin 0.01-0.1 ng/kg/
min) and 10-12 g/dl in patients needing moderate inotropic
support (adrenalin 0.1-0.2 pg/kg/min) and >12 g/dl in
patients needing high (adrenalin >0.2 pg/kg/min) inotropic
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support. During the operation regional oxygenation was
monitored via near-infrared spectroscopy (NIRS) optodes
placed on the forehead and leg.

During CPB heparin management and after
the procedure protamine calculation was performed
according to the results of the Hepcon HMS™ (Medtronic,
Minneapolis, Min, USA). After CPB, the circuit was
flushed with saline and the volume processed with a small
volume cell bowl (55 ml, Dideco, Mirandola, Italy). No
modified ultrafiltation was performed after the procedure.

If autologous blood was given, packed red cell
concentrates were washed in the cell saver before
transfusion. If red blood cell concentrates were transfused,
comparable volumes of virus inactivated fresh frozen
plasma were given.

Statistical analysis was performed using the Mann-
Whitney-Wilcoxon test. A p value of <0.05 was defined as
significant.

Results and discussion

In all patients the chest could be closed primarily
and all patients arrived on the intensive care unit (ICU)
with minimal inotropic support with adrenalin (0.02-0.06
pg/kg/min) and milrinone (0.75 pg/kg/min). The overall
clinical course of all patients was uncomplicated and all
patients were discharged from hospital on schedule.

Demographic data and baseline clinical data are
presented in table 1. There was no significant difference
among these data except for that in the pre-operative
hemoglobin value which was significantly increased in
patients of group 2 compared to group 3. Intra-operative
data are given in table II. There was no significant
difference in the priming volume of the CPB circuit,
duration of ischemia, surgery etc. However, there were
significant differences in the hemoglobin value 30 min
after initiation of CPB and after chest closure. After chest
closure patients in group 111 had higher hemoglobin values
while there were no differences with regard to the central
venous oxygen saturation and serum lactate concentrations
between the groups.

Regarding the clinical outcome data (fig. 1), patients
of group I had significantly shorter duration of mechanical
ventilation and stay on the intensive care unit compared to
the other groups, while there was no difference between
groups II and III.

Conclusions

The current investigation shows a significant
reduction in the duration of mechanical ventilation and
length of stay on the ICU in the group of patients who
received no blood transfusions during the entire clinical
course.

While a large number of publications on adults
undergoing cardiac surgery have provided convincing
evidence that transfusion of donor blood products are
associated with adverse outcomes such as increased
morbidity and mortality, scant data are available from the
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Fig. 1. Duration of mechanical ventilation (h) and stay on the intensive care unit (d).
P (I vs. 1) P (I vs. IT) P (1T vs. IIT)
Ventilation [h] 0.016 0.004 ns
ICU stay [d] 0.041 0.024 ns
Table 1
Demographic and clinical baseline data
Group I Group I1 Group III P (I vs. II) P (I vs. III) P (IT vs. IIT)

N patients 4 7 12 ns ns ns
Gender f=1; m=3 f=1; m=6 =3; m=9 ns ns ns
Age [d] 10.0+1.9 10.1+4.5 83+4.0 ns ns ns
Weight [kg] 395+0.7 3.10+£0.7 3.27+0.6 ns ns ns
Baseline Hb [g/dl] 16.3+2.1 15.5+0.7 13.8+1.4 ns ns 0,021

Legend: CPB=cardiopulmonary bypass, hb=hemoglobin level, sat. 02 cv=central venous oxygen saturation, re-op=re-operation,

ICU=intensive care unit. Ns=not significant (p value of <0.05 was determined for significance).

Table 2
Perioperative data
Group 1 Group I1 Group III P (I vs. 1) P (I vs. II) P (IT vs. IIT)
Priming volume
+ + +
CPB [ml] 110£12 108+7 114+10 ns ns ns
Duration ischemia 80+8 7949 8849 ns ns ns
[min]
Duration CPB 11545 113£12 132424 ns ns ns
[min]
HDb [g/dI] before 14,4+1 4 12,8+1,4 12,4+0,2 ns ns ns
CPB
Hb [g/d]] 30 min
after start CPB 10,2+1,03 8,7£1,0 7,5+0,9 ns ns
Hb [g/d]] 30 min
after end CPB 11+1,7 8,8+1,1 13+1,12 ns 0,005 0,013
Hb [g/d]]
+ + +
After chest closure 10,9+1,3 9,8+1,0 13,1+0,5 ns 0,0023 0,001
Sat 02 cv [%] 60+5,8 62+6,3 68+6,6 ns ns ns
Lactate [mmol/1] 1,9+0,8 2,6x1,2 3,1+0,8 ns ns ns

Legend: CPB=cardiopulmonary bypass, hb=hemoglobin level, sat. 02 cv=central venous oxygen saturation, re-op=re-operation,

ICU=intensive care unit. Ns=not significant (p value of <0.05 was determined for significance).

pediatric world and particularly with regard to neonates.
One recent investigation in pediatric patients after
open heart surgery demonstrated a correlation between
transfusions and infections but not with mortality [6]. In
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a larger series of 150 children undergoing cardiac surgery
with miniaturized CPB, Durandy et al showed a reduction
in the duration of ventilation time when patients were
not transfused [7]. A recent observational study in 295
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critically ill children (non-cardiac diseases) demonstrated
an independent association of transfusions with prolonged
need for mechanical ventilation, inotropic support,
duration of ICU stay and mortality [8].

In our investigation a remarkable percentage (40%)
of patients left the operation room without transfusions;
most of them, however, required transfusions in the further
clinical course.

The development and implementation of specially
designed miniaturized CPB systems form the technical
basis for transfusion free cardiac surgery in neonates and
small children. In addition to this technical aspect, one
central question remains the definition of the “critical”
hemoglobin value and therefore the “transfusion trigger”
under this special condition. In the investigation by
Kneyber et al. a large number of patients received
transfusions at a hemoglobin value higher than 9.6 g/dl,
whereas in 2007 Lacroix et al. showed that in a mixed
population of children requiring ICU treatment that with
a hemoglobin value of >7.0 g/dl as a restrictive transfusion
regimen clinical outcomes were comparable to a a more
liberal transfusion regimen with a hemoblobin value of
>9.5 as transfusion trigger [4]. These results also applied
for the small subgroup of ICU patients following cardiac
surgery (patients older than 28 days and with a non-
cyanotic cardiac malformation) [9]. Szekely defined the
critical hemoglobin value as 35% for neonates, 30% for
infants and 25% for children [6]. In neonates undergoing
complex cardiac surgery with deep hypothermic cardiac
arrest (DHCA) Jonas et al. reported adverse neurological
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outcomes in patients with a hematocrit of 20% while a
hematocrit of 25% appeared to be safe [10-12]. In our study,
although no DHCA was performed, the critical hematocrit
was defined as 21-24%, correlating to hemoglobin values
of 7-8 g/dl. However, as these critical levels apply for
the period during the controlled conditions of CPB the
critical values for the period after surgery, particularly
for neonates, remain undefined. Broader use of recently
introduced methods of monitoring tissue oxygenation such
as NIRS may help to better define critical values in this
regard.

Although we condensed patient selection to a rather
homogenous clinical syndrome and well standardized
surgical and CPB procedure, our investigation is clearly
limited by the relatively particularly for neonates small
number of patients and lack of long term data for evaluation
of neurological outcomes. Nevertheless, we believe that
our data further confirm the possible adverse effect of
transfusions on clinical outcomes even in neonates and
small children. Based on this set of data we believe that
further strict care must be taken to implement all possible
blood saving strategies and reduce transfusions in this
patient population. Further studies are needed to confirm
these data and to better define the critical hemoglobin level
in the complex and versatile population of children with
congenital heart disease.
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