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1. Introduction

Congenital heart disease is the most common congenital prob-
lem in the children representing nearly 25% of all congenital mal-
formations [1]. Children with congenital cyanotic heart disease
(CCHD) undergoing corrective cardiac surgery have poorer clinical
outcome than acyanotic patients as regard myocardial reoxygena-
tion/reperfusion injury following similar periods of ischemic car-
dioplegic arrest [2]. Normoxic cardiopulmonary bypass (CPB) has
been shown to ameliorate reoxygenation injury in cyanotic pedi-
atric patients and leads to almost complete functional recovery [3].

Cardiopulmonary bypass is associated with variable degrees of
vasoconstriction and arteriovenous shunting leading to tissue
hypoperfusion, shunting of arterial blood into the venous system
without delivery sufficient oxygen with increased endogenous cat-
echolamine levels [4].

Phentolamine is a-adrenergic blocking agent that can antago-
nize the vasoconstriction produced by endogenous catecholamines
that improves the tissue perfusion and decreases the systemic
anaerobic metabolism [5]. The aim of this study is to find out the
best technique during CPB to improve the immediate postopera-
tive outcome in children with CCHD. We hypothesized that phen-
tolamine infusion may improve the immediate postoperative
outcome of open heart surgery in children with CCHD during nor-
moxic CPB. The primary outcome was to assess tissue perfusion as
indicated by serum lactate, while the secondary outcome was to
evaluate renal and cardiac functions.

2. Materials and methods

After approval from research ethical committee of our institu-
tion and informed written consent from the parents of the chil-
dren. This prospective randomized clinical study was conducted
on sixty patients of either sex, their age between 6 and 36 months,
with physical status III-IV according to the American Society of
Anesthesiologists (ASA) who scheduled for elective open heart sur-
gery for repair of congenital cyanotic cardiac defects [Fallot’s
tetralogy, transposition of great arteries (TGA), and total anomaly
pulmonary venous connection (TAPVC)] in Mansoura University
Children Hospital in the period between (June 2015 to June
2016). All patients were in stable condition without preoperative
ventilator or inotropic support. Patients with severe coagulopathy,
redo open heart surgery, other associated non cardiac congenital
anomalies (hydrocephalus, spina bifida or polycystic kidney) or
non palpable peripheral pulses preoperatively (e.g., accompanying
coarctation of the aorta) were excluded from the study.

All patients were premedicated with intramuscular midazolam
(0.1 mg/kg), ketamine (2 mg/kg) and atropine (0.02 mg/kg) 15 min
before induction of anesthesia. Anesthesia was induced by sevoflu-
rane in 100% oxygen, fentanyl (3–5 lg/kg iv) and rocuronium
(0.6 mg/kg iv) to facilitate endotracheal intubation, and main-
tained with sevoflurane, rocuronium (0.3 mg/kg/h) and fentanyl
(5 lg/kg/h). After induction of anesthesia a radial or femoral arte-
rial catheter and a right internal jugular central venous catheter
were inserted under complete aseptic precautions. Mechanical
ventilation was adjusted to achieve the end tidal carbon dioxide
(Etco2) between 35 and 40 mmhg with fraction of inspired oxygen
(fio2) of 0.60 which increased to 1.0 depending on arterial oxygen
saturation.

The surgical approach to the heart was through median ster-
notomy. Heparin 30–40 mg/kg was administered via central vein
for anticoagulation to achieve activated clotting time (ACT) greater
than 480 s with aortobicaval cannulation before initiation CPB. A
membrane oxygenator and a non pulsatile roller pump were used.
The pump flow was (100–150) ml/kg/min that maintained mean
arterial pressure (40–70) mmHg. The pumpwas primed with blood
or a colloid solution (human plasma) depending on the preopera-
tive hematocrit value allowing moderate hemodilution to maintain
hematocrit between 25–28% with cooling the patient to had a mild
systemic hypothermia (32 �C).

The patients were randomly distributed via closed envelop
assignment into three groups. Each group had twenty patients.

Hyperoxic group (H) (no = 20): according to the protocol of our
institution, the pump prime was recirculated with 100% oxygen
and the patient received high level of oxygen (100% oxygen) at

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egja.2017.05.006&domain=pdf
http://dx.doi.org/10.1016/j.egja.2017.05.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:reemraouf64@gmail.com
http://dx.doi.org/10.1016/j.egja.2017.05.006
http://www.sciencedirect.com/science/journal/11101849
http://www.sciencedirect.com


240 I.I. Abd El Baser, R.A Sharkawy / Egyptian Journal of Anaesthesia 33 (2017) 239–243
the beginning of CPB and for 5 min then fio2 was decreased grad-
ually to maintain PaO2 in the range of 200–300 mmHg during CPB.

Normoxic group (N) (no = 20): Fio2 on CPB was controlled and
increased gradually by initiating CPB with an fio2 of 0.21. The
pump prime was recirculated with room air before initiating CPB.
Immediately after full flow of CPB, fio2 was increased gradually
from 0.21 to 0.5 within five minutes to maintain PaO2 in the range
of 150–200 mmHg.

Phentolaminenormoxic group (P) (no = 20): phentolamine
(Regitine: Ciba-Geigy, Basel, Switzerland) was infused at a dose
0.5 lg/kg/min during normoxic CPB and fio2 was managed as nor-
moxic group.

Each patient received 50 ml/kg as a single bolus dose cold car-
dioplegia (Custdiol), this is HTK crystalloid cardioplegia which is
given once and provides myocardial protection up to 3 h, immedi-
ately after aortic cross clamping in ante grade manner in the aortic
root. After full filling the criteria of weaning off CPB, the patients
was separated from CPB and protamine sulphate was administered
slowly in a dose of 1 mg for each 1 mg heparin over (5–10) min-
utes, if ACT was greater than 20% of the preoperative value, addi-
tional dose of protamine was given. All patients were transferred
to ICU after surgery while they were intubated and mechanically
ventilated.
3. Recorded data

The perioperative heart rate (HR) and mean arterial blood pres-
sure (MAP) were recorded; before induction of anesthesia (basal
value), 15 min after weaning off CPB, after closure of the sternum
and 12, 24 h after surgery. Aortic cross clamp time (min), CPB time
(min), nasopharyngeal to rectal temperature gradient (�C) at the
time of weaning, type of inotropic support and its dose
(lg/kg/min) and duration of surgery (h) were also recorded. Serum
lactate (m mol/L) was measured at the end of CPB and 6 h after
surgery, also urine output (ml/kg/min) was assessed at the time
of weaning fromCPB. The evidence of myocardial injury was
indicated by measuring cardiac troponin T (ng/ml) and CPK MB
(ng/ml) 15 h after surgery. The following postoperative data were
also recorded, time to extubation (h), intensive care unit (ICU)
(hr) and hospital (days) length of stay, duration of inotropic sup-
port (hr) and serum creatinine (mg/dl) at the first, third and fifth
days after surgery. The postoperative neurologic function was
assessed for any evidence of seizures, sensory or motor deficits.
4. Sample size calculation

A Priori G-power was done to estimate study sample size. A
power of 80% was estimated with type Í error of 0.05 using the dif-
ference in serum lactate between the groups as the primary out-
come with the effect size 0.5 to yield of total sample size of 60
cases (20 cases per group).
5. Statistical analysis

Statistical analysis was performed using SPSS version 22 (IBM,
SPSS Inc, Chicago, IL, USA). Data were tested for normality using
the Kolmogorov-Smirnov test. Continuous data of normal distribu-
tion were analyzed with the ANOVA test. Non-normally distributed
data were analyzed with the Mann-Whitney U test. Nominal data
were analyzed with the Chi-square test and Fisher’s exact test. Post
hoc intergroup comparisons were obtained via Bonferonni’s cor-
rection. Data of normal distribution are presented as mean ± stan-
dard deviation (SD) or number and percentage (n %). A p-value,
0.05 or less was considered statistically significant.
6. Results

The demographic data (age, weight, sex, gender and height) and
type of congenital cyanotic heart disease were comparable in the
three studied groups (Table 1).

The recorded readings of HR and MAP of the three groups did
not show any statistical significance (Figs. 1 and 2 respectively).

The surgical and CPB characteristics including aortic cross
clamp time, CPB time, type of inotropic support and its dose and
duration of surgery were similar in the studied groups (Table 2).

Nasopharyngeal to rectal temperature gradient at the time of
weaning off CPB was significantly lower (P < 0.05) in phentolamine
group when compared with both hyperoxic and normoxic group
(Table 2).

Table 3, showed that serum lactate measured at the end of CPB
and 6 h after surgery was significantly lower (P < 0.05) in phento-
lamine group when compared with both hyperoxic and normoxic
group, also urine output at the time of weaning off CPB was signif-
icantly higher in phentolamine group than both hyperoxic and nor-
moxic group.

Cardiac troponin T and CPK MB measured 15 h after surgery
was significantly lower (P < 0.05) in phentolamine and normoxic
groups than hyperoxic group (Table 3).

The time for extubation was significantly shorter (P < 0.05) in
phentolamine and normoxic groups than hyperoxic group
(Table 4). The other postoperative data, ICU and hospital length
of stays, duration of inotropic support and serum creatinine at
the first, third and fifth days after surgery showed no significant
difference between the studied groups (Table 4). As regard postop-
erative neurological outcome, one patient in normoxic group
developed seizures once 22 h after surgery without any evidence
of sensory or motor deficits.

7. Discussion

The aim of this randomized controlled study was to determine
the effects of phentolamine infusion during CPB when combined
with normoxia on the immediate postoperative outcome in chil-
dren with cyanotic congenital heart disease when compared with
normoxic CPB without phentolamine infusion and the standard
hyperoxic bypass.

The current study demonstrated that phentolamine infusion
when combined with normoxic CPB led to significant decreases
in the gradient of temperature between nasophrynx and rectum
measured at the end of CPB, decrease in serum lactate measured
at the time of weaning off CPB and 6 h after surgery and increased
urine output during CPB when compared with both hyperoxic and
normoxic CPB. Normoxia or the combination of normoxia and
phentolamine infusion were associated with significant decreases
in serum cardiac troponin T and CPK MB measured 15 h after sur-
gery with shorter intubation time when compared with hyperoxic
group.

Cardiopulmonary bypass represents a non physiologic condi-
tion associated with impaired hemostasis, changes in hormonal
levels and decreased organ perfusion which is tolerated during
hypothermia [6].

Hypothermic CPB is associated with intense vasoconstriction
with decreased blood flow to the peripheral vascular beds such
as muscles and skin which is slowly rewarmed during the rewarm-
ing phase of CPB leading to inadequate perfusion of peripheral tis-
sues which results in metabolic acidosis. The temperature of
peripheral compartment represented by rectal probe remains
hypothermic despite of the normal core temperature represented
by the nasopharyngeal probe [7]. Phentolamine is an alpha adren-
ergic antagonist which is reversible and non selective, its main
action is vasodilatation caused by alpha 1 blockade [8].



Table 1
Patient demographic data and type of congenital cyanotic heart disease in the studied groups.

Variable Hyperoxic group (H)(n = 20) Normoxic group (N)(n = 20) Phentolamine group (P)(n = 20) P-value

Age (month) 16.7 ± 7.4 13.8 ± 8.5 15.4 ± 9.2 ns
Gender (male/female) 13/7 11/9 12/8 ns
Weight (kg) 9.7 ± 3.3 10.4 ± 2.7 9.2 ± 5.3 ns
Height (cm) 77.8 ± 12.4 82 ± 14.3 79 ± 16.2 ns

CCHD (n & %)
Fallot’s tetralogy 13 (65%) 12 (60%) 15 (75%) ns
TGA 4 (20%) 5 (25%) 3 (15%) ns
TAPVC 3 (15%) 3 (15%) 2 (10%) ns

Data are expressed as mean ± SD, n (%); ns = non significant; CCHD, congenital cyanotic heart disease; TGA, transposition of great arteries; TAPVC, total anomaly pulmonary
venous connection.
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Fig. 1. Heart rate (beat/min), of the studied groups. Data are expressed as mean ± SD.
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Fig. 2. Invasive mean arterial pressure (mmHg) of the studied groups. Data are expressed as mean ± SD.
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Table 2
Intraoperative variables in the studied groups.

Variable Hyperoxic group (H) (n = 20) Normoxic group (N) (n = 20) Phentolamine group (P) (n = 20) P-value

Aortic cross clamp time (min) 78.5 ± 33.7 69.3 ± 41.8 73.6 ± 36.2 ns
Bypass time (min) 113.6 ± 34.2 102.8 ± 40.3 108.6 ± 47.5 ns
Temp gradient (�C) 2.6 ± 1.2 2.4 ± 1.3 1.3 ± 1.4* < 0.05

Dopamine
Number & % 12 (60%) 13 (65%) 9 (45%) ns
Dose (lg/kg/min) 7.4 ± 2.1 7.6 ± 2.3 8.5 ± 1.3

Epinephrine
Number & % 8 (40%) 7 (35%) 11 (55%) ns
Dose (lg/kg/min) 0.086 ± 0.042 0.078 ± 0.062 0.092 ± 0.033
Surgery duration (h) 5.2 ± 2.3 4.7 ± 3.1 4.9 ± 2.5 ns

Data are expressed in mean ± SD, number & %; ns = non significant.
* P � 0.05 is significant when compared with other groups.

Table 3
Serum lactate (m mol/L) at the end of CPB and 6 h after surgery, urine output at end of CPB (ml/kg/min), cardiac troponin T (ng/ml) and Cardiac CPK MB (ng/ml) 15 h after surgery.

Variable Hyperoxic group (H) (n = 20) Normoxic group (N) (n = 20) Phentolamine group (P) (n = 20) P-value

S lactate (m mol/L)
At the end of CPB 2.23 ± 0.33 2.18 ± 0.22 1.52 ± 0.38* <0.05
6 h after surgery 2.88 ± 0.62 2.34 ± 0.43 1.48 ± 0.16* <0.05

Urine output at end of CPB (ml/kg/h) 6.27 ± 1.23 7.42 ± 1.42 10.66 ± 1.68* <0.05
Cardiac troponin T (ng/ml) 1.47 ± 0.81 0.98 ± 0.66y 0.81 ± 0.43y <0.05
Cardiac CPK MB (ng/ml) 49.8 ± 8.3 26.4 ± 5.1y 21.7 ± 7.2y <0.05

Data are expressed in mean ± SD; CPB, cardiopulmonary bypass.
* P � 0.05 is significant when compared with the other groups.

y P � 0.05 is significant when compared with hyperoxic group.

Table 4
Postoperative variables in the studied groups.

Variable Hyperoxic group (H) (n = 20) Normoxic group (N) (n = 20) Phentolamine group (P) (n = 20) P-value

Time to extubation (h) 19.3 ± 7.7 14.2 ± 6.8* 13.8 ± 5.2* <0.05
ICU length of stay (h) 55.8 ± 14.5 66.4 ± 10.6 61.3 ± 11.7 NS
Duration of inotropic support (h) 22.4 ± 11.6 26.5 ± 9.7 23.8 ± 12.3 NS
Hospital length of stay (day) 11.6 ± 4.2 13.2 ± 5.3 12.8 ± 7.7 NS

S Creatinine (mg/dL)
First day 0.62 ± 0.37 0.58 ± 0.22 0.66 ± 0.38 NS
Third day 0.56 ± 0.34 0.52 ± 0.27 0.53 ± 0.28 NS
Fifth day 0.48 ± 0.42 0.51 ± 0.33 0.46 ± 0.25 NS

Data are expressed in mean ± SD; NS, non significant.
* P � 0.05 is significant when compared with hyperoxic group.
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In accordance to the current study, Koner et al. [22] showed
that, phentolamine infusion during CPB is associated with homoge-
nous heat distribution as regard core and peripheral temperature
with decreased lactate level [5]. They attributed these results to
improvement of tissue perfusion resulting from phentolamine
infusion during CPB. Sodium nitroprusside, another vasodilator,
when infused during rewarming phase of CPB improves the
rewarming of peripheral compartment and reduces the incidence
of postoperative hypothermia [9].

Imoto et al. studied the effects of chlorpromazine as a systemic
vasodilator administered during CPB in neonatal cardiac surgery,
they found that the rate of rise of core temperature didn’t differ
significantly between the chlorpromazine and control group, while
the rate of rise in peripheral temperature is significantly higher in
chlorpromazine group indicating more homogenous heat distribu-
tion. They found also that urine output is significantly higher in
chlorpromazine group than the control group [10]. The adequacy
of tissue perfusion during CPB is monitored by lactate level, base
excess and urine output. Lactate is the main indicator of tissue per-
fusion [11]. Microcirculation is impaired during non pulsetile
hypothermic CPB leading to tissue hypoxia which may be compen-
sated by redistribution of blood without any change in serum lac-
tate that will be elevated when the regional perfusion is returned
to normal level (wash out) [12,13].

The current study demonstrated that serum cardiac troponin T,
CPK MB and intubation time were significantly lower in phento-
lamine and normoxic groups than the hyperoxic group, this in
agreement to Babu et al. who studied thirty-one cyanotic children
assigned into two groups, in one of them CPB was initiated with
fio2 0.21 for one minute, then increased gradually to 0.6 over
5 min (intervention group), while in hyperoxic group, CPB was ini-
tiated from the start with Fio2 greater than 0.6. They found that the
intervention group was accompanied with significantly lower
postoperative cardiac CPK MB level and shorter intubation time
when compared with the hyperoxic group [14].

Caputo et al. studied sixty-seven child with cyanotic heart dis-
ease undergoing either controlled noromoxic or htperoxic CPB for
corrective cardiac surgery, they reported lower serum troponin T
level in controlled noromoxic than hyperoxic group [15].

Re oxygenation injury occurs during hyperoxic CPB in children
with cyanotic heart disease as demonstrated in both experimental
and clinical studies [16–18]. Modi et al. studied twenty-nine
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children with CHD undergoing CPB, 20 of them were cyanotic. All
patients were exposed to hyperoxic CPB for at least 30 min at the
beginning of bypass. They reported an increase in serum level of
cardiac troponin T in all patients which was significantly higher
in cyanotic than acyanotic children by three folds [18].

In contrast to our study Smit et al. found that, the near physio-
logic oxygen state don’t reduce myocardial damage as indicated by
CPK MB and troponin T when compared with moderate hypoxia in
patients submitted to coronary bypass surgery [19].

Decreased CPK MB level in phentolamine and normoxic in this
study indicates the lower extend of myocardial injury during the
period of myocardial ischemia caused by aortic clamping and
reperfusion of myocardium after declamping the aorta [14]. The
short intubation time in phentolamine and normoxic groups may
be attributed to earlier myocardial recovery with maintenance of
cardiac output together with preservation of both lungs. Experi-
mental studies in immature hypoxic piglets have been reported
reduced pulmonary function as a result of hyperoxic CPB [20].

One patient in normoxic group developed seizures once 22 h
after surgery without any neurological deficits which may be
caused by micro emboli of air bubbles occurred during CPB. Naim
et al. reported that continuous electroencephalographic monitor-
ing after cardiac surgery in neonates with CPB detected seizures
in 8% of neonates. Most of seizures had no clinical significance
and occurred once without any subsequent relapse [21].

8. Conclusion

Phentolamine infusion during normoxic CPB is associated with
improved immediate post operative outcome in children with
CCHD. This is in the form of preservation of myocardial function
(as indicated by postoperative cardiac enzymes, CPK MB and car-
diac troponin T), renal function (as indicated by increased urine
output), tissue perfusion (decreased lactate level) and more
homogenous heat distribution as regard core and peripheral
temperature.
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