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Abstract 

Background:  Techniques for the surgical correction of aortic aneurysms have steadily improved since 

the first described successful repair, Despite these improvements, postoperative neurological 

complications remain a major factor in determining an adverse outcome. Complex aortic arch 

reconstruction in neonates and children is performed typically under deep hypothermic circulatory 

arrest. Aim: The study aimed at examining the effect of clinical impact, particularly neurologic 

complications, of deep hypothermic circulatory arrest in pediatric arch surgery and to summarize the 

early outcomes. Patients and method: One-handed and fourteen underwent full-term babies were 

enrolled in the present study .The  maximum age was  20 weeks, arch surgery included  Norwood, arch 

reconstruction for hypoplastic arch and interrupted aortic arch. Healthy neurological status preoperative 

was included between January 2011 and October 2015. The medical records were reviewed for 

preoperative diagnosis of patients which included age at the time of operation, sex and diagnosis of the 

patients. Operative details including type of the operation, duration of cross-clamp and deep 

hypothermic circulatory arrest timing were documented.  The deep hypothermic circulatory arrest was 

conducted at 20 ℃. Postoperative outcomes, neurological complications including seizers, cerebral 

infarct, and duration of hospital stay were recorded. Results: The study noted that the incidence of 

postoperative complications such as seizure & bleeding was markedly 5.3%& 1.8% of the studied 

pediatric patients. Conclusion: The results concluded that the aortic arch reconstruction with Antegrade 

cerebral perfusion during the deep hypothermic circulatory arrest was accompanied by a lower risk of 

neurological complications. Recommendations: Long-term neurodevelopmental follow-up of these 

children is required to evaluate the late outcomes of Antegrade cerebral perfusion. 

Keywords: Aortic Arch Surgery, Antegrade Cerebral Perfusion, Deep Hypothermic Circulatory Arrest, 

Neurological Complications.  

Introduction: 

Aortic arch surgery represents a technically 

demanding and high-risk cardiovascular 

operation 1,2  . Although neurologic injury in 

children with congenital heart disease is 

recognized as having a multifactorial origin, 

considerable effort is being made to limit any 

aggravating factors occurring at the time of 

repair(3,4,5) 19,33.  Therefore, the Surgery on the 

aortic arch is challenging because of the need to 

ensure a bloodless surgical field and adequate 

cerebral protection6,7,8  . Protection of cerebrum, 

which is the most vulnerable target at the aortic 

arch surgery, is crucial because deterioration of 

neurological status has a direct impact on 

quality-of-life of these patients 5,9,10,11.  

Various strategies, including antegrade and 

retrograde cerebral perfusion, are used for 

preventing neurological problems and allowing 

the surgeons more time for optimal repair and 

hemostasis has been developed 18,19,20,22. 

Hypothermia has been proven to decrease 

cellular metabolism by lowering oxygen 

consumption, thus reducing the adverse impact 

of ischemia 10,23,24,25 . Hypothermia, usually by 

way of deep hypothermic circulatory arrest 

(DHCA), has been used to minimize cerebral 

metabolic demand and protect cerebral tissue 

from ischemia and provide adequate neurologic 

protection during arch surgery 2326,27.   

Since the introduction of DHCA in the early 

1960s; it has been increasingly used in centers 
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with expertise in open heart surgery for infants, 

children, and adults14. The use of this technique 

is based on the premise that there is a safe 

duration of total circulatory arrest that is 

inversely related to the body temperature 27,,28,29.  

Aortic arch repair in pediatric patients has 

traditionally been performed during a period of 

deep hypothermic circulatory arrest (DHCA) 

because it was thought to be the safest approach 

for cerebral protection and at the same time 

allowing an obstacle-free, bloodless surgical 

field, uncluttered field and presumed adequate 

neurologic protection 4,16,30. Through increased 

survival rates after these complex operations, 

the significant neurodevelopmental sequel is 

now observed in long-term follow-up 8,11, 31. 

Although hypothermia has proven to be a 

feasible means of protection of any organ, a 

time-dependent cascade of events resulting in 

brain cell injury is initiated23,33. Despite its 

effectiveness in reducing mortality, DHCA 

inevitably leads to neuropsychiatric 

complications, e.g. neurological dysfunction, 

either temporary or permanent, which can be 

one of the most significant risk factors 

influencing prognosis6,15. Long-term 

neurological complications may manifest as 

impaired neurodevelopment, with the worst 

outcomes being observed in newborns with 

complex congenital heart lesions in need for 

aortic arch reconstruction under prolonged 

periods of DHCA25,27 and 34 . Meanwhile, the risk 

of injury associated with DHCA is not clear, 

although long periods have been associated 

with seizures and choreoathetosis35.  

The aim of the Research: The present research 

was conducted to examine the effect of clinical 

impact, particularly neurologic complications, 

of deep hypothermic circulatory arrest on 

pediatric arch surgery and to summarize the 

early outcomes. 

Patients and Methods   

One-handed and fourteen underwent full-term 

babies, the maximum age was 20 weeks, arch 

surgery includes Norwood, arch reconstruction 

for hypoplastic arch and interrupted aortic arch, 

healthy neurological status preoperative were 

included between January 1, 2011, and October 

31, 2015. Preterm babies, age was more than 20 

weeks, any procedures required deep 

hypothermic circulatory arrest else than the 

procedures described above and any 

preoperative neurological disabilities were 

excluded from the study. The medical records 

were reviewed for preoperative diagnosis of 

patients which included age at the time of 

operation, sex and diagnosis of the patients. 

Operative details including type of the 

operation, duration of cross-clamp and deep 

hypothermic circulatory arrest timing were 

documented.  DHCA was conducted at 20 ℃. 

Postoperative outcomes, neurological 

complications including seizers, cerebral 

infarct, and duration of hospital stay were 

recorded. 

Statistical Methods 

Data were presented using descriptive statistics 

in the form of frequencies, percentages. In the 

statistical analysis, for the descriptive analysis, 

the categorical data were arranged in tables of 

absolute and relative frequencies. Data with 

normal distributions were presented as the mean 

and standard deviation, median and range 

(minimum, maximum), or N (%).  

Results 

Characteristics of Pediatric Patients  

The characteristics for all 114 pediatric patients 

are outlined in Table 1. The median age at 

surgery was eight weeks (range: 1 day –20 

weeks). Fifty-six pediatric patients (56.1%) 

were male. Most of the pediatric patients 

underwent (51.8%) pediatric patients 

underwent aortic arch reconstruction. Mean of 

circulatory arrest time was 42.58±16.71 

minutes, range from 9 to 123 min, ischemic 

time was 120.23±32.13 (60 to 190) minutes, 

and antegrade cerebral perfusion was 

performed at a mean flow rate for 17.52±2.72 

mL/kg/min.

  

Table 1. Characteristics of Pediatric Patients  

Variable All patients (N=114) 
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Demographic data 

Age  at surgery  

Median 

Range  

 

8 weeks 

(1 day –20 weeks) 

Female, N (%) 50(43.9) 

Male, N (%) 64(56.1) 

Diagnosis 

Arch, N (%) 59(51.8) 

Interrupted Aortic Arch, N (%) 15(13.2) 

Norwood, N (%) 40(35.1) 

Intraoperative data 

Circulatory arrest time (min) 42.58±16.71 

Ischemic time(min) 120.23±32.13 

The flow of antegrade cerebral perfusion 

mL/kg/min) 
17.52±2.72 

Figure 1. Number of Cases per Year 

 

The above Histogram demonstrating a number of antegrade cerebral perfusion (from January 2011 to 

October 2015)  

Postoperative Outcomes  

The postoperative outcomes for all 114 pediatric patients were described in Table 2. There were eleven 

(9.6%) deaths. Six pediatric patients (5.3%) had a seizure after surgery.   Two pediatric patients had to 

bleed (1.8%). Although twenty-four pediatric patients (21.1%) had cerebral infarct and their CT scan 

finding showed infarction respectively. Median postoperative lengths of hospital and ICU stay for all 

114 pediatric patients were 23 days (range, 5–370 days).  

 

 

 

Table 2. Postoperative Outcomes 



Hyam Tantawi and Mohamed Abdel Hafez 

 

028 
 

Variable All patients (N=114) 

Outcome 

Death, N (%) 11(9.6) 

ICE, N (%) 16(14.0) 

Normal, N (%) 87(76.3) 

Seizure 

No, N (%) 108(94.7) 

Yes, N (%) 6(5.3) 

Bleeding 

No, N (%) 112(98.2) 

Yes, N (%) 2(1.8) 

Cerebral Infarct 

No, N (%) 90(78.9) 

Yes, N (%) 24(21.1) 

CT Scan Finding 

Infarction, N (%) 24(21.1) 

No, N (%) 90(78.9) 

Hospital Stay 

Median 

Range 

 

23 days 

(5 day –370 days) 

Discussion: 

Circulatory arrest during cardiac surgery is 

associated with a greater risk of postoperative 

neurologic abnormalities. The cerebral 

protection methods currently used for aortic 

surgery and complex open heart surgery are 

profound hypothermic circulatory arrest with or 

without retrograde cerebral perfusion, and 

antegrade RCP (3, 21, 22, 26, 29). 

 In the present study, it was observed that, most 

of the pediatric patients underwent children 

underwent aortic arch reconstruction. The mean 

duration of circulatory arrest in our pediatric 

patients was 42.58±16.71 minutes, ischemic 

time was 120.23±32.13, and antegrade cerebral 

perfusion was performed at a mean flow rate for 

17.52±2.72 mL/kg/min. A similar study 

conducted by (1,2) who supported our study 

represents the outcomes of deep hypothermic 

circulatory arrest in pediatric cardiac surgery 

measurement observed a target esophageal 

temperature of 18 and placement of an ice pack 

on the head. The mean duration of DHCA in 

patients was in Ahmed et al., study it was 20.03 

± 10.7 minutes (2) in Zheng et al. study it was 

30.64 ± 15.81 minutes (36) and in Tassani et al.it 

was 40 ± 4 min in the study of (3) 

In the present study, it was observed that the 

incidence of postoperative complications such 

as seizure & bleeding was markedly 5.3%& 

1.8% of the studied patients respectively and 

less than quarter of the studied patients of the 

patients developed cerebral infarct and their CT 

scan finding showed infarction respectively 

during deep hypothermia arrest with pediatric 

arch surgery. And finally, 9.6% of the patients 

died in hospital.  The neurological 

complications remain a problem in aortic arch 

reconstruction in neonates and infants using 

DHCA (23). The findings of the current study 

were in agreement with those of Ahmed et al., 

who demonstrated that there is no difference in 

neurological outcome between DHCA alone 

and with retrograde cerebral perfusion (RCP) 
(2). A similar study conducted by Sarah et al., to 

assess the effect of deep hypothermic 

circulatory arrest continuing education in 

anesthesia reported that the circulatory arrest is 

typically undertaken at 18-20 C and a range of 

safe periods for DHCA have been reported at 

this temperature(28) .  

The study of Abdelkhalik concluded that 

neurological complications which frightened 

many surgeons to adopt this DHCA technique 

is not very common & it seemed that arresting 
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the circulation up to 60 min is safe & does not 

affect the recovery of babies provided(1). The 

results of the current study incongruity with a 

study conducted by Dominguez et al. who 

reported that neurological disorders are 

common after surgery of complex congenital 

defects, especially in cases of prolonged 

DHCA(12) . On the contrary of our findings,  

Cook et al., stated that systemic temperatures 

below 22°C might not be necessary and might 

be associated with a higher incidence of 

neurologic injury when using ACP during 

DHA(9).  

Recommendations 

The study recommended that special facilities 

and specific research studies are required:  

1. Use the Antegrade cerebral perfusion 

during deep hypothermic circulatory arrest with 

cerebral oximetry monitoring and cell saver.  

2. Long-term neurodevelopmental 

follow-up of these children is required to 

evaluate the late outcomes of ACP.  

3. The study has to be conducted with a larger 

group in a different setting for better 

generalization of the results. 

Conclusion  

Based on the study findings, it could be 

concluded that the aortic arch reconstruction 

with Antegrade cerebral perfusion during the 

deep hypothermic circulatory arrest is 

accompanied by a lower risk of neurological 

complications. Thus, the use of Antegrade 

cerebral perfusion during deep hypothermic 

circulatory arrest helps in increase timing 

safely.   
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