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ABSTRACT 
 
BACKGROUND: Congenital heart disease surgery is related to 
significant postoperative complications which have been associated 
with poor patient outcomes. However, the prevalence, predictors, 
and effect of complications on outcomes have only been evaluated 
in a few numbers of studies. This study aimed to assess the magni-
tude of postoperative complications after congenital heart surgery, 
their predictors, and the associations between complications and 
patient outcomes.  
METHODS: A retrospective, single-center cross-sectional study 
was done at the Cardiac Center of Ethiopia (CCE) on children who 
had undergone cardiac surgery between 2009 and 2022. All 919 
pediatric patients aged below 18 years who had undergone con-
genital heart surgery were included in the study.  
RESULT: Of the 919 patients who underwent surgery in the cardi-
ac center of Ethiopia, Ventricular septal defect( VSD) was the most 
common diagnosis (41%) and VSD patch closure (39.4%) was the 
most common surgical procedure. The presence of at least one 
complication was identified in 39.5% of patients. Of all patients, 
11.3% had cardiac, 23.1% had extra-cardiac complications, and 
5.3%% had major complications. Higher age at diagnosis, lower 
weight at admission, cyanotic congenital heart disease, higher Risk 
adjustment for congenital heart surgery score (RACH-1 score), 
higher vasoactive inotropic score, Cardiopulmonary bypass use 
during surgery, higher cardiopulmonary bypass time, higher aortic 
cross-clamp time, higher duration of surgery, and the higher num-
ber of surgeries were associated with complications. The duration 
of mechanical ventilation, length of intensive care unit stays, and 
length of hospital stay was significantly prolonged in patients with 
complications.  
CONCLUSION: Congenital heart disease surgeries pose a high 
risk of complications, and these complications are associated with 
poor patient outcomes in Ethiopia. Therefore, predicting complica-
tions based on risk factors and early detection and treatment is cru-
cial to improve the patient's outcome. 
KEYWORDS: Congenital heart diseases, surgery, complications, 
outcome  
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INTRODUCTION  
 

Congenital heart disease (CHD) prevalence was 8 
per 1000 live births in 2017 and is on the rise (1). It 
makes up one-third of all major congenital anoma-
lies(2). It has multiple complications like heart 
failure, endocarditis, arrhythmias, pulmonary hy-
pertension, and death(3). Therefore, the likelihood 
of patients surviving into adulthood depends on 
having access to the best possible care, such as 
timely surgery (4). 

However, CHD surgery itself has a risk of 
mortality and complications in several organs (4). 
The reported perioperative complication (POC) rate 
reaches up to 40%(5). Fortunately, postoperative 
morbidity and mortality have dramatically de-
creased as a result of improvements in periopera-
tive care, advanced surgical management options, 
and imaging modalities that facilitate early diagno-
sis and management of complications (6). 

Patient safety is given more emphasis nowa-
days; therefore, complication reporting is crucial 
for quality improvement and indicating the perfor-
mance of a service (6,7). Additionally, the occur-
rence of complications may have an impact on the 
patient's cost, mortality rate, intensive care unit 
(ICU) stay, and duration of mechanical ventilation; 
hence, reporting complications with wise anticipa-
tion after identifying a set of predictors is essential 
(8). 

Complication patterns and prevalence demon-
strated significant variation across centers. Moreo-
ver, there are just a few studies that evaluate the 
effect of complications on hospital stay, intensive 
care unit (ICU) stay, stay on mechanical ventila-
tion, and mortality. Hence, the purpose of this 
study is to evaluate CHD surgery complications 
and their predictors, as well as the effect of compli-
cations on mortality, length of hospital stays, stays 
in the intensive care unit, and stays on mechanical 
ventilation in patients who underwent surgery in 
the cardiac center of Ethiopia.  

 
METHODS AND MATERIALS  
 

A cross-sectional study was conducted on patients 
who underwent congenital heart surgery between 
January 2009 and January 2022 at the Cardiac Cen-
ter of Ethiopia. All 919 pediatric congenital heart 
disease patients aged below 18 years of age who 

had undergone heart surgery in the Cardiac Center 
of Ethiopia were included in this study. The Cardi-
ac Center of Ethiopia is located in Addis Ababa, 
Ethiopia's capital city. Currently, the center has 
five surgeons, five cardiologists, two operating 
rooms, and one intensive care unit with 10 beds. It 
has two GE 9, one Samsung, and one vivid echo-
cardiography for preoperative, intraoperative, and 
postoperative patient evaluation. There is one 
transesophageal echocardiography (TEE), which is 
utilized during surgery when required. The Center 
is mostly supported by donations, and the services 
are free. Two to three surgeries are performed each 
week. Before 2017, surgeries were performed by 
foreign surgeons; however, as of 2017, local teams 
have taken over the majority of the surgical service 
delivery. 

The dependent variables of this study were 
complications of congenital heart surgery, outcome 
measures (total length of mechanical ventilation 
(TLMV), total length of ICU stays (TLICUS), total 
length of hospital stays (TLHS), Mortality of con-
genital heart surgery, and Reoperation for congeni-
tal heart surgery). Independent variables were so-
cio-demographic characteristics (age at diagnosis, 
age at surgery, sex, weight, and height), clinical 
characteristics (type of CHD, Preoperative risk fac-
tors, New York Heart Association (NYHA)/Rose 
class), and perioperative characteristics (risk ad-
justment for congenital heart disease (RACH-1) 
category, Vasoactive inotropic score (VIS), cardio-
pulmonary bypass time (CBP use), Nadir tempera-
ture during CBP, Nadir Hct during CBP, Nadir 
temperature during CBP, Heparin dose during 
CBP, CPB time, aortic clamp time (AoX time), 
reperfusion time, duration of surgery, Residual 
shunt or obstructive lesion, Number of procedures). 
 

Data collection procedure and tools: A structured 
questionnaire was used for data extraction. We ex-
tracted the data from the operation room log book 
and patient medical records. The questionnaire had 
three parts that assessed the socio-demographic 
characteristics, clinical characteristics, and periop-
erative characteristics of the patient. ICD-10 was 
used to screen for the primary diagnosis of 
CHD(9). Preoperative risk factors, surgical proce-
dures, and postoperative complications were identi-
fied and categorized by the Society of Thoracic 
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Surgeons Congenital Heart Surgery Database data 
collection form (version 3.0) (10).  
 

Data quality assurance: To ensure the internal 
validity of the study, the maximum effort was taken 
to assure the quality of the data and minimize er-
rors and bias using the following measures: two 
days of training for data collectors and supervisors 
were carried out to have a clear understanding of 
the objective of the study and the data collection 
procedure. The pre-testing of the structured format 
was conducted on 10% of the sample at the cardiac 
center in Ethiopia before the data collection pro-
cess, and the format was checked for completeness 
daily by immediate supervisors and the principal 
investigator. After checking for consistency and 
completeness, the supervisors submitted the filled-
out questionnaire to the principal investigator, who 
also rechecked. Data were cleaned and entered by 
the principal investigator, and strict daily supervi-
sion and spot-checking were carried out. 
Data analysis: The data were checked manually 
for completeness. Then the data were cleaned and 
stored for Consistency after being entered into Epi 
Info 7 software. For further analysis, the data were 
re-exported to SPSS version 27.0 software and Mi-
crosoft Excel 13. POCs were divided into cardiac 
and extra-cardiac types. Patient characteristics and 
outcomes were summarized and separated into two 
groups based on the presence of the POCs. Contin-
uous variables after checking for normality are 
summarized by the median and interquartile range 
(IQR). Categorical variables were summarized by 
absolute frequency and percentages. Tables and 
graphs were used to present the data. Binary lo-
gistic regression was used to determine the associa-
tion between POCs and socio-demographic, clini-
cal, and perioperative factors. The odds ratio was 
used to assess the strength of the association. Me-
dian regression was used to assess the difference in 
medians in the length of duration on mechanical 
ventilation (LOMV), length of ICU stays (LICUS), 
and length of hospital stays (LHS) between patients 
with cardiac, extra-cardiac, or any POCs and pa-
tients with cardiac, extra-cardiac, or any POCs. An 
odds ratio with a 95% CI was used to demonstrate 
the median difference. Fisher's exact test was used 
to assess the association of cardiac, extra-cardiac, 

or any POCs with operative mortality and reopera-
tions. A p-value of <0.05 was considered statisti-
cally significant in all analyses in this study. 
 

Operational definitions and study outcomes: The 
complication in this study was defined as an event 
or occurrence associated with surgery that departs 
from the expected course of events. The postopera-
tive complication is any complication that arises 
between the operating room entry date and time 
and the end of the period of surgical data collec-
tion, which encompasses complications that occur 
intra-operatively and postoperatively. Patients who 
had one of these listed complications: low cardiac 
output, complete or transient heart block requiring 
a permanent or temporary pacemaker, mild, mod-
erate, or severe left ventricular dysfunction, hyper-
tension, arrhythmia other than heart block requiring 
intervention, or superior vena cava stenosis, were 
categorized as having a cardiac complication.  

Patients who had one of these complications: 
acute kidney injury, pulmonary hypertension or 
pulmonary hypertension crisis, pleural effusion or 
chylothorax, pneumothorax, atelectasis, haemotho-
rax, pneumonia, laryngeal nerve palsy, diaphrag-
matic palsy, hyperglycemia needing intervention, 
metabolic acidosis patients with hyperkalemia 
needing intervention, metabolic alkalosis with 
hypokalaemia needing intervention, hypocalcemia 
needing intervention, and hypoglycemia, were la-
belled as having extra-cardiac complications. The 
focal neurologic deficit, seizure, bleeding needing a 
transfusion, sepsis with multi-organ failure, and 
wound infections are also labelled as extra-cardiac 
complications. 

Major complications were defined as having 
one or more of the following complications: renal 
failure requiring dialysis, permanent neurologic 
deficit, pacemaker, paralyzed diaphragm, mechani-
cal circulatory support, and unplanned reinterven-
tion. 

We used echocardiographic grading for peri-
cardial effusion and pleural effusion. The echocar-
diographic grading of pericardial effusion and pleu-
ral effusion we used was echo-free space between 
the heart and pericardium or echo-free space be-
tween the diaphragm and lung. Pericardial effusion 
grading is made by measuring echo-free space dur-
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ing diastole, and space less than 10 mm is consid-
ered mild; space between 10 and 20 mm is consid-
ered moderate; and space beyond 20 mm is consid-
ered large, respectively. Left ventricular dysfunc-
tion grading: mild dysfunction as left ventricular 
ejection fraction (LVEF) between 40% and 49%, 
moderate dysfunction between 30% to 39%, and 
severe dysfunction less than 30%, were used in this 
study. 

Superior vena cava (SVC) stenosis was de-
fined in this study as flow acceleration in the SVC 
with a peak Doppler gradient above 3cm/s.  Acute 
kidney injury was defined as an absolute increase 
in serum creatinine by ≥0.3 mg/dL or an increase in 
serum creatinine ≥1.5x above baseline. Pulmonary 
hypertension is diagnosed a by peak tricuspid re-
gurgitation (TR) gradient above 2.8cm/s. Chylotho-
rax was defined by the passage of milky pleural 
fluid with high lymphocyte and triglyceride during 
pleural tap. Paradoxical abdominal movement clin-
ically, elevated hemidiaphragm on chest X-rays, 
and paradoxical movement of the diaphragm in 
echocardiography were used to diagnose dia-
phragmatic palsy. The laryngeal nerve palsy was 
diagnosed clinically if there was a voice change 
after surgery.  

Metabolic complications were diagnosed by 
arterial blood gas analysis (ABG) by our laboratory 
reference range. Hyperglycemia was diagnosed by 
a random blood sugar level above 180 mg/dl, and 
hypoglycemia by a random sugar level below 50 
mg/dl. Operative mortality was defined as any 
death, regardless of cause, that (1) occurs within 30 
days of surgery, in or out of the hospital, and (2) 
occurs after 30 days when the patient is still being 
treated at the same hospital after the operation. Re-
operation was defined in this study as repeated sur-
gery that is necessary within 30 days after the ini-
tial surgery because of complications. 

The primary outcome in this study was the pres-
ence of any one of the aforementioned complica-
tions and their patterns in the perioperative period. 
Our secondary outcome was the effect of complica-
tions on established outcomes (length of stay in 
mechanical ventilation, length of ICU stays, length 
of hospital stays, operative mortality, and need for 
reoperation). 
 

Ethical consideration: Ethical clearance was ob-
tained from the ethical review committee and Ad-
visor of Saint Paul Millennium Medical College 
before the actual research work was conducted. 
The objective of the study was explained to the 
medical director of CCE, and consent was obtained 
to extract data from patient charts. To assure confi-
dentiality, the data were extracted without any per-
sonal identifiers and used only for this research 
purpose. 
 
RESULTS  
 
Socio-demographic and clinical characteristics: 
Table 1 presents the socio-demographic and clini-
cal characteristics of patients separated by the pres-
ence of complications. As demonstrated in the ta-
ble, patients' median ages at diagnosis and surgery 
were 2 years (IQR: 2–3 years) and 7 years (IQR: 3–
13 years), respectively, with a 4:1 ratio of female to 
male patients. 

More than 90% of patients had acyanotic 
CHDs. The first three most common CHDs were 
VSD (41%), ASD (35%), and PDA (20%). More 
than 75% of the patients were in NYHA/Rose class 
1 and 2 heart failure categories at admission. Pre-
operative risk factors were present in only 30 
(3.3%) patients, of whom 12 (1.3%) had Down 
syndrome, 6 (0.7%) had congenital rubella syn-
drome, 3 (0.3%) had scoliosis, 3 (0.3%) had old 
vegetation, 2 (0.2%) had Holt-Oram syndrome, 2 
(0.2%) had Turner syndrome, and 2 (0.2%) had 
Marfan syndrome (Figure 1). 



            Magnitude and Risk Factors for Paediatric Congenital …                 Mohammed N.B.., et al.                                                                                               
 

 
 
 
 

305 

 

 
Figure 1: he types of CHDs and their magnitude in patients who have undergone surgical intervention at 
the Cardiac Center of Ethiopia- VSD: Ventricular septal defect; ASD: Atrial septal defect; PDA: Patent 
ductus arteriosus; TOF: Tetralogy of Fallot; SAM: subaortic membrane; AVSD: Atrioventricular septal 
defect; DCRV:  Double chamber right ventricle; D-TGA: D-Transposition of great arteries; PS: Pulmonary 
stenosis; COA: Coarctation of aorta; TAPVC: Total anomalous pulmonary venous connection; PAPVD: 
Partial anomalous venous drainage; AP window Aortopulmonary window. 

 
Figure 2: The types of surgery and their spectrum in patients who have undergone surgical intervention at the Cardiac 
Center of Ethiopia- VSD patch: Ventricular septal defect patch closure; ASD patch: Atrial septal defect patch closure; 
PDA ligation: Patent ductus arteriosus ligation; ICR: Intracardiac repair of Tetralogy of Fallot; SAM excision: 
subaortic membrane excision; AVSD repair: Atrioventricular septal defect repair; RVOT relief:  Right Ventricular 
outflow tract muscle resection; Primary closure of VSD: Primary closure of Ventricular septal defect; End to end to 
the anastomosis of COA: End to the anastomosis of Coarctation of the aorta; TAPVC repair: Total anomalous pulmo-
nary venous connection repair; AP window: Aortopulmonary window repair; BDG:  Bidirectional Glenn: Primary 
closure of ASD:  Primary closure of atrial septal defect; PA banding: Pulmonary artery banding. 
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Figure 2 summarizes the type and patterns of 1053 
congenital heart surgeries done in 919 patients. The 
three most common surgeries were VSD patch clo-
sure at 39.4%, ASD patch closure at 30.4%, and 

PDA ligation at 20%. Of the 919 patients, 363 
(39.5 % of them) had at least one complication as-
sociated with surgery (Figure 3).

 
Figure 3: Patterns of cardiac and extracardiac complications- PHTN: Pulmonary hypertension; AKI: Acute 
kidney injury; SVC: Superior vena cava; LV: left ventricle; CHB: Complete heart block; TPI: Transient 
pacemaker implantation; PPI: Permanent pacemaker implantation; LCOS: Low cardiac output syndrome. 
 
Cardiac complications occurred in 104 (11.3%) 
patients. Low cardiac output syndrome (LCOUS), 
complete heart block (CHB) requiring permanent 
or temporary pacemaker implantation, arrhythmia 
other than heart block requiring intervention, mild, 
moderate, and severe left ventricular dysfunction, 
mild pericardial effusion, hypertension, and superi-

or vena cava stenosis were the cardiac complica-
tions identified.  

Of all, 336(36.6%) patients experienced extra-
cardiac complications; 212 (23.1%) had renal com-
plications (the only identified renal complication 
was acute kidney injury(AKI) and 10(1.1%)) pa-
tients need dialysis),  79(8.6%) patients had pul-
monary complications (the identified pulmonary 



            Magnitude and Risk Factors for Paediatric Congenital …                 Mohammed N.B.., et al.                                                                                               
 

 
 
 
 

307 

 

complications were pulmonary hypertension, pul-
monary hypertension crisis, pleural effusion, chylo-
thorax, pneumothorax, atelectasis, hemothorax, 
pneumonia, laryngeal nerve palsy, and diaphrag-
matic palsy), 17(1.8%) had metabolic complica-
tion(that included hyperglycaemia needing inter-
vention,  metabolic acidosis patients with hyper-
kalaemia needing intervention,  metabolic alkalosis 
with hypokalaemia needing intervention, hy-
pocalcaemia needing intervention, and hypogly-
caemia),12(1.3%) had neurologic complica-
tions(that included focal neurologic deficit, sei-
zure),10(1.1%) patients had hematologic complica-
tions( bleeding that required transfusion was the 
only hematologic complication), 4(0.4%) patients 
had sepsis with multi-organ dysfunction, and 
wound infection occurred in 2(0.2%) patients. Ma-
jor complications occurred in 49 (5.3%) patients: 4 
reoperations, 12 focal neurological deficits, 10 
pacemaker requirements, 10 needs for dialysis, and 
5 diaphragmatic palsies. 

The association of sociodemographic, clinical, 
and perioperative factors with complications was 
assessed, and the results are depicted in Tables 1 

and 2. As seen in the tables, each additional in-
crease in age at diagnosis in one year and weight in 
one kg at admission was associated with a 17% and 
a 5% decrease in the odds of having complications 
after CHD surgery, respectively. The odds of com-
plications increased by 10% in patients who had 
cyanotic CHDs compared to acyanotic ones. Pa-
tients who had undergone more than one surgery 
were 40% more likely to develop complications 
than patients who had undergone a single surgery. 
Patients in the RACH-3-RACH-4 category had 
odds of complications that were 3.5 times higher 
than those in the RACH-1 and 2 categories. The 
odds of complication increased by 10% in patients 
who underwent surgery using CBP compared to 
patients without CBP. An additional 1-minute in-
crease in CBP and AoX time increased the odds of 
complications by 10% and 20%, respectively. 
There was a 20% higher likelihood of experiencing 
complications for every extra hour of the duration 
of surgery. A 30% higher likelihood of developing 
complications was observed for each additional 
unit of the VIS score (Tables 1 and 2). 

 
Table 1: The sociodemographic and clinical characteristics of patients who have undergone surgery in the 
Cardiac Center of Ethiopia separated by complication occurrence, 2009-2022. 
 

Variable All patients 
(n=919) 

Postoperative complications    

      No     Yes  COR (95%CI) AOR (95%CI P value 
Age at diagnosis in 
years, median (IQR) 

2(2-3) 2(2-12) 2(1-2) 0.76(0.71-0.81) 0.83(0.76-0.9) <.001 

Age at the surgery in 
years, median (IQR) 

7(3-13) 13(13-14) 6(3-13) 0.8(0.77-0.83) 0.92(0.75-1.9) .70 

Gender       
Female, n (%) 736(80.1) 485(87.2) 251(69.1) 1 1  
Male, n (%) 183(43.7) 71(12.8) 112(30.9) 3(2.2-4.3) 0.77(0.44-1-4) .40 
Weight in Kg, median 
(IQR) 

40(19-40) 40(40-41) 20(11-38) 0.92(0.91-0.93) 0.95(0.88-0.95) .03 

Height in cm, median 
(IQR) 

145(112-148) 145(145-148) 112(90-140) 0.96(0.95-0.97) 0.98(0.9-1.3) .50 

Types of CHD       
Acyanotic, n (%) 995(94.5) 549((52.1) 446(42.4) 1 1  
Cyanotic, n (%) 58(5.5) 7(0.7) 51(4.8) 8.4(3.7-19.1) 1.1(1.01-2.85) .04 
Presence of preoperative 
risk factor Yes, n (%) 

30(3.3) 10(1.8) 20(5.5) 3.2(1.5-6.9) 2.6(0.9-7) .06 

NYHA/ Rose class at 
admission 

      

Class 1 or 2, n (%) 700(76.3) 469(51.1)  231(25.2) 1 1  
Class 3 or 4, n (%) 219(23.9) 87((9.5) 132(14.4) 3(2.3-4.2) 0.7(0.35-1.2) .16 
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Table 1: The perioperative characteristics of patients who underwent a Cardiac center in Ethiopia between 
2009-2022. 
 

Characteristics All patients 
(n=919) 

Postoperative complications 

      No  Yes   COR 
(95%CI) 

AOR 
(95%CI) 

P val-
ue 

RACH-1 category, n (%)       
RACH-1 and RACH -2, n 
(%) 

862(94) 548(59.8) 314(34.2) 1 1  

RACH-3 and RACH -4, n 
(%) 

57(6.2) 8(0.9) 49(5.3) 10.7(5-22.9) 3.5(1.2-9.6) 0.02 

VIS, median (IQR) 7(3-15) 6(3-7) 15(6-20) 1.25(1.21-1.28) 1.3(1.24-
1.37) 

<.001 

CBP, n (%)       
No  44(4.8) 29(3.2) 15(1.6) 1 1  
Yes  875(95) 527(57) 348(38) 1.2(0.31-1.86) 1.1(1.01-1.9) .04 
Nadir temperature in oc 
, median (IQR) 

32(32-33) 32(32-33) 32(32-33) 1.7(1.32-2.2) 1(0.8-1.2) .80 

Nadir haematocrit during 
CBP in %, median (IQR) 

30(28-32) 29(28-31) 29(28-31) 1(0.92-1.1) 1.1(0.9-1.2) .50 

Nadir temperature post CBP 
in o c, median (IQR) 

30(28-32) 34.9(34.4-35.6) 35.1(34.4-35.7) 1.2(0.94-1.4) 1.1(0.7-1.4) .70 

Heparin dose during CBP in 
IU/kg, median (IQR) 

510(450-570) 510(450-570)) 510(450-568) 0.99(0.98-1.1) 1(0.96-1.8) .20 

CBP time in min, median 
(IQR) 

50(50-80) 50(50-51) 70(50-110) 1.03(1.03-1.04) 1.1(1.05-1.8) .04 

ACC time in min, median 
(IQR) 

30(14-30) 19(13-30) 30(17-46) 1.03(1.02-1.04) 1.2(1.1-1.3) <.001 

Reperfusion time in min, 
median (IQR) 

28(10-32) 12(10-27) 32(10-32) 1.05(1.04-1.07) 1(0.99-1.02) .90 

Duration of surgery in hrs, 
median (IQR) 

1.3(1-3) 1.3(1-3) 2(1-2.9) 1.3(1.2-1.4) 1.2(1.1-1.3) .04 

Residual shunt or obstructive 
lesion n (%) 

      

No n (%) 797(86.7) 524(57) 273(29.7) 1 1  
Yes n (%) 122(13.3) 32(3.5) 90(9.8) 5.4(3.5-8.3) 0.6(0.3-1.1 0.07 
Number of procedures       
1 817(89) 526(57) 291(32) 1 1  
≥2 102(11) 30(3) 72(8) 3.2(2.1-4.9) 1.4(1.2-2.4) .03 
Abbreviations: AoX time: Aortic cross-clamp time; CBP: cardiopulmonary bypass time IQR: Interquartile range; n (%): number 
(percent); RACH-1: Risk adjustment for congenital heart disease-1; VIS: Vasoactive inotropic score 
 
 

Association of outcome with the occurrence of 
complications: The median values of total length 
of mechanical ventilation in hours, total length of 
ICU stays in days, and total length of hospital stays 
in days between patients who had any complica-
tions (cardiac, extracardiac, or major) and patients 
with no complications were statistically different 
(Table 3). Twelve (1.3%) patients underwent re-
operation for their complications, and 5 (0.9%) of 

those who underwent reoperation had complica-
tions, but 7 (1.9%) had no complications. However, 
unplanned reoperations were not associated with 
complications. Of all patients, seven (0.8%) died in 
the hospital, of whom four had reoperations. The 
presence of complications was associated with 
death (p<.001), and all the patients who died had at 
least one complication. 
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Table 2: The median difference between patients who had any complications, cardiac complications, or ex-
tracardiac complications with patients who had no complications, in patients who undergone surgery in the 
Cardiac Center of Ethiopia, 2009-2022. 
 
 

Outcome 
measures 

                      All Complications 
No, the median 
(IQR) 

Yes, the median (IQR) Median differ-
ence(95%CI) 

P value 

TLMV, hrs. 2(2-2.1) 6(6-12) 4(3.7-4.3) <.001 
TLIS, days 3(3-3.1) 5(4-7) 2((1.9-2.1) <.001 
TLHS, days 4(4-4.1) 8(7-12) 4(3.8-4.2) <.001 
                   Cardiac complications   
 No, the median 

(IQR) 
Yes, the median (IQR) Median differ-

ence(95%CI) 
P value 

TLMV, hrs. 3(3-5) 6(4-9) 3(2.9-5.1) <.001 
TLICU, days 3(3-5) 6(4-9) 3(2.8-5.2) <.001 
TLHS, days 4(4-7) 11(7-21) 7(6.7-7.3) <.001 
                     Extracardiac complications   
 No, the median 

(IQR) 
Yes, the median (IQR) Median differ-

ence(95%CI) 
P value 

TLMV, hrs. 2(2-4) 6(6-12) 4(3.8-4.2) <.001 
TLICU, days 3(3-3.1) 5(3-7) 2(1.9-3.3) <.001 
TLHS, days 4(4-4.1) 8(6-12) 4(3.9-4.1) <.001 

Major complications 
 No, the median 

(IQR) 
Yes, the median (IQR)) Median difference 

(95%CI) 
 

TLMV, hrs. 2(2-6) 5(3-6) 3(1.5-4.5) <.001 
TLICU, days 3(3-5) 5(4-7) 2(1.1-4) 0.01 
TLHS, days 4(4-7) 6(5-11) 2(1-3.9) 0.01 
Abbreviations: TLHS: Total length of hospital stay; TLICU: Total length of intensive care unit stay; TLMV: Total 
length of mechanical ventilation 
 
DISCUSSION 
 

Compared to most other studies in the same area, 
our study showed more patients had complications, 
including cardiac and extra-cardiac. In addition, 
numerous factors associated with complications 
were identified. Patients with complications had a 
longer duration of ventilator use, longer ICU stays, 
and longer hospital stays, so there was a significant 
association between the presence of complications 
and outcome measures. This study showed a low 
mortality rate of 0.8%, which is consistent with 
recent estimates of a mortality rate of less than 
1.64%(11). Similarly, the percentage of reopera-
tions was relatively low. 

The percentage of patients who suffered at 
least one complication in this study (39.5%) was 
higher than in studies conducted in Argentina and  
Brazil (8.3%, and 19.7% respectively)(12,13). 
whereas Indonesian and Iranian studies found 
84.1% and 43.3% percentages of complications, 
which were lower in our study(14,15). Differences 
in the complexity of surgical procedures performed 
by centers and the use of different complication 
lists in data extraction can be used as explanations 
for this variation.  

We reported fewer cardiac complications 
(11.3%) compared to studies conducted in the USA 
(25%) and Iran (34.4%), but greater than the China 
study (6.8%)(8,14,16). The use of different opera-
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tional definitions for these cardiac complications 
could account for the results varying magnitudes. A 
study from the United States included extracorpo-
real oxygenation, reoperation, and heart block; 
however, a study from China omitted arrhythmia 
from the list of cardiac complications. 

Similar to our study, studies conducted in the 
USA, China, and Indonesia showed that extra-
cardiac complications occurred more frequently 
than cardiac complications, with extra-cardiac vs. 
cardiac percentages of 37 versus 25, 27.6 versus 6, 
and 51 versus 33.1, respectively(8,15,16). Varia-
tions in the list of extracardiac complications 
among studies may be responsible for the variation 
in magnitude. 

The proportion of major complications in our 
study is lower than in a multi-center study done in 
the USA and Argentina(12,17). This disparity can 
be explained by the variations in the case mix be-
tween facilities. 

A study from China demonstrated that patients 
with complications are younger and lighter than 
their children who do not have complications, 
which is consistent with our findings(16) whichcan 
be explained by the increased risk of anesthesia 
intra-operatively and drug allergy in the periopera-
tive period in young age. 

The results of our study showed a relationship 
between complications and cyanotic congenital 
heart disease. This was supported by a study done 
in Indonesia that showed Cyanotic heart disease 
had more risk for complications(15). In these cases, 
studies carried out in China have shown that pa-
tients with reduced blood oxygen saturation are at 
increased risk of complications(16). The higher 
complication frequency in surgery for cyanotic 
heart disease is due to the longer duration of the 
surgery it takes, and the high risk of metabolic aci-
dosis and hypoxemia in this group of patients. 

In this study, Patients undergoing cardiac sur-
gery with RACH-1 scores of 3 and 4 exhibited 
higher rates of complications which is consistent 
with one US study(8). This could be because pro-
cedures become more complex as the RACH-1 cat-
egory score increases. In contrast to our data, Saudi 
research has found no statistically significant rela-
tionship with RACH-1 category (18). 

In our study, VIS was found to be associated 
with complications following surgical procedures, 

in line with studies from the USA and 
Finland(19,20). Higher VIS indicates that there is 
poor hemodynamic status in the patient, which may 
compromise his or her surgical outcome. 

CBP increases organ damage by stimulating 
inflammatory pathways, so there may be significant 
differences in the incidence of complications be-
tween patients who received CBP and those who 
did not (21). The systemic impact of CPB owing to 
the systemic inflammatory response and occurrence 
of multiple organ ischemia in aortic clamping may 
account for this. The study conducted in the USA, 
on the other hand, did not show any clear differ-
ence between CBP operations and those that had 
not been handled by CBP (8). 

In addition to our study, studies conducted in 
China, Indonesia, and Egypt have shown that aortic 
cord clamping and cardiopulmonary time were as-
sociated with complications(15,16,22). The system-
ic impact of CPB owing to the systemic inflamma-
tory response and the possible occurrence of multi-
ple organ ischemia in aortic clamping may account 
for this. 

Our study's findings, which are consistent with 
those conducted in China, indicate that complica-
tions following congenital heart disease surgery are 
predicted by longer surgery times(16). Additional-
ly, our study has demonstrated that the likelihood 
of complications rises with the number of surgeries 
performed. It has been reported that many opera-
tions requiring prolonged operating times are more 
susceptible to surgical site infection, venous 
thromboembolism, bleeding, hematoma formation, 
and necrosis(23). This might have been brought on 
by the surgical team's increased levels of fatigue 
and the extended use of anesthetic. Similarly, as the 
number of surgeries might be associated with sur-
geon fatigue and concentration. 

Our study showed a significant relationship 
between postoperative complications and mechani-
cal ventilation duration, prolonged stays in inten-
sive care units, and longer hospital stays or deaths 
based on studies carried out in the US, Argentina, 
China, and Saudi Arabia(8,12,16,18). The reason 
for these prolonged hospital stays is that patients 
with complications require more supportive care or 
surgical intervention. 

In conclusion, congenital heart disease surger-
ies pose a high risk of complications and have been 
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associated with negative patient outcomes. There-
fore, prediction of complications based on a set of 
predictors, early detection, and treatment of com-
plications are crucial to improve the patient's out-
come. 
Limitations of the study 
This study has a few limitations. First, because the 
study was retrospective, classification bias might 
have been more likely to occur. Second, if it was 
conducted in only one setting, generalizability may 
be challenging. Last but not least, it is challenging 
to associate a particular congenital heart disease 
operation with a specific consequence. However, 
this study may serve as a starting point for future 
research on particular congenital cardiac anomalies 
and assist in quality improvement by allowing for a 
comparison of the center’s results to those of other 
centers. 
 
ACKNOWLEDGEMENT  
 

We would like to acknowledge data collectors for 
providing collecting data. We also want to mention 
our gratitude to St Paul’s Millennium Hospital 
Medical College for giving us ethical clearance 
 
REFERENCES  
 

1. Van Der Linde D, Konings EE, Slager MA, 
Witsenburg M, Helbing WA, Takkenberg JJ, 
Roos-Hesselink JW. Birth prevalence of 
congenital heart disease worldwide: a 
systematic review and meta-analysis. Journal 
of the American College of Cardiology. 
2011;5: 58(21):2241-7. 

2. Liu Y, Chen S, Zühlke L, Black GC, Choy 
MK, Li N, Keavney BD. Global birth 
prevalence of congenital heart defects 1970–
2017: updated systematic review and meta-
analysis of 260 studies. International journal of 
epidemiology. 2019;48(2):455-63.  

3. Ministeri M, Alonso-Gonzalez R, Swan L, 
Dimopoulos K. Common long-term 
complications of adult congenital heart disease: 
avoid falling in a HEAP. Expert review of 
cardiovascular therapy. 2016;14(4):445-62.  

4. Bird GL, Jeffries HE, Licht DJ, Wernovsky G, 
Weinberg PM, Pizarro C, Stellin G. 
Neurological complications associated with the 

treatment of patients with congenital cardiac 
disease: consensus definitions from the Multi-
Societal Database Committee for Pediatric and 
Congenital Heart Disease. Cardiology in the 
Young. 2008;18(S2):234-9. 

5. Friesen CL. Commentary: It takes a village. 
The Journal of Thoracic and Cardiovascular 
Surgery. 2019;158(4):1197-8.  

6. Marian AJ. Congenital heart disease: the 
remarkable journey from the “post-mortem 
room” to adult clinics. Circulation research. 
2017 Mar 17;120(6):895-7.  

7. Jacobs JP, Benavidez OJ, Bacha EA, Walters 
HL, Jacobs ML. The nomenclature of safety 
and quality of care for patients with congenital 
cardiac disease: a report of the Society of 
Thoracic Surgeons Congenital Database 
Taskforce Subcommittee on Patient Safety. 
Cardiology in the Young. 2008 Dec;18(S2):81-
91. 

8. Agarwal HS, Wolfram KB, Saville BR, 
Donahue BS, Bichell DP. Postoperative 
complications and association with outcomes 
in paediatric cardiac surgery. The Journal of 
thoracic and cardiovascular surgery. 
2014;148(2):609-16.  

9. Congenital Heart Disease. Cardiology in the 
Young. 2008;18(S2):196-201.10. World Health 
Organization. International Statistical 
Classification of Diseases and related health 
problems: Alphabetical index. World Health 
Organization; 2004.  

10. Society of Thoracic Surgeons. STS Congenital 
Heart Surgery Database Data Specifications 
Version 3.22. STS.  

11. Hörer J, Hirata Y, Tachimori H, Ono M, Vida 
V, Herbst C, Kansy A, Jacobs JP, Tobota Z, 
Sakamoto K, Ebels T. Pediatric cardiac surgi-
cal patterns of practice and outcomes in Japan 
and Europe. World Journal for Pediatric and 
Congenital Heart Surgery. 2021;12(3):312.  

12. Althabe M, Rodríguez R, Balestrini M, 
Charroqui A, Krynski M, Lenz AM, Montonati 
M, Moreno G, Pilan ML, Magliola R, Delucis 
PG. Morbidity in congenital heart surgery in a 
public hospital in Argentina. Mortality. 
2018;1(14):0. 



           Ethiop J Health Sci.                               Vol. 34, No. 4                           July 2024 
 

 
  
 

312 

 

13. Miana LA, Nathan M, Tenório DF, Manuel V, 
Guerreiro G, Fernandes N, Campos CV, 
Gaiolla PV, Cassar RS, Turquetto A, Amato L. 
Translation and validation of the Boston 
technical performance score in a developing 
country. Brazilian Journal of Cardiovascular 
Surgery. 2021;36:589-98.  

14. Mirzaei M, Mirzaei S, Sepahvand E, Koshkaki 
AR, Jahromi MK. Evaluation of complications 
of heart surgery in children with congenital 
heart disease at Dena Hospital of Shiraz. 
Global Journal of Health Science. 
2016;8(5):33.  

15. Murni IK, Djer MM, Yanuarso PB, Putra ST, 
Advani N, Rachmat J, Perdana A, Sukardi R. 
Outcome of paediatric cardiac surgery and 
predictors of major complication in a 
developing country. Annals of paediatric 
cardiology. 2019;12(1):38.  

16. Zeng X, Hu Y, Shu L, Li J, Duan H, Shu Q, Li 
H. Explainable machine-learning predictions 
for complications after paediatric congenital 
heart surgery. Scientific reports. 
2021;11(1):17244.  

17. Pasquali SK, He X, Jacobs ML, Shah SS, 
Peterson ED, Gaies MG, Hall M, Gaynor JW, 
Hill KD, Mayer JE, Li JS. Excess costs 
associated with complications and prolonged 
length of stay after congenital heart surgery. 
The Annals of thoracic surgery. 2014; Nov 
1;98(5):1660-6. 

18. Javed F, Aleysae NA, Al-Mahbosh AY, Zubani 
AA, Atash AM, Salem HB, Abdallah M, 
Alkhatib O, Abu-Adas A, Hrays MA, Alqarni 
NA. Complications After Surgical Repair of 
Congenital Heart Disease in Infants. An 

Experience From Tertiary Care Center. Journal 
of the Saudi Heart Association. 
2021;33(4):271. 

19. Gaies MG, Jeffries HE, Niebler RA, Pasquali 
SK, Donohue JE, Yu S, Gall C, Rice TB, 
Thiagarajan RR. Vasoactive-Inotropic Score 
(VIS) is associated with outcome after infant 
cardiac surgery: an analysis from the Paediatric 
Cardiac Critical Care Consortium (PC4) and 
virtual PICU system registries. Pediatric criti-
cal care medicine: a journal of the Society of 
Critical Care Medicine and the World Federa-
tion of Pediatric Intensive and Critical Care 
Societies. 2014;15(6):529.  

20. Koponen T, Karttunen J, Musialowicz T, 
Pietiläinen L, Uusaro A, Lahtinen P. 
Vasoactive-inotropic score and the prediction 
of morbidity and mortality after cardiac 
surgery. British journal of anaesthesia. 
2019;122(4):428-36.  

21. Sarkar M, Prabhu V. Basics of 
cardiopulmonary bypass. Indian journal of 
anaesthesia. 2017;61(9):760.  

22. Gamal AH, Ahmed EM, Ahmed IE, Omar SA. 
Postoperative complications in paediatric 
cardiac surgery patients done in a tertiary 
hospital. Journal of Current Medical Research 
and Practice. 2020;5(2):121.  

23. Cheng H, Clymer JW, Chen BP, Sadeghirad B, 
Ferko NC, Cameron CG, Hinoul P. Prolonged 
operative duration is associated with 
complications: a systematic review and meta-
analysis. Journal of Surgical Research. 
2018;229:134-44.  

 
 


