
Cardiology in the Young

cambridge.org/cty

Original Article

Cite this article: Polivenok IV, Novick WM,
Pyetkov AV, and Cardarelli M (2020)
Perioperative complications in a paediatric
cardiac surgery program with limited systemic
resources. Cardiology in the Young 30:
1659–1665. doi: 10.1017/S1047951120002486

Received: 13 April 2020
Revised: 22 June 2020
Accepted: 21 July 2020
First published online: 3 September 2020

Keywords:
Paediatric cardiac surgery; post-operative care;
complications; CHD

Author for correspondence:
W. M. Novick, MD, 1750 Madison Ave., Suite 500,
Memphis, TN 38104, USA. Tel:þ1-901-438-9413.
E-mail: bill.novick@cardiac-alliance.org

© The Author(s), 2020. Published by Cambridge
University Press.

Perioperative complications in a paediatric
cardiac surgery program with limited systemic
resources

Igor V. Polivenok1,2, William M. Novick2,3 , Aleksander V. Pyetkov4 and

Marcelo Cardarelli2,5

1Zaitcev V.T. Institute of General and Urgent Surgery, Kharkiv, Ukraine; 2William Novick Global Cardiac Alliance,
Memphis, TN, USA; 3University of Tennessee Health Science Center - Global Surgery Institute, Memphis, TN, USA;
4Kharkiv Medical Academy of Postgraduate Education, Kharkiv, Ukraine and 5Pediatric Cardiac Surgery, Inova
Children’s Hospital, Fairfax, VA, USA

Abstract

Background: The perioperative complications rate in paediatric cardiac surgery, as well as the
failure-to-rescue impact, is less known in low- and middle-income countries. Aim: To evaluate
perioperative complications rate, mortality related to complications, different patients’ demo-
graphics, and procedural risk factors for perioperative complication and post-operative death.
Methods:Risk factors for perioperative complications and operativemortality were assessed in a
retrospective single-centre study which included 296 consecutive children undergoing cardiac
surgery. Results: Overall mortality was 5.7%. Seventy-three patients (24.7%) developed 145
perioperative complications and had 17 operative mortalities (23.3%). There was a strong asso-
ciation between the number of perioperative complications and mortality – 8.1% among
patients with only 1 perioperative complication, 35.3% – with 2 perioperative complications,
and 42.1% – with 3 or more perioperative complications (p= 0.007). Risk factors of perioper-
ative complications were younger age (odds ratio 0.76; (95% confidence interval 0.61, 0.93),
previous cardiac surgery (odds ratio 3.5; confidence interval 1.33, 9.20), extracardiac structural
anomalies (odds ratio 3.03; confidence interval 1.27, 7.26), concomitant diseases (odds ratio
3.23; confidence interval 1.34, 7.72), and cardiopulmonary bypass (odds ratio 6.33; confidence
interval 2.45, 16.4), whereas the total number of perioperative complications per patient was the
only predictor of operative death (odds ratio 1.89; confidence interval 1.06, 3.37). Conclusions:
In a program with limited systemic resources, failure-to-rescue is a major contributor to oper-
ative mortality in paediatric cardiac surgery. Despite the comparable crude mortality, the oper-
ative mortality among patients with perioperative complications in our series was significantly
higher than in the developed world. A number of initiatives are needed in order to improve
failure-to-rescue rates in low- and middle-income countries.

Perioperative complications, developing during the surgical procedure and the post-operative
period, play a key role in hospital morbidity and mortality associated with paediatric cardiac
surgery. Complications negatively affect patient outcomes, including operative mortality, length
of stay in the intensive care, and long-term quality of life.1,2 Complication is defined as “an event
or occurrence that is associated with disease or a healthcare intervention that is (a) a departure
from the desired course of events and (b)may cause or be associated with suboptimal outcome.”3

Many of these complications are the result of the so-called “human factor”, being in fact the
product of human errors, either directly or indirectly related to factors such as lacking staff
expertise and limited resource base.4,5 Other complications can be related to the characteristics
of patients or procedural factors, and although not directly associated to human errors, their
impact on surgical outcomes depends on the capability of cardiac surgery team performance.

In recent years, the medical community began to understand more clearly the approaches to
eliminate complications. Specifically identifying three main components of reducing the num-
ber of complications associated with errors: adequate prevention, timely detection, and full com-
pensation of existing complications.6 The inadequate response to the complication, the so-called
“failure-to-rescue”, contributes significantly to a perioperative morbidity and mortality.7,8 The
modern medical community has made great efforts to develop methods for the elimination of
complications. For instance, the active implementation of surgical safety checklists has convinc-
ingly shown to be effective in improving outcomes of surgical treatment.9 The widespread use of
protocols for post-operative management, including computer algorithms for early sepsis detec-
tion or post-operative bleeding, it is also aimed to reduce the number of complications by facili-
tating the processes of problem detection and compensation.10,11

Most of the literature related to management of perioperative complications pertains to the
Western hemisphere, whereas the situation in low- and middle-income countries is less known.
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The goal of the present study is to assess the complications profile,
their impact on the outcome, and significance of the failure-to-
rescue concept for the paediatric cardiac surgery program in low-
and middle-income countries with limited systemic resources.

Materials and methods

Site

The cardiac surgical program is located in a regional general and
urgent surgery hospital without a specific service for children. The
referral population is more than 3 million. The cardiac facility
includes 1 operation room, 9-bed Cardiac Intensive Care Unit,
single-plane catheterisation laboratory, and fifty-bed ward and
provides cardiac surgical and interventional service for more than
1200 adults and 170–190 children annually. There is no separated
paediatric cardiac service, but two cardiac surgeons, cardiologist,
interventional cardiologist, perfusionist, anaesthesia, and
Cardiac Intensive Care Unit teams were trained in paediatric car-
diology and cardiac surgery. More details of the infrastructure,
human resources, and training process have been previously
described.12

Study design

A retrospective observational analysis of a single cardiac surgery
centre database was performed (Fig 1). A total of 370 paediatric
surgical and interventional cases were selected over a 2-year period
from January 1, 2014 to December 31, 2015. The analysis included
296 consecutive children up to 18 years, undergoing any cardio-
vascular surgical procedures classified by the Society of Thoracic
Surgeons–European Association for Cardiothoracic Surgery risk
stratification system13 from January 1, 2014 to December 31,
2015. Only the first cardiovascular procedure for the patient’s
admission was analysed.

Initially, the database was queried for patient demographics,
pre-operative clinical status, and the spectrum of perioperative
complications. The classification of perioperative complications
adhered to the nomenclature for intraoperative and post-operative
complications of the Society of Thoracic Surgeons Congenital
Database Full Specifications, v.2.5.14 Four more additional types
of complications were introduced by us: bleeding requiring
transfusion – all emergent transfusion to compensate active
bleeding in ICU, excluded transfusions in the operation room and

transfusions beyond active bleeding; unexpected post-operative
pulmonary overcirculation – clinically relevant high Qp/Qs in
post-operative period; post-operative arterial hypertension –
requiring prolonged hypotensive medication; intracranial haemor-
rhage – clinically relevant intracranial bleeding, since they
occurred more than once in our cohort and were considered rel-
evant. All perioperative complications were collated, and the asso-
ciation with hospital mortality was analysed.

The second part of the study was focused on the identification of
the independent predictors for perioperative complications develop-
ment and operative mortality. Data were incomplete on fifty
patients, and they were excluded from multi-variate analysis. The
following variables of 246 remained patients were analysed: age; gen-
der; pre-operative haemoglobin level; pre-operative SpO2; nutri-
tional status; pre-maturity; major chromosome anomalies; previous
cardiac surgeries; extracardiac structural anomalies; concomitant
diseases; pre-operative pulmonary hypertension; pre-operative
infection; pre-operative inotropes; prostaglandin E1 infusion before
surgery; pre-operative ventilation; pre-operative interventional
procedures; emergency surgery; Society of Thoracic Surgeons–
European Association for Cardiothoracic Surgery risk stratification
system mortality score; and use of cardiopulmonary bypass. All
major chromosome anomalies were divided into two groups for
simplification: “Down’s syndrome” and “Other chromosome
anomalies”. These variables were analysed as risk factors of
perioperative complications. For analysis of the association of
patient’s and procedural variables with operative mortality, the
additional variables were complementarily enrolled: re-intubation,
any percutaneous intervention after surgery, total number of
perioperative complications per patient, and total number of cardiac
surgeries during the same hospitalisation. Also, we made a similar
analysis for a subgroup of 134 patients who underwent cardiopul-
monary bypass with the replacement of variable “Use of CPB” by
“CPB time”.

Statistical analysis

Continuous variableswere summarised asmedians and interquartile
ranges, unless stated otherwise, and compared with the Mann–
Whitney U-test. Categorical ones were expressed as a number
and a percentage and compared with chi-square or Fisher’s exact
test. To determine the risk factors for perioperative complications
during the hospital stay, a multi-variate analysis considering any

Figure 1. Study flowchart. CPB, cardiopulmo-
nary bypass; POCs, perioperative complications;
STAT, Society of Thoracic Surgeons–European
Association for Cardio-Thoracic Surgery.
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perioperative complication developed during the hospital stay as the
dependent variable was performed by a logistic regression model
with a forward stepwise method. The same method was utilised
to identify the predictors of operative mortality considering
selected variables as covariates and operative death as an outcome

(dependent variable). All reported p values are two-sided.
Significance was set at a p value of less than 0.05. The Statistical
Package for the Social Sciences statistical software package (version
15.0; SPSS Inc., Chicago, Illinois, United States of America) and
Internet-based software (www.graphpad.com/quickcalcs) were used.

Table 1. Demographic, clinical, and procedural factors.*

Variable Number of patients with available data

Age (years) 0.76 (0.13–2.9) n= 294

≤30 days 67 (22.8%)

>30 days–1 year 102 (34.7%)

1–18 years 125 (42.5%)

Weight (kg) 8.0 (3.9–14.5) n= 293

Male 151 (51.7%) n= 292

Hb (g/L) 127 (114–138) n= 256

SpO2 (%) 97 (94–98) n= 287

CPB used 164 (55.4%) n= 296

Bypass time (n= 160), min 58 (28–118)

Malnourished 36 (12.2%)

Pre-maturity 50 (16.9%)

Major chromosome anomalies

Dawn’s syndrome 26 (8.8%)

Other major chromosome anomalies 5 (1.7%)

Previous cardiac surgeries 39 (13.2%)

Extracardiac structural anomalies 43 (14.5%)

Concomitant diseases 85 (28.7%)

Pre-operative pulmonary hypertension 14 (4.7%)

Pre-operative extracardiac infection 5 (1.7%)

Pre-operative inotropes infusion 10 (3.4%)

Prostaglandin E1 infusion before operation 18 (6.1%)

Pre-operative mechanical ventilation 31 (10.5%)

Any percutaneous intervention before surgery 11 (3.7%)

Any percutaneous intervention after surgery 6 (2.0%)

Emergency surgery 87 (29.4%)

STAT mortality category

1 110 (37.2%)

2 129 (43.6%)

3 22 (7.4%)

4 33 (11.1%)

5 2 (0.7%)

Re-intubation after surgery 16 (5.4%)

Total amount of cardiac operations during the hospital stay

1 268 (90.5%)

≥2 28 (9.5%)

Overall operative mortality 17 (5.7%)

CPB = cardiopulmonary bypass; Hb = haemoglobin; STAT = Society of Thoracic Surgeons–European Association for Cardio-Thoracic Surgery.
*Data displayed as median (interquartile range) and number (percent). Valid percent only is indicated.
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Results

The demographic, clinical, and procedural factors are represented
in Table 1. Of the 296 patients studied, 145 perioperative compli-
cations developed in 73 patients (24.7%; 95% confidence interval
21.1, 29.9). Overall hospital mortality for the entire cohort was
5.7% (confidence interval 3.6, 9.1); however, hospital mortality

among patients with at least 1 perioperative complication was
23.3% (confidence interval 15, 34.3). There was a strong associa-
tion between the number of perioperative complications per
patient and mortality (Table 2). There was no mortality in the sub-
group of patients without complications. The most frequent peri-
operative complications were post-operative bleeding requiring

Table 2. Complications and operative mortality (n= 296)

Patients, n (%; CI) Mortality, n (%; CI)

Patients with one POC 37 (12.5%; 9.2, 16.8) 3 (8.1%; 2.1, 22)*

Patients with two POCs 17 (5.7%; 3.6, 9.1) 6 (35.3%; 17.2; 58.9)*

Patients with three and more POCs 19 (6.4%; 4.1, 9.9) 8 (42.1%; 23.1, 63.8)*

Total patients with POCs 73 (24.7%; 20.1, 29.9) 17 (23.3%; 15, 34.3)

CI= 95% confidence interval; POC = perioperative complication
*The difference in mortality between groups is statistically significant (p= 0.007 by chi-square contingency table)

Table 3. Spectrum of POCs

Complication n Percent of patients (n= 296) Percent of total complications (n= 145)

Bleeding requiring transfusion 24 8.1% 16.6%

Post-operative low cardiac output 15 5.1% 10.3%

Sternum left open 12 4.1% 8.3%

Post-operative arrhythmia 9 3.0% 6.2%

Reoperation during this admission (unplanned reoperation) 9 3.0% 6.2%

Pneumonia 8 2.7% 5.5%

Bleeding requiring reoperation 6 2.0% 4.1%

Acute renal failure requiring temporary dialysis 6 2.0% 4.1%

Post-operative cardiac arrest 6 2.0% 4.1%

Post-operative respiratory insufficiency requiring re-intubation 6 2.0% 4.1%

Post-operative respiratory insufficiency requiring MV> 7 days 5 1.7% 3.4%

Post-operative AV block requiring temporary pacemaker 5 1.7% 3.4%

Unexpected post-operative pulmonary overcirculation 5 1.7% 3.4%

Post-operative pulmonary hypertension 3 1.0% 2.1%

Pleural effusion requiring drainage 3 1.0% 2.1%

Intraoperative death 3 1.0% 2.1%

Arterial hypertension 3 1.0% 2.1%

Post-operative septicaemia 2 0.7% 1.4%

Post-operative neurological deficit persisting at discharge 2 0.7% 1.4%

Post-operative new-onset seizures 2 0.7% 1.4%

Post-operative AV block requiring permanent pacemaker 2 0.7% 1.4%

Post-operative acidosis 2 0.7% 1.4%

Intracranial haemorrhage 2 0.7% 1.4%

Pneumothorax 1 0.3% 0.7%

Wound infection 1 0.3% 0.7%

Mediastinitis 1 0.3% 0.7%

Post-operative endocarditis 1 0.3% 0.7%

Other post-operative complication 1 0.3% 0.7%

AV = atrioventricular; MV = mechanical ventilation; POC = perioperative complication
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transfusion, post-operative low cardiac output, and sternum left
open after surgery. Other complications were less common
(Table 3). Our data were also compared with the Society of
Thoracic Surgeons Congenital Database.8 It was found that the
patients in our study were older, bigger, less complex, had less pre-
vious cardiac surgeries and fewer perioperative complications than
patients in the Society of Thoracic Surgeons Congenital Database
cohort (Table 4). The observed mortality in our study was not sta-
tistically different from the Society of Thoracic Surgeons
Congenital Database, whereas failure-to-rescue (i.e., mortality
among patients with perioperative complications) was signifi-
cantly higher in our series.

Young age, previous cardiac surgeries, extracardiac structural
anomalies, concomitant diseases, and the use of cardiopulmonary
bypass were identified as risk factors of perioperative complica-
tions (Table 5).

In order to assess the influence of the patients’ and periproce-
dural variables on the in-hospital death, we added to the analysis
some specific post-operative variables – re-intubation, any percu-
taneous intervention after surgery, total number of perioperative
complications, and total number of cardiac operations during
the same admission. The total number of perioperative complica-
tions per patient was the only independent risk factor for operative
mortality (Table 5).

In the analysis of the subgroup of patients with cardio-
pulmonary bypass, such variables as young age, concomitant
diseases, intravenous inotrope agents before operation, and

cardiopulmonary bypass time were the risk factors of perioperative
complications (Table 6).

Considering the impact of patient status and periprocedural
variables on operative mortality in the cardiopulmonary bypass
subgroup, cardiopulmonary bypass time was found to be the only
independent predictor for post-operative death (Table 6).

Finally, the multi-variate analysis of all perioperative complica-
tions for mortality revealed that post-operative low cardiac output
state and acute renal failure requiring replacement therapy were
significantly associated with operative mortality (Table 7).

Discussion

Our data have demonstrated that perioperative complications
occurred in 24.7% of our surgery patients, which is lower in com-
parison to high-income countries, where the complication rates
ranged from 39 to 44%.8,15,16 The difference can be explained by
the lower complexity of our patient cohort compared to Society
of Thoracic Surgeons Congenital Database and the weak data col-
lection discipline in our program during this stage of evolving.
Data collection for national or international registries is relatively
new in low- and middle-income countries.

Analysis of the operative mortality among patients with compli-
cations revealed a significantly higher mortality rate in our series
(23.3%) compared to a similar cohort of Society of Thoracic
Surgeons Congenital Database (9.1%). Pasquali et al previously
showed the strong association between lower hospital volume and

Table 4. Comparison of patient characteristics, POCs rates, and mortalities in the study DB and STS CDB

Study DB, n= 296 STS CDB, n= 40,930 p

Age (years) 0.76 (0.13–2.9) 0.58 (0.15–3.6) na

Weight (kg) 8.0 (3.9–14.5) 6.7 (3.9–14.7) na

Any non-cardiac/genetic abnormality, % (CI) 25 (20.4–30.3) 30 (29.6–30.4) 0.1

Previous cardiac operation, % (CI) 13.2 (9.8–17.5) 31 (30.6–31.5) 0.0001

STAT mortality category 1 and 2, % (CI) 80.8 (75.9–84.6) 58 (57.5–58.5) 0.0001

Overall operative mortality, % (CI) 5.7 (3.6–9.1) 3.7 (3.5–3.9) 0.089

Pts with ≥ 1 any POC, % (CI) 24.7 (20.1–29.9) 39.3 (38.8–39.8) 0.0001

Mortality among pts with POCs, % (CI) 23.3 (15.0–34.3) 9.1 (8.7–9.5) 0.0001

CI= 95% confidence interval; DB = database; na = not applicable; POCs = perioperative complications; pts = patients; STAT = Society of Thoracic Surgeons–European Association for Cardio-
Thoracic Surgery; STS CDB = Society of Thoracic Surgery Congenital Database

Table 5. Multi-variate logistic regression analyses for prediction of POCs and operative mortality (n= 246)

Variable B-coefficient p value OR 95% CI for OR

“POCs” used as the outcome

Age (years) −0.28 0.008 0.76 (0.61, 0.93)

Previous cardiac surgeries 1.25 0.011 3.50 (1.33, 9.20)

Extracardiac structural anomalies 1.11 0.013 3.03 (1.27, 7.26)

Concomitant diseases 1.17 0.009 3.23 (1.34, 7.72)

CPB used 1.85 0.001 6.33 (2.45, 16.4)

“Death” used as the outcome

Number of POCs per patient 0.64 0.031 1.89 (1.06, 3.37)

CI = confidence interval; CPB = cardiopulmonary bypass used; POCs = perioperative complications; OR, odds ratio
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higher mortality among patients with post-operative complications
(i.e., Failure to Rescue) in paediatric heart surgery.17 Also, Chan et al
found that Hispanic ethnicity was associated with increased odds of
experiencing a complication; however, Black race and other ethnic-
ity were risk factors for failure-to-rescue when comparedwithWhite
race.18 Such racial disparities are hardly applicable to our study,
which had a homogeneous ethnic population. The data obtained
in our analysis suggest that Failure to Rescue is likely to have a
greater impact on operative mortality in the program with limited
resources.

The three most common perioperative complications in our
study were post-operative bleeding, low cardiac output status,
and sternum left open. Previous studies results reported a low car-
diac output status, use of inhaled nitric oxide and hyperglycaemia15

or unplanned reoperation, acute renal failure requiring dialysis and
surgical wound infection19 as the most common events.

Although the spectrum of complications is largely dependent
on case-mix, nevertheless actual features of the particular program,
such as the lack of adequate monitoring of coagulation status after
surgery (e.g., unavailability of thromboelastography or other blood
viscosity tests, protein C or anti-Xa activity test) and/or the limited
availability of blood products for haemostasis (e.g., platelets are not
available urgently, fibrinogen and clotting factors concentrate are
not available at all or very expensive), also cannot be ignored.
Moreover, we know that delays in recognising and instituting
corrective interventions are a significant cause of higher mortalities
in failure-to-rescue differences seen between programs.20–22

Additionally, one must consider the higher mortality in patients
with perioperative complication in the context of the local
situation, we do not have any device (extra-corporeal membrane
oxygenation, Ventricular Assist Device) for extracorporeal support
for those cases with low cardiac output or severe post-operative
pulmonary hypertension.23,24

The other most common complication in our series was the
delayed sternal closure, although it was not statistically associated
with mortality. Previous studies showed that delayed sternal clo-
sure, mainly used for haemodynamic instability and uncontrolled
bleeding, was associated with an increased rate of surgical
infection25,26 and operative mortality.27 Other authors, using

delayed sternal closure more electively to avoid post-operative
cardiac or respiratory compromise, support an acceptable morbid-
ity and mortality associated with delayed sternal closure in a
paediatric population.28,29

Such a spectrum of complications in various programs empha-
sises the need for routine identification and monitoring of compli-
cations in each specific program as the part of an effective quality
improvement projects. It should be noted that the number of infec-
tious complications was quite low in our series, in spite of the lim-
itations of system resources. We attribute this result to the active
implementation of infection control protocol and hand hygiene cul-
ture in our practice in the framework of the International Quality
Improvement Collaborative project IQIC.30,31

We have demonstrated that experiencing complications after
paediatric cardiac surgery is an independent risk factor for death
and failure-to-rescue is themajor contributor for operativemortality
in a program with limited systemic resources. Identifying the pat-
terns of perioperative complications, their nature, and significance
can provide the valuable material for the development of strategies
for their reduction. During the development of such strategies, one
should take into account all three components of perioperative com-
plications management – prevention, detection and compensation.
Moreover, for most perioperative complications, the significance of
each of these components is also different. For instance, it is clear
that prevention plays a key role in the reduction of surgical infection
rate, but adequate compensation may be the best strategy tomanage
low cardiac output syndrome with extra-corporeal membrane oxy-
genation playing a significant role. Considering the spectrum of
perioperative complications in our series, we think that the availabil-
ity of: (1) paediatric transoesophageal echo, (2) thromboelastogra-
phy-based blood management protocol, and (3) extra-corporeal
membrane oxygenation could significantly decrease complication
rates and improve failure-to-rescue. Current economic constraints
in Ukrainian healthcare prevent these acquisitions at this time.

Limitations

Our study has some limitations. First, the retrospective design with
a limited number of patients at a single institution prevents

Table 6. Multi-variate logistic regression analyses for prediction of POCs and operative mortality in a subgroup with CPB (n= 134)

Variable B-coefficient p value OR 95% CI for OR

“POCs” used as the outcome

Age (years) −0.92 0.027 0.39 (0.18, 0.90)

Extracardiac structural anomalies 1.28 0.035 3.58 (1.09, 11.73)

Pre-operative pulmonary hypertension 2.57 0.039 13.1 (1.14, 149.1)

CPB time (min) 0.02 0.0002 1.02 (1.00, 1.03)

“Death” used as the outcome

CPB time (min) 0.09 0.05 1.09 (1.00, 1.19)

CI = confidence interval; CPB = cardiopulmonary bypass; OR = odds ratio; POC = perioperative complications

Table 7. Multi-variate logistic regression analysis of all POCs only for operative mortality prediction (n= 296)

Variable B-coefficient p value OR 95% CI for OR

Post-operative low cardiac output 2.88 0.046 17.87 (1.05, 303.9)

Acute renal failure requiring temporary dialysis 6.14 0.001 465.9 (16.7, 12,970)

CI = confidence interval; OR = odds ratio; POC = perioperative complications
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extrapolation of the obtained data to other programs. Second, the
lack of a proper culture of data management typical of low- and
middle-income countries could potentially affect the accuracy of
the complications screening.

Conclusion

In countries with limited systemic resources, failure-to-rescue is a
major contributor to operative mortality in paediatric cardiac sur-
gery. Further efforts are likely to be addressed to both the reduction
of complications development (failure-to-prevent) and to improve
the compensation for an already existing complication (failure-
to-rescue) by developing algorithms, protocols, and checklists
adjusted for the conditions of a particular program.
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