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ABSTRACT

Objective: To enhance the results in pediatric cardiac intensive care patients, it is essential to 
determine the personnel, organisation and equipment status that require improvement. This 
study aimed to evaluate the current status in the units where pediatric cardiac intensive care 
patients are admitted, in Türkiye.

Method: The study was carried out by means of an online questionnaire form delivered to 
the chief physicians of intensive care units. The number of patients admitted in the intensive 
care unit, scope of the surgeries, the number and specialities of physicians and staff who are 
involved, their roles in patient care, as well as the use of monitorisation methods were defined. 
Descriptive statistics were applied to the results.

Results: The intensive care units are most commonly found in educational institutions and 
there is a high rate of subspecialty training clinics. The majority of the units are medical and 
surgical mixed units (76%) and pediatric-only (96%). Pediatric intensive care specialists 
are most often asserted as the primary responsible physician (48%). The average number 
of surgeries and annual number of admitted patients are variable among the institutions. 
Interventional procedures are performed (92%) and cardiac mechanical support systems are 
used (84%) in the vast majority of the institutions.

Conclusion: There is great heterogeneity in patient volumes, personnel status and 
organisation styles of the units in which pediatric cardiac intensive care patients are admitted. 
In the future, all these types of patients should be cared for in pediatric-only units and 
physicians specialized in Pediatric Intensive Care should be present in the teams caring for 
these patients.

Keywords: Congenital heart defects, pediatric cardiac intensive care, postoperative critical care

ÖZET

Amaç: Pediyatrik kardiyak yoğun bakım hastalarındaki sonuçları iyileştirmek için, geliştirilmesi 
gereken personel, organizasyon ve ekipman durumunu belirlemek önemlidir. Bu çalışma, 
Türkiye'de pediyatrik kardiyak yoğun bakım hastalarının kabul edildiği ünitelerdeki mevcut 
durumu değerlendirmeyi amaçlamaktadır.

Yöntem: Çalışma, yoğun bakım ünitelerinin sorumlu hekimlerine ulaştırılan çevrimiçi anket 
formu ile gerçekleştirildi. Yoğun bakım ünitesine kabul edilen hasta sayısı, yapılan ameliyatların 
kapsamı; hasta bakımında görev alan hekim ve personelin sayısı ve uzmanlık alanları, hasta 
bakımındaki rolleri ve kullanılan monitörizasyon yöntemleri tanımlandı. Sonuçlar üzerinde 
tanımlayıcı istatistikler uygulandı.

Bulgular: Ünitelerin çoğunluğu eğitim kurumlarında yer almakta ve yüksek oranda yan dal 
eğitim kliniği bulunmaktadır. Ünitelerin çoğunluğu medikal ve cerrahi karma (%76) ve yalnızca 
pediyatrik hasta takibi yapan (%96) ünitelerden oluşmaktadır. Birincil sorumlu hekim olarak en 
sık Pediyatrik yoğun bakım uzmanları belirtilmiştir (%48). Ameliyatların sayısı ve yıllık hasta 
kabul sayısı kurumlar arasında değişikenlik göstermektedir. Girişimsel işlemler yüksek oranda 
(%92) yapılmakta ve kardiyak mekanik destek sistemleri kurumların büyük çoğunluğunda 
(%84) kullanılmaktadır.

Sonuç: Pediatrik kardiyak yoğun bakım hastalarının kabul edildiği birimlerin hasta hacimleri, 
personel durumu ve organizasyon yapıları arasında büyük bir heterojenlik bulunmaktadır. 
Gelecekte, tüm hastaların yalnızca pediatrik birimlerde bakılması ve bu hastaların bakımını 
üstlenen ekiplerde Pediyatrik Yoğun Bakım uzmanlarının mutlaka yer alması gerekmektedir.

Anahtar Kelimeler: Konjenital kalp hastalıkları, pediyatrik kardiyak yoğun bakım, postoperatif 
yoğun bakım
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Patients who have undergone cardiac surgery in the 
pediatric age group have an increased risk of mortality 

and morbidity. In order improve the prognosis of this patient 
group, it is critical that follow-up and treatment of patients 
be performed with a multidisciplinary approach, by all the 
relevant branches, especially pediatric intensive care specialists, 
cardiovascular surgeons and pediatric cardiologists. In addition, 
other healthcare professional should be trained in this field and, 
whenever possible, be well practised.1–3

This survey was designed to evaluate the current status in the 
units where pediatric cardiac intensive care patients are admitted 
in Türkiye. The aim of the study was to determine the number of 
patients who were operated on for pediatric cardiac diseases and 
followed up in intensive care units, the scope of the surgeries 
performed, as well as the number of physicians and personnel 
responsible and involved, their duties, working system and 
technical equipment.

Materials and Methods

The research was conducted as a survey study for the chief 
physicians of intensive care units of the centers where cardiac 
operations are performed in pediatric patients in Türkiye. 
The questionnaire was delivered to the participants via the 
Google forms platform and the answers were recorded. Each 
questionnaire was filled out by a single physician from every 
unit. In addition to the number of patients who were operated 
and followed up for pediatric cardiac disease in the intensive care 
unit, defining the scope of the surgeries performed, the number 
of physicians and staff who are involved, their duties, working 
system and technical equipment status were the primary 
endpoints of the research. A sample of the questionnaire form is 
presented in the Appendix.

Once the data was obtained from the recorded answers, 
descriptive statistics were applied, mean±standard deviation 
were calculated and frequencies were indicated as percentages 
(%). The study was conducted in accordance with the 
Declaration of Helsinki and the study was approved by Health 
Sciences University İzmir Tepecik Training and Research Hospital 
Non-Interventional Research Ethics Committee (Approval 
Number: 2023/06-20, Date: 13.07.2023). This work was 
exempt from patient consent and no artificial intelligence (AI)– 
assisted technologies were used its production.

Results

Pediatric cardiac surgery patients are followed up in 
approximately twenty-five centers in Türkiye. Twenty one 
of these (84%) are located in the three regions of Marmara, 
Aegean and Central Anatolia. Sixteen of the survey participants 
were working in a University Hospital, whereas nine were 
working in the Training and Research Hospitals and City 
Hospitals affiliated with the Ministry of Health. As stated by 
the participants, 56% of these institutions provide pediatric 
intensive care fellowship programme, 72% provide neonatal 
intensive care fellowship programme, 76% provide pediatric 
cardiology fellowship programme, 56% provide pediatric 
cardiovascular surgery fellowship programme and 64% provide 
adult intensive care fellowship programme. In twenty-one 
institutions, the chief physician is a faculty member and of 

those who participated in the survey, nineteen (76%) were 
pediatric intensive care specialists, three (12%) were pediatric 
cardiac surgeons, two (8%) were pediatric cardiologists and 
one (4%) is an anesthesiologist.

The types of units that the survey participants were responsible 
for, the first unit in which patients were admitted in the 
postoperative period and the primary responsible physician for 
the follow-up of pediatric cardiac intensive care patients, are all 
summarized in Table 1. The total number of beds in the units 
varied from seven to 39, and it was revealed that 4% of all units 
had beds reserved only for pediatric cardiac surgery patients. 
Apart from the six units that serve only as pediatric cardiac 
intensive care units (PCICUs), it was determined that 36% of the 
units surveyed had beds reserved exclusively for pediatric cardiac 
surgery patients.

On the issue of follow-ups, the answers to the question 
“Which branches should be in the follow-up of pediatric 
cardiac intensive care patients?” are summarized in Table 
1. In the follow-up of the postoperative patients treated on 
the ventilator, the patient/nurse ratio was reported as 1/1 
by 8%, 2/1 by 68%, 3/1 by 12% and 1/1 or 2/1 by 12% of 
the participants. The time period since the congenital cardiac 
surgery operations were started in the institution, the average 
number of surgeries performed per year, the average number 
of pediatric bypasses performed per year and the number of 
pediatric cardiac intensive care patients admitted per year, are 
all summarized in Table 2.

The types of surgeries performed and the rates at which 
they are performed in these centers are reported in Figure 1. 
Pediatric cardiac interventional procedures are performed in 
92% of the centers and cardiac mechanical support systems 
for pediatric patients are used in 84% of them. The number 
of extracorporeal membrane oxygenations (ECMOs) applied 
annually with respiratory and cardiac indications, as well 
as extracorporeal cardiopulmonary resuscitation (E-CPR) 
numbers, are shown in Table 3.

Of the centers participating in the survey, 28% were 
transplant centers. It was determined that four of the five 
centers where ventricular assist device (VAD) is applied, had 
less than five applications per year, whereas one of them has 
five to ten applications per year. In our survey study, the use 
of monitoring systems in pediatric patients was also queried 
and the types, as well as their individual rates of use in these 
centers, are shown in Table 4.

ABBREVIATIONS
ECMO Extracorporeal membrane oxygenation
etCO2 End tidal CO2

NIRS Near infrared spectroscopy
PCICU Pediatric cardiac-only intensive care units
PCICUs Pediatric cardiac intensive care units
PiCCO Pulse contour cardiac output
PICUs Pediatric intensive care units
ScvO2 Central venous oxygen saturation
VADs Ventricular assist devices
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Discussion

Pediatric cardiac intensive care patients are in the high-risk 
group for mortality and morbidity due to cardiac diseases, 
comorbidities or complications. Determining the current 
personnel and equipment status and the issues that require 
improvement, is useful for prevention of high-risk circumstances. 
As no comprehensive report on the number of pediatric cardiac 
intensive care patients admitted in Türkiye, the types of surgeries 
performed, the status of the responsible and assigned doctors 
and their roles, nor their technical equipment were found, the 
results of the survey study will contribute to the literature.

Most of the units were grouped in the big cities of three regions 
of the country, which indicates a heterogeneity in the distribution 
of healthcare services for pediatric cardiac patients. Sixteen of the 
survey participants who were in charge of the unit were working in 
a university hospital and twenty-one were faculty members. In a 
survey conducted in the USA in 2009, it was determined that 79% 
of the institutions where pediatric cardiac intensive care patients 
were followed, were university hospitals.4 The predominance 
of university hospitals in the follow-up of the patient group of 
the current survey is a result of advanced treatment options in 

tertiary health institutions, as well as due to the priority of case 
diversity in educational institutions. In addition, there was a high 
rate of subspecialty training clinics in participating centers. Of 
the participants, nineteen (76%) were pediatric intensive care 
specialists. This is a positive result of the increasing number of 
pediatric intensive care specialists who graduated since 2012.

In terms of patient content, the type of units that the survey 
participants are responsible for are stated as medical and 
surgical mixed units in nineteen centers (76%) and pediatric 
cardiac-only intensive care units (PCICU) in six (24%) centers. 
It was determined that the percent of mixed units was high 
in comparison to western countries.4,5 Among these nineteen 
centers, one was an adult- pediatric mixed unit and the other 
eighteen were pediatric intensive care units (PICUs). Although 
Eldadah et al.6 reported a decrease in mortality and morbidity 
after the organization of a unit where only pediatric cardiac 
surgery patients are cared for; this may be related to the 
institution's increased experience in pediatric cardiac surgery. 
Also the number of cases and the rate of complex cases did 
not increase in time. In addition, in a study also published by 
Burstein et al.7 in 2011, it was reported that the results were 

Table 1. Distribution of the Type of Units, Units of First Admission, Primary Responsible Physician and Branches that Follow Up the 
Patients
The types of units that the survey 
participants are responsible for

Mixed pediatric intensive care unit (medical + pre and post-operative patients) 18 (72%)

Pediatric-only cardiac ICU unit 6 (24%)

Medical + surgical + cardiac intensive care unit (both adult and pediatric) 1 (4%)

The first unit in which patients are 
admitted in the postoperative period

Pediatric cardiac intensive care unit 9 (36%)

Cardiovascular surgery intensive care unit (adult + pediatric) 5 (20%)

Mixed pediatric intensive care unit (medical + surgical) 4 (16%)

The unit where the patient will be admitted is determined according to the patient’s 
condition

7 (28%)

Primary responsible physician for 
the follow-up of pediatric cardiac 
intensive care patients

Pediatric intensive care specialist 12 (48%)

Only cardiac surgeons 4 (16%) 

Only pediatric cardiologists 2 (8%) 

Pediatric intensive care specialists and cardiovascular surgeons 1 (4%) 

Cardiac surgeons and anesthesiologists 1 (4%)

Anesthesiologists and pediatric cardiologists are equally responsible 1 (4%) 

The attending physician of the unit that the patient is admitted, responsible. 1 (4%)

Answers for “Which branches should 
be in the follow-up of pediatric 
cardiac intensive care patients?”

Pediatric intensive care specialist 24 (96%)

Pediatric cardiac surgeon 21 (84%)

Anesthesiologists 4 (16%)

Pediatric cardiologist 23 (92%)

Neonatal intensive care specialist 12 (48%)

Pediatric radiologist 1 (4%)

Pediatric Nephrology, Neurology, Gastroenterology, Endocrinology, Genetics, Infectious 
diseases

1 (4%)

ICU: Intensive care unit.
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no different from mixed units in terms of mortality, length of 
hospitalization and complications in patients treated in CICUs, 
except for patients in certain surgical risk categories. In our 
country, the units providing intensive care services for critically 

ill children (PICUs) are mostly organized in a mixed manner. 
Pediatric Intensive Care specialists working in these PICUs 
graduate from subspecialty training programs, preparing them 
to shoulder responsibility for both medical and surgical patients.

Figure 1. The type of pediatric cardiac surgeries carried out in the centers.

ASD, Atrial septal defect; VSD, Ventricular septal defect, AVSD, Atrioventricular septal defect; DORV, Double outlet right ventricle; BT shunt, Blalock-Taussig 
shunt; TAPVD, Total anomalous pulmonary venous drainage.

Table 2. Experience and Patient Volume of the Institutions
Congenital cardiac surgery operations are performed in the institution for 5 years or less 28%

5–10 years 24%
10–20 years 28%
More than 20 years 16%

The average number of surgeries performed per year 0–50 24%
50–100 20%
100–200 16%
200–300 4%
300–500 20%
More than 500 16%

The average number of pediatric bypasses performed per year 0–50 32%
50–100 16%
100–200 28%
200–300 8%
300–500 4%
More than 500 12%

Pediatric cardiac intensive care patients admitted per year 0–50 36%
50–100 12%
100–200 8%
200–300 8%
300–500 16%
More than 500 20%
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Apart from the six units that served only as pediatric cardiac 
intensive care units, it was found that 36% of the units had beds 
reserved only for pediatric cardiac surgery patients. This rate is 
similar to the data reported by Horak et al.5 in the USA in 2018. 
Intensive care unit beds in our country serve with a high occupancy 
rate, throughout the year, and it is imperative to plan surgeries 
of pediatric cardiac surgery patients in a timely manner. For this 
reason, the presence of beds reserved for cardiac surgery patients in 
some of these units, contributes to planning the surgeries on time.

In the survey, mixed cardiovascular surgery intensive care units 
(adult + child) are specified as the first units in which patients 
were hospitalized in the postoperative period at a rate of 20% 
(5 units). Although cardiovascular surgery intensive care units 
are served by experienced teams, critically ill children differ 
significantly from adult patients, and the medical troubles of 
these patients involving more than one organ system require 
pediatric expertise.8 In the units to be structured in the future, 
priority should be given to the management of the care of 
pediatric patients by specialties appropriate for the age group.

Pediatric intensive care specialist was listed as the primary 
responsible physician in the follow-up of pediatric cardiac 
intensive care patients in twelve (48%) units. With the increase 
in the number of pediatric intensive care specialists, this rate is 
expected to increase.

Participants were asked their opinion on which branches should be 
in the follow-up of pediatric cardiac intensive care patients. Due 
to the complex medical and surgical problems of pediatric cardiac 
intensive care patients, it is possible to improve the prognosis 
by monitoring them using a multidisciplinary team consisting 
of related branches.9,10 In the prevention of complications in 
particular, the knowledge, experience and equipment status of 
the physicians and staff gains importance.6,11–14

In the follow-up of critically ill children treated on a mechanical 
ventilator, it is recommended that the patient/nurse ratio should 
ideally be arranged in such a way that there are no more than 
two patients per nurse.12,15 In our survey, it was determined that 

this ratio or even a 1/1 ratio could be achieved in 76% of the 
participants. In order to increase the quality of care in these 
patients, it is imperative to make appropriate assignments in 
order to provide this rate in all units.

The average numbers of pediatric cardiac intensive care patients 
admitted per year in every unit, are parallel with the number 
of surgeries performed per year, per institution. In pediatric 
cardiac surgery, it is known that the annual number of surgeries 
performed at the center is associated with survival, especially 
in the early postoperative period.16 In addition, the length of 
intensive care unit stay and complication rates decrease in parallel 
with the experience of the center.6,17 For this reason, it can be 
predicted that the centralization approach in the healthcare 
system and operating on patients in more experienced centers, 
particularly in complex cardiac surgery cases, will have positive 
effects in terms of prognosis.

Pediatric cardiac interventional procedures were performed in 
92% of the centers and cardiac mechanical support systems was 
reportedly used in 84%. It was found that four of the five centers 
where VADs were applied had fewer than five applications per 
year, and only one had five to ten applications per year. Since 
many centers where cardiac mechanical support systems are 
used are not transplant centers, patients who do not improve 
with cardiac mechanical support systems need to be referred to 
transplant centers when there is an indication for transplantation 
and when there is an appropriate donor.

The number of ECMOs administered annually with respiratory 
indications was found to be less than ten in eighteen (72%) 
centers and the annual number of ECMOs applied with cardiac 
indications, less than ten per year in ten (40%) centers. In ten 
(40%) of the twenty-five centers, E-CPR was never performed. 
According to the data published by Barbaro et al.18 in 2015, the 
increase in the ECMO experience of a center has been shown to 
have a positive effect on mortality. On the other hand, the use 
of ECMO has been shown to have a positive effect on survival in 
cardiac arrest that does not correspond to traditional resuscitation 
in pediatric intensive care.19 For this reason, improving the ECMO 
organization and increasing the experience in the centers where 
high-risk postoperative pediatric cardiac patients are followed, 
will have a positive effect on patient outcomes.20

Table 3. Average Number of ECMO and E-CPRs
The annual number of ECMOs for 
respiratory indications 

Not applied 6 (24%)

Less than 10 18 (72%)

10–30 1 (4%) 

The annual number of ECMOs for 
cardiac indications 

Not applied 4 (16%)

Less than 10 10 (40%)

10–30 8 (32%)

30–50 3 (12%)

Total number of E-CPRs Never 10 (40%)

1–5 7 (28%)

6–10 2 (8%)

11–20 2 (8%)

More than 20 4 (16%)

ECMO, Extracorporeal membrane oxygenation; E-CPR, Extracorporeal 
cardiopulmonary resuscitation.

Table 4. Monitoring Methods Used for Pediatric Cardiac Intensive 
Care Patients
Use of monitoring methods Number of centers (%)
NIRS 20 (80%) 

SVO2 22 (88%) 

Lactate 24 (96%) 

etCO2 23 (92%) 

USG 24 (96%)

Echocardiography 25 (100%)

PICCO 8 (32%)

Non-invasive cardiac output measurement 8 (32%)

NIRS, Near Infrared Spectroscopy; SVO2, Venous Oxygen Saturation; etCO2, 
End Tidal CO2; USG, Ultrasound Sonography; PiCCO, Pulse Contour Cardiac 
Output.
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In our survey study, the use of monitoring methods in pediatric 
patients was also examined. Near infrared spectroscopy (NIRS) 
was used in twenty (80%) centers, central venous oxygen 
saturation (ScvO2) in twenty-two (88%) centers, lactate in 
twenty-four (96%) centers, End tidal CO2 (etCO2) in twenty-three 
(92%) centers, Ultrasonography in twenty-four centers (96%), 
Echocardiography in twenty-five centers (100%), minimally 
invasive hemodynamic monitoring [pulse contour cardiac output 
(PiCCO)] in eight centers (32%), and non-invasive cardiac output 
measurement in eight centers (32%). In the Horak et al.5 2018 
study, it was stated that while NIRS and etCO2 were used in all 
centers, non-invasive cardiac output measurement and advanced 
data analytical methods were used in less than 20% of units. Ease 
of access and user experience are usually decisive in determining 
which monitoring methods will be used.21

To the best of our knowledge, these twenty-five centers represented 
all of the centers in our country performing pediatric cardiovascular 
surgical procedures. The participants were chief attending physicians 
of the units in which pediatric cardiac surgical patients are admitted. 
The main limitation of the study is that it is a survey study and 
the data is derived from participants and not medical records. This 
may have caused some discrepancies, specifically concerning data 
regarding the numbers of surgeries and types of surgeries carried 
out in each center, every year. On the other hand, the study gives 
valuable information about perspectives of physicians in the field.

Conclusion

There is great heterogeneity in patient volumes, personnel 
status and organisation styles of the units in which pediatric 
cardiac intensive care patients are admitted. The effect of this 
heterogeneity on education and patient care should be further 
investigated by cohort studies. Multidisciplinary patient care is 
a positive aspect of the units in our country, which should be 
underlined and further improved.

In the future, instead of mixed units, all the units should be 
planned exclusively for pediatric patients, where the patient care 
is given by specialties appropriate for the age group. Pediatric 
Intensive Care specialists must invariably be present among the 
team members responsible for the care in these units.
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