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Abstract

Aim  Cardiac surgical procedures performed with extracorporeal circulation or perfusion techniques retain their importance in treating heart disease and often represent an alternative
method. This survey aimed to identify and evaluate the current practice of perfusionists in cardiovascular surgery clinics in Turkey.

Material and  This study is a prospective and descriptive etiological study. Surveys regarding the current practices of perfusionists were created as part of the study. The created surveys were sent to
Method  perfusionists in Turkey voluntarily through the application "Google Forms", and the data were collected. The data obtained from the surveys were statistically analyzed.

Results  In this study, 80 perfusionists from 28 centres participated in the survey. Thirty-four participants were under 30 years old, 12 were between 31 and 35 years old, 16 were between 36 and
40 years old, and 18 were over 40 years old. Of the participants, 46 were female and 34 were male. The study collected descriptive data, information on cardiac clinics, cardiopulmonary
bypass practices, use of cardioplegia, and other assistive devices.

Conclusion  There have been significant advances and changes in cardiac surgery surgeries performed with cardiopulmonary bypass over approximately 70 years from the past to the present.
However, we believe that there are ongoing or pending issues.

Keywords ~ Cardiopulmonary bypass, Current Practices, Perfusionist, Survey

Ozet
Amag  Ekstrakorporeal dolasim teknikleri veya perfiizyon teknolojisi kullamlarak gerceklestirilen kardiyak cerrahi, kalp hastaliklarmin tedavisinde 6nemini korumakta ve ¢cogu zaman alternatifi olmayan bir
yontemdir. Bu anket calismasinda, Tiirkiyede kalp damar cerrahisi kliniklerinde calisan perfiizyonistlerin giincel uygulamamalinin belirlenmesi ve degerlendirilmesi amaglands.

Geregve  Bu aragtirma prospektif ve tamimlayici nitelikte etyolojik bir ¢alismadir. Calismada, perfii istlerin giincel lamalari ile ilgili anket sorular: olugturuldu. Olugturulan anket sorular: “Google Forms”

Yontem  yygulamas: iizerinden Tiirkiyedeki perfiizyonistlere elektronik ortamda goniilliiliik esasina gore gonderildi ve veriler toplandy. Anketten elde edilen veriler istatistiksel olarak analiz edildi.

Bulgular  Yapilan bu calisma anketine 28 merkezden toplam 80 perfiizyonist katildr. Katilimcilarin 34dii 30 yas ve altt, 12%i 31-35 yas araliginda, 16’1 36-40 yas araliginda ve 1851 40 yas iistiindeydi. Katthmcilarin
46’1 kadind: ve 34'ii erkekti. Bu calismada; tanimlayict veriler, kalp kliniklerine ait bilgiler, kardiyopul bypass lamalarina ait bilgiler, kardiyopleji kull ve diger yardimct ekipmanlara
ait bilgiler elde edildi.

Sonug  Kardiyopulmoner bypass esliginde yapilan kalp cerrahisinde, gegmisten giiniimiize yaklagik 70 yillik bir siirecte Gnemli ilerlemeler ve degisiklikler olmugstur. Ancak hala devam eden veya ¢oziilmesi gereken
sorunlarinda oldugunu diisiinmekteyiz.

Anahta;

Kel’:mele: Kardiyopulmoner bypass, Giincel Uygulamalar, Perfiizyonist, Anket
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INTRODUCTION
Cardiac surgery procedures performed using extracorpor-
eal circulation techniques (cardiopulmonary bypass (CPB)
in cardiac surgery) retain their importance in treating
heart disease and are often an alternative method. CPB is
defined as the temporary cessation of cardiac and pulmo-
nary functions during cardiac and aortic surgical proce-
dures and the continuation of these functions by the heart-
lung machine.! The existence of the heart-lung machine is
the result of many developments. Despite the first investi-
gators who designed the circuit to an oxygenator outside
the body and pumped it to perform intracardiac surgery
are unknown, the 1885 publication by Frey and Gruber is
a notable early attempt to build a gas exchange machine.?
The primitive pump and oxygenator designs that emerged
from the work of physiologists and engineers in the late
19th century were the precursors to the great work of De-
Bakey in developing roller pumps and of Gibbon in devel-
oping oxygenators.” The advent of the CPB machine and
its ability to allow blood flow made open heart surgery
possible in humans. On May 6, 1953, the first successful
use of the heart-lung machine was performed by Dr Gib-
bon (John Heysham Gibbon, Jr.) on an 18-year-old woman

named Cecilia Bavolek.?

Today, perfusionists are responsible for the management
of the heart-lung machine. They also play an important
role in managing extracorporeal circulation devices. Nev-
ertheless, in the early years of CPB, the heart-lung ma-
chines were managed by surgeons (usually assistants) and
laboratory technicians in research laboratories. Later, this
task was gradually taken over by “technicians” from vari-
ous fields trained “on the job”4 In 1964, a group of “per-
fusionists” (a designation attributed to Bennett Mitchell)
met, and in 1968 they formed the American Society of
ExtraCorporeal Technology (AmSECT). In the late 1960s
and early 1970s, the need for perfusionists increased dra-
matically with the advent of coronary artery surgery and
more successful valve surgery.* In 1974 AmSECT estab-

lished the American Board of Cardiovascular Perfusion

(ABCP). The first undergraduate perfusion program was
founded by James Dearing at Ohio State College in 1969,
and Charles Reed founded the famous Texas Heart Insti-
tute School of Perfusion in 1971. In 1991, the European
Cardiovascular Perfusion Board was established.* In Tur-
key, on the other hand, the law enacted in 2011 created
the legal basis for the perfusionist profession.” However,
organizational structuring in Turkey began with establish-
ing of the Perfusionist Association in 1997.° Even though
the development of cardiovascular perfusion historically
arose from the need for CPB, the recent development of
extracorporeal assist technology or perfusion technology
has led to its expansion beyond the traditional field."”*
The profession of perfusionist will retain its importance
soon. Developments in science and technology will bring
absolute changes in the practice of the perfusionist. The
qualification, knowledge, duties and responsibilities of the
clinical perfusionist and the professional profile of the per-
fusionists are in a clear and current evolution in terms of

competence.”®

This review study aims to identify and evaluate the cur-
rent practice of perfusionists working in cardiovascular
surgery clinics in Turkey. This study is a prospective and

descriptive etiological study.

MATERIALS and METHODS
This research is a prospective and descriptive etiologi-
cal study. Approval was obtained from the Clinical Re-
search Ethics Committee of Harran University for this
study without drugs (date: 11.14.2022 - approval number:
HRU/22.22.16). Voluntary informed consent was obtained
from all participants prior to the study. This study was con-

ducted under the principles of the Declaration of Helsinki.

Data Collection Tools and Data Analysis
Current practice surveys were created in this study. The
created surveys were sent to the perfusionists in Turkey
voluntarily in an electronic environment (on the Inter-

net) between January 19 and February 02, 2023, using the
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“Google Forms” application, and the data were collected.
The data obtained from the surveys were recorded and
analyzed by statistical analysis. The statistical analyzes in
our study were performed using the SPSS® computer pro-
gram. Frequency and percentage analyzes were performed

for nominal data.

Inclusion and Exclusion Criteria
Those having the Perfusionist profession authority speci-
fied in the Law of the Republic of Turkey, numbered 1219,
on the style of the practice of medicine and medical arts,
and those working as active perfusionists in the public or
private sector in Turkey at the time of the survey were in-

cluded in the study voluntarily.

RESULTS

In this study, 80 perfusionists from 28 centres participated

in the survey. Thirty-four participants were under 30 years
old, 12 were between 31 and 35, 16 were between 36 and
40, and 18 were over 40. Of the participants, 46 were fe-
male and 34 were male. Information on their educational
attainment status, the institution they work for, and their

years of employment can be found in Table 1.

Number of perfusionists in the clinic, number of perfu-
sionists involved in the cases, presence of written CPB pro-
tocol in the clinic, make/model of cardiopulmonary ma-
chine used, type of arterial pump head of cardiopulmonary
machine, type of tubing set/oxygenator used, integrated
cardiopulmonary machine, presence of online blood gas/
electrolyte tracking system, presence of cardiopulmonary
machine, electronic venous occlusion, and information on

CPB safety systems used are given in Table 2.

Table 1. Descriptive data (Demographic information)
N %
Number of perfusionists surveyed 80 100
Number of heart centres of participating perfusionists 28 100
<30 34 42.5
Age range (Year) 313 12 b
36-40 16 20
>40 18 22,5
Gender Male 34 44.5
Female 46 57.5
Bachelor's degree in perfusion 20 25
Education certificate status Perfusion graduate diploma 52 65
Perfusionist authorization certificate 8 10
MH Training and Research Hospital 54 67.5
MH Public Hospital 8 10
Institution Employed MH Heart Branch Hospital 2 2.5
University Hospital 10 12.5
Private Hospital 6 7.5
<1 10 12.5
Working time as a perfusionist (Year) 23 2 0
6-10 14 17.5
>10 24 30
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Table 2. Cardiac clinic information
N %

<1 4 5

2-5 36 45
Number of perfusionists in the clinic

6-10 36 45

>10 4 5

1 Person 24 30
How many perfusionists enter cases in the clinic

2 Persons 56 70

Available 40 50
Presence of written CPB protocol in the clinic

None 40 50

Stockert S3 6 7.5

Stockert S5 38 47.5

Corin C5 18 2255
Heart-lung machine brand/model used Quantum 2 2.5

Terumo system1 4 5

Magquet HL 20 8 10

Maquet HL 40 4 5

Roller pump 80 100
CAM artery pump head type

Centrifugal pump 0 0

Membrane oxygenator with integrated arterial filter 72 90
Type of tubing set/oxygenator used Membrane oxygenator with non-integrated arterial 3 10

filter

Available 10 12.5
Presence of CAM integrated online blood gas/electrolyte tracking system

None 70 87.5

Available 68 85
Presence of CAM electronic venous occlusion

None 12 15

Level sensor 80 100

Bubble sensor 54 67.5
CPB security systems used (Multiple options selected)

Flowmeter 12 15

Pressure gauge 46 57.5
N: Number; %:Percentage ratio; CPB: Cardiopulmonary bypass; CAM: Heart-lung machine.

The routinely used primary solution, crystalloid solution,
natural colloid solution, artificial colloid solution, the
content of the primary solution, the temperature at which
priming is performed, the status of reduction of the crys-
talloid or colloid solution, and the amount of red blood cell
suspension (ES) added to the primary solution, The status
of changing the primary solution according to the patient’s
comorbidities, the routine use of the carbon dioxide flash
method, the CPB initial hematocrit value (Hct), the CPB
minimum initial value ACT, the frequency of active clot-
ting time (ACT) and blood gas monitoring during CPB,

and the CPB application temperature are given in Table 3.

Cardioplegia delivery method, cardioplegia delivery meth-
od/route, routinely used cardioplegia solution, combined
cardioplegia use, cardioplegia frequency time, hemocon-
denser, cytokine filter, cell saver, extracorporeal membrane
oxygenation (Extracorporeal membrane oxygenation.)
membrane oxygenation=ECMO) and minimally invasive
extracorporeal circulation (minimally invasive extracor-
poreal circulation=MiECC), the type of MiECC and the

most common problems during CPB are given in Table 4.
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Table 2. Cardiac clinic information

N %
Crystalloid 62 77.5
The premium solution used routinely Colloids 8 10
Crystalloid-Colloid 10 12.5
Ringer's Lactate 24 30
Isolayte M 42 52.5
The crystalloid solution used routinely Isolayte S 6 7.5
Isotonic 6 7.5
None 2 2.5
Albumin 12 15
The natural colloidal solution used routinely Fresh Frozen Plasma 10 12.5
None 58 72.5
Voluven 22 27.5
Gelofusine 2 25
The artificial colloidal solution used routinely Dextran 40 0 0
Dextran 70 0 0
None 56 70
Mannitol %20 80 100
(Multiple options selected) 80 100
Routine premium solution content Heparin % 190
Cefazolin 42 52.5
Magnesium 6 7.5
Prednol 2 2.5
The temperature at which Prime operation is performed Hot 37 °C 68 85
Cold 32 oC Cold 32°C 12 15
Crystalloid or colloid solution reduction status as much as the amount of ES added to the Yes 52 65
prime solution No 28 35
Prime solution change status according to the comorbidities of the patient Yes % e
No 20 25
Yes 18 22.5
Use of carbon dioxide flash method in routine
62 77.5
Hct< 20% 0 0
CPB input Hct value Het< 24% 18 220
Hct< 28% 58 72.5
From patient to patient 4 5
400 2 2.5
CPB minimum input ACT value 450 8 10
480 70 87.5
Every 20 minutes 34 42.5
Frequency of ACT and blood gas monitoring during CPB Every 30 minutes 44 55
By case 2 2.5
Normothermic 8 10
Hypothermic 32 oC 52 65
CPB application temperature Hypothermic 30 oC 14 17.5
Hypothermic 28 oC 4 5
Varies by case 2 2.5

N: Number; %:Percentage ratio; CPB: Cardiopulmonary bypass; ES: Erythrocyte suspension; Hct: Hematocrit; ACT: Active clotting

time); NaHCO3: Sodium bicarbonate.
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Table 4. Information on the use of cardioplegia and other assistive devices

N %
With a pressure bag from the anaesthesia 36 45
Method of applying cardioplegia By pressure bag from perfusion 24 30
CAM's mini-pumps 20 25
Antegrade 46 57.5
Cardioplegia administration method/way Redrograde 20 25
Antegrade - Redrograde 14 17.5
Del Nido 20 25
(Multiple options selected) 0
Cardioplegia solution used routinely Plejisol (St. Thomas) 2.5
Microplegia 5
Blood cardioplegia 56 70
Combined use of cardioplegia Yes 28 >
No 52 65
Every twenty minutes 58 72.5
Duration of cardioplegia frequency Other 2 2.5
Initial/Single dose 20 25
Yes, routine 6 7.5
Use of hemocondenser Yes, if there is an indication 48 60
No 26 32.5
Yes, routine 0 0
Using a cytokine filter Yes, if there is an indication 20 25
No 60 75
Yes, routine 4 5
Cell-saver usage Yes, if there is an indication 28 35
No 48 60
ECMO usage Yes 2 ©
No 28 35
Yes Type I 2 2.5
. . . . Type Il 2.5
:’i i’lo::s::?se MiECC in cardiac surgery, what type of MiECC do Type I1I 0
Type IV 2.5
No 74 92.5
Failure to pull the valve 14 17.5
Heart not emptying 14 17.5
Reservoir level low/insufficient 7.5
What are the most common problems during CPB? (Askedas | Venous return problem/insufficiency 7.5
an open-ended question) Air embolism 14 17.5
Line pressure height 14 17.5
Hypotension 6 7.5
Dislocation of cannulas 6 7.5

N: Number; %: Percentage ratio; CAM: Heart-lung machine; HTK: Histidine-tryptophan-ketoglutarate solution; ECMO: Extracorporeal
membrane oxygenation; MiECC: Minimally invasive extracorporeal circulation; CPB: Cardiopulmonary bypass.
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DISCUSSION
When the current practices of perfusionists in Turkey are
studied, it is found that the practices are similar in both
open heart surgery and extracorporeal circulation. This
study aimed to evaluate the current practices of perfusion-
ists. The benefits of this study include the cardiopulmonary
machines used by perfusionists today, primary solutions,
cardioplegia solutions used and routes of administration,
CPB and safety equipment, other extracorporeal circula-

tion devices, and evaluation of problems encountered.

In the 1980 survey of 811 perfusionists practising in North
America (United States and Canada), Hessel et al.* evalu-
ated the current perfusion practice 25 years after its intro-
duction. As a result of the survey studies, they found that
68% of perfusionists received their on-the-job training,
and 76% of them were certified. They found that dispos-
able bubble oxygenators were used in more than 90% of
cases, roller pumps in 94%, and arterial filters in 64%. They
found that perfusionists used low-level sensors in 45% of
cases, oxygen sensors in 26%, and bubble sensors in 10%.
They found that two-thirds of perfusionists performed
heparinization with ACT before starting CPB, most used
moderate hypothermia (26-300C), and 84% added carbon
dioxide to the oxygenator; cold cardioplegia was adminis-
tered in 99% of cases. Cardioplegia was administered with
a pressure bag in 50% of cases (usually by an anesthesi-
ologist).* In our study, we tried to determine the current
practices of cardio technicians in Turkey 70 years after the
introduction of CPB. Although there are serious develop-
ments and changes in current practices, it is felt that many

problems still await resolution.

In the review study by Hessel et al.” on innovations in CPB
(It examined the studies carried out between 2017-2018),
he noted that some of the issues affecting innovations in
CPB are temperature management, anticoagulation, per-
fusion administration, use of transesophageal echocar-
diography during CPB, optimal mean arterial pressure,

vasoplegia, bleeding, perioperative anaemia, postcardiac

transfusion, acute kidney injury, delirium and cognitive
decline, CPB during pregnancy, pulmonary management,
radial-femoral arterial pressure, gradients during CPB,
prophylactic perioperative intra-aortic balloon pump, del
Nido cardioplegia, antibiotic prophylaxis, and use of levo-
simendan in cardiac surgery.’ In our study, it is seen that
perfusionists most frequently face problems such as non-
ventilation, low level, venous return, air embolism, pres-

sure rise, and hypotension.

In the article by Kulat et al.10, the American Board (The
American Society of ExtraCorporeal Technology (Am-
SECT)) developed 12 survey questions in 2016, and the
survey questions included demographic information, ed-
ucation levels, years of clinical experience, recertification
requirement satisfaction. and professional activity re-
quirement satisfaction. They also stated that he conduct-
ed a survey in 2017; they stated that this survey focused
primarily on perfusionist demographics and staffing is-
sues in the respondents’ operating rooms, as well as the
respondents’ ECMO and ventricular assist device (VAD)
staffing situations. The results of both surveys noted that
38.2% and 38% of perfusionists would retire in the next 10
years, respectively. They noted that the workforce is getting
older, 29% of the respondents are between 50 and 59 years
old, and 15.3% are 60. They also stated positive workforce
growth in clinical perfusion, however, this situation should
be closely monitored in the future. They stated that supply
and demand in perfusion employment are complex, and
additional measurements are needed.'” Our study shows
that 77.5% of perfusionists in Turkey are in the age group

of 40 years and below, and it is a young population.

It should be noted that cardioplegia solutions (e.g., del
Nido) and the MiECC method are among the newest is-
sues that concern perfusionists in CPB surgery. In our
survey, we found that a small proportion of participants
(approximately 25% del Nido) used single-dose cardiople-
gia solution, microplegia (approximately 5% microplegia),
and MiECC (approximately 7.5% MiECC).
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Modern cardiac perfusion technologies’ main challenge is
achieving optimal biocompatibility for extracorporeal cir-
cuits (ECC). Undesirable pathophysiological side effects of
conventional CPB circuits on organ systems are triggered
by activation of the complement system via foreign surfac-
es, hemodilution due to priming volume, blood-air con-
tact, and negative and positive reservoir pressures. MiECC
circuits have emerged over the last 20 years as an alter-
native to the more traditional ECC circuits to overcome
these effects. The use of MiECC circuits is now increas-
ing.!! These systems offer several potential advantages by
reducing the systemic inflammatory response and subse-
quent organ dysfunction. To be uniquely characterized as
MIECC, the system’s major components must include a
closed CPB circuit. It should have biologically inert blood
contact surfaces, reduced filling volume, a cardioplegia
system, a venous bubble trap/air trap, and a blood spill
management system." MiECC circuits are classified into
four different types with modular components. The clas-
sification of MiECC circuits provides a clear description
of the different systems and also allows a clear distinction
between traditional ECC and MiECC. MIiECC provides a
physiologically based perfusion strategy rather than just
another CPB circuit or a specific product. Therefore, a
multidisciplinary approach is essential. Close collabora-
tion and teamwork between surgeons, anesthesiologists,
and perfusionists are essential to safely and efficiently im-
plement MiECC concepts.'"*? Effective teamwork is criti-
cal for safe and high-quality care in the operating room.
However, it is argued that teamwork interventions do not
consistently result in the expected improvements in patient
safety or surgical culture.”? To optimize OR teamwork in a
targeted, evidence-based manner, a comprehensive, the-
ory-based assessment of barriers and facilitators from an
interprofessional perspective must first be undertaken.'? In
our review study, we hypothesize that the very low rate of
MiECC use is due to other reasons that are independent of

the individual competencies of perfusionists.

The basic requirement for a good surgical outcome in

cardiac surgery is optimal myocardium protection. Mi-
croplegia has been studied in isolated coronary artery
bypass grafting, heart valve surgery, and more complex
procedures. Studies demonstrating the safety and effica-
cy of microplegia over Buckberg cardioplegia (4:1 blood
cardioplegia) revealed that the simplified microplegia
technique offers several advantages over Buckberg cardi-
oplegia without compromising myocardial protection or
safety during complex, multicomponent surgery with pro-
longed aortic clamping times."* Furthermore, cardioplegia
strategies used in adult cardiac surgery cannot be directly
applied to pediatric hearts. Pediatric micro plegia, similar
to calafiore cardioplegia used in adult cardiac surgery, of-
fers safe myocardial protection without hemodilution. The
use of concentration-dependent pediatric microplegia is
new to clinical practice. Adapted to the needs of pediatric
myocardium, microplegia provides a simple technique for
perfusionists while avoiding hemodilution."* Our review
study shows that microplegia is used to a very small extent
(about 5%) in Turkey. We believe technological advances
and developments will be much faster in perfusion appli-
cations soon. Cardioplegia is an essential and fundamental
method for protecting the myocardium of patients of all
ages during cardiac surgical procedures requiring cardi-
ac arrest. Additionally, many cardioplegia solutions and
application methods have been developed. The Del Nido
cardioplegia solution is also increasingly used in today’s
practice. Del Nido Cardioplegia Solution has been used
at Boston Children’s Hospital for many years. It consists
of a unique formulation of four parts crystalloid and one
part whole blood and is typically used as a single dose. Al-
though the formulation was originally developed for pedi-
atric and neonatal patients, it is increasingly used in adult
cardiac surgery.”® Our study shows its use is widespread
in adult cardiac surgery in Turkey. It is one of the most
commonly used cardioplegia solutions after blood cardi-
oplegia. We believe that single-dose cardioplegia solutions
will soon be more widely used, and their volume will be

further reduced.
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CONCLUSION
Over the past 70 years, significant advances and changes
in cardiac surgical procedures performed with CPB have
occurred. Nonetheless, we believe that there are still per-
sistent or pending problems. In this review study, it is clear
that modern applications (single-dose cardioplegia, mi-
croplegia, and MiECC, etc.) are being used in addition to
current conventional CPB methods. We believe modern
applications will become more widespread, and new de-

velopments will emerge shortly.
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