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ABSTRACT This article provides a general overview of the pathway to become an intensivist in
the United States of America (USA). It begins with a detailed description of the current structure of
critical care training in the USA and the application process to fellowship training programs. There is
then a presentation of the general structure of critical care units within the USA and how intensive
care unit physicians fit into it. The article concludes with a discussion of how American critical care
fits globally within international critical care societies.
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0z Bu makale Amerika Birlesik Devletleri'nde (ABD) yogun bakim uzmani olmanin yolu hakkinda
bilgi vermektedir. ABD'deki yogun bakim egitiminin mevcut yapisinin ve egitim programlarina
basvuru slrecinin ayrintili bir agiklamasiyla baslamaktadir. Daha sonra ABD'deki yogun bakim
Unitelerinin genel yapisina ve yogun bakim Unitesi doktorlarinin bu yapiya nasil uyum sagladigina dair
bir sunum icermektedir. Makale, Amerikan yogun bakiminin uluslararasi yogun bakim topluluklari
icerisinde kuresel olarak nasil yer aldiginin tartisiimasiyla son bulmaktadir.

Anahtar Kelimeler: Yogun bakim, burs, yogun bakim uzmani, YBU, egitim

E-mail . mgaylor3@jhmi.edu
Phone  : +2404762012
ORCID ID : orcid.org/0000-0003-2788-3432

Introduction

Aging of the general population is a problem confronting
medical systems across the world, posing an impending
need for increased critical care services. In the United
States of America (USA), estimates suggest that there will
be a worsening shortage of critical care providers within
the next 10 years (1,2). Given that intensive care units
(ICUs) with in-house intensivists are associated with lower
mortality and reduced hospital and ICU length of stay (3),
there is continued demand for increased critical care training
programs to provide this needed supply of intensivists. In
the Unites States, intensivist training spans many different
healthcare specialties and could grow to include more as the
demand for intensive care increases. The traditional route to
becoming an intensivist in the USA was via specialty training
in internal medicine, surgery, or anesthesiology followed by
a fellowship of 1 to 3 years duration. Pathways to a career
in intensive care have expanded to include other specialties
such as neurology and emergency medicine (EM) (Figure
1) and may diversify further to accommodate increased
demand.

Copyright® 2024 The Author. Published by Galenos Publishing House on behalf of Turkish Society of Intensive Care.
This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.
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The following article provides a general overview of the
pathway to becoming an intensivist in the USA. It begins
with a detailed description of the current structure of
critical care training in the USA and the application process
to fellowship training programs. It then discusses overall
fellowship popularity and the general structure of critical
care units within the USA and concludes with a discussion
of how American critical care fits globally within international
critical care societies.

Intensivist Training Pathways in the United States of
America

For most USA medical trainees, specialty training
begins after obtaining a 4-year medical degree in either
allopathic (Doctor of Medicine) or osteopathic (Doctor
of Osteopathic Medicine) medicine. A newly graduated
physician must then enter residency that is accredited by
the Accreditation Council for Graduate Medical Education
(ACGME), an independent organization that sets the
professional standards for post-graduate physician training
programs and monitors compliance with these standards (4).

90€0


https://orcid.org/0000-0003-2788-3432
https://orcid.org/0009-0000-1044-8464

Gaylor and Tillman. Intensive Care Fellowship Training in the U.S.A.

155

NN

N
ACCM
Fellowship SccM
Fellowship
PCCM\ \
Fellowship /
NCC
\ Adult T Fellowship
Critical Care
Attending

Figure 1. Integration of specialties in adult critical care

SCCM: Society of Critical Care Medicine, ACCM: Anesthesiology & Critical Care Medicine

Currently, the medical specialties that have an ACGME-
accredited critical care fellowship are anesthesiology, internal
medicine, general surgery, and neurology. Pediatrics has
ACGME-accredited training programs in pediatric critical
care and neonatal-perinatal medicine, which are critical care
subspecialties outside of the scope of this article. Entry to
an ACGME fellowship program requires completion of a
residency program that is either accredited by the ACGME,
or approved by the American Osteopathic Association,
ACGME-International, Royal College of Physicians and
Surgeons of Canada, or College of Family Physicians of
Canada (5-7).

Regardless of the initial specialty of entry, the ACGME
has general requirements that apply equally to critical care
fellowships across all specialty fields. Each program must set
competency-based goals and objectives and progressively
increase responsibility throughout the duration of fellowship.
Rather than specifying a particular curriculum that must be
identical in all fellowships, the ACGME provides a list of
“competencies” in which it expects all fellows to be able to
practice by graduation (5-7), which are summarized in Table
1. Each subspecialty then individualizes these competencies
further, as described below:

Pulmonary Critical Care

Pulmonary and critical care medicine is a three-year
fellowship for graduates of internal medicine residency
that trains fellows in the dual specialties of pulmonary

medicine and critical care. The curriculum includes the
core competencies (see Table 1) plus an extensive list of
pulmonary pathologies and procedures. For example, these
fellows must be well-versed in pulmonary vascular diseases,
malignancies of the lung, and pulmonary manifestations of
systemic diseases such as collagen vascular diseases (6). The
curriculum also specifies that fellows must have procedural
competence in ventilator management, bronchoscopy
requiring biopsy, and pulmonary function testing as these
are pertinent to the practice of pulmonology (6). Pulmonary
critical care fellows are also required to have exposure to the
management of surgical critical care patients, specifically the
"hemodynamic and ventilatory support” (6) of perioperative
patients.

Anesthesiology Critical Care

For graduates of anesthesiology residency, critical care
fellowship is a one-year program. While anesthesiology
residents in the USA have significant exposure to critically
ill patients both in the operating room and during their
rotations in the ICU, they are not eligible to take critical care
boards unless a fellowship is completed. Anesthesiology
critical care fellowship requires mastery of the core
competencies for critical illness of each organ system
(see Table 1) but less extensive procedural mastery of
the pulmonary system, as anesthesia intensivists are not
expected to carry out pulmonologist procedures such
as bronchoscopy with biopsy. Some areas in which the

Turk J Intensive Care 2024;22:154-60
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Table 1. Summary of ACGME core competencies shared among the different critical care fellowships

Competency

Additional details

Acute lung injury

ARDS, inhalational and traumatic injury

Acute metabolic disturbances

Overdoses, Intoxication

Anaphylaxis, Allergic reactions

Cardiovascular diseases

Circulatory failure

Cardiorespiratory resuscitation

Coagulation, blood disorders

Nosocomial/iatrogenic ICU problems

Pulmonary disease

End-of-life and palliative care

Immunosuppressed ICU conditions

Nutritional and endocrine effects of critical illness

Peri-operative critical illness

Psychosocial and emotional effects of criticalillness

For both patients and families

Renal disorders of the ICU

Electrolyte and acid-base disturbance, acute renal failure

Sepsis

Shock syndromes, multi-organ failure

ACGME: Accreditation Council for Graduate Medical Education, ARDS: acute respiratory distress syndrome, ICU: intensive care unit

anesthesiology curriculum requires more focused expertise
are in the areas of complex airway management (to include
video laryngoscopy and fiberoptic approaches), as well as
competency in management of the obstetric, burn and
trauma patients (7).

Surgical Critical Care

Like anesthesiologists, surgeons have the option of a one-
year fellowship to be certified as intensivists, with a similar
ACGME curriculum. In addition to the core competencies,
the curriculum for surgeons focuses primarily on pathologies
that would be found in a surgical ICU (SICU), including
trauma, burn, and obstetrics. This curriculum goes so far
as to specify a required amount of time that trainees must
spend specifically in a SICU, and that “experiences in non-
SICUs, such as medical...must not exceed 2 months (5).”

Neurosciences Critical Care

Neurocritical care has a separate fellowship focused
on patients with critical illness resulting from neurologic
disease, trauma, or neurosurgery (8). This fellowship on
its own is 24 months in duration but may be completed
in 12 months if the trainee has already completed one
of the above-mentioned critical care fellowships, or if the
trainee has completed residency in neurosurgery (8). As the
pulmonary critical care fellowship places additional emphasis

Turk J Intensive Care 2024;22:154-60

on training in pulmonary conditions, the neurocritical
care fellowship places additional emphasis on care of the
neurologic patient with such skills as intracranial pressure
monitoring, interpretation of EEG and evoked potentials, and
cerebrospinal fluid analysis (8).

Emergency Critical Care

EM physicians also contribute to the critical care work
force and most recently reinvented the training path to
become an intensivist. There is no ACGME-accredited
critical care fellowship specifically for EM graduates,
so these physicians must complete one of the above-
mentioned fellowships. The only fellowship for which they
are ineligible is pulmonary critical care, as they have not
completed internal medicine training and therefore cannot
work as pulmonologists. As there is no dedicated fellowship
for emergency physicians, there is also no dedicated board
exam and so upon completion of fellowship, EM physicians
must sit for the board exam corresponding to their fellowship
of choice (9).

Specialty ICUs Without ACGME-accredited Training

Many USA hospitals, especially academic institutions,
have highly specific ICUs that fall outside the realm of
specialties presented above, such as cardiac, cardiovascular
surgical, and burn ICUs. While there are not specific
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fellowships tailored to every type of ICU, these units
generally hire providers from clinically relevant fields. For
example, the cardiac surgery ICU may hire anesthesiologists
who have done fellowships both in critical care and cardiac
anesthesiology. Additionally, the unit may hire cardiac
surgeons who have completed ICU fellowship, forming a
staff group of physicians with diverse backgrounds and skill
sets.

Application Process

Application to fellowship in the US is much like application
to residency: potential fellows must go through a match
process. Most programs utilize the Electronic Residency
Application Service hosted by the American Association
of Medical Colleges (AAMC), and applicants must compile
an extensive application including board exam scores,
recommendation letters, and a personal statement. The
AAMC has a detailed listing of all participating institutions
and their specific application requirements on its fellowship
application webpage (10).

Certification Process

Board certification in critical care medicine is required
to work in the ICU, and each specialty pathway has its
own distinct certification process. For example, board
certification is offered by the American Board of Internal
Medicine (ABIM) for pulmonary critical care physicians
(11), the American Board of Anesthesiology for critical care
anesthesiologists (12) and the American Board of Surgery
(ABS) for critical care trained surgeons (13). Neurocritical
care certification is offered through the ABS, the American
Board of Psychiatry and Neurology (ABPN) (14) and the
American Board of Neurological Surgery (ABNS) (15). Finally,
EM physicians may take any of the above-mentioned board
exams, as over the past two decades the American Board
of Emergency Medicine has joined forces with these other
board organizations to allow emergency physicians to sit for
the critical care board exam. The ABIM was the first to allow
EM physicians to sit for its critical care board in 2011, with all
other specialties following suit, most recently with the ABPN
allowing certification for EM physicians in 2021 (9).

Board examinations are generally offered annually, with
most physicians opting to complete this step in the first
1-2 years after fellowship. There may be a time limitation,
like the ABS post-fellowship eligibility period of seven years
(13). Certain boards, such as the ABS and ABIM, may accept

some candidates with international training if particular
criteria are met; others, such as the ABPN, do not.

Demographics of Intensive Care Units Across the USA

The American Hospital Association lists over 5000
hospitals that have at least one intensive care bed and reports
an average ICU size of 10-12 beds (16). ICU size is likely
to change correspondingly with hospital size, and tertiary
care tertiary care academic centers with 300-500+ beds
are likely to have at least 2-3 distinct ICUs subspecialized
to their primary patient populations. This could include the
medical ICU, SICU, cardiac care unit, cardiovascular SICU,
neurological critical care unit, pediatric ICU, neonatal ICU, and
burn ICU, among others (17-19).

Given the over 112,000 ICU beds across the USA with 4.5
million ICU admissions annually, the demand for intensivists
remains high. While in the past, critically ill patients may have
been cared for by a generalist like an internist or surgeon,
many studies over the past few decades show improved
outcomes when ICU patients are cared for by a physician
with critical care training (17,18). These outcomes include
decreased mortality, increased survival, decreased ICU
length of stay, and decreased hospital length of stay (20).
However, ongoing staffing shortages, especially after the
COVID-19 pandemic, reduce supply for 24-hour intensivist
coverage, threatening care for some of the hospital’'s most
vulnerable patients.

This staffing strain is most heavily concentrated in
rural and low-income areas, as academic centers in larger
metropolitan areas are more likely to have a consistent influx
of recently graduated critical care physicians. Some hospitals
have adopted creative strategies for addressing this such
as employing telehealth intensivists as consultants for the
primary medical or surgical team. These tele-intensivists
join critical care rounds over video and provide virtual
consultation to non-ICU trained physicians. The COVID-
19 pandemic popularized the use of telehealth services to
extend resources beyond geographic constraints; however,
technology limitations remain a challenge in lower-resource
settings, especially areas with unstable internet connectivity.

Advanced Practice Providers in Intensive Care

One strategy to address the ICU physician shortage
is the utilization of advanced practice providers (APPs) or
“midlevel providers” with critical care training. In the USA,
APPs are healthcare professionals who have undergone

Turk J Intensive Care 2024;22:154-60
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additional advanced training and work in collaboration with
or under the supervision of a physician. While APPs work
in many hospital settings (for example, nurse anesthetists
in the operating room and nurse midwives on labor and
delivery), there only two categories of APPs who work in the
ICU: acute care nurse practitioners (ACNPs) and physician
assistants (PAs) (21). Both ACNPs and PAs must obtain a
graduate degree (either masters or doctorate) that includes
both didactic course work and clinical rotations as well as
apprentice-like experience in the ICU (22,23). Both PAs and
NPs are credentialed to perform technical skills, like central
lines and intubations, as well as clinical skills, like ventilator
management (23).

Since the time required to train PAs and NPs to work in
the ICU, approximately 2-5 years, is shorter than that to train
an intensive care physician, leveraging a multidisciplinary
workforce can help expand the reach of the current
intensivist physicians (21) and address the ongoing and
increasing demand for intensive care providers.

Job Prospects

The diversification of and increase in fellowship spots
has created an intensive care workforce of physicians from
various backgrounds and with different career goals (21).
These physicians may choose to practice in community
settings or academic hospitals, or even both. They may
choose to work in one sub-specialized ICU, like the cardiac
SICU, or a mixed medical-SICU. Contracts may only include
ICU time, or split time with another specialty, such as
operative time for surgeons or clinic time for pulmonologists.
According to a 2023 survey, about half of intensivists spend
more than 75% of their clinical time in the ICU, with others
spending more or less, some significantly less (24). Some
intensivist jobs may even include telehealth consulting
for hospitals that can't staff full-time ICU physicians (25).
Call structure may include 24-hour coverage with either in-
hospital or home call; alternatively, two intensivists can split
the coverage into 12-hour shifts to allow for shorter work
hours.

An intensivist may work with a team including APPs,
physician trainees, or a combination of the two. Community
hospitals are likely to have intensivists working solo or with
APPs, while academic centers will likely have the intensivist
supervising residents and/or fellows. In both models, the
trainee physicians or APPs are primarily responsible for
placing orders, writing notes and are often the first line of
contact for questions from nurses or other members of the
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care team, with the intensivist acting in more of a supervisory
or consulting role. Physicians pursuing critical care training
should be prepared to work on a truly multidisciplinary
team with APPs, residents, and/or both, especially as the
landscape of critical care medicine evolves and the need for
increased staffing continues.

Graduates of International Medical Schools

In general, most physicians who apply for critical care
medicine fellowship in the USA have completed an ACGME-
accredited residency, as described above. However, non-
USA medical graduates may be considered if they have
completed a core residency outside the continental USA
and demonstrated clinical excellence and exceptional
qualifications including research, scholarship and/or
leadership. Verification of credentials is done through the
Educational Commission for Foreign Medical Graduates (5-
8). It is worth noting that board certification in critical care
medicine may require additional documentation or approval
for those who have not completed an ACGME-accredited
residency.

Critical Care Societies, Global Impact, Government
Involvement

Given the diverse backgrounds of ICU physicians,
multiple professional scientific societies exist to promote
community in critical care. Nationally, the Critical Care Society
Collaborative (CCSC) is a coalition of four societies: American
Association of Critical-Care Nurses, American Thoracic
Society, American College of Chest Physicians (CHEST),
and Society of Critical Care Medicine (SCCM). Each has a
distinct member population and lens for approaching critical
care medicine. The coalition, CCSC, functions to harmonize
and unify the societies; together, they work with the USA
government, the Centers for Disease Control and USA
Department of Health and Human Services on healthcare
policy, improving patient care, optimizing high-value care, and
addressing workforce issues (26).

Two USA critical care societies, SCCM and Neurocritical
Care Society, belong to the World Federation of Intensive
and Critical Care (27). There is a robust global intensive care
community, including the Asian Society for Neuroanesthesia
and Critical Care, the Pan-American and Iberian Federation
of Critical Medicine and Intensive Therapy (FEPIMCTI),
the Critical Care Society of Southern Africa and the
European Society of Intensive Care Medicine which
offers dual membership to national intensive care in more
than 60 countries across the world (28). Beyond offering
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international collaboration on research, innovation and clinical
advancement, there is also a sense of solidarity, shared
resources, and educational opportunities.

Conclusion

As the population of the USA ages and develops more
complex healthcare needs, the demand for intensive care
physicians is quickly outpacing the supply. The training
pipeline to become an intensivist spans at least 9-11 years,
including medical school, an ACGME-accredited residency
program or a valid alternative, and a critical care fellowship
with respective board certification. While a variety of
specialties can lead to a career in critical care medicine,
each pathway comes with a slightly different lens, patient
population, and practice structure. Innovative responses to
the demand for intensivists include tele-health consulting
and the inclusion of APPs to help extend the reach of each
fully trained intensivist. There are opportunities for non-USA
trained physicians to pursue critical care fellowship training

and board certification in the USA, with specifications
outlined by the ACGME and specialty-distinct certifying
bodies. Although there are several different and historically
separate intensive care societies in the USA, there is a
growing movement to align these societies together for
improved cohesion, collaboration, and cooperation with
each other and the international community to promote
global initiatives to improve the care of critically ill patients
worldwide.
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Factors Affecting Survival of Pregnant Women with
COVID-19 and Our First Extracorporeal Membrane
Oxygenation Results

COVID-19 ile Enfekte Gebelerin Sagkalimini
Etkileyen Faktorler ve Ilk Ekstrakorporeal Membran
Oksijenasyonu Sonuglarimiz

ABSTRACT Objective: The purposes of our study were to determine the relationship between
coronavirus disease (COVID) pneumonia and mortality and immunization status of patients and to
present our first extracorporeal membrane oxygenation (ECMO) experiences by retrospectively
evaluating pregnant women.

Materials and Methods: The research was conducted by screening the files of 37 pregnant/
postpartum COVID-2019 cases monitored and treated in the intensive care unit between March
1, 2020 and December 1, 2021. The patients’ ages, systemic comorbidities, vaccination details,
and clinical and laboratory features were recorded and analyzed. The patients were divided into
two groups as survivors (group 1; n=17) and exitus ones (group 2; n=20); and the results were
compared statistically.

Results: Of 37 patients, 17 (45.9%) survived (group 1) and 20 (54.1%) died (group 2) with a median
of 31 gestational weeks and 9 days length of stay in the ICU. ICU admission time [which day of
polymerase chain reaction (PCR)+] and cesarean time (which day of PCR+) were 8 days. Nine
(24%) patients received ECMO and mechanical ventilation, with 6 (66.6%) exitus and 3 (33.3%)
survivors who were discharged from the hospital without sequelae. Of 37 pregnant/postpartum
patients, 36 were unvaccinated.

Conclusion: Vaccination should be given priority in pregnant women, and ECMO may be effective
in the recovery of oxygenation in pregnant COVID-19 patients.

Keywords: COVID-19, ECMO, pregnancy, vaccines, ICU

0Z Amac: Calismamizin amaci, gebeleri retrospektif olarak degerlendirerek koronavirlis hastaligi
(COVID) pnémonisi ile mortalite, hastalarin bagisiklama durumlari arasindaki iliskiyi ortaya koymak
ve ilk ekstrakorporeal membran oksijenasyonu (ECMO) deneyimlerimizi sunmaktir.

Gereg ve Yontem: Arastirma, 1 Mart 2020 ile 1 Aralik 2021 tarihleri arasinda yogun bakim Unitesinde
takip ve tedavi edilen toplam 37 gebe/postpartum COVID-2019 olgusunun dosyalari taranarak
gerceklestirildi. Hastalarin yaslari, sistemik komorbiditeleri, asi detaylari, klinik ve laboratuvar
ozellikleri kaydedildi ve analiz edildi. Hastalar sagkalanlar (grup 1; n=17) ve eksitus olanlar (grup 2;
n=20) olarak 2 gruba ayrildi ve sonuglar istatistiksel olarak karsilastirildi.

Bulgular: Calismamizda 37 hastanin 17'si (%45,9) hayatta kaldi (grup 1) ve 20'si (%54,1) 6ldi (grup
2). Medyan gebelik haftasi 31 hafta olup, yogun bakim yatis stiresi 9 giindl. Yogun bakim Gnitesine
yatis glinl [polimeraz zincir reaksiyonu (PZR) pozitifliginin (+) kaginci ginl] ve sezeryan siresi
[polimeraz zincir reaksiyonu (PZR) pozitifliginin (+) kaginci gind] ortalama 8. glindli. Dokuz (%24)
hasta ECMO ve mekanik ventilasyon desteginde takip edildi, bu hastalarin 6'si (%66,6) eksitus
oldu. Uc (%33,3) sag kalan hasta sekelsiz taburcu edildi. Otuz yedi gebe/postpartum hastanin 36'si
aslisizdi.

Sonug: Gebelerde asl ile bagisiklamaya oncelik verilmelidi, ECMO COVID-19(+) gebe hastalarda
oksijenlenmenin dlzenlenmesinde etkili olabilir.

Anahtar Kelimeler: COVID-19, ECMO, gebelik, asi, YBU
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Introduction

The respiratory tract infections observed in the pregnant
women may be severer due to the physiological, anatomical,
and immunological changes in this group (1). Several studies
have shown that the mortality and morbidity of pregnant
patients infected with viral agents such as influenza, Middle
East respiratory syndrome and severe acute respiratory
syndrome caused by H,N, are higher than their peers (2,3).

Although the guide issued by the World Health
Organization in March 2020 states that the incidence of
novel coronavirus disease-2019 (COVID-19) is relatively
low among pregnant women, recent studies have reported
serious hypoxia requiring mechanical ventilation (MV),
increased mortality and morbidity in the pneumonia cases
(4-6). We planned this study considering that descriptive
studies, (that include high numbers of patients), to be
conducted in this field would decrease maternal and fetal
losses, and ensure planning stronger strategies in monitoring
and treatment.

In our hospital, which is one of the first pandemic
hospitals, 1,302 polymerase chain reaction (PCR) positive
COVID-19 cases were monitored from March 1, 2020 to
December 1, 2021. Of these pregnant women, 37 were
monitored in intensive care unit (ICU). In the present study,
we aimed to investigate the relationship between COVID-19
pneumonia and mortality, immunization status of patients and
to present our first extracorporeal membrane oxygenation
(ECMO) experiences in pregnant women.

Materials and Methods

This single-center, retrospective study was conducted
at the University of Health Sciences Turkey, Sancaktepe
Sehit Prof. Dr. llhan Varank Training and Research Hospital
Anesthesiology and Reanimation ICU of a tertiary care center
between March 1%, 2020 and December 1%, 2021. The files
of pregnant/postpartum COVID-19 cases who were treated
in the ICU due to COVID-19 pneumonia were reviewed. The
patients, who had unproven positive status of PCR analysis,
under 18 years of age, referred to an external center due to
the lack of ICU beds in our institution, or still being treated in
our hospital during the collection of data were excluded. The
vaccination details of the included patients were acquired
through the electronic data system of the Republic of Turkey,
Ministry of Health. During the study period, a total of 1,302
PCR-positive COVID-19 cases were admitted to our hospital.
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Of these pregnant women, 37 who were monitored in the
ICU setting were included. The study was approved by the
University of Health Sciences Turkey, Sancaktepe Sehit Prof.
Dr. llhan Varank Training and Research Hospital Non-invasive
Clinical Research Ethics Committee (no: 2022-260, date:
12.01.2022) and conducted in accordance with the principles
of the Declaration of Helsinki.

Through the electronic data system of our hospital,
data including age, systemic comorbidities, on which day of
COVID-19 positive status they were admitted to ICU, and if
they had ceserean section (C/S), on which day of PCR-positive
status they had it, the reason for C/S, the anesthesia method
used in C/S, the immunomodulatory drugs, antibiotics,
antiviral drugs, anticoagulants used, the dose and length
of corticosteroid administration, blood/trachea/urine culture
results, laboratory analyses at the time of ICU admission
such as white blood cell (WBC) count, C-reactive protein
(CRP), procalcitonin, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase (LDH), creatinine,
ferritin, fibrinogen, D-dimer, hemoglobin, hematocrit, platelet
count, international normalized ratio (INR), eosinophil count
and triglyceride, radiological imaging results, need for oxygen
(O,) support, MV requirement, ECMO requirement, length of
ICU stay were recorded and analyzed.

The patients were divided into two groups as survivors
(group 1) and non-survivors (group 2); and the results were
compared statistically.

In the ICU admission, the standard third-level ICU
admission criteria [dyspnea and respiratory distress,
respiratory rate over 30, partial pressure of oxygen (PaQ,)/
fraction of inspired oxygen (FiO,) <300, oxygen saturation
(Sp0,<90%) or Pa0,<70 mmHg, despite the oxygen
therapy of 5 L/min, hypotension, development of acute
organ failure, high lactate levels, confusion] were employed.
Depending on the patients’ clinical status, the conventional
oxygen therapies [mask, reservoir, high-flow nasal oxygen
(HFNQO) and continuous positive airway pressure (CPAP)]
and MV were applied. For the patients in whom sufficient
oxygenation could not be achieved through MV despite the
maximum support, ECMO initiated.

If Pa0,<60 mmHg and/or PaQ,/FiO,<100 with
conventional therapies, HFNO and CPAP were applied. If
Pa0,<60 mmHg and/or PaO,/Fi0,<100 with HFNO and
CPAP invasive MV was applied. For the endotracheally
intubated patients in whom sufficient oxygenation could
not be achieved through MV less than 7 days, and if they
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met one of the following criteria; 1) PaO,/FiO,<50 for >3
hours, 2) PaO,/Fi0,<80 for >6 hours, 3) pH <7.25 with partial
carbondioxide pressure (pCO,)=60 mmHg, respiratory rate
increased to 35 breaths min', and plateau pressure <32
mmHg despite the maximum ventilator support (Fi0,>0.80,
a tidal volume of 6 mL kg™ of predicted body weight, and a
positive end-expiratory pressure 210 cm H,0), ECMO was
initiated.

If PaO,<60 mmHg and/or PaO,/FiO,<100 general
anestesia was applied in the C/S as anesthesia method.

Statistical Analysis

Statistical analysis was performed using the SPSS
version 22.0 software (IBM Corp., Armonk, NY, USA).
Descriptive data were expressed in mean + standard
deviation, median (minimum-maximum) or number and
frequency, where applicable. The normality distribution of
the variables was checked using the Kolmogorov-Smirnov
and Shapiro-Wilk. The Student t-test was used to compare
normally distributed variables, while the Mann-Whitney U
test was used to compare non-normally distributed variables.
The Fisher Exact chi-square test, Fisher-Freeman-Halton
exact chi-square test, and Continuity (Yates) correction were
used to compare the qualitative data. A p-value of <0.05 was
considered statistically significant.

Results

During the study, totally 37 COVID positive pregnant
women, who were older than 18 years old, were evaluated.

The gestational weeks were ranging from 18 weeks to
38 weeks with an average of 30.08+5.03 and a median of
31 weeks. While the average length of stay (LOS) in the
service before the transfer to ICU was 4.43+2.62 days with
a median of 4 days, 2 patients were admitted directly to the
ICU due to maternal hypoxia after emergency application to
the hospital. The ICU LOS was ranging from 1 to 70 days
with an average of 14.48+14.07 and a median of 9 days. The
total LOS in hospital was ranging from 3 to 72 days with an
average of 22.27+14.90 and a median of 18 days. Of the
pregnant women in the study, 20 (54.1%) became ex.

Of 37 pregnant/postpartum patients, 36 were
unvaccinated. One patient received a single dose of
messenger ribonucleic acid vaccine 14 days before getting
infected. Demographic and clinical characteristics of the
patients are shown in Table 1.

Three of six patients in whom C/S was not applied
died. The gestational week of the patients who died was
below 21 weeks (18, 20, 20 weeks). In the surviving group,
the pregnancy of three patients (20, 26, and 33 weeks)
continued healthily, and they were discharged from the ICU
uneventfully.

According to mortality, there was no statistically
significant difference in terms of average ages, gestational
weeks, LOS in hospital before the ICU transfer, the day of
ICU admission after PCR + result, rates of observing asthma,
hypothyroidism, and varicose, C/S etiology and anesthesia
methods (spinal/general), and the rates of secondary
infections as confirmed by blood culture and trachea culture
(p>0.05).

The rate of use of azithromycin in group 1 was statistically
significantly higher than group 2 (23.5% vs. 0%, respectively)
(p=0.036). The rate of use of cefuroxime axetil in group 2
was statistically significantly higher than group 1 (35% vs.
5.9%, respectively) (p=0.048). There was no statistically
significant difference in the rates of the use of other drugs
between the two groups (p>0.05).

There was no statistically significant difference between
2 groups in terms of the doses of use of methyl prednisolone
(p>0.05). The duration of methyl prednisolone administration
in group 1 was ranging from 3 to 10 days with an average
of 5.27+1.68 and a median of 5 days. The duration of
methylprednisolone administration in group 2 was ranging
from 3 to 10 days with an average of 6.39+2.87 and a median
of 5 days. There was no statistically significant difference
between the durations of methylprednisolone administration
by mortality as well (p=0.470) (Table 2).

The rate of MV support in group 2 was statistically
significantly higher than group 1 (100% vs. 35.3%,
respectively) (p=0.001 and p<0.05) (Table 3). The mean
duration of MV support was 7.65+13.8 days in group 1 and
11.05+£9.28 in group 2, indicating a statistically significant
difference between the groups (p=0.016 and p<0.05).

There was no statistically significant difference between
the groups in terms of ECMO rates (p>0.05) (Table 3). The
duration of ECMO in group 1 was ranging from 26 to 50 days
with an average of 37.0£12.12 and a median of 35 days. The
duration of ECMO in group 2 was ranging from 1 to 27 days
with an average of 17.83+10.15 and a median of 23 days.
When two groups were compared, the duration of ECMO
in group 1 was statistically significantly longer than group 2
(p=0.038; p<0.05) (Table 3).
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There was no statistically significant difference between
the groups in terms of the rates of use of HFNO and CPAP
in the ICU (p>0.05).

The computed tomography (CT) involvement was above
50% in 85% of the patients in group 2 while this ratio was
29.4% in group 1, indicating a significant difference between
two groups (p<0.001) (Table 3).

According to the laboratory analysis results at the time
of ICU admission, the ferritin levels (p=0.007), INR levels
(p=0.034), and platelet counts (p=0.019) were statistically
significantly higher in group 2. There was no statistically
significant difference in the other biochemical parameters
between the groups according to mortality (p>0.05) (Table 4).

There was no statistically significant difference between
group 1 and group 2 in terms of ICU LOS and total LOS in
hospital (p>0.05) (Table 5).

Discussion

In the present study, we investigated the relationship
between COVID-19 pneumonia and mortality and reported
our first ECMO experiences in pregnant women during
the pandemic. Of the cases, 45.9% (n=17) survived, while
31.03% of the patients required MV support (MV, MV +
ECMO). Despite conventional oxygen therapy, these patients
needed to be transferred to ICU due to hypoxia and dyspnea.
Totally 26 patients were monitored with MV. Thoracic CT of
non-survivors showed bilateral widespread ground-glass
opacities, and all of these patients were monitored under the
MV support. The ECMO (24 %) was needed in nine patients
who could not reach the target SpO, despite maximum
MV support. Of these patients, six (66.6%) died and three
(33.3%) were discharged without any sequelae. Of 37
pregnant/postpartum patients monitored in the ICU, 36 were
unvaccinated. One patient had taken a single dose of mMRNA
vaccine 14 days before becoming COVID PCR positivity;

Table 1. Demographic and clinical characteristics of patients
Group 1 Group 2 Total
(n=17) (n=20) (n=37) 1p-value
Mean £ SD (median) Mean * SD (median) Mean % SD (median)
Age 28.53+4.78 (28) 31.345.73 (32.5) 30.0315.43 (30) 0.138
Gestational week 31.65+4.65 (32) 28.75£5.08 (28) 30.08+5.04 (31) 0.067
Length of stay in the service (before ICU) 3.82+2.9 (3) 4,95+2.31 (5) 4.43+2.62 (4) 0.097
ICU admission time (which day of PCR+) 8.9442.08 (9) 8.35+2.11(8) 8.62+2.09 (8) 0.476
C/S time (which day of PCR+) 8.57+1.99 (8.5) 8.71£3.14 (9) 8.65+2.64 (9) 0.984
n (%) n (%) n (%)
Asthma 2 (11.8%) 1(5%) 3(8.1%) 20.584
Diabetes 0(0%) 0(0%) 0 (0%) -
Comorbid diseases | Hypertension 0 (0%) 0 (0%) 0 (0%) -
Hypothyroidism 3(17.6%) 1(5%) 4(10.8%) 20.315
Varicose 1(5.9%) 0(0%) 1(2.7%) 20.459
Not done 3(17.6%) 3 (15%) 6 (16.2%) 31,000
C/S etiology Maternal hypoxia 12 (70.6%) 14 (70%) 26 (70.3%)
Preeclampsia 2 (11.8%) 3(15%) 5(13.5%)
. Not done 3(17.6%) 3(15%) 6(16.2%) 30.090
f}{ s:"e“hes'a Spinal 13 (76.5%) 10 (50%) 23 (62.2%)
General 1(5.9%) 7 (35%) 8(21.6%)
Blood culture 6 (35.3%) 10 (50%) 16 (43.2%) 40.571
Culture result Urinary culture 0(0%) 0(0%) 0 (0%) -
Trachea culture 2 (11.8%) 3(15%) 5(13.5%) 21.000
"Mann-Whitney U test, 2Fisher’s Exact test, 3Fisher-Freeman-Halton Exact test, “Continuity (Yates) correction, ICU: intensive care unit, C/S: caesarean section, SD: standard
deviation
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Table 2. Evaluation of drugs used according to patient groups

::Isr:rl:lli)v:ng; n=17) fllir:()iltltl:s?n=20) Total
n (%) n (%) n (%) p-value
Azithromycin 4(23.5%) 0(0%) 4(10.8%) 0.036"
Linezolid 1(5.9%) 0 (0%) 1(2.7%) '0.459
Meropenem 7 (41.2%) 10 (50%) 17 (45.9%) 20.837
Vancomycin 2(11.8%) 8 (40%) 10 (27%) 0.073
Piperacillin/tazobactam 4(23.5%) 10 (50%) 14 (37.8%) 20.189
Colistimethate sodium 2 (11.8%) 4 (20%) 6(16.2%) '0.667
Cefuroxime axetil 1(5.9%) 7 (35%) 8(21.6%) 0.048"
Drugs Clarithromycin 1(5.9%) 4 (20%) 5(13.5%) 0.348
Hydroxychloroquine 2 (11.8%) 1(5%) 3(8.1%) 0.584
Lopinavir/ritonavir 8 (47.1%) 9 (45%) 17 (45.9%) 21,000
Favipiravir 10 (58.8%) 13 (65%) 23(62.2%) 20.963
IVIG 0(0%) 1(5%) 1(.7%) 1.000
Plasmapheresis 1(5.9%) 4 (20%) 5(13.5%) 0.348
Tocilizumab 3(17.6%) 3 (15%) 6(16.2%) 1.000
Immune plasma 0(0%) 1(5%) 1(2.7%) 1.000
Service 17 (100%) 20 (100%) 37 (100%) -
Anticoagulant
ICU 17 (100%) 20 (100%) 37 (100%) -
Not administered 6 (35.3%) 2 (10%) 8(21.6%) 30.220
40 mg 2 (11.8%) 1(5%) 3(8.1%)
Methylprednisolone
250 mg 8(47.1%) 15 (75%) 23(62.2%)
1000 mg 1(5.9%) 2 (10%) 3(8.1%)

"Fisher’s Exact test, 2Continuity (Yates) correction, *Fisher-Freeman-Halton Exact test, *p<0.05, ICU: intensive care unit, IVIG: intravenous immunoglobuline

Table 3. Evaluation of oxygen therapies and CT results according to patient groups

Group1 | Groww2 | popy :
n (%) n (%) n (%)
MV 6 (35.3%) 20 (100%) 26 (70.3%) 10.001*
ECMO + MV 3(17.6%) 6 (30%) 9 (24.3%) 20.462
Nasal 9 (52.9%) 0 (0%) 9 (24.3%) 20.000"
Reservoir 10 (58.8%) 0 (0%) 10 (27%) 20.000"
ICU COT
HFNO 7(41.2%) 9 (45%) 16 (43.2%) 11.000
CPAP 5(29.4%) 9 (45%) 14 (37.8%) '0.526
Not taken 3(17.6%) 3 (15%) 6(16.2%)
Pulmonary involvement on CT Below 50% 9 (52.9%) 0(0%) 9 (24.3%)
Above 50% 5(29.4%) 7 (85%) 22 (59.5%) 30.000"

"Continuity (Yates) correction, 2Fisher’s Exact test, 3Fisher-Freeman-Halton Exact test, "p<0.05.
ECMO: Extracorporeal membrane oxygenation, MV: mechanical ventilation, ICU: intensive care unit, COT: conventional oxygen therapy, HFNO: high flow nasal oxygen,
CPAP: continuous positive airway pressure, CT: computed tomography
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Table 4. Biochemical parameters according to patient groups
Group 1 Group 2
(n=1 7|; (n=20I; Total p-value
Mean £ SD (median) Mean £ SD (median) Mean £ SD (median)
WBC (4.00-10.00 10°/uL) 11.7614.59 (11.42) 15.5248.58 (12.99) 13.7947.2 (12) 0.315
CRP (0-5 mg/L) 60.72+61.88 (32.63) 89.83+57.34 (96.5) 76.46160.44 (72.48) 0.053
Procalcitonin (<0.05 mcgr/L) 0.380.36 (0.2) 1.15+2.5 (0.26) 0.79+1.87 (0.23) 0.116
Ferritin (13-150 mcgr/L) 141.68+122.63 (104.7) 256.02+152.73 (238.3) 203.48+149.44 (166.4) 0.007"
D-dimer (0-0.55 mg/L) 5.59+8.28 (3.43) 6.919.13 (4.04) 6.3+8.66 (3.65) 0.583
Fibrinogen (200-400 mg/dL) 534.06+112.26 (543) 517.6+213.54 (479.5) 525.161172.44 (499) 0.253
INR (0.75-1.27) 0.97+40.1 (0.95) 1.08+0.17 (1.07) 1.03+0.15 (0.98) 0.034
LDH (135-214 U/L) 453+124.47 (460) 541.45+217.81 (462) 500.81+184.18 (460) 0.368
Creatinine (0.5-0.9 mg/dL) 0.49+0.19 (0.46) 0.51+0.28 (0.46) 0.5£0.24 (0.46) 0.915
AST (6-40 U/L) 72.82197.78 (42) 65.86181.04 (45) 69.06187.91 (42) 0.964
ALT (6-33 U/L) 83.32+141.67 (24) 66.29+144.29 (22.5) 74.11+141.36 (23) 0.807
EOS (0.02-0.5 10°/uL) 0.05+0.06 (0) 0.1210.21 (0) 0.0910.16 (0) 0.472
Hemoglobin (12-16 gr/dL) 10.46+1.24 (10.6) 10.16+1.1 (9.9) 10.3£1.16 (10.1) +0.426
Hematocrit (40-54%) 32.03+2.99 (32) 31.3943.27 (30.7) 31.6813.12 (31.3) *0.542
Platelet (100-400 103/uL) 231.65+99.26 (210) 315.55+106.67 (292.5) 277+110.37 (253) *0.019"
Mann-Whitney U test, *Student t-test, "p<0.05
CRP: C-reactive protein, WBC: white blood cell, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydrogenase, INR: international normalized
ratio, EOS: eosinophil, SD: standard deviation
Table 5. Length of ICU stay and total length of hospital stay according to patient groups
Group 1 Group 2
(n=17|; (n=20|; Total p-value
Mean * SD (median) Mean * SD (median) Mean * SD (median)
ICU length of stay 16+18.4 (9) 13.249.3 (10.5) 14.49+14.07 (9) 0.647
Total length of stay in hospital 27.65+18.54 (20) 17.74£9.14 (17.5) 22.27+14.9 (18) 0.099
Mann-Whitney U test, ICU: intensive care unit, SD: standard deviation

she was in the week 21 of her pregnancy, and she died due
to multiple organ dysfunction.

Earlier studies conducted on pregnant COVID-19 patients
in the United States showed that the pregnant women with
COVID-19 and the patients who were not pregnant had
similar disease characteristics, with a milder disease severity
(7). In other words, COVID-19 was not a risk factor for
pregnancy. Another study conducted in the United Kingdom
including 91,412 female patients between the ages of 15
and 44 years and of whom 8,207 were pregnant reported
that the pregnant women needed hospitalization, ICU, and
MV support more (8). However, the aforementioned study
excluded non-survivors. Another cohort study conducted
by Tekbali et al. (9) in pregnant women within the first
four weeks of the pandemic also found that although the
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hospitalization rate increased, this increase was relatively
low compared to the overall population.

On the other hand, studies conducted in the ongoing
process have shown that the COVID-19 is associated with
increased maternal mortality and morbidity in pregnant
women. Mortality in infected pregnant women has been
shown to be correlated with ethnicity, gestational week,
comorbidity, the need for oxygen at the time of hospital
admission, and the need for ICU and MV support. The ICU
admission time of the hospitalized pregnant COVID-19
patients varies from 7 to 10 days (10-12). Similarly, in our
study, the average time to ICU admission was 8 days.

All pregnant women monitored in the study of Hessami
et al. (13) were in the third trimester. Obesity, diabetes
mellitus, hypertension, and asthma were the most frequently
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observed comorbidities. The maternal age was higher in the
deceased cases (13). Another study examining 20 maternal
deaths between the ages of 20 and 43 years showed that 11
patients had comorbidities accompanying severe pneumonia.
Asthma was the most frequently observed comorbidity (14).
In our study, eight patients had comorbidities, although there
was no difference between two groups. None of our patients
had diabetes and/or hypertension. One patient with asthma
history died, while two other patients survived. Three
patients, who had hypothyroidism, survived while one other
patient died. In the non-survivor group, the mean maternal
age was 31.3+5.73 (32.5) years, and the gestational age was
28.75+5.08 (28) weeks. Although there was no statistically
significant difference in our study, the maternal age was
higher among the non-survivors.

The study conducted by Juan et al. (15), in which they
examined the maternal deaths caused by the COVID-19,
reported that severe pulmonary damage had been detected
in all patients in consequence of CT evaluation, and that
the ground glass opacity was the most specific finding. In
our study, all of 31 patients who were examined with CT
had pulmonary findings, and all of the non-survivors had
widespread bilateral infiltration and ground glass opacity
(above 50%). However, although they had over 50% CT
involvement, five pregnant patients (22 %) survived.

Although there is a limited number of data regarding the
ECMO application in PCR-confirmed COVID-19 pregnant
patients, there are case reports with satisfactory results (16-
18). In our study, we applied venous-venous ECMO therapy
to nine patients in whom sufficient oxygenation could not
be achieved despite the maximum MV support. Eight cases
were supported with ECMO after emergency C/S due to
maternal hypoxia. The survival rate was 33.3%. In only
one of these cases (gestational age: 26 weeks), pregnancy
continued; this patient, whose pregnancy continued healthily,
was discharged without any sequelae in the room air after
discharging her from the ECMO unit. In her follow-up,
a healthy and normal infant was born at the 36" week of
pregnancy. The mean ECMO duration was longer among
survivors, and this duration was shorter in six patients who
died, and these patients were lost due to multiple organ
dysfunction syndrome caused by prolonged hypoxia and
insufficient tissue perfusion. Taken together, we believe that
the ECMO support is beneficial in eligible cases to prevent
pulmonary damage caused by the COVID-19 and prolonged
hypoxia in the lung tissue recovery period.

In our study, the emergency C/S was applied to 70.3%
of the patients in the ICU settings due to maternal hypoxia
and to 13.5% due to preeclampsia. Three of the six patients
to whom C/S was not died. The gestational week of non-
surviving patients was below 21 weeks (18, 20, and 20
weeks). All of them had over 50% pulmonary involvement
on CT and were under MV support due to maternal hypoxia.
In the surviving group, the pregnancy of three patients (20,
26, and 33 weeks) continued healthily; lung involvement on
CT was below 50%, and the patients receiving conventional
oxygen therapy were discharged from the ICU. The results
of the INTERCQOVID study comparing 706 COVID-19 positive
pregnant women with 1,424 non-infected pregnant patients
also indicate that the premature C/S, maternal morbidity
and mortality risks in the infected pregnant women have
increased due to eclampsia/preeclampsia, fetal distress, or
maternal hypoxia (10).

In our study, there were 23 patients, who gave birth to
their children under the spinal anesthesia method. During
the operation no changes were made about respiratuar
support or anesthesia method. But after the surgery 16 of
these patients needed MV support due to maternal hypoxia,
and 11 of these patients were lost. Based on these findings,
we consider that it is necessary to evaluate the clinical
condition, arterial blood gas analysis, and oxygenation of
the patient while selecting the most appropriate anesthesia
method.

In the COVID-19 pneumonia characterized by tachypnea,
hypoxaemia, widespread pulmonary infiltration, and diffuse
lung damage, acute respiratory distress syndrome (ARDS)
is the most frequently observed cause of death (19). The
RECOVERY trial recommended the administration of the
low-dose dexamethasone for the patients whose oxygen
needs were high or for patients under MV support (20). There
are also reports suggesting the use of methylprednisolone
that has a higher implantation to the lung tissue in ARDS
treatment (21,22). In our study, there was no relationship
between the use of methylprednisolone and mortality. On
the other hand, the corticosteroids may cause increase in
the maternal infections due to immunosuppression (23). We
consider that the use of corticosteroid may have played a
role in the existence of the bacterial secondary infections
confirmed with the blood and trachea cultures in the single
intensive care rooms of our hospital that was transformed into
a pandemic hospital in March 2020 despite the tight control
of the Infection Control Committee and the maximum hand
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hygiene and isolation measures. Therefore, we consider that
a careful cost-benefit analysis in the patient selection and a
close follow-up of the patients using corticosteroid against
the bacterial secondary infections would be beneficial.

In the clinical follow-up of COVID-19 cases, the laboratory
findings are also critical and, thus, INR, D-dimer, fibrinogen,
procalcitonin, CRR WBC, platelet count, and ferritin must
be monitored. In our study, the elevated levels of ferritin,
INR, and platelet counts were found to be correlated with
mortality. However, although these values were higher
among non-survivors, the INR and platelet counts were with
in normal limits. Overall, we detected low levels of anemia
and eosinophil count, as well as high D-dimer, fibrinogen,
LDH, WBC, procalcitonin, and CRP levels. Our results are
consistent with previous findings in the literature (24,25).

Several studies have reported that vaccination decreases
ICU admission and mortality in the course of the COVID-
19 infection. It was not different for the pregnant patients,
either (26,27). None of the patients who were in the ICU
and included in our study was immunized (one patient
was vaccinated incompletely, while 36 patients were not
vaccinated at all). As there is still no definitive treatment
method and antiviral medication for the pregnant patients
infected with COVID-19, we consider that immunization
by vaccination must be given the top priority in this patient
group that may have high mortality rates, as well.

Nonetheless, there are some limitations to this study.
Since our study was designed retrospectively, it did not
include information on the variant analysis of the infected
patients. At the beginning of the pandemic, the clinical
results of the pregnant patients were not different when
compared to the non-pregnant patients in the same age
group. Meanwhile, the dominant variant was the alpha
variant. We consider that the later reports of mortality may
have been caused by the change in the dominant viral
variants. Conducting a variant analysis in the future studies
may be a guide in predicting the course of the disease.

Turk J Intensive Care 2024;22:161-9

As the case number increases, new prognostic factors
would be identified in relation to mortality.

Conclusion

In conclusion, advanced age, gestational week,
vaccination status, ICU LOS, pulmonary involvement on CT
(over 50%), and MV requirement can affect the mortality
status of pregnant women infected with COVID-19. In
addition, MV combined with ECMO is an effective rescue
therapy for pregnant women with COVID-19 pneumonia
in the ICU setting. However, anesthesia method for
delivery should be selected individually. Further large-scale,
prospective studies are warranted to confirm these findings
and to gain a better understanding of COVID-19 pneumonia
in pregnant women.
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Radiation Safety Practices and Improvement of
Knowledge Level in Intensive Care Unit Working
Conditions: An Experimental Study on Nurses

Yogun Bakim Unitesi Calisma Kosullarinda Radyasyon
Giivenligi Uygulamalari ve Bilgi Diizeyinin Gelistirilmesi:
Hemsireler Uzerinde Deneysel Bir Galisma

ABSTRACT Objective: The aim of this study is to evaluate the effectiveness of radiation safety
training developed for nurses working in intensive care units (ICUs).

Materials and Methods: This study was carried out on a total of 144 nurses working in the neonatal
and pediatric ICUs of two different hospitals. The radiation safety training developed for the nurses
of the ICU for the nurses in the training group (n=62) was given face-to-face in 7 sessions in groups
of 8-10 people. The data were collected through the descriptive information form and the radiation
safety information form, as well as the observations made by the researcher.

Results: As a result of the observations, the development of protective behaviors against ionized
radiation of the nurses in the training group increased significantly both compared to the control
group and pre-training case (p<0.05). It was determined that score averages of radiation safety
knowledge levels of intensive care nurses in training group increased significantly. In the last
observations, it was determined that there was a significant decrease in the use of some personal
protective equipment by the nurses in the training group (p<0.05). Over time, a limited decrease
was observed in the radiation safety knowledge levels of the nurses in the training group.
Conclusion: It has been concluded that the radiation safety training applied within the scope of
the research is an effective method in ensuring the radiation safety of the nurses working in the
ICUs. Correct safety practices of employees in ICU units are expected to have a positive impact
on patient and employee safety.

Keywords: Nursing, radiation, intensive care unit, training, protection

0Z Amac: Bu calismanin amaci, yogun bakim Gnitelerinde (YBU) calisan hemsirelere yonelik
gelistirilen radyasyon givenligi egitiminin etkinligini degerlendirmektir.

Gerec ve Yontem: Bu calisma iki farkli hastanenin yenidogan ve cocuk YBU'lerinde calisan toplam
144 hemsire Uzerinde gerceklestirilmistir. Egitim grubundaki hemsirelere (n=62) yogun bakim
hemsireleri icin gelistirilen radyasyon guvenligi egitimi 8-10 kisilik gruplar halinde 7 oturumda
ylz yUze verildi. Veriler tanimlayici bilgi formu ve radyasyon glvenligi bilgi formu ile arastirmaci
tarafindan yapilan gézlemler araciligiyla toplanmistir.

Bulgular: Gézlemler sonucunda egitim grubundaki hemsirelerin iyonize radyasyona karsi koruyucu
davranis gelistirmeleri hem kontrol grubuna hem de egitim oncesi duruma goére anlamli olarak
artmistir (p<0,05). Egitim grubundaki yogun bakim hemsirelerinin radyasyon gtvenligi bilgi
dizeylerinin puan ortalamalarinin 6nemli diizeyde belirlendi. Son gbzlemlerde egitim grubundaki
hemsirelerin bazi kisisel koruyucu ekipman kullanimlarinda anlamli azalma oldugu belirlendi
(p<0,05). Egitim grubundaki hemsirelerin radyasyon glvenligi bilgi diizeylerinde zaman iginde sinirli
bir dusls gozlendi.

Sonug: Arastirma kapsaminda uygulanan radyasyon givenligi egitiminin YBU'lerinde calisan
hemsirelerin radyasyon guvenliginin saglanmasinda etkili bir yéntem oldugu sonucuna varilmistir.
YBU'ler de calisanlarin dogru radyasyon giivenlik uygulamalarina sahip olmalarinin calisan saglgi
ve hasta guvenligine olumlu katki sunmasi beklenmektedir.

Anahtar Kelimeler: Hemsirelik, radyasyon, yogun bakim tnitesi, egitim, korunma
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Introduction

Today, it is known that the greatest amount of artificial
ionize radiation (IR) exposure is caused by medical irradiation
source (1). For this reason, many protection measures
have been developed in order to protect the patients and
health workers from risks and dangers stemming from IR
exposure (2,3). Although annual permissible dose limits
are determined for workers of medical irradiation, genetic
disorders and carcinogenesis can emerge in people in low
dose IR exposure for a long time (4). There are studies about
the fact that many harmful effects such as breast cancer (5)
and cataract formation in the eye (6) etc. are seen in health
workers, who were exposed to low dose IR for a long time
compared to normal population (2,7).

There are many studies showing that though IR has
negative effects on the health of workers, health workers
have insufficient information, attitudes and behaviors
in protection from radiation (8,9). In a study conducted
on cardiologists, it is established that cardiologists had
insufficient information about protection from radiation (10)
and the health workers of urology service did not sufficiently
use personal protection equipment (PPE) (lead apron,
goggles) during scopy investigation (11).

The nurses undertake responsibilities in many areas with
IR such as intensive care units (ICUs), operating theaters
etc. During care process, IR exposure due to their profession
can be a significant occupational health problem for nurses
because they are the health workers closest to the patients.
When the studies are investigated, it is seen that the
nurses have insufficient knowledge level about radiation
safety compared to the other health workers (12,13). In
some studies conducted specifically for nurses, it has been
reported that the nurses working in the nuclear medical
department do not know the basic principles of protection
from radiation (14); and that the oncology nurses have not
developed expected positive behaviors after radiation safety
education has been performed (15).

Since the patients of ICU are not mobilized, X-ray
shooting processes are carried out with mobile X-ray devices,
which causes the ICU health workers to be exposed to IR.
In their study carried out to measure the radiation that the
doctors and nurses working in ICUs were exposed to, Xie
et al. (16) stated that the doctors and nurses were exposed
to radiation at a rate of 0.99 and 0.88 milisievert (msv),
respectively; and this exposure showed a positive correlation
with the working hours and the size of the service. When the

insufficient knowledge level about radiation safety with the
nurses are considered, it can be understood that this case
is an important issue affecting the safety of ICU nurses and
patients.

In X-ray radiographies conducted in ICU, it is in the
responsibility of the nurse that the nurse accompany the
patient and the taking care of the patient should not be
interrupted. One study reported that some accidental
extubations occurred when nurses tried to remove the
patient from the machine during radiography (17). Likewise, it
is possible that many tools such as ureteral catheter, central
venous catheter and nasogastric catheter mounted on the
patients for invasive attempts may be accidentially removed.
Therefore, even during radiography, the nurses cannot go
away from the environment because of patient’s safety; and
they can be exposed to IR more. In the literature, although
there are trainings on radiation safety for nurses, there is not
any standard application of this (18). With this study, after
considering the working conditions of the nurses of ICUs,
it is aimed to evaluate the effect of radiation safety training
on the knowledge, attitude and behaviors of nurses. In
accordance with this aim, the questions of the investigation
are determined as follows:

1. Has radiation safety training applied to ICU nurses
been effective on their radiation protection behaviors?

2. Has radiation safety education applied to ICU nurses
been effective on their radiation protection knowledge and
attitudes?

Materials and Methods

Trial Design

This study has been designed in quasi experimental
and implemented. During the experimental design with
the control group, one follow-up was performed before the
intervention, and two follow-ups were performed after it.
Radiation protection behaviors and knowledge levels were
evaluated at one-month intervals after the intervention.
Following all follow-ups, questionnaires, and observations
were conducted before interventions were implemented.

Participant

The population of the study consists of nurses working
in pediatrics and newborn ICUs of two hospitals which
have similar properties. Within the context of the study,
the training group and the control group were made up
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with nurses of two different independent hospitals in order
that the training can be evaluated impartially; hence, it was
established that the health workers would not be affected
from each other. The criteria to be included in the study are
working as nurses in the pediatrics and neonatal ICUs of
hospitals and being willing to participate in the study. On
the other hand, the exclusion criteria of the study were
determined as leaving the hospital during the process while
the research was in progress (go on a leave, change the
clinic etc.) and not accepting to participate in the study. The
participants were appointed in 2 equal groups as training (75)
and control group (75). During the process of the study, due
to the leaving of some participants, the study was ended
with total participants of 144 as 62 people in each the
training and control groups (Figure 1).

Control group: The control group were not provided with
radiation safety training prepared within the context of this
study. The informative posters related with radiation safety
were hung visible places of workplaces.

Training group: In the study, radiation safety training
program developed specific to the ICU nurses were applied

as a means of intervention to ICU nurses working in the
hospital specified as training group. In the preparation of
these training materials, International Radiological Protection
Commission (ICRP) reports and updated literature were
taken as bases (3,7,14,16,18-22). The aim of the training
program is to teach ICU nurses to apply the basic standards
of radiation protection by providing them with patient safety
yet without hindering their services. The trainings made face
to face were applied in practical terms with groups consisting
8-10 persons. In total six sessions, the intervention of the
nurses in the training group was completed. The content and
learning outputs of training are shown in Table 1.

Outcome Measures

Within the context of the study, the data were collected
through face-to-face survey and questionnaire. Before starting
the study, pretests were applied; after the homogeneity of
the training and control groups was examined, intervention
phase was started. The data in the study were collected
by using introductory information form, radiation safety
information level form and observation form.

Assessed for eligibility (n=150)

[ Enrollment

Excluded (n=24)
+ Not meeting inclusion criteria (n=24)

+ Declined to participate (n=1)
+ Other reasons (n=17)

Randomization of
Hospitals

Figure 1. Consort flow diagram
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Table 1. Radiation safety training program

Section

Content

Learning outcomes

Preparation and introducing

General information about issue

Making the importance of radiation
safety understood and raising
awareness.

Radiation safety

Definition of radiation, its sources,
its biological effects, its dose unit s and the
sensitivity of tissues to radiation

Knowing the difference between ionized and
non-ionized radiation. Knowing the effects of
radiation.

Controlled and supervised radiation

Knowing which areas of hospital

Radiated areas in hospitals
areas

need protection from radiation.

Basic principles to protect from

L Time, distance, barrier
radiation

Actions needed to be taken in radiated areas.

Protection from radiation in ICUs

Dose restriction in ICUs application of basic
standards to protect from radiation in ICUs
using personal protection equipment

Protection from radiation in working conditions
of ICUs and providing the safety of the patients.

Questions and guidance

Institutions to obtain information on the subject.

ICU: Intensive care unit

Introductory information form: Introductory information
form consists of total 14 questions related with the working
conditions of ICUs such as working years, number of shifts
per month, besides sociodemographic data about the
participants such as age, gender, civil status, and education
level.

Radiation safety information level form: The researchers
prepared it to assess nurses' radiation safety knowledge. The
form was prepared based on the ICRP (22) and International
Atomic Energy Agency (23) reports as well as current
literature (8-16). It consists of three sections as information
level about radiosensitive organs and tissues (sensitive-KL),
knowledge level about the biological effects of IR (effect-KL),
and knowledge level about radiological examinations having
IR (examination-KL).

|. Sensitivity-KL: It is the score type obtained through
truly knowing whether the organs and tissues (thyroid, blood
tissue etc.) of different parts of human body are sensitive to
radiation or not. The smallest score and the highest score are
taken as zero and eight, respectively.

[I. Effect-KL: It is the score type obtained through truly
knowing the biological effects (cancer, infertility etc.) possible
to occur with regard to long time low IR dose exposure. The
smallest score and the highest score are taken as zero and
six, respectively.

[Il. Examination-KL: It is the score type obtained through
knowing the radiological examinations, used in different
parts of the hospital, and in which IR is used and not used

(MR, X-ray etc.). The smallest score and the highest score
are taken as zero and twelve, respectively.

Observation form: In creating the observation form,
updated literature (17-20) and guidance (22,23) were taken
as bases; and the behaviors necessary to be conducted
to protect from radiation in ICUs were investigated in five
items. The specialists whose opinions were applied are of
academician and radiology specialist doctor working at a
university and at the radiation safety committee of a research
hospital, respectively. Each item was scored in 5 Likert scale
by the specialists and they were analyzed with the help of
W analysis. At the end of the analysis, it was concluded that
the scoring of each specialist were found not to be different
from each other statistically (Kendall W =0.167; p=0.255);
and there was a harmony between them. The observation
items:

e Going away from the environment during irradiation,

e Using lead screen,

¢ \Wearing lead apron during radiation,

e Using additional protectors during radiation (thyroid
protector, goggles etc.),

e After radiological examination, ventilating the
environment one stays.

Determination and Application of Observation Numbers

Defined protective behaviors were marked as “done”
and "did not do” on the observation form. Daily records were
attained by the researcher through observing the records of
present cameras of the hospital.
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The epi info Statcalc package program was used to
determine the number of follow-ups. The number of monthly
radiological examinations was recorded as 1,152. For this
reason, it was concluded that at least 33 follow-ups were
required for each group with a 5% margin of error in a
two-group study design with a confidence interval of 80%
before the training. In order to prevent duplicate observation
of participants and to increase the confidence interval, all
nurses included in the study were observed once in each
follow-up. As a result, a total of 144 nurses included in the
study were observed once in each follow-up.

Sample Size

G-Power 3.1.9.2 program was used in the study in order
to determine the size of sample. In line with the reference,
results obtained with literature scanning carried out before
the study, while the effect size was 0.8 and alpha: 0.05,
the sample to be taken for each group was obtained as 47
people and 94 people in total. Considering such cases as
going on a leave during the study, withdrawing from the
study and nurses changing their departments, all participants
in training and control groups were included in the study.
The data collected at the end of the study were obtained as
alpha, 0.05 and total sample size, 124, while effect size, 0.99,
as a result of post-hoc analysis.

Statistical Analysis

The data obtained as a result of the study were analyzed
in the IBM SPSS 22 package program (Statistical Package
for the Social Sciences). Frequency, percent arithmetic
mean, minimum-maximum values and median were used
from descriptive statistical methods. The paired simple t-test
was used to evaluate the quantitative dependent variables
showing normal distribution in the training and control
groups. Chi-square test was used to evaluate categorical
variables between groups. The McNeamer test was used
to determine how the training and control groups changed
during the intervention process. It was considered significant
since the materiality value (p-value) was below 0.05.

Ethical Approval

Before starting the study, the necessary permission was
obtained from Kog¢ University Social Sciences Research
Ethic Committee with decision number 2017.102.IRB3.055
(date: 22.06.2017). To conduct the study, the necessary
permissions were obtained from the institutions to which
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ICUs are connected. The participants were informed in
written and orally and their consent confirmations were
obtained. The radiation safety training applied to the training
group was later applied to control group as well.

Results

Sociodemographic and working features of the nurses:
It was determined that the age average of the groups
accepted in the study were training, 28.22+4.86 and
control, 29.01+4.39; and that no statistically significant
difference was found in age (p=0.345), gender (p=0.389),
civil status (p=0.072) and education levels (p=0.931), total
job experience (p=0.358) and their working types (p=0.075)
and working years (p=0.358) in ICUs (Table 2).

In the pre-tests, no statistically significant difference
was found in the behaviors of training and control groups
in moving away from the environment (p=0.427), using
protective shield (p=0.500), wearing lead apron (p=0.120),
using additional protective (p=0.500) and ambient ventilation
(p=0.320) that were observed (Table 3). The most frequent
behavior observed in the nurses during radiological
examination was moving away from the place where medical
examination is done (training: 58.1%, control: 61.3%). Using
protective shield (training: 11.3%, control: 12.9%) and
using lead apron (training: 14.5%, control: 6.5%) and using
additional protectors (training: 3.2%, control: 4.8%) and
ambient ventilation (training: 6.5%, control: 4.8%) behaviors
were found to be rarely applied radiation protection behaviors.

Pre-training radiation safety knowledge scores;
sensitive-KL (training: 2.72+1.10; control: 2.80+1.08),
effect-KL (training: 4.25+1.62; control: 4.46+1.71) scores
were found to be at similar levels (Figure 2).

It was determined that the socio-demographic, working,
radiation protection behavior and knowledge levels of the
groups had similar characteristics (Table 2, 3, Figure 2).

Evaluation of radiation protection behaviors and
knowledge scores of groups: The behavior of moving away
the environment after the intervention was significantly
higher in the control group than in the training group in
the second and third follow-ups (p=0.000; p=0.012). On
the contrary, it was observed that there was a significant
difference in favor of the training group in other radiation
protection behaviors such as using a radiation shield,
wearing a lead apron, using additional protective equipment,
and ambient ventilation (p=0.000).
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It is seen that the score averages of radiation knowledge
level (sensitivity-KL, examination-KL, effect-KL) have been
given correct answers at similar levels in both groups, which
is shown in Figure 2.

Evaluation of training group radiation protection behaviors
and knowledge scores: In the evaluation of the radiation
protection behaviors observed in each follow-up in the training

group, no statistically significant change was observed in
the protection behavior moving away from the environment
(Table 4). There were 27 nurses who showed moving away
behavior in the first and second follow-ups, 23 nurses in the
first and third follow-ups, and 31 nurses in the first and third
follow-ups (Table 4). Statistically significant increases were
observed in the other four protective behaviors compared

Table 2. Sociodemographic characteristics of nurses

Training Control Examination
Introductory features
group group values
Age X = SD (year) 28.22+4.86 29.01+4.39 t=-0.949 p=0.345
Working duration in ICU X +SD (year) 5.17+4.50 6.51+3.77 t=-1.795 p=0.075
Total working years X % SD (year) 3.41£3.01 3.96+3.57 t=-0.923 p=0.358
Female, n (%) 33(53.2%) 36 (58.1%)
Gender x2=0.213 p=0389
Male, n (%) 29 (46.8%) 26 (41.9%)
. Married, n (%) 32 (51.6%) 41 (66.1%)
Civil status - X?=2.698 p=0.072
Single, n (%) 30 (48.4%) 21 (33.9%)
X High school graduate, n (%) 9 (14.6%) 10 (16.1%)
Education status — x2=0.444 p=0.931
University graduate, n (%) 53 (85.6%) 52 (83.9%)
X . Yes, n (%) 55 (88.7%) 60 (96.8%)
Having shifts x2=2.995 p=0.082
No, n (%) 7(11.3%) 2 (3.2%)

X% Chi-square test, t*: independent simple t-test, p: significant value, ICU: intensive care unit, X + SD: mean * standard deviation

Training Examination-KL

Control Examination-KL

Training Effect-KL

Control Effect-KL

Training. Sensitivity-KL

Control Sensitivity-KL

=]
N
IS

m 3rd Follow up  m2nd Follow up  m 1st Follow up

Figure 2. Evaluation of knowledge score averages in training and control groups
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to the pre-intervention status (p=0.000). In the ICU, there
were 51 people, who did not use protective shields during
the radiological examination before the intervention, but

there were 47 people, who applied it in the second and
third follow-up after the intervention. Similarly, of 51 nurses,
who did not use lead aprons, 43 nurses started using lead

Table 3. Investigation of radiation protection behaviors and radiation knowledge
scores of training and control groups

Radiationprotection

15t Follow-up

2" Follow-up

3 Follow-up

behaviors Groups Yes No Yes No Yes No
(n/%) (n/%) (n/%) (n/%) (n/%) (n/%)
Moving away the Training 36/58.1% 26/41.9% 43/69.4% 19/30.6% 41/66.1% 21/33.9%
environment Control 38/61.3% 24/38.7% 60/96.8% 2/3.2% 53/85.5% 9/14.5%
Examination values x?*=0.134 p=0.427 X2*=14.676 p=0.000 X?*=6.332 p=0.012
Using shield Training 7/11.3% 55/88.7% 57/91.9% 5/8.1% 53/85.5% 9/14.5%
sing shie
g Control 8/12.9% 54/87.1% 33/53.2% 29/46.8% 29/46.8% 33/53.2%
Examination values x2*=0,076 p=0.500 x2¥=21.437 p=0.000 x2*=20.739 p=0.000
. Training 9/14.5% 53/83.5% 59/95.2% 3/4.8% 51/82.3% 1/17.7%
Wearing lead apron
Control 4/6.5% 58/93.5% 11/17.7% 51/82.3% 10/16.1% 52/83.9%
Examination values x?*=2.,148 p=0.120 Xx?*=72.465 p=0.000 x?*=54.240 p=0.000
Using additional Training 2/3.2% 60/96.8% 54/87.1% 8/12.6% 46/74.2% 16/25.8%
protectives Control 3/4.8% 59/95.2% 11/17.7% 51/82.3% 7/11.2% 55/88.7%
Examination values Xx2*=0.208 p=0.500 x2*=59,785 p=0.000 x2*=50.121 p=0.000
Ventilating the Training 4/6.5% 58/93.5% 57/91.9% 5/8.1% 47/75.8% 15/24.2%
environment Control 3/4.8% 59/95.2% 13/21.0% 49/79.0% 11/17.7% 51/82.3%
Examination values x2*=0,151 p=0.320 x2*=63.509 p=0.000 x2*=63.,509 p=0.000

x2: Chi-square test, p: significant value

Table 4. Examination of the training group’s radiation protection behaviors and knowledge scores

qst & 2nd 1t & 31 2nd & 3+
Observed behaviors Follow-up Follow-up Follow-up
Yes No Yes No Yes No
Moving away the Yes 27 9 23 13 31 12
environment No 16 10 18 8 10 9
Examination values x?*=0.412 p=0.230 x?*=0.516 p=0.472 x2*=0.674 p=0.832
Using protective Yes 6 1 6 1 52 5
shield No 51 4 47 8 1 4
Examination values X2*=46.173 p=0.000 x2*=42,188 p=0.000 x2¥=0,245 p=0.219
Yes 8 1 8 1 51 8
Using lead apron
No 51 2 43 10 0 3
Examination values Xx?*=44.290 p=0.0000 Xx?*=46.173 p=0.000 x?*=38.205 p=0.000
Using additional Yes 1 1 1 1 46 8
protectives No 53 7 45 15 0 8
Examination values x2*=4.429 p=0.000 x2*=48,167 p=0.000 x2*=40,196 p=0.000
Ventilating the Yes 3 0 3 0 47 10
environment No 54 5 a4 15 0 5

Examination values

x?*=4.429 p=0.000

x2*=52.019 p=0.000

x?*=42.023 p=0.000

x2*: McNeamer test, p: significant value
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aprons at the last follow-up after the intervention. There
were b3 nurses, who did not use an additional PPE before
the intervention, they used it at the first follow-up after the
intervention, and 45 nurses used it at the last follow-up.
Fifty four nurses, who did not ventilate the environment
after the radiological examination, started to ventilate the
environment in the first follow-up (Table 4). In the second
and third follow ups made with a one month interval after
the training, no statistically significant change was observed
in the behavior of moving away from the environment and
using protective shields (p=0.832; p=0.219). However, at the
last follow-up (3 follow-up), it was determined that there
were significant decreases in wearing lead apron, additional
PPE use and ambient ventilation protection behaviors. It was
observed that after the intervention, 8 people using lead
aprons, 8 people using additional PPE, and 10 people who
ventilated the environment after radiological examination in
the first follow-up did not apply these protective behaviors in
the last follow-up (Table 4).

As shown in the graph, the radiation knowledge level
score averages show remarkable rises, while these rises in
control group are limited. As a matter of fact, remarkable
score rises are observed in the training group at the first
sight. Although some slight decreases are observed in
sensitivity-KL, effect-KL scores in the last observation, this
is more obvious in examination-KL score average (Figure 2).

Discussion

In order to prevent the effects of long-term low-dose
IR exposure, radiation safety training developed specifically
for ICU nurses was applied within the scope of the study.
For this purpose, in the pre-tests (15t follow-up) in the
experimental design conducted in two different hospitals,
it was observed that the study groups had insufficient
knowledge and behavior in radiation protection (Table 3, 4).
When the protective behaviors of the training group during
the radiological examination in the pre-training ICUs were
examined, it was determined that the most protective
behavior of the nurses was going away from the environment
and they were insufficient in the use of PPE (Table 3). After
the training, while no significant variation was observed in
the doing away protection behavior in the training group, a
significant increase was found in other protective behaviors
(Table 4). Going away from the beam source is one of the
basic principles of radiation protection and the square of
the distance to the beam source is inversely proportional to
the amount of radiation received (23). In this case, sufficient

distance from the beam source will be effective in protection.
However, it is not always possible to implement this situation
in ICU working conditions. Divatia and Bhowmick (17), in
their study in ICUs, reported that when nurses go out of the
ICU during imaging, patients connected to the mechanical
ventilation device may leave the device, and this will cause
complications such as mortality that may develop due to
hypoxia and an increase in the length of stay in the hospital.
In addition, another problem is how far going away from the
beam source will provide protection. When the sources are
examined, values between two and six meters are given at
the point of how far going away from the beam source should
be (24,25). An important reason for this situation is that the
position of the person changes relative to the beam source
and the variability of the applied radiation dose. In ICUs, going
away from the beam source may cause various accidents
and complications in the patient, and it is not always a safe
method of protection by itself, due to the ambiguity about
how far away the person should be. In the second and third
observations after the training, it was determined that while
the going away and protection behavior was significantly
higher in the control group (Table 4), there was a significant
increase in other protective behaviors in the training group
compared to the control group (Table 3). This situation shows
that after the training, the use of PPE gained importance
in the protective behaviors of the training group rather than
going away from the environment.

In the last follow-up (3 follow-up) in the training group
after the radiation safety-training program was implemented,
a significant decrease was observed in the protective
behavior of additional protective, lead apron and ambient
ventilation (Table 4). Although the radiation safety training
given to the training group significantly increased the use
of PPE, it is clear that there was a partial decrease in the
use of PPE over time. In the literature, many reasons such
as not adopting protective behaviors, personal beliefs and
sensitivities are shown as the reasons for the decrease
in the protective behaviors of health workers about
occupational health and safety over time (26-28). In addition,
the availability of PPE is an important factor affecting its
use 15. When examined in terms of radiation protection,
Flor and Gelbcke (29), in their study on nurses working in
the cardiac catheterization unit, found that the nurses did
not use the PPE equipment used in radiation protection
because they found it heavy and uncomfortable. In another
study conducted on nurses in neonatal ICUs, it was stated
that the use of PPE was closely related to employee-related
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risks (30). Except for this, it is thought that this causes a
decrease in the risk perception of time-dependent nurses
and a decrease in the use of PPE over time, due to the fact
that the use of PPE is disturbing and heavy. The knowledge
levels of intensive care nurses on radiation protection were
examined in three sections where basic radiation safety
issues were questioned. In the evaluation made in the
study groups before the training, it was observed that their
knowledge about IR was quite limited (Table 3,4). Looking
at the studies in the literature, there are studies showing
that healthcare professionals from different professions such
as doctors, dentists, and radiology technicians do not have
sufficient knowledge about radiation safety (12,31,32). In a
study on intensive care nurses, it was stated that 62.7% of
the nurses had little knowledge about radiation safety, and
the remaining 37.3% had moderate knowledge (33). In all
these studies, different levels of information deficiencies
have been identified due to different measurement tools.
However, there are also studies reporting that nurses are
more inadequate than some healthcare professionals such
as doctors and radiology technicians (12,13,34). Since the
level of knowledge about radiation protection is positively
correlated with radiation protection behaviors (11), obtaining
the right information is also an important requirement for
developing correct behavior about radiation safety.

After the radiation safety training, it was determined that
the level of knowledge about radiation safety among the
nurses increased in the measurements made both in the
training group and compared to the control group (Figure 2).
In similar studies conducted, it is shown that radiation safety
training provides increased knowledge at different levels
(15,19). For this reason, it is an expected result consistent
with literature that there is an increase in IR knowledge level
in training group. However, in the last measurement, it is
seen that there is a limited decrease in the knowledge level,
which is more obvious in examination-KL knowledge average
(Figure 1). In the third observation, there is a parallel situation
in the decrease of protection behaviours and knowledge
level of ICU nurses (Table 3,4). In their study, Morishima et al.
(20) stated that the level of radiation protection knowledge
of cardiology nurses decreased over time. In line with these
data, which we have reached a similar conclusion with
the literature, it has been concluded that it is an important
necessity to conduct trainings periodically in order to
perpetuate the increasing level of knowledge.
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If the last follow-up was carried out three or six months
after radiation safety training, this would have given more
information about the persistence of radiation protection
behaviors. However, the last follow-up could be made only
one month after the second follow-up due to the frequent
occurrence of situations such as leave for holiday and the
nurses’ change of service. In the study, since there was no
measurement tool with reliability and validity in Turkish to
measure the radiation knowledge level of ICU nurses, the
evaluation of the radiation knowledge level was made using
descriptive statistical methods and visuals.

Conclusion

The findings obtained within the scope of the study
show that the radiation safety training developed for ICU
nurses is an effective tool in ensuring radiation safety.
However, in order to prevent the correct protection behaviors
and decrease in knowledge level depending on time, the
trainings should be organized periodically.

*This study was produced from the data of the Doctoral
Thesis published in Kog¢ University Health Sciences Institute
Nursing Department (Thesis No: 568819).
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Investigation of Opinions of Nurses Working in
Surgical Intensive Care Units about the Participation
of Family Members in the Care of Patients during the
Dying Process: A Cross-sectional Design

Cerrahi Yogun Bakim Unitelerinde Calisan Hemsirelerin
Oliim Siirecindeki Hastalarin Bakimina Aile Uyelerinin
Katilmalari Konusunda Goriislerinin Incelenmesi:
Kesitsel Bir Galisma

ABSTRACT Objective: This study was conducted to determine the opinions of nurses working in
surgical intensive care units (S-ICU) about the participation of family members (FM) in the care of
patients during the dying process.

Materials and Methods: Ethical approval was obtained before starting the research. The study was
conducted in descriptive type with 81 nurses working in the S-ICU of a training and research hospital
between 15 March and 15 April 2022. The data were collected through the descriptive information
form and the nurse's opinion determination form created by the researcher. STROBE checklist was
used in reporting the research. A p<0.05 value was accepted for statistical significance.

Results: The mean age of the nurses participating in the study was 32.39+5.87 years, and the
duration of working experience in S-ICUs was 5.69+5.76 years. The rate of nurses wanting the FM
of patients in the dying process to participate in the patient care in the intensive care unit is 26%,
the rate of not wanting is 57%, and the rate of undecided is 17%. 72.8% of the nurses think that
the participation of FM in care is beneficial for the patients, while 27.2% think that it is harmful. It
was determined that nurses with working experience had a higher support rate in cases where
FMs participated in the care of patients in the dying process (p=0.010) (p<0.05).

Conclusion: Although nurses working in S-ICUs think that the participation of FM in the care of
patients in the dying process will be beneficial for patients, the rate of support is low.

Keywords: Patient in the dying process, end of life care, good death, nursing, surgical intensive care

0Z Amac: Bu calisma cerrahi yogun bakim (nitesinde (C-YBU) calisan hemsirelerin, 6lim
stirecindeki hastalarin bakimina aile Gyelerinin (AU) katilmasi konusundaki gériislerini belirlemek
amaciyla yapildi.

Gereg ve Yontem: Arastirmaya baslamadan énce etik onay alindi. Arastirma 15 Mart ve 15 Nisan
2022 tarihleri arasinda bir egitim ve arastirma hastanesinin C-YBU'de calisan 81 hemsire ile
tanimlayici tlrde yapildi. Veriler arastirmaci tarafindan olusturulan, tanitici bilgiler formu ve hemsire
gorusleri belirleme formu araciligr ile toplandi. Arastirmanin raporlanmasinda STROBE kontrol listesi
kullanildi. Istatistiksel anlamlilik igin p<0,05 degeri kabul edildi.

Bulgular: Calismaya katilan hemsirelerin yas ortalamasi 32,39+5,87, C-YBU'lerde calisma deneyimi
5,69+5,76 yildir. Olim siirecindeki hastalarin AU’lerin yogun bakimda bakima katilmasini isteme
orani %26, istememe orani %57, kararsizlarin orani %17'dir. Hemsirelerin %72,8'i AU'lerin bakima
katilmasinin hastalar icin yararl, %27,2'si ise zararli oldugu gériistine sahiptir. Olim stirecindeki
hastalarin bakimina AU'lerin katildigi durumlarda calisma deneyimine sahip hemsirelerin,
destekleme orani daha ytksek oldugu belirlendi (p=0,010) (p<0,05).

Sonug: C-YBU'lerde calisan hemsirelerin 6liim siirecindeki hastalarin bakimina AU'lerin katiliminin
hastalar igin yararli olacagini dislinmelerine ragmen destekleme orani distktar.

Anahtar Kelimeler: Oliim sirecindeki hasta, yasam sonu bakimi, iyi 6lUm, hemsirelik, cerrahi
yogun bakim
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Introduction

Death is a common phenomenon when providing
comprehensive care to critically ill patients in surgical
intensive care units (S-ICU) (1). Presence of family at
the time of death (PFTD); is to maintain physical and
psychosocial support by a representative, determined by the
patient’s family members (FM), while standing at a point
that the patient can see (2,3). This practice takes its source
from family-centered care theory. Family-centered care is a
concept of care that prioritizes the preferences of patients
and FMs. A representative from the family takes over the
autonomy of the unconscious patient. The premise of this
theory is that FMs are participants rather than spectators
(2). However, in a limited number of studies, it has been
shown that FMs can be with patients in ICUs, touch and
talk to patients, participate in their care after death, and
help health professionals (4-6). Despite the increase in the
recovery possibilities of patients in S-ICUs, patients in the
dying process spend their last days and hours in an isolation
and separate from their FM (7,8). Patients often die before
having the opportunity to say goodbye to their FMs (9).

Today, while the evidence for the benefits of PFTD
application is increasing (10,11), there are also reports of its
problems (10-14). In a study, it was determined that FMs
want to participate in the PFTD application, but experience
significant stress, fear, anxiety and depression during the
death decision (10). In another study, it was determined
that about half of FMs (48%) did not agree with the health
professionals about the withdrawal of life support (11).
Various studies have defined some obstacles and limitations
about the implementation of PFTD (12-15). These limitations
include; unrealistic demanding attitudes of FMs, conflict
between FMs, presence of cultural and spiritual needs
of FMs that healthcare professionals are unfamiliar with,
exclusion of FMs in the decision-making process, racial and
religious discrimination, and lack of awareness of health
professionals (12,14).

PFTD practice is an unrealized goal for family-centered
care, and its routine application is still controversial (3,16).
A recent systematic review showed that healthcare
professionals do not routinely practice PFTD (3). Most
frequently reported causes include the thought that this
practice may be distressing, destructive and traumatic
for families, performance anxiety, fear of reaction, being
sued, fear of exposure to violence of team members and
architectural barriers (17).

FMs of patients are not allowed to participate in the
patient care during dying process in surgical ICUs except

for 10-15 minutes visits for once a day, and therefore
uninterrupted family support cannot be provided. In addition,
FMs cannot also participate in care after death. Although
nurses’ opinions are one of the determinants of PFTD
practice, no study was found in the literature that examines
the opinion of nurses. It was evaluated that the opinions of
the nurses about the PFTD practice could contribute to the
identification of the obstacles and to the elimination of the
lack of knowledge. In this way, care can be planned in line
with the preferences of the patient and their families, and
the goal of family-centered care can be achieved. The aim of
this study is to determine the opinions of nurses working in
S-ICUs about the participation of FM in the care of patients
during the dying process.

Materials and Methods

The research is a prospective, descriptive and cross-
sectional study conducted with nurses working in S-ICUs
of a training and research hospital between 15 March and
15 April 2022.

Setting and Sample

The universe of the study consisted of 108 nurses
working in the S-ICU of a training and research hospital. The
sample size of the study was calculated with the G*Power
3.1.9.7 program. Cohen'’s (d) standard effect size 18 was
used with the one-way hypothesis. Assuming effect size:
0.3, a error 0.05, B error 0.20, power: 80%; it was calculated
that the minimum number of participants to be included in
the sample should be (n=71). Fifteen nurses who did not
volunteer to participate in the study, 12 nurses who were on
leave at the time of the study, and 7 nurses who filled in the
data collection form incompletely were excluded from the
study. The research was completed with 81 nurses. In the
study, 75% of the universe was reached.

Nurses, who are working in the S-ICUs of a training
and research hospital and volunteered to participate in the
study were included. The data of nurses who volunteered
to participate in the study but wanted to leave at any stage
afterward were not included in the study.

Data Collection Tools and Methods

Data collection forms were created by the researcher
(3,7,16-20). in accordance with the purpose of the research
as a result of examining the literature. It consists of two
parts, the descriptive information form and the nurse opinion
determination form. In order to determine the validity of
the nurse opinion determination form, expert opinion was

Turk J Intensive Care 2024;22:180-9
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obtained from 1 intensive care specialist, 2 academician
nurses, and 2 clinician nurses. Experts were asked to
evaluate the clarity of each statement in the data collection
form and its suitability with the aims and objectives of the
research (1: not appropriate, 2: somewhat appropriate, 3:
quite appropriate, 4: very appropriate). The content validity
index (CVI) of the data collection forms was calculated as 1
according to the opinions of the experts. Since CVI: 1 was
>0.80, data collection forms were considered suitable for
this study (21). A pre-application was made with ten nurses
to evaluate the appropriateness of the data collection forms.

In the first part of the data collection form, there are
questions about the age, gender, education level, experience
in nursing, duration of experience in the S-ICU, status of
encountering a patient who has died before, status of
losing a relative before, status of conflicting with a patient’s
family member before, status of being previously sued by
a family member of nurses working of nurses working at a
S-ICU. The second part of the data collection form consists
of 34 structured questions to determine the opinions of
nurses working in S-ICUs about the participation of FMs in
post-mortem care practices. Eighteen of these questions
are about determining the reason for wanting the family
member to participate in the care of the patient in the dying
process, and 16 of them are questions about the reason for
not wanting the family member to participate in the care of
the patient during the dying process.

A pilot study was conducted with 10 nurses to test the
comprehensibility of the data collection forms before data
collection. Since there was no need for correction in the data
collection forms, the data obtained as a result of the pilot
study were also included in the study. Before data collection,
nurses working in S-ICUs were informed about the aims
and objectives of the study. If nurses were volunteered to
participate in the study, a voluntary information form was
signed. Nurses who volunteered to participate in the study
were asked to answer the questionnaire. It took 10-15
minutes for the nurses to answer the questions in the first
and second parts of the data collection form.

Statistical Analysis

Statistical analysis of the data was performed in SPSS
20.0 Windows package program. In descriptive statistics,
number (n) and percent (%) values were used to represent
categorical variables, and mean + standard deviation was
used to represent numerical values. The dependent variable

Turk J Intensive Care 2024;22:180-9

of the study is the opinions of nurses working in S-ICUs
about the participation of FMs in post-mortem care. The
independent variables are age, gender, education level,
professional experience, and experience in the S-ICU. The
opinions of nurses working in S-ICUs about the participation
of FMs in the post-mortem care were statistically compared
with independent variables. Pearson chi-square test was
used for comparisons of categorical variables. A p<0.05
value was accepted for statistical significance.

Ethical and Research Approvals

Before starting the study, approval was Hasan Kalyoncu
University Health Sciences Non-Interventional Research
Ethics Committee (decision no: 2022/019, decision date:
28.02.2022). After informing the nurses about the study,
their written consent was obtained for being volunteer to
participate in the study (22). All phases of the study were
carried out in accordance with the Declaration of Helsinki
of the World Medical Association (23). In the training and
research hospital where the study was conducted, FMs are
allowed to visit patients once a day in S-ICUs and the visit
time is limited to 10-15 minutes. FMs of patients, whose
condition is critical and who are in the terminal period, are
not allowed to participate in post-mortem care in S-ICUs.
S-ICUs have a room to inform FMs routinely and to report
death.

Results

Participant Characteristics

The mean age of the nurses participating in the study
was 32.39+5.87, 56.8% of them were female, and 88.9% of
them were undergraduate graduates. The mean professional
experience of nurses was 10.40+6.44 years and the S-ICU
experience was 5.69+5.76 years. 51.9% of the nurses work
in the anesthesia ICU, and 69.1% of them received training
on the care of the patient in the dying process. 27.2% of
the nurses witnessed the death of a relative, 55.6% of them
wanted to participate in the care of a relative in the dying
process. 27.2% of the nurses have working experience in
cases where FMs participate in the care of patients in the
dying process. It was determined that 23.5% of the nurses
had a different opinion with the FMs about the care of the
patient. It was determined that 8.6% of the nurses were
sued and 4.9% were subjected to violence by the FMs
(Table 1).
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Table 1. Distribution of descriptive characteristics of nurses
working in surgical intensive care units (n=81)

Characteristics \ n \ %
Age (mean % SD: 32.39+5.87, youngest: 24-oldest: 48)

230 35 43.2
31-40 36 444
<41 10 12.3
Gender

Female 46 56.8
Male 35 43.2
Educational status

Health vocational high school 4 4.9
Graduate 72 88.9
Postgraduate 5 6.2

Experience in nursing (years) (mean * SD: 10.4016.44, minimum:
1-maximum: 27)

=5 13 16.0
6-10 39 48.2
<11 29 35.8

Surgical intensive care experience (years) (mean x SD:
5.69+5.76, minimum: 1-maximum: 25)

25 54 66.7
6-10 17 21.0
<1 10 12.3
Intensive care unit

Surgical 16 19.8
Cardiovascular surgery 23 28.4
Anesthesia 42 51.9
Status of receiving education about patient care in the dying
process

Yes 56 69.1
No 25 30.9
Witnessing the death of a first-degree relative

Yes 22 27.2
No 59 72.8

Request to participate in the care of the relatives in the dying
process

Yes 45 55.6

No 36 44.4

Work experience in case of Family members participating in the
care of the patient in dying process

Yes 22 27.2

No 59 72.8

The situation of different opinions with Family members on the
care of the patient in the dying process

Yes 19 235

No 62 76.5

Case of being sued by family members of patients in the dying
process

Yes 7 8.6

No 74 91.4

The situation of violence by family members of patients in the
dying process

Yes 4 4.9

No 77 95.1

SD: Standard deviation

Opinions of Nurses

Nurses participating in the study answered the “Should
FMs be involved in the care of dying patients in S-ICUs?”
question as follows: 57% yes, 26% no, and 17% undecided
(Figure 1).

72% of nurses working in S-ICUs included in the study
think that PFTD is beneficial for patients. Most frequently
reported causes are as follows, FMs will help patients
feel safe by reducing their fears (71.6%), FMs will provide
psychosocial support to patients (64.2%), FMs will facilitate
communication with the patient and enable rapid resolution
of problems (49.4%). In addition, 44.4% of the nurses stated
that FMs would provide urgently necessary drugs, blood and
supplies for the patients, 28.3% of the nurses stated that
FMs would provide faster access to information about the
patient. It was also determined that 27.2% of the nurses
think that the presence of FMs at S-ICU will ensure that
patients receive care in line with their cultural, religious
preferences and beliefs, and 23.5% are of the opinion that
patients have a fundamental right to be with their FMs
(Table 2).

24.7% of the nurses working in S-ICUs included in the
study think that PFTD is beneficial for FMs. Most frequently
reported causes are as follows, FM see that the necessary
intervention has been made for the patients (44.4%), FM
find the opportunity to say goodbye (write off each other’s
debts) with patients (23.5%), and helps FM come to terms
with death more quickly (23.5%). In addition, 19.8% of the
nurses think that the grieving process will be alleviated
by FMs, and 17.3% of nurses think that participation is a
fundamental right for FMs (Table 2).

Opinions

mYes mNo mUndecided

Figure 1. Opinions of nurses working in surgical intensive care units about
the presence of family members in the intensive care unit of patients
during the dying process (n=81)
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18.56% of nurses working in S-ICUs included in the study
think that PFTD is beneficial for healthcare professionals.
23.5% of the nurses think that it will make it easier to get
approval for invasive procedures. It was determined that
17.3% of them were of the opinion that it would facilitate
clinical decisions, and 16.0% thought that it would facilitate
care and ease the workload of health professionals (Table 2).

33.3% of nurses working in S-ICUs included in the study
think that PFTD is harmful for patients. Most frequently
reported causes are as follows, the operation of the devices
and equipment on the patients may be impaired (54.3%),
may cause patients to become infected (54.3%). In addition,
53.1% of the nurses are of the opinion that it causes the
patients to feel emotional, their stress and anxiety will
increase, 50.6% of the nurses think that the treatment
processes of the patients may be disrupted, and 49.4%
of the nurses think that the vital signs of the patients may
change (tachycardia, hypertension) (Table 3).

42% of nurses working in S-ICUs included in the study
think that PFTD is harmful for FMs. 55.6% of the nurses
think that this will be a traumatic process for FMs and will

have long-term effects. 54.3% of the nurses think that the
psychological health of FM (anxiety, depression, etc.) may
deteriorate, and 51.9% of the nurses think that the physical
health of FMs (high blood pressure, fainting, etc.) may
deteriorate (Table 3).

56.7% of nurses working in S-ICUs included in the study
think that PFTD is harmful for health professionals. Most
frequently reported causes are as follows, FM may apply
violence to nurses (54.3%), FM can complicate the work
of nurses (54.3%), FM may react to nurses (54.3%). While
53.1% of nurses think that dealing with FMs will increase
the workload of nurses, 51.9% of nurses think that FMs can
sue nurses (Table 3).

When the opinions of nurses working in S-ICUs about
PFTD were compared in terms of descriptive characteristics
such as age, gender, education level, experience in nursing,
experience in surgical intensive care, the difference was not
statistically significant (p>0.05).

When the opinions of nurses working in S-ICUs about
PFTD were compared in terms of the S-ICU, the difference
was statistically significant (p=0.014) (p<0.05). On the

Table 2. Reasons for nurses working in surgical intensive care units to request PFTD (n=81)

Reasons for requesting PFTD :e(;o) :(()o %) :r(:;;cided
Beneficial for patients 59 (72.8) 2(2.5) 20 (24.7)
It reduces the fears of patients and makes them feel safe. 58 (71.6) 3(3.7) 20(24.7)
Provides physical and psychosocial support to patients. 52 (64.2) 5(6.2) 24 (29.6)
It enables problems to be solved quickly by facilitating communication with the patient. 40 (49.4) 2(2.5) 39 (48.1)
Provides the urgently needed medicine, blood, material for the patient. 36 (44.4) 7(8.6) 38 (46.9)
Provides faster access to previous important information about the patient. 23(28.4) 3(3.7) 55(67.9)
Ltee“r;sfl;‘res that patients receive care in line with their cultural, religious preferences and 22(272) 33.7) 56 (69.1)
Itis a fundamental right for patients. 19 (23.5) 4(5.0) 58 (71.5)
Beneficial for family members 20 (24.7) 2(2.5) 59 (72.8)
Family members see that the necessary intervention has been made for the patients. 36 (44.4) 3(3.7) 42 (51.9)
E:rt?(ielztzembers find the opportunity to say goodbye (write of f each other’s debts) with 19 (23.5) 2(2.5) 60 (74.1)
Helps Family members come to terms with death more quickly. 19 (23.5) 5(6.2) 57 (70.4)
Alleviates the grieving process of family members. 16 (19.8) 5(6.2) 60 (74.1)
It is a fundamental right for family members. 14 (17.3) 7(8.6) 60 (74.1)
Beneficial for health professionals 15 (18.5) 5(6.2) 61 (75.3)
Makes it easier for healthcare professionals to obtain consent for invasive procedures. 19 (23.5) 2(2.5) 60 (74.1)
Facilitates clinical decision making for healthcare professionals. 14 (17.3) 7(8.6) 60 (74.1)
Relieves the workload of healthcare professionals, facilitates care. 13 (16.0) 8(9.9) 60(74.1)

PFTD: Presence of family at the time of death
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Table 3. Reasons for nurses working in surgical intensive care units not requesting PFTD (n=81)

Reasons for not requesting PFTD :e(;’) :?% ) :?;;ddEd
Harmful for patients 27 (33.3) 19 (23.5) 35(43.2)
The operation of the devices and equipment on the patients may be impaired. 44 (54.3) 2(2.5) 35(43.2)
May cause patients to become infected. 44 (54.3) 2(2.5) 35(43.2)
Causes patients to be emotional, increases their stress and anxiety. 43 (53.1) 3(3.7) 35(43.2)
It may disrupt the treatment processes of patients. 41 (50.6) 5(6.2) 35(43.2)
Patients’ vital signs may change (tachycardia, hypertension). 40 (49.4) 6(7.4) 35(43.2)
Harmful for Family members 34 (42.0) 12 (14.8) 35(43.2)
Itis a traumatic process for family members, has long-term effects. 45 (55.6) 1(1.2) 35(43.2)
It can impair the psychological health of family members (anxiety, depression, etc.). 44 (54.3) 2(2.5) 35(43.2)
It can impair the physical health of family members (high blood pressure, fainting, etc.). 42 (51.9) 4(4.9) 35(43.2)
Harmful for health professionals 46 (56.7) 1(1.2) 34 (42.1)
Family members may apply violence to nurses. 44 (54.3) 2(2.5) 35(43.2)
Family members can complicate the work of nurses. 44 (54.3) 2(2.5) 35(43.2)
Family members may react to nurses. 44 (54.3) 2(2.5) 35(43.2)
Taking care of family members increases the workload of nurses. 43 (53.1) 3(3.7) 35(43.2)
Family members can sue nurses. 42 (51.9) 4(4.9) 35(43.2)
PFTD: Presence of family at the time of death

other hand, when the opinions of nurses working in
S-ICUs about PFTD were compared in terms of status of
receiving education on patient care during the dying process,
witnessing the death of a first-degree relative, willingness to
participate in the care of the relative during the dying process,
the difference was not statistically significant (p>0.05).
When the opinions of nurses working in S-ICUs about PFTD
were compared in terms of the work experience where FM
are involved in the care of a dying patient, the difference
was found to be statistically significant (p=0.010) (p<0.05).
When the opinions of nurses working in S-ICUs about PFTD
were compared in terms of the situation of having different
opinions with FM about the care of the patient in the dying
process, the situation of being sued, the situation of being
exposed to violence; the difference was not statistically
significant (p>0.05) (Table 4).

Discussion

The most important finding of the study, in which the
views of nurses working in the S-ICU about the involvement
of FMs in the care of patients in the dying process were
examined, is the low rate of nurses supporting the

participation of families in care. Only 26% of the nurses
approve the PFTD practice. The reason for the very low
rate of approval of PFTD by nurses in the study may be the
thought of being subjected to verbal and physical violence
by FMs of patients. It also suggested that nurses may lack
knowledge about patient and family-centered care. Today,
while there is a lot of evidence about the benefits of PFTD
practice (6,11,24), there are also reports about its problems
(10,11,24,25). Numerous studies have identified some
barriers and limitations to the application of PFTD (12-15).
These limitations include; unrealistic demanding attitudes of
FMs, conflict between FMs, presence of cultural and spiritual
needs of FMs that healthcare professionals are unfamiliar
with, exclusion of FMs in the decision-making process, racial
and religious discrimination, and lack of awareness of health
professionals (12,14). In-service training programs should be
organized to increase the awareness of nurses and clinical
practice guides should be created.

Although the rate of nurses supporting the PFTD
application was very low in the study, 72.8% of the nurses
think that the participation of FM in care is beneficial for
the patients, while 27.2% think that it is harmful. The most
important reasons for thinking that PFTD is beneficial are
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Table 4. Comparison of nurses working in surgical intensive care units on PFTD by descriptive characteristics (n=81)

Characteristics :lz;l;ld participate :I;;;ld not participate :lr&d;uded Test'/p

Age (mean % SD: 32.3915.87, youngest: 24-oldest: 48)

>30 8(9.9) 22(27.2) 6.2) es304

31-40 12 (14.8) 17 (21.0) 8.6) p=0.1.§08

<41 1(1.2) 7(8.6) 2.5)

Gender

Female 11(13.6) 26(32.1) 9(11.1) X2=0.488

Male 10(12.3 20 (24.7) 5(6.2) p=0.783

Educational status

Health vocational high school 2(2.5) 2(2.5) 0(0.0) ,

Graduate 18 (22.2) 41 (50.6) 13 (16.0) );:01'777695

Postgraduate 1(1.2) 3(3.7) 1(1.2)

Experience in nursing (years) (mean x SD: 10.40+6.44, minimum: 1-maximum: 27)

>5 3(3.7) 7(8.6) 3(3.7) 23,401

6-10 13 (16.0) 19 (23.5) (8.6) p=0.;193

<11 5(6.2) 20 (24.7)

Surgical intensive care experience (years) (mean % SD: 5.69+5.76, minimum: 1 - maximum: 25)

25 16 (19.8) 29 (35.8) 9(11.1)

6-10 4(4.9) 10 (12.3) 3B.7) Xi=1.768
p=0.778

<11 1(1.2) 7(8.6) 2.5)

Intensive care unit

Surgical 1(1.2) 8(9.9) (8.6)

Cardiovascular surgery 9(11.1) 12 (14.8) (2.5) X:1:;5416

Anesthesia 11(13.6) 26 (32.1) 6.2) p==

Status of receiving education about patient care in the dying process

Yes 14(17.3) 33(40.07) 9(11.1) X2=0.360

No 7(8.6) 13 (16.0) 5(6.2) p=0.835

Witnessing the death of a First-degree relative

Yes 5(6.2) 12 (14.8) 5(6.2) X2=0.664

No 16 (19.8) 34 (42.0) 9(11.1) p=0.718

Request to participate in the care of the relatives in the dying process

Yes 15(18.5) 23(28.4) (8.6) X2=2.893

No 6(7.4) 23(28.4) (8.6) p=0.235

Work experience in case of Family members participating in the care of the patient in dying process

Yes 10(12.3) 7(8.6) 2(2.5) X2=9.224

No 11 (13.6) 39 (48.1) 12 (14.8) p=0.010

The situation of different opinions with Family members on the care of the patient in the dying process

Yes 6 (7.4) 13 (16.0) 3(3.7) X2=0.282

No 15(18.5) 33(40.7) 11(13.6) p=0.869

Case of being sued by family members of patients in the dying process

Yes 3(3.7) 3(3.7) 1(1.2) X2=1.149

No 18(22.2) 43 (53.1) 13(16) p=0.563

The situation of violence by Family members of patients in the dying process

Yes 0(0) 4(4.9) 0(0) X?2=0.664

No 21(25.9) 42 (51.5) 14(17.3) p=0.718

“Test: Pearson chi-square, SD: standard deviation
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as follows: It reduces the fears of the patients, makes
them feel safe (71.6%), provides physical and psychosocial
support to the patients (64.2%), facilitates communication
with the patient and ensures that the problems are solved
quickly (49.4%). In the literature, it has been reported that
patients in the dying process experience fear, uneasiness
and security anxiety (3,24). In the study of Leske et al. (24), it
was emphasized that it is important for patients in the dying
process to feel safe and know that they are not surrounded
only by people they do not know. In the study, most
frequently reported reasons for being harmful are as follows,
the operation of the devices and equipment on the patients
may be impaired (64.3%), may cause patients to become
infected (54.3%). In addition, 53.1% of the nurses are of the
opinion that it causes the patients to feel emotional, their
stress and anxiety will increase. When the existing literature
on this subject is examined, contrary to this view, it is seen
that PFTD practice is beneficial for patients. There are reports
that patients are relieved by feeling the presence of their FM
even if they are unconscious (24,25).

In the study, 24.7% and 42% of the nurses thought that
the PFTD application is beneficial, and harmful for FMs,
respectively. This finding of the study made us think that
nurses put the patient in the center while working to solve
various problems of the patient and put the benefits of FMs
in the second plan. Nurses should be informed about patient
and family-centered care, and the importance of PFTD in
terms of FMs should be emphasized. In the study, the most
frequently reported reasons by nurses that PFTD is beneficial
for FMs are as follows; FMs see that the necessary
intervention has been made for the patients (44.4%), FMs
find the opportunity to say goodbye to the patients (23.5%),
enable FMs to accept death more quickly (23.5%). This
finding of the study is similar to the existing literature.
Evidence for PFTD practice reports that FMs play crucial
roles for relatives and suggest some benefits for families as
well (26-28). When FMs are with patients, they can be sure
that everything is done for their loved ones and protect their
rights (8), they can improve the quality of communication
between patients and healthcare professionals (8,28), they
can contribute to solving problems so that patients can live
as well as possible until death (29). In this way, the comfort
of the patients in their last days can be increased and the
quality of life can be kept at the highest level (27-29). FMs,
who stay with the patient in the last moments, can continue
to have memories with the patient, find the opportunity to

say goodbye, and accept the information about the death of
their loved ones faster (8). One study described how FMs
tell a child they love him/her and let him/her die (5,8). This
situation can prevent the pathological grief that threatens the
health of FMs and alleviate the grieving process (8). In the
study, the most frequently reported reasons by nurses that
PFTD is harmful for FMs are as follows: It is a traumatic
process for FMs and has long-term effects (55.6%), it
can impair their psychological health (anxiety, depression)
(54.3%), and it can impair their physical health (blood
pressure, fainting) (51.9%). While the majority of FMs who
are next to their relatives during the death process adapt
well to the loss of their relative, 6-8% of them experience
an intense and pathological mourning period with high
psychological complications (9). The preferences of the
patients and FMs should be kept in mind when making the
PFTD decision. Precautions should also be taken against
the possibility that FMs may be affected physically and
psychologically.

In the study, 18.5% of the nurses think that PFTD
application is beneficial for health professionals, and 56.7 %
of them think that it is harmful. The most common reasons
reported by nurses that PFTD is beneficial for healthcare
professionals are as follows: It facilitates the consent
of health professionals for invasive procedures (23.5%),
facilitates the clinical decision-making of health professionals
(17.3%), eases the workload of health professionals and
facilitates care (16%). Although a larger proportion of nurses
think it is harmful, there is evidence in the literature about
the benefits of PFTD. When the current literature about this
subject is examined; it has been shown in a limited number
of studies that FMs can contact patients, communicate with
patients, participate in post-mortem care in case of death,
and help health professionals (4,5,22). In the literature, it is
also revealed that PFTD application has some benefits for
health professionals. In a report published by the American
Association of Intensive Care Nurses in 2016, it is reported
that PFTD application facilitates medical decision making and
increases the quality of care (30).

The most common reasons for nurses to think that PFTD
practice is harmful to health professionals are as follows:
Nurses may be exposed to violence by FMs (54.3%), FMs
may complicate the work of nurses (54.3%), FMs may react
to nurses (53.1%), FMs may sue nurses (561.9%). When the
existing literature on this subject is examined, it has been
shown that nurses are exposed to violence in their working
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environments and can be sued (22,31-33). In a study of
Pol et al. (31), it has been reported that ICU nurses are at
risk for work-related violence. In a survey study conducted
by Zhang et al. (32) with 4125 nurses in 28 hospitals; it
was determined that 25.77%, 63.65% and 2.6% of the
nurses were exposed to physical violence, to non-physical
(verbal) violence, and to sexual harassment, respectively. It
has been reported that 11.72% of the nurses have health
problems due to this work-related violence (32). It has been
reported in the study of Yavuz et al. (20), that FMs who
witness the resuscitation of a relative may misunderstand
the procedures, which increases the risks of violence and
litigation against healthcare professionals. In a meta-analysis
study by Aljohani et al. (33), It has been determined that
52% of violence against health professionals is perpetrated
by FMs. Precautions should be taken for the safety of ICU
nurses. Before admitting FMs to the ICU, FMs should be
informed about the ICU environment, the characteristics of
the patient and the rules they must follow.

The low rate of support for PFTD practice among
anesthesia ICU workers in the study may be due to the
fact that they frequently encountered patients in the dying
process and were in dilemma about the benefits of PFTD.
In the study, in cases where FMs participate in the care of
patients in the dying process, nurses with working experience
have a high rate of supporting PFTD. It was evaluated that
concerns of nurses about PFTD could be reduced by sharing
experience. Written procedures and practice guidelines are
needed for the participation of FMs in ICUs.

The limitation of the study is that the study was
conducted in a single center with a limited sample size.
Therefore, the study findings cannot be generalized to the
population. Being the first study on this subject makes the
research findings valuable.

Turk J Intensive Care 2024;22:180-9

Conclusion

The rate of nurses working in S-ICUs to support the
participation of FM in the care of patients in the dying process
is low. Working experience increases the support rate of
nurses in cases where FM participate in the care of patients
in the dying process. It is thought that it would be beneficial
to provide in-service training and to identify and remove
preventable obstacles to eliminate the lack of knowledge on
this subject while examining the opinions of nurses on the
practice of family presence in the dying process, since it may
contribute to achieving the goal of family-centered care in
line with the preferences of the patient and FM.
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Does Tube Resistance Compensation Change
Metabolic Parameters When Added to Pressure
Support Mode During Weaning?

Weaning Sirecinde Basing Destekli Ventilasyon
Moduna Tiip Direnci Kompanzasyonu Eklenmesi
Metabolik Parametreleri Degistirir mi?

ABSTRACT Objective: We postulated that adding tube resistance compensation (TRC) to pressure
support ventilation (PSV) would have beneficial effects on metabolic parameters in patients
scheduled for weaning. Here, the PSV and PSV + TRC were compared by measuring oxygen
consumption (VO,), energy expenditure (EE), and carbon dioxide production (VCO,).

Materials and Methods: This was a prospective, randomised, crossover study. Seventy-eight adult
patients were randomised to receive either PSV or PSV + TRC. Group 1 consisted of patients that
started with PSV initially and then switched to PSV + TRC, whereas group 2 first received PSV +
TRC and then switched to PSV. After 30 minutes (min) of monitoring and stabilization, an indirect
calorimeter was connected and metabolic parameters measurement was taken every 5 min for 30
minutes, and the last measurement values were recorded at the 30" min. The patient was then
switched to the second treatment mode, and the procedure was repeated.

Results: TRC + PSV ventilation had no clinical effects on metabolic parameters compared with PSV
(EE, 1746 vs. 1763, respectively; VO,, 255 vs. 260, respectively; VCO,, 206 vs. 208, respectively;
all p>0.05).

Conclusion: Adding TRC to PSV did not cause any changes in gas exchange, haemodynamic
variables, or metabolic parameters in patients for weaning.

Keywords: Indirect calorimetry, pressure support ventilation, tube resistance compensation, work
of breathing

6z Amac: Calismamizda weaning planlanan hastalarda basing destekli ventilasyon moduna
(PSV) tlp direnci kompanzasyonu (TRC) eklenmesinin metabolik parametreler tzerinde etkilerinin
arastinimasi amaglanmistir. PSV ve PSV + TRC modlari, oksijen tiiketimi (VO,), enerji tiketimi (ET)
ve karbondioksit dretimi (VCO,) dlgtilerek karsilastirild.

Gereg ve Yontem: Calismamiz prospektif, randomize, crossover bir calismadir. Yetmis sekiz yetiskin
hasta baslangic ventilasyon modlari PSV veya PSV + TRC modu olmak Uzere randomize edildi.
Grup 1 PSV modu ile ventilasyona baslanan daha sonra PSV + TRC modunda ventilasyona devam
edilen hastalardan, grup 2 ise 6nce PSV + TRC modu ile ventile edilen daha sonra PSV modu ile
ventilasyona devam edilen hastalardan olustu. Otuz dakikalik (dk) monitorizasyon ve stabilizasyonun
ardindan indirekt kalorimetre baglanarak 30 dk boyunca 5 dk bir metabolik parametre 6lgimu yapild
ve son 6lclim degerleri 30. dk’de kaydedildi. Hasta daha sonra ikinci tedavi moduna gegcildi ve islem
tekrarlandi.

Bulgular: PSV + TRC modu ile ventilasyonun, PSV modu ile karsilastirildiginda metabolik
parametreler Uzerinde higbir klinik etkisi olmamistir (sirasiyla ET, 1746, 1763, VO,; 255, 260, VCO,;
206, 208; timi p>0,05).

Sonug: PSV moduna TRC eklenmesi, weaning hastalarinda gaz degisimi, hemodinamik degiskenler
veya metabolik parametrelerde herhangi bir degisiklige neden olmadi.

Anahtar Kelimeler: Indirekt kalorimetre, basing destekli ventilasyon, tiip direnc kompanzasyonu,
solunum isi

90€0
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Introduction

Weaning is introduced to decrease the duration of
mechanical ventilation and should be initiated as early
as possible following elimination of the reasons for acute
respiratory failure (1). One of the most important causes of
weaning failure is imbalance between respiratory muscle
capacity and respiratory workload against the resistance
caused by the artificial airway (2). The rate of successful
extubation can be increased by decreasing the work of
breathing caused by the intubation tube [additional work of
breathing (WOBadd)] (3).

Several ventilation modes may be used during weaning,
one of the most common of which is pressure support
ventilation (PSV) (4). Although the PSV mode has been
reported to decrease the work of breathing by reducing
resistance due to the artificial airway at pressure support
(PS) levels appropriate for the respiratory requirements
in the patient (5), this mode has some limitations. Work
of breathing caused by the artificial airway is due to the
diameter and length of the endotracheal tube, as well as the
effort of the patient (6). WOBadd increases as minute (min)
ventilation demand increases (6). The flow pattern is variable
during each breath and WOB cannot be compensated by
constant PS (7). Therefore, PSV mode leads to discomfort in
patients because it cannot continuously adjust to changes in
the resistance caused by changes in the inspiratory flow of
the patient and, thus, provides a suboptimal decrease in the
work of breathing (8).

Tube resistance compensation (TRC) [also known as
automatic tube compensation (ATC)] has been developed to
address this problem and to improve the weaning process
(9). This method compensates for the pressure changes
due to flow during inspiration and expiration through the
continuously calculated tracheal pressure (7). In ventilators
with the TRC feature, the pressure changes due to flow
through the endotracheal tube is automatically compensated
and the WOBadd is reduced (9).

A few studies recognised the reduction in work of
breathing as a reduction in oxygen consumption and
demonstrated that indirect calorimetry is a suitable bedside
method to measure these parameters (10,11). In addition,
many studies have evaluated the effects of mechanical
ventilation modes on the metabolic parameters by measuring
oxygen consumption (VO,), energy expenditure (EE), and
carbon dioxide production (VCO,) using indirect calorimetry
(12-14).

In the present study, we thought that adding TRC to PSV
mode would have beneficial effects on metabolic parameters
(VO,, VCO,, EE) in patients scheduled for weaning. Here we
hypothesized that adding TRC to PSV mode would reduce
VO, and reduce VCO, and EE. Therefore, in our study, PSV
and PSV + TRC modes were compared by measuring VO,,
VCO, and EE by indirect calorimetry.

Materials and Methods

This prospective, randomised, crossover study was
conducted in a mixed intensive care unit of a university
hospital after receiving approval from the Ege University
Clinical Research Ethics Committee (decision no: 14-9.2/6,
date: 07.11.2014). The study population consisted of 78
adult patients after obtaining written informed consent from
their relatives. According to the protocol of our clinic, patients
with hemodynamic and respiratory stable, inspiratory PS
below 10 cmH,0, positive end-expiratory pressure: 5-8
c¢mH, 0 and fraction of inspired oxygen (FiO,) level 40% and
below, core body temperature <38 °C were considered to be
ready for weaning. Patients who met the weaning criteria,
had mechanical ventilation for more than 24 hours, had
hemodynamic and respiratory stability, had hemoglobin >8
g/dL and core body temperature <38 °C were included in
the study.

Patients with a respiratory rate (RR) >35 min-1,
asynchrony with the ventilator, core body temperature >38
°C, Sp0,<90%, Pa0,<60 mmHg, PaCO,>50 mmHg, or
haemodynamic instability were excluded from the study.

The patients were randomised to receive either
PSV or PSV with TRC (PSV + TRC) (Hamilton Raphael or
Hamilton-G5; Hamilton, Rhazuns, Switzerland). Group
1 consisted of patients started with PSV mode initially
followed by switching to PSV + TRC, whereas group 2
initially received PSV + TRC and were then switched to PSV.
After a 30 min stabilisation period and normalisation of blood
gas values, measurements were made using an indirect
calorimetry device (Metabolic Monitor; Datex Ohmeda,
Helsinki, Finland). VO,, VCO,, and EE were recorded after 30
min. The patient was then switched to the other mode and
the same procedure was repeated.

Group 1 patients were followed with PSV mode for
30 min and after stabilization was achieved, they were
connected to the indirect calorimeter and metabolic
parameters were measured every 5 min for 30 min, and
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the last 30" min measurement values were recorded. Then,
PSV + TRC mode was started. After 30 min of monitoring
and stabilization, an indirect calorimeter was connected and
metabolic parameters measurement was taken every 5 min
for 30 min, and the last measurement values were recorded
at the 30" min.

Group 2 patients were followed with PSV + TRC mode
for 30 min and after stabilization was achieved, they
were connected to the indirect calorimeter and metabolic
parameters measurements were taken every 5 min for 30
min, and the measurement values were recorded at 30 min.
Then, PSV mode was started. After 30 min of monitoring
and stabilization, an indirect calorimeter was connected and
metabolic parameters measurement was taken every 5 min
for 30 min, and the last metabolic parameters measurement
values were recorded at the 30" min.

During the entire study period, RR, heart rate (HR),
mean arterial pressure (MAP), oxygen saturation (SPO,),
tidal volume (V1), peak airway pressure (Ppeak), and PS level
were recorded every 10 min, and pH, partial arterial oxygen
pressure (PaO,), partial arterial carbon dioxide pressure
(PaCO,), and base excess and bicarbonate (HCO,) levels
were measured and recorded at 30 min intervals following
the baseline measurements.

No interventions, such as tracheal aspiration, positioning,
or wound dressing, were performed over the course of
the study period. If any intervention was required, the
measurement was terminated, and the procedure was
repeated from the beginning when the patient was in a
suitable condition.

Statistical Analysis

The data were evaluated by the Biostatistics and Medical
Information Department of University Hospital. Demographic
and clinical data were evaluated using the chi-square test.
Metabolic, haemodynamic, respiratory parameters, and
blood gas analysis results were compared using the paired
t-test. In all analyses, p<0.05 was taken to indicate statistical
significance.

Results

Seventy eight patients were selected for the study. The
mean age, the mean acute physiology and chronic health
evaluation-ll score were 54.8+21.6 years and 20.7+6.5.

The demographic and clinical data of the patients are
listed in Table 1.
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Table 1. Demographic and clinical data of the patients

Variables Values
Male, n (%) 49 (62.8%)
Female, n (%) 29 (37.2%)
Age (years) (mean * SD) 54.8£21.6
APACHE-II score (mean + SD) 20.7+6.5
Ideal body weight (kg) (mean + SD) 64.4+9.07

Size of endotracheal tube, n (%)

7 (2, 2.69%)
7.5 (24, 30.8%)
8 (51, 65.4%)
9(1,1.3%)

PaO,/FiO, (mmHg)

312.4+81.62

evaluation-ll

SD: Standard deviation, APACHE-II: acute physiology and chronic health

Table 2. Reasons for mechanical ventilation

Reasons for mechanical ventilation

Values

Postoperative, n (%)

20 (25, 6%)

Trauma, n (%)

16 (20, 5%)

Cardiovascular, n (%) 6(7,7%)
Gastrointestinal, n (%) 4(5,1%)
Respiratory, n (%) 5 (6, 4%)
Anoxic coma, n (%) 2 (2,6%)
Hematological, n (%) 1(1,3%)

Neurological, n (%)

13 (16, 7%)

Others, n (%)

11 (14, 7%)

The most common reason for mechanical ventilator
support was postoperative respiratory failure (Table 2).

There were no statistically significant differences in
metabolic parameters (VO,, VCO,, and EE) between PSV and
PSV + TRC periods in either group 1 or 2 (p>0.05) (Figure 1).

There were no statistically significant differences in
metabolic parameters (VO,, VCO,, and EE) between PSV and
PSV + TRC periods in group 1 (p>0.05) (Figure 2).

There were no statistically significant differences in
metabolic parameters (VO,, VCO,, and EE) between PSV and
PSV + TRC periods in group 2 (p>0.05) (Figure 3).

There were no significant differences in metabolic
parameters, HR, MAR Ppeak, Vt, RR, SPO, or blood gas
values between the PSV and PSV + TRC periods (p>0.05)
(Table 3).
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Table 3. Parameters measured during the PSV and PSV with TRC
period
Variables PSV PSV with TRC -value
(n=78) (n=78) P
EE, (kcal/day) 1763.9+464.9 | 17463+476.9 | 0.24
mean = SD
VO, (mL/kg/min) 260.4+69.9 | 255.1+688 | 0.14
mean = SD
VO, (m/kg/min) | 505,584 206.4£59.1 | 0.52
mean +SD
Vt, (mL) mean +SD 437.5+101.6 437.1£103.9 0.87
RR, (breaths/min) | 5151435 21.344.49 032
mean = SD
MAP, (mmHg) 79.1£103 78.9+10.7 0.55
mean = SD
HR, (beats/min) 90.5+18.3 9041808 | 0.76
mean = SD
SPO,, (%) mean +SD | 96.6%1.5 96.7£1.57 0.26
Peak pressure,
+ +
(cmHZO) mean +SD 16.6£3.59 16.7£3.5 0.48
pH, mean £ SD 7.47+0.04 7.47+0.04 0.85
PO, (mmHg) 93.4423.7 93.1423.8 0.76
mean = SD
PCO, (mmHg) 36.845.3 36.945.1 0.16
mean = SD
HCO, (mmol/L) 26.4+33 26.7+3.4 0.05
mean = SD
BE, (mmol/L) 34442 33142 0.22
mean = SD
1 0,
Fio, (%) 37.6£3.3 37.5£34 0.15
mean +SD
VE (L/min)
+ +
mean +SD 8.7+1.3 8.611.5 0.76
PEEP (cmH,0) 5.8+1.2 5.641.3 0.45
mean = SD
VO,: Oxygen consumption, EE: energy expenditure, VCO,: carbon dioxide
production, HR: heart rate, MAP: mean arterial pressure, SPO,: peripheral
oxygen saturation, Vt: tidal volume, FiO,: fraction of inspired oxygen, VE: minute
ventilation, PEEP: positive end expiratory pressure, RR: respiratory rate, PaO,:
partial arterial oxygen pressure, PaCO,: partial arterial carbondioxide pressure,
SD: standard deviation, PSV: pressure support ventilation, TRC: tube resistance
compensation

Discussion

In the present study, adding TRC to the PSV mode did
not change the metabolic parameters in patients during the
study period. Fabry et al. (9) investigated WOB imposed by
the endotracheal tube (WOBadd) in the ATC and PSV mode
with different PS in two populations of patients during
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intubated spontaneous respiration. Imposed WOB was
compensated with ATC and PSV settings of 10-15 cmH,O
in the postoperative patients without pulmonary injury
(min ventilation 7.6+1.7 L/min), whereas PSV of 5 cmH,O
did not compensate for WOB. In severely ill patients with
increased respiratory demand (min ventilation, 16.8£3.0 L/
min), WOBadd increased significantly and none of the PSV
levels could compensate for the WOB. It was noted that
imposed WOB (WOBadd) could be compensated only by
ATC. The patients included in the present study had min
ventilation <10 L/min. Adding TRC to PSV did not significantly
reduce these metabolic parameters. Therefore, we assumed
that the effect of TRC on WOBadd was negligible in patients
requiring low min ventilation.

Oczenski et al. (15) compared the effects of PSV,
continuous positive airway pressure (CPAP), and CPAP with
ATC on the oxygen consumption and respiratory pattern by
measuring VO, with indirect calorimetry in 21 post-cardiac
operation patients with normal ventilatory demand without
pulmonary disease. There were no significant differences
among the groups in oxygen consumption, respiratory
pattern (Vt, RR), blood gas values, or haemodynamic
parameters. They concluded that the clinical effect of the
presumed benefits of ATC was low in patients with no
increased ventilatory demand.

Lagoa et al. (12) randomised 40 mechanically ventilated
intensive care patients into two groups in a prospective,
randomised, crossover study. One group was ventilated in
ATC with CPAP mode first and then only in CPAP mode,
while the other group was ventilated in CPAP first and then
in CPAP with ATC mode. Metabolic parameters were then
measured by indirect calorimetry for 30 min. The researchers
noted that there were no significant differences in the VO,,
EE, or VCO, values of the patients measured during the
period with and without ATC.

In the present study, we compared the effects of TRC
mode on metabolic parameters by measuring VO,, VCO,,
and EE values by indirect calorimetry and found that TRC
had no statistically significant effects on these parameters.

The duration of measurement by indirect calorimetry was
30 min in the present study. We believe that our sample
size was sufficient compared to other studies. In addition,
although our primary aim was not to investigate the effects
of TRC on haemodynamic and respiratory parameters, we
did not find significant differences in these parameters
between the periods with and without TRC.

We did not evaluate WOB directly or use the pressure-
time product related to oxygen consumption by the
respiratory muscles. Instead, we evaluated WOB indirectly
by calorimetry to estimate oxygen consumption of the body
as a whole.

In addition, the limitation of our study is that power
analysis was not performed to determine the number of the
study population.

Conclusion

In conclusion, adding TRC to the PSV mode did not cause
any changes in metabolic parameters in patients scheduled
for weaning.
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Efficacy of Tocilizumab in Critically 1ll COVID-19
Patients Followed in the Intensive Care Unit

Yogun Bakim Unitesinde Takip Edilen Kritik COVID-19
Hastalarinda Tocilizumab Tedavisinin Etkinligi

ABSTRACT Objective: In this retrospective and cross-sectional study, it was aimed to evaluate the
efficacy of tocilizumab (TCZ) treatment in critical coronavirus disease-2019 (COVID-19) patients
who were hospitalized in the intensive care unit (ICU) and developed cytokine storm.

Materials and Methods: The study included 219 critically ill COVID-19 patients followed in the ICU
and treated with TCZ. All patients received 2 doses of 400 mg/day TCZ treatment during their stay
in the ICU. Clinical conditions, laboratory data, inotrope requirement and chest radiographs before
and after TCZ treatment were compared. Mortality rates at the 7" day, 28" day and total mortality
rates of the patients were recorded.

Results: It was observed that there was a significant decrease in C-reactive protein (CRP) values
over time after TCZ treatment. There was a significant increase in leukocyte, lymphocyte, lactate,
urea, creatinine, aspartate transaminase, D-dimer, lactate dehydrogenase and procalcitonin values.
The 7-day mortality of the patients was 21%, the 28-day mortality was 64.8%, and the total
mortality rate was 65.3%.

Conclusion: It was determined that after TCZ treatment, only CRP levels, which are among the
inflammatory parameters, decreased significantly in patients, and the mortality rates were still high
with the increase in the values of kidney and liver function tests of the patients.

Keywords: Coronavirus disease-2019, intensive care unit, mortality rate, tocilizumab

6z Amag: Retrospektif ve kesitsel olarak planlanan bu calismada yogun bakim tinitesinde (YBU)
yatan ve sitokin firtinasi gelisen kritik koronaviris hastaligr-2019 (COVID-19) hastalarinda uygulanan
tocilizumab (TCZ) tedavisinin etkinligini degerlendirmeye calistik.

Gereg ve Yontem: Calismaya, YBU'de takip edilen ve TCZ tedavisi uygulanmis olan 219 kritik
COVID-19 hastasi dahil edildi. Tim hastalara, YBU'de yattigi siire icinde 400 mg/giin 2 doz TCZ
tedavisi verildi. TCZ tedavisinden onceki ve sonraki klinik durumlari, laboratuvar verileri, inotrop
ihtiyaci ve akciger grafileri karsilastirildi. Hastalara ait 7. glin, 28. giin ve total mortalite oranlari
kaydedildi.

Bulgular: TCZ tedavisinden sonra zamanla C-reaktif protein (CRP) degerlerinde anlamli azalma oldugu
gorild. Lokosit, lenfosit, laktat, Ure, kreatin, aspartat transferaz, D-dimer, laktat dehidrogenaz ve
prokalsitonin degerlerinde ise anlamli artis oldugu saptandi. Hastalara ait 7. glinlik mortalite %21,
28 gunliuk mortalite %64,8 ve total mortalite orani %65,3 olarak saptandi.

Sonug: TCZ tedavisi sonrasi hastalarda inflamatuar parametrelerden sadece CRP dlzeylerinde
anlamli azalma oldugu, hastalarin bobrek ve karaciger fonksiyon testlerinde artis ile birlikte mortalite
oranlarinin hala ylksek seyrettigi saptanmistir.

Anahtar Kelimeler: Koronavirlis hastaligi-2019, yogun bakim Unitesi, mortalite orani, tocilizumab
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Introduction

Coronavirus disease-2019 (COVID-19) which began in
Wuhan, China in December 2019 as a 2019 global pandemic
and has since spread rapidly around the world (1). It was
named COVID-19 on February 11, 2020 (2). COVID-19,
which spread rapidly through person-to-person transmission
and became a worldwide public health problem, affected
603,711,760 people and caused the death of 6,484,136
individuals as of September 7, 2022 (3-5). Pneumonia,
which rapidly worsens and causes respiratory failure,
developed in most of the patients (6). Especially elderly and
immunocompromised individuals have higher mortality and
morbidity rates (7).

The fact that there is still no effective treatment for
COVID-19, the need for effective treatments, especially for
critically ill patients treated in intensive care units (ICUs), is
of great importance and studies on these treatments are
continuing rapidly by scientists all over the world.

As the clinical course of COVID-19 progresses, patients
begin a hyperinflammatory phase with dysregulation of
adaptive immune responses. A cytokine storm then develops,
accompanied by elevated plasma proinflammatory cytokine
levels, including interleukin (IL) 2, 6, 7, 10 and granulocytes.
Cytokine storm results in a prothrombotic environment,
cardiomyopathy and ultimately multi-organ failure (8,9).

In the treatment of cytokine storm, immunomodulatory
treatments such as IL-1 inhibitors (anakinra), IL-6 inhibitors
[tocilizumab (TCZ)], corticosteroids (methylprednisolone)
and intravenous immunoglobulin (IVIG) are applied (10).
TCZ, a monoclonal antibody against the membrane-bound
IL-6 receptor that inhibits the binding of soluble IL-6 and
subsequent signal transduction, has been proposed as a
therapeutic candidate to inhibit cytokine storm (11). In an
observational study involving 544 patients with COVID-19,
TCZ treatment was associated with a reduced need for
subsequent invasive mechanical ventilation or a reduced
risk of death (12). In another observational study, it was
determined that TCZ treatment was thought to have
association with a decrease in mortality among intubated
COVID-19 patients (13).

In line with this information and recommendations, TCZ
treatment, which is one of the immunomodulatory treatment
methods, was used at the onset of clinical worsening
in critically ill COVID-19 patients hospitalized in the ICU
in our clinic. In this study, it was aimed to evaluate the
effectiveness of TCZ treatment in critical COVID-19 patients
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by evaluating the effects of treatment on clinical, laboratory,
lungs and mortality in critical COVID-19 patients who were
treated with TCZ.

Materials and Methods

This study was carried out in University of Health
Sciences Turkey, Diyarbakir Gazi Yasargil Training and
Research Hospital between 01.04.2020-30.11.2021.
Ministry of Health Scientific Research Platform permission
(20.10.2021), hospital management permission (25.10.2021),
and University of Health Sciences Turkey, Gazi Yasargil
Training and Research Hospital Clinical Research Ethics
Committee approval (dated 26.11.2021 and numbered 936)
were obtained. The study was designed as a retrospective
cross-sectional and was conducted in accordance with the
2013 criteria of the Declaration of Helsinki.

Patients who were diagnosed with COVID-19, whose
nasopharyngeal samples were positive for at least one
polymerase chain reaction test, were followed up and
treated in the ICU, were older than 18 years old, and
received 2 doses of 400 mg/day TCZ during their stay in
the ICU were included in the study. COVID-19 patients who
were younger than 18 years of age, followed in the wards
and did not receive TCZ treatment or were not given two
doses, were excluded from the study. In addition, patients
whose data could not be reached in the hospital system and
patient file records, and patients who died while undergoing
TCZ treatment were also excluded from the study. In line
with these criteria, 235 patients who started TCZ treatment
within the specified date range were included in the study.
However, three patients died before the completion of
TCZ treatment, and 13 patients were excluded from the
study since sufficient data could not be reached in their file
records. During the ICU follow-up process, the non-mortal
patients were included in group 1, while the mortal patients
were included in group 2 and evaluated.

After the patients were admitted to the ICU, their clinical
status was evaluated with acute physiology and chronic
health evaluation Il (APACHE-II) and Glasgow coma score
(GCS). According to the clinical condition of the patients,
appropriate medical treatment, respiratory and oxygen
support were provided by infectious diseases, chest diseases
and anesthesiology and reanimation specialists. The data
of the patients were collected by examining the hospital
information system and patient file records. Demographic
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data of patients such as age and gender, comorbidity history,
APACHE-II and GCS scores at admission to ICU, vital signs,
arterial blood gases (pH, pCO,, pO,, lactate), hemogram
parameters [leukocyte, neutrophil, lymphocyte, platelet (PLT)
count], biochemical parameters [urea/creatine, aspartate
transaminase (AST), sodium, potassium, D-dimer, C-reactive
protein (CRP), creatine kinase (CK), lactate dehydrogenase
(LDH)], procalcitonin (PCT) and ferritin levels, the changes in
the chest X-ray, and the necessity of inotropic support were
recorded.

The clinical conditions, laboratory data, inotrope
requirement and chest X-rays were compared during the
1-week period, the day before TCZ treatment (day 1), the day
after two-day TCZ treatment (day 4), and the fourth day after
treatment (day 7). While evaluating the clinical situation, the
patient’s need for oxygen support, the change in respiratory
distress compared to the previous evaluation, and regression
in existing complaints or observation of new findings were
considered. The change in the chest X-ray was evaluated by
an experienced specialist doctor who has been working in
the ICU since the pandemic process began. It was recorded
whether the patients developed death during the follow-up
period in the ICU.

Statistical Analysis

SPSS 20.0 for Windows software was used for statistical
analysis. Numerical data were expressed as minimum-
maximum and mean + standard deviation, while categorical
data were expressed as numbers and percentages. Shapiro-
Wilk test was used to determine whether the numerical
data fit the normality distribution. In the comparison of more
than two groups, the data matching the normality distribution
were evaluated with the ANOVA test in repetitive samples,
while the Friedman test was used to compare the data that
did not fit the normality distribution. In paired analyses, the
data matching the normality distribution were evaluated with
the t-test in dependent samples, and the data not complying
with the normality distribution were evaluated with the
Wilcoxon test. In all comparisons, p<0.05 was considered
as significant.

Results

Two hundred and nineteen patients who were treated
with TCZ and hospitalized in the COVID-19 ICU were included
in this study. The mean age of the patients was 60.70+14.13,
and 34.2% were female and 65.8% were male. While the

mean APACHE-II score of the patients was 16.47+8.52, the
mean GCS was 14.46+1.34. The demographic, comorbidity
status, GCS and APACHE-II score data of the patients and
the comparison of the data of the deceased-living patients
are shown in Table 1. When group | and group Il patients
were compared in terms of comorbidity, it was observed
that patients with a mortal course had more comorbidities,
diabetes mellitus (DM) and hypertension (HT) than non-
mortal patients (p-values: <0.001; 0.001; 0.003). There was
no statistically significant difference between the two groups
in terms of other clinical features and comorbidities (p>0.05).

The changes in vital signs and laboratory values over time
in patients treated with TCZ are given in Table 2. The change
of vital signs over time in patients treated with TCZ is given
in Figure 1. The variation of the values of infection markers
over time in patients treated with TCZ is given in Figure 2.
Considering this change, it was observed that mean arterial
pressure (MAP) and CRP values decreased significantly over
time (p-values: <0.001; <0.001, respectively). Leukocytes,
lymphocytes, lactate, urea, creatinine, AST, D-dimer, LDH
and PCT values increased significantly over time (p<0.005).
However, although there was a significant decrease in heart
rate and CK values immediately after the treatment, an
increase was observed in the later period (p-values: 0.015;
0.017, respectively). However, while a significant increase
was observed in peripheral oxygen saturation (SpO,), PLT
and ferritin values after treatment, a decrease was observed
with time (p-values: <0.001; <0.001; <0.001). Although
there was an increase in neutrophil values over time, this
difference was not statistically significant (p>0.05).

Information about the pre-treatment data of patients
who received TCZ treatment, with and without mortality are
given in Table 3. When these data were examined, laboratory
values such as leukocytes, neutrophils, urea, D-dimer, LDH,
lactate and PCT were higher in patients with a mortal
course, while lymphocyte and AST values were found to
be significantly lower (p<0.005). However, there was no
statistically significant difference in terms of MAR heart rate,
PLT, creatine, CRR CK, ferritin and inotrope requirements
between patients who were and did not die before TCZ
treatment (p>0.05).

Information on the post-TCZ treatment data of mortal and
non-mortal patients is given in Table 4. After TCZ treatment,
MAP was found to be significantly lower (p<0.001), while
heart rate was higher (p<0.001) in mortal patients, and
accordingly, the need for inotropes was significantly higher

Turk J Intensive Care 2024;22:197-206



200

Saruhan and Uzundere. Tocilizumab Therapy in COVID-19

Table 1. Comparison of demographic and clinical data of mortal and non-mortal patients receiving tocilizumab treatment
All patients Survivors Non-survivors
Characteristics (n=219) (n=76) (n=143) p-value
Mean +SD Mean £ SD Mean + SD
Age 60.70+£14.13 57.9+151 62.15+£13.36 0.092
APACHE-II 16.47+8.52 15.34+7.12 17.07+9.15 0.221
Glasgow coma score 14.4611.34 14.61+£1.19 14.38+1.14 0.077
n (%) n (%) n (%)
Gender
Female 75(34.2) 27 (35.5 49 (64.5) 0771
Male 144 (65.8) 48 (33.6) 95 (66.4) '
Comorbidity
Yes 143 (65.3) 34 (44.7 109 (76.2)
<0.001
No 76 (34.7) 42 (55.3) 34(23.8)
Diabetes
Yes 83(37.9) 17 (22.4) 66 (46.2) 0.001
No 136 (62.1) 59 (77.6) 77 (53.8) ’
Hypertension
Yes 93 (42.5) 22 (28.9) 71 (49.7
0.003
No 126 (57.5) 54(71.1) 72 (50.3
Coronary artery disease
Yes 37(16.9) 9(11.8) 28 (19.6) 0146
No 182 (83.1) 67 (88.2) 115 (80.4) '
Chronic kidney disease
Yes 7(3.2 0(0 7(4.9
(3.2) (0) (4.9) 0.099
No 212 (96.8) 76 (100) 136 (95.1)
COPD
Yes 18 (8.2 7(9.2 11(7.7
(8.2) (9.2) (7.7) 0.697
No 201 (91.8) 69 (90.8) 132 (91.8)
APACHE-II: Acute physiology and chronic health evaluation Il, COPD: chronic obstructive pulmonary disease, SD: standard deviation

(p<0.001). When the laboratory values after treatment were
examined, it was determined that leukocyte, neutrophil,
lactate, urea, creatine, D-dimer, CRP CK, LDH, PCT and ferritin
values were significantly higher in mortal patients (p<0.05).
Lymphocyte and PLT values were significantly higher in non-
mortal patients (p-values: <0.001; <0.001, respectively).
Again, when compared with pre-treatment radiological
imaging, it was observed that progression (67.1%) in mortal
patients and regression (67.1%) in non-mortal patients were
prominent in chest radiographs (p-values: <0.001; <0.001,
respectively).

When the effects of TCZ treatment on mortality were
examined, it was found that 7-day mortality was 21%, 28-
day mortality was 64.8%, and total mortality was 65.3%.
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Total mortality was significantly higher in patients with
comorbidities (p<0.001). Especially in patients with DM
(p=0.001) and HT (p=0.003), mortality was found to be
significantly higher. There was no significant difference in
terms of chronic obstructive pulmonary disease (p>0.05).
Considering the 7-day mortality, PCT values were found
to be statistically significantly higher in patients with a
mortal course than in non-mortal patients (p=0.016). In
the evaluation of 28-day mortality, comorbidity rates were
significantly higher in patients with a mortal course compared
to non-mortal patients (p<0.001), while a significantly lower
lymphocyte count was found (p=0.006). Leukocyte, PCT and
D-dimer values were significantly higher in mortal patients
(p-values: 0.019; 0.003; <0.001, respectively).
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Figure 1. The effect of tocilizumab treatment on vital signs
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Figure 2. The effect of tocilizumab treatment on infection markers

Table 2. The effect of tocilizumab treatment on vital signs and laboratory values

Characteristics Day 1 (mean  SD) Day 4 (mean  SD) Day 7 (mean  SD) p-value
MAP (mmHg) 93.59+13.63 92.78+13.97 86.06+15.51 <0.001
Heart rate 95.52+18.04 95.36+18.50 99.75+21.21 0.015
SpO: 85.58+7.29 87.38+8.06 85.76+£11.18 <0.001
Leukocytes (x10%/uL) 11.17£4.90 11.3146.22 13.294£7.19 0.005
Neutrophil (x103/uL) 9.89+4.73 9.97+5.86 11.51£6.79 0.124
Lymphocyte (x103/uL) 0.82+0.54 0.85+0.80 1.15£1.00 <0.001
Platelet (x10%/uL) 255.57+105.22 281.55+124.40 266.97+145.92 <0.001
Lactate (mmol/L) 2.34+1.49 2.35+1.58 3.25+4.08 0.037
Urea (mg/dL) 49.64131.84 62.02+45.30 83.60161.61 <0.001
Creatine (mg/dL) 0.98+0.58 1.07+0.84 1.44+1.36 <0.001
AST (U/L) 60.71£115.36 130.20+485.30 287.03+826.97 0.034
D-dimer (Ug/ml) 2.42+3.33 4.12+3.71 4.44+3.74 <0.001
C-reactvie protein (mg/L) 136.02+70.78 76.25166.60 35.22+55.81 <0.001
Creatine kinase (1U/L) 242.29+417.58 231.98+505.17 298.33+609.24 0.017
Lactate dehydrogenase (U/L) 615.30+£258.01 819.27+748.17 1080.71+£1724.66 <0.001
Procalcitonin (ng/mL) 1.04+6.87 1.4849.13 1.50%7.31 <0.001
Ferritin (ug/L) 1096.55+627.35 1146.68+622.91 1124.03+643.50 <0.001
MAP: Mean arterial pressure, AST: aspartate transaminase, SD: standard deviation
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Table 3. Comparison of pre-treatment data of mortal and non-mortal patients receiving tocilizumab treatment
All patients Survivors Non-survivors
Characteristics (n=219) (n=76) (n=143) p-value
Mean £ SD Mean % SD Mean = SD
MAP (mmHg) 93.59£13.63 91.27+9.48 94.82+15.28 0.071
Heart rate 96.14+17.53 93.05+13.95 97.78+19.08 0.062
Leukocytes (x10%/uL) 11.17+4.90 10.08+4.58 11.74+4.97 0.015
Neutrophil (x103/uL) 9.89+4.73 8.70+4.37 10.53+4.80 0.006
Lymphocyte (x103/uL) 0.8210.54 0.92+0.49 0.77+0.57 0.007
Platelet (x103/uL) 255.57+105.22 256.50+103.25 255.08+106.61 0.892
Lactate (mmol/L) 2.344+1.49 2.26%1.99 2.39+1.16 0.044
Urea (mg/dL) 48.64+31.84 41.34+31.30 54.05+31.35 <0.001
Creatine (mg/dL) 0.98+0.58 0.92+0.42 1.02+0.64 0.567
AST (U/L) 60.71£115.36 61.13+41.48 60.48+139.72 0.01
D-dimer (Ug/mL) 2424333 1.3642.56 2.9843.56 <0.001
C-reactive protein (mg/L) 136.02170.78 137.30461.35 135.34+75.51 0.504
Creatine kinase (IU/L) 242.29+417.58 290.85+577.23 216.49+299.64 0.357
Lactate dehydrogenase (U/L) 615.304£258.01 527.49+189.70 661.97+£277.26 <0.001
Procalcitonin (ng/mL) 1.04+6.87 0.43+0.91 1.36+8.48 0.003
Ferritin (pg/L) 1096.55+627.35 1049.51+617.17 1121.55633.42 0.375
n (%) n (%) n (%)
Inotrope
Yes 11(5) 1(1.3) 10(7)
No 208 (95) 75 (98.7) 133 (93) 0.102
MAP: Mean arterial pressure, AST: aspartate transaminase, SD: standard deviation

Discussion

Cytokine storm seen during COVID-19 disease has been
associated with mortality (14). It has been stated that the
IL-6 receptor antibody TCZ, approved by the Food and Drug
Administration, could provide clinical benefit for eligible
COVID-19 patients with high inflammatory biomarkers
(15). In this study, we found that after TCZ treatment, MAP
and CRP values decreased and there was an increase in
leukocyte, lymphocyte, lactate, urea, creatine, AST, D-dimer,
LDH and PCT values. In addition, although there was a
decrease in heart rate and CK values immediately after the
treatment, there was an increase in the later period, and an
increase was observed in SpO,, PLT and ferritin values after
the treatment, while a decrease was observed over time.

In our study, when mortal and non-mortal patients
followed in the ICU and receiving TCZ treatment were
compared, it was found that patients who developed
mortality had more comorbidities, and that DM and HT were
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more common in patients with a mortal course. Considering
the studies examining the relationship between comorbidity
and COVID-19, de Céceres et al. (16) reported that HT is an
important risk factor in the development of mortality in their
study in which they evaluated 75 patients who developed
cytokine storm and were given TCZ. Zhou et al. (17), on
the other hand, evaluated 191 patients and reported that
the presence of comorbidity was higher in mortal patients,
and additional diseases such as DM, HT and coronary artery
disease were observed more frequently in mortal patients.
In their study evaluating the effectiveness of TCZ, Kaya and
Kavak (18) emphasized the relationship between DM and HT
history and mortality. Unlike these results, Keske et al. (19) in
their study with 43 patients, they found no difference in the
presence of DM and HT in mortal and non-mortal patients.
We think that the different results between studies are due
to the difference in the patient populations included in the
studies. Some studies included only ward patients, while
others included ICU patients.
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Table 4. Comparison of post-treatment data of mortal and non-mortal patients receiving tocilizumab treatment

All patients Survivors Non-survivors
Characteristics (n=219) (n=76) (n=143) p-value
Mean % SD Mean = SD Mean % SD
MAP (mmHg) 86.06+15.51 92.70+£11.19 82.54+16.34 <0.001
Heart rate 99.75+21.21 87.57+14.36 106.23+21.45 <0.001
Leukocytes (x103/uL) 13.29+7.19 10.6216.61 14.71£7.11 <0.001
Neutrophil (x103/uL) 11.5146.79 8.5446.30 13.0946.52 <0.001
Lymphocyte (x103/uL) 1.1521.00 1.3740.74 1.03+1.10 <0.001
Platelet (x103/uL) 266.97+145.92 367.87+£130.70 213.34+123.79 <0.001
Lactate (mmol/L) 3.25+4.08 2.15+0.87 3.84+4.91 <0.001
Urea (mg/dL) 83.60+£61.61 46.59+£33.81 103.271£64.04 <0.001
Creatine (mg/dL) 1.44+1.36 0.78+0.31 1.80+1.56 <0.001
AST (U/L) 287.03+826.97 54.79+42.15 410.45+£1002.37 0.06
D-dimer (Ug/mL) 4.44+3.74 1.90+2.37 5.79+3.64 <0.001
C-reactive protein (mg/L) 35.22+55.81 12.59+17.14 47.25+64.86 <0.001
Creatine kinase (IU/L) 298.33+609.24 96.28+133.88 405.72+725.88 <0.001
Lactate dehydrogenase (U/L) 1080.72+£1724.66 531.47+268.87 1372.63+£2069.04 <0.001
Procalcitonin (ng/mL) 1.50+7.31 0.10+0.24 2.25+8.97 <0.001
Ferritin (ug/L) 1124.031643.50 818.05+486.98 1286.65+658.58 <0.001
n (%) n (%) n (%)
Chest X-ray
No change 44 (20.1) 20(26.3) 24.(16.8)
Progress 101 (46.1) 5(6.6) 96 (67.1) <0.001
Regress 74 (33.8) 51(67.1) 23 (16.1)
Inotrope
Yes 57 (26) 2 (2.6) 55(38.5) <0.001
No 162 (74) 74(97.4) 88 (61.5)

MAP: Mean arterial pressure, AST: aspartate transaminase, SD: standard deviation

Klopfenstein et al. (20) reported in a study in which they
compared two patient groups given standard treatment
and standard treatment + TCZ treatment in the service,
that there was no significant difference between the two
groups in terms of mortality, but higher mortality rates were
observed in the standard treatment group compared to the
TCZ group (20). de Céceres et al. (16) evaluated 75 patients
who received TCZ treatment and reported that patients who
received two or more doses of TCZ had higher mortality
rates than those who received a single dose (13.5% vs.
47.4%). In the same study, they observed that the only
comorbidity significantly associated with ICU admission
was obesity, 856% of obese patients needed mechanical
ventilation and 62% died (16). Morena et al. (21) found a 30-
day mortality rate of 27% in their study with 45 COVID-19

patients followed in the service. Biran et al. (22) found the
mortality rate to be 49% in patients hospitalized in the ICU
and treated with TCZ in their multicenter and retrospective
study. In their study with 52 patients hospitalized in the ICU,
Yang et al. (23) observed that the 28-day mortality rate for
critical cases increased up to 60.5%, like our study. Tiryaki
et al. (24) found the mortality rate to be 78.1% in their study
of 114 critical ICU patients who were treated with IVIG. We
think that the lower mortality rates in some different studies
compared to our study may be since the patient group in our
study was critically ill in the ICU, and the emergence of more
mortal COVID-19 variants considering the periods in which
the studies were conducted.

In our study, it was observed that MAP and CRP
values decreased and leukocyte, lymphocyte, lactate, urea,
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creatine, AST, D-dimer, LDH and PCT values increased over
time in patients treated with TCZ. In their study with 75
patients who were given TCZ treatment, de Céceres et
al. (16) observed a significant decrease in CRP values and
a significant increase in lymphocyte count on the 5" day
after TCZ treatment, similar to our study. However, they
did not report a significant change in D-dimer and ferritin
values (16). Biran et al. (22), in their study with 630 patients,
found a decrease in CRP levels 3, 7 and 14 days after TCZ
application, similar to our study. They found that there was
no significant change in D-dimer, ferritin, or LDH values on
the 3 and 7" days after treatment in patients receiving TCZ.
In addition, they reported a non-significant decrease in the
oxygen percentage (FiO,) of inspired air on the 1° day after
treatment (22). Different reports have defined a correlation
between ferritin, D-dimer, and LDH concentrations and the
severity of COVID-19 (25,26).

Keske et al. (19), in their study with 43 patients who
underwent TCZ treatment, found a significant decrease
in CRP values after TCZ application, similar to our study.
However, unlike our study, they reported that D-dimer and
PCT values were significantly lower. They also reported an
increase in lymphocyte percentage, a sharp decrease in
CRP values, and a decrease in ferritin and D-dimer values
after TCZ administration (19). Similar to our study, Kaya
and Kavak (18) found a significant decrease in CRP values
and an increase in lymphocyte counts after TCZ treatment
in both non-mortal and mortal patients. They reported a
significant decrease in serum ferritin levels in non-mortal
patients and a significant increase in mortal patients (18).
Hirao et al. (27), on the other hand, found that the median
concentrations of CRR PCT and fibrinogen decreased
significantly in their study with 28 patients treated with
TCZ. They also reported that the median lymphocyte and
PLT counts increased significantly after treatment with TCZ
(27). In their study with 21 patients who underwent TCZ, Xu
et al. (28) found a significant improvement in SpO, values
and a decrease in oxygen uptake within 5 days after TCZ
treatment. They observed that the lymphocyte percentage
returned to normal in 10 patients (62.6%), and CRP values
decreased significantly in 84.2% of the patients on the 5%
day after treatment. They reported an increase in SpO, and
lymphocyte counts, a decrease in leukocyte and CRP values,
and a decrease in PCT over time after TCZ treatment (28).
Wang et al. (6), in their study with 138 COVID-19 patients,
considered the decrease in lymphocyte percentage to be
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an important indicator for the diagnosis and assessment of
severity in COVID-19 patients.

de Céceres et al. (16) found a decrease in lymphocyte
count in most of the patients (91.8%) in the analysis before
TCZ application. They found an increase in CRP D-dimer and
ferritin. They reported that there is a significant correlation
between mortality and ICU admission in patients with
D-dimer baseline values >1.5 pg/mL (16). In their study with
544 patients with severe pneumonia, Guaraldi et al. (12)
reported that patients with high CRP and IL-6 concentrations
had higher LDH and worse inflammatory profiles. In the
study by Keske et al. (19), IL-6, ferritin, CRP and D-dimer
values in mortal cases were not statistically significant
compared to non-mortal cases. Kaya and Kavak (18), in their
study with 308 patients who were given TCZ treatment,
found that D-dimer values were significantly higher in
mortal patients than in non-mortal patients both before and
after TCZ treatment. Therefore, a decrease in ferritin and
CRP levels and an increase in lymphocyte count can be
considered as indicators of response to TCZ. In our study,
we found that lymphocyte counts were significantly lower in
patients who were mortal before TCZ treatment compared
to non-mortal patients. We observed that laboratory values
such as leukocytes, neutrophils, urea, D-dimer, LDH, lactate
and PCT were significantly higher. These findings, which we
determined, were found to be compatible with the data in
many studies in the literature.

In the study performed by Xu et al. (28), all patients had
abnormal thorax computed tomography (CT) findings at
presentation in radiological imaging, and CT scans found that
the lesions were completely resolved in 19 (90.5%) patients
and partial improvement in the others after TCZ treatment.
In the study by Hirao et al. (27), they found a significant
improvement in the changes in the lungs in repetitive chest
X-ray or CT examinations after TCZ treatment. When we
examined the repeated chest radiographs in our study, it
was observed that there was no regression in 74 patients
(33.8%), progression in 101 patients (46.1%), and no change
in 44 patients (20.1%) after TCZ treatment.

Conclusion

It is thought that TCZ may have effective results in the
treatment of COVID-19 disease, which still has no approved
effective treatment, especially with the initiation of cytokine
storm in the early period due to the high mortality risk.
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Decrease in ferritin and CRP levels and increase in lymphocyte
count can be considered as indicators of response to TCZ.
Critically ill patients treated in the ICU still have high mortality
rates despite receiving two or more doses. Our study is
single-center and retrospective, and there is a need for larger
and multicenter studies on the subject.
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Are Myroides spp. Isolated From Urinary Catheter
Cultures of Patients in Intensive Care Units an
Infection or Colonization? Analysis of 36 Cases

Yogun Bakim Unitesi Hastalarinin Uriner Kateter
Kiiltiirlerinden Izole Edilen Myroides spp. izolatlari
Enfeksiyon mu Yoksa Kolonizasyon mu? 36 Olgunun
Analizi

ABSTRACT Objective: Myroides species are mostly low-grade opportunistic pathogens and infect
immunocompromised patients. Reports of Myroides spp. increased from clinical samples due to
unique developments in molecular microbiology. However, clinical importance of this microorganism
in intensive care units’ patients is debated. We aimed to determine whether Myroides spp. strains
isolated from urinary catheter cultures of patients in intensive care units are led to an infection or
colonization by examining the risk factors of the patients between January 2018 and December
2022.

Materials and Methods: In a university hospital, the patients who Myroides spp. isolated from urine
cultures in intensive care units between January 2018 and December 2022 were included in the
study. The method and reasons of taking urine samples, the presence of a urinary catheter, blood
cultures samples in terms of urinary sepsis, the antimicrobial susceptibility of the isolates, and
hospital stay were evaluated retrospectively. Also, control culture samples were taken after 24 and
72 hours by changing the urinary catheters of these patients.

Results: Thirty-six patients were enrolled to the study. Urine cultures were taken for investigate
the source of infection in 23 patients, and nine for control urinary culture and in three patients for
macroscopic urine blurred and in one patient to detect colonization before urinary surgery. There
was not any blood culture positivity found. All Myroides spp. isolated patients had urinary catheter.
Average length of hospital stay was determined as 41.3 days (7-355). A total 34 of the 36 isolated
Myroides spp. were pan-drug resistant. Antibacterial treatment was not initiated in any of the
patients. Urinary catheters change after first isolation of Myroides spp. was recommended in all
patients. After the patients’ urinary catheters were changed, Myroides spp. were not grown in the
control culture samples taken 24 and 72 hours after.

Conclusion: As a result of our study, Myroides spp. were isolated especially in patients with long
hospital stays and urinary catheters. It was determined that the patients were controlled without
treatment, only with urinary catheter replacement. We believe that this agent should be evaluated
as having a very high rate of urinary colonization, and the urinary catheter should be changed first,
urinary symptoms should be followed up, and unnecessary antimicrobial use should be avoided.
Keywords: Myroides species, urinary tract infections, colonization

6z Amac: Myroides tirleri cogunlukla distk dereceli firsatci patojenlerdir ve bagisiklik sistemi
baskilanmis hastalar enfekte eder. Molekller mikrobiyoloji alanindaki benzersiz gelismeler
nedeniyle klinik orneklerden Myroides spp. identifikasyonu artmistir. Ancak yogun bakim
hastalarinda bu mikroorganizmanin klinik dnemi tartisiimaktadir. Calismamizda, Ocak-2018 Aralik
2022 tarihleri arasinda yogun bakim Unitelerinde yatan hastalarin triner kateter kilttrlerinden izole
edilen Myroides spp. suslarinin enfeksiyona mi yoksa kolonizasyona mi yol actigini, hastalarin risk
faktorlerini inceleyerek belirlemeyi amagladik.

Gerec¢ ve Yontem: Bir Universite hastanesinde Ocak 2018-Aralik 2022 tarihleri arasinda yogun
bakim Unitelerinde idrar kulttrlerinden Myroides spp. izole edilen hastalar calismaya dahil edildi.
Idrar érneklerinin alinma yéntemi ve nedenleri, Griner kateter varligi, Uriner-sepsis agisindan kan
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kltlrl ornekleri, izolatlarin antimikrobiyal duyarliliklari ve hastanede kalis slreleri retrospektif olarak degerlendirildi. Ayrica bu hastalarin Uriner kateterleri
degistirilerek 24 ve 72 saat sonra kontrol kdlttr érnekleri alind.

Bulgular: Calismaya otuz alti hasta dahil edildi. Yirmi (¢ hastada enfeksiyon kaynagini arastirmak igin, dokuz hastada kontrol idrar kiltir( icin, Uc hastada
makroskopik idrar bulanikligi nedeniyle ve bir hastada cerrahi éncesi kolonizasyon tespiti icin idrar kiltirl alindi. Herhangi bir kan kuiltirinde pozitiflik
saptanmadi. Tim Myroides spp. izole hastalarda Uriner kateter vardi. Ortalama hastanede kalis stresi 41,3 gin (7-355) olarak belirlendi. Izole edilen 36
Myroides spp. susundan 34’0 coklu ilaca direngli idi. Hicbir hastaya antibakteriyel tedavi baslanmadi. TUm hastalara Myroides spp.'nin ilk izolasyonundan
sonra Uriner kateter degisimi onerildi. Hastalarin Uriner kateterleri degistirildikten 24 ve 72 saat sonra alinan kontrol kiltlr érneklerinde Myroides spp.
tremedi.

Sonug: Calismamiz sonucunda, Myroides spp. 6zellikle hastanede uzun sire yatan ve Uriner kateteri olan hastalarda izole edilmistir. Hastalara antimikrobiyal
tedavi veriimeden sadece Uriner kateter degisimi ile kontrol altina alindigi belirlendi. Bu mikroorganizmanin triner kolonizasyon orani ¢ok yiiksek olarak
degerlendiriimesi ve dncelikle Uriner kateterin degistiriimesi, triner semptomlarin takibi ve gereksiz antimikrobiyal kullanimindan kaginilmasi gerektigi

kanaatindeyiz.
Anahtar Kelimeler: Myroides tirleri, idrar yolu enfeksiyonu, kolonizasyon

Introduction

In recent years, in line with the unique developments in
molecular microbiology, many bacteria that were previously
isolated from clinical samples but could not be typed have
begun to be typed. Therefore, the incidence of Myroides
species reports has increased in clinical samples, especially
urine culture samples taken from patients with urinary
catheters (1).

Myroides species are yellow-pigmented, non-
fermentative, Gram-negative bacilli and previously classified
as Flavobacterium species. Also, Myroides spp. is widely
found in environmental sources, especially in soil and water,
but it is also isolated from seafood, and meat processing
plants. Although Myroides spp. are ubiquitous in marine
and soil environments, they have been associated with
very few documented infections in humans since their
first identification in the 1920s (2). Myroides spp. are
reported to rarely cause infection in immunocompromised
patients (3,4). Although this microorganism is considered a
pathogen with low infection potential, it has been reported
to be associated with various life-threatening infections
such as meningitis, pneumonia, septicemia, urinary tract,
and soft tissue infections in recent years. Myroides spp.
are mostly low-grade opportunistic pathogens and infect
immunocompromised patients such as those with kidney
failure, liver cirrhosis, lung disease, cancer, and prolonged
stays in intensive care units (4,5).

Myroides species were rarely isolated from a variety of
clinical samples of human infections, such as urine, wounds,
and blood. In the literature, the most common infections,
depending on Myroides spp. are reported as urinary tract
infections (UTls). Urinary catheter use is an important risk
factor for these infections. However, although infections
caused by Myroides spp. are rare, they are resistant to
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multiple antibiotics, such as carbapenems, beta-lactams, and
have variable sensitivity to aminoglycosides, quinolones, and
sulfamethoxazole (6).

In this context, it was observed in our hospital that the
reporting of multi-drug resistant Myroides spp. isolates
increased. In this study, we aimed to determine whether
Myroides spp. strains isolated from urinary catheter
cultures of patients in intensive care units led to infection
or colonization by examining the risk factors of the patients
between January 2018 and December 2022.

Materials and Methods

Hospital Setting

The study was conducted in a tertiary university hospital
with a capacity of 1370 beds and 352 intensive care beds.
Thirty-six patients who were hospitalized in intensive care
units between January 2018 and December 2022 and whose
Myroides spp. were isolated from their clinical samples
were included in the study. An informed consent form for
the patients was provided. All clinical samples were urine
culture samples. Repeated samples from the same patient
were excluded from the study. The study was managed
following the principles of the Declaration of Helsinki. Ethics
committee approval was obtained from the Inéni University
Scientific Research and Publication Ethics Committee
(decision no: 2021/1240, date: 05.01.2021).

The method and reason for taking urine samples, the
presence of a catheter in the patients, blood culture samples
in terms of urinary sepsis, the antimicrobial susceptibility of
the isolated Myroides spp., and hospital stay were evaluated.
Also, control culture samples were taken after 24 and 72
hours by exchanging the urinary catheters of these patients.
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Identification and Antimicrobial Susceptibility

Urine culture samples were taken from patients’ catheters
in accordance with aseptic techniques. The samples were
sent to the microbiology laboratory to be processed within
30 minutes in sterile containers. Urine samples were
quantitatively inoculated on 5% sheep blood agar and eosin
methylene blue agar medium in the laboratory. After 18-24
hours’ incubation at 37 °C, identification of the isolates that
were grown as 1-2 mm round, smooth yellow pigmented,
fruit-scented oxidase and catalase positive, Gram-negative
bacilli was made by Matrix-Assisted Laser Desorption
lonization Time of Flight Mass Spectrometry (MALDI-TOF
MS) (BioMérieux, France). The antimicrobial susceptibility
of the isolates to ciprofloxacin, levofloxacin, amoxicillin-
clavulanic acid, cefepime, ceftazidime, cefotaxime, imipenem,
meropenem, gentamicin, amikacin, piperacillin/tazobactam,
and trimethoprim/sulfamethoxazole was determined by the
disk diffusion method on Mueller-Hinton agar medium, and
colistin susceptibility was determined by the broth micro-
dilution method. Results were interpreted according to The
European Committee on Antimicrobial Susceptibility Testing
guideline recommendations (7). Blood culture samples sent
to our laboratory were incubated for 5 days in the BACT/
ALERT 3D (BioMérieux, France) fully automated blood
culture system.

Statistical Analysis

Statistical analyses were performed using SPSS for
Windows, version 17.0 (IBM-SPSS Inc, Armonk, NY).

Results

Myroides spp. was isolated in 36 of the urine culture
samples sent from intensive care units to our laboratory
over a period of five years. The mean age of the patients
was 59+19.9 years (10-84 years), and 22 (61.1%) were
male patients. Patients were hospitalized in ICU due to
trauma, intracranial events, myocardial infarction, acute
renal failure. There was no comorbidity in 11 patients, the
other patients had renal or urogenital problems, pulmonary
and cardiac problems, intracranial events, and malignancy. All
Myroides spp. isolated patients had urinary catheters. Thirty
four isolates were resistant to the studied antimicrobials,
ciprofloxacin, levofloxacin, amoxicillin-clavulanic acid,
cefepime, ceftazidime, cefotaxime, imipenem, meropenem,
gentamicin, amikacin, piperacillin/tazobactam, trimethoprim/

sulfamethoxazole, and colistin. One isolate was susceptible
to cefepime, ceftazidime, cefotaxime, gentamicin, amikacin,
trimethoprim/sulfamethoxazole, and two isolates were
susceptible to colistin. Based on these results, we concluded
that the isolates were pan-drug resistant, except for two
strains. It was found that urine cultures were taken during
the investigation of the infection focus in 23 of the patients
to determine whether the urinary agent was controlled in
nine patients, in three patients because of turbidity in the
urine color, and in one patient to detect colonization before
urinary surgery. None of the patients had urinary symptoms.
Before Myroides spp. was isolated, six patients were not
receiving any antibiotic treatment, eight patients were using
piperacillin/tazobactam, 19 patients were using meropenem,
and three patients were using ciprofloxacin. However,
spesific antibacterial treatment was not initiated in any of
the patients against Myroides spp.

Urinary catheter changes were recommended for all
patients. After the patients’ urinary catheters were changed,
Myroides spp. isolates were grown in only four of the control
culture samples taken 24 hours later. There was no growth
in the control culture samples taken 24 and 72 hours after
exchanging the urinary catheters of the other thirty-two
patients. Urinary catheters of the patients who had growth at
the 24" hour was exchanged again, and there was no growth
in the samples taken at the 24" and 72" hours.

In blood cultures, Myroides spp. were not isolated. The
average length of hospital stay was determined to be 41.3
days (7-355).

Discussion

Currently, the spectrum of healthcare associated, and
community-acquired infections caused by new opportunistic
pathogens is constantly increasing. This increase in the
number of newly described microorganisms is due to
the introduction of MALDI-TOF into clinical microbiology
laboratories and the use of molecular identification methods
such as 16S rRNA sequencing (1). Due to these technological
advances, Myroides spp. are much more isolated in urine
culture samples.

Myroides spp. is an aerobic, non-fermentative, immobile
Gram-negative bacillus, usually found in water and soil. Due
to the presence of flexirubin, they are bacteria with a yellow
pigment and a characteristic fruity smell like strawberries
(4). They do not belong to the normal human flora. However,
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since they are rare pathogens in humans, they are considered
low-grade opportunistic pathogens. Opportunistic infections
have been reported mostly in immunocompromised patients
(3,4). Also, despite their low pathogenicity potential,
Myroides spp. isolates are multidrug resistant. They can also
form biofilms and have a polysaccharide capsule that makes
their surface hydrophobic (4,6).

It has been reported in the literature that Myroides
spp. can cause the most common UTls and rarely soft
tissue, bone, pneumonia, and sepsis (8). Myroides spp.
was first reported as an infection agent by Holmes et al.
(9) after it was identified from urine cultures. Ktari et al.
(10) reported seven UTls cases due to Myroides spp. in
patients who underwent endo-urological operations and
had urinary stones. Licker et al. (11) reported four hospital
acquired UTls due to Myroides odoratimimus isolated from
the urine specimens of immunocompromised patients.
The patients had urinary catheters, and all isolates were
resistant to antibiotics. In the report of Yagci et al. (12),
in our country, it has been shown that patients with UTls
due to Myroides spp. are catheterized or have urinary tract
neoplasia or stones. Kutlu et al. (13) reported an outbreak
of UTls in intensive care units. They isolated six strains of
M. odoratimimus from the urine samples. They said that
all the patients were immunocompromised, underwent
urinary catheterization, and none of the patients had urinary
neoplasm, surgery, or calculi. Additionally, they identified the
isolates as M. odoratimimus by 16S rRNA-based sequencing
and determined that the isolates were resistant to antibiotics.

Antimicrobial treatment of infections due to Myroides
spp. isolates is difficult due to their production of metallo-
betalactamase. Therefore, many strains are resistant
to beta-lactams and carbapenems. They may show
variable sensitivity to aminoglycosides, quinolones, and
trimethoprim/sulfamethoxazole (6,8). A total of 34 of
the isolated strains in our study were resistant to beta-
lactams, carbapenems, aminoglycosides, quinolones, and
trimethoprim/sulfamethoxazole. One isolate was susceptible
to beta-lactams, aminoglycosides, and trimethoprim/
sulfamethoxazole two isolates were susceptible to colistin.
Kara et al. (14) reported that eleven Myroides spp. isolates
they identified were resistant to all groups except tigecycline.
Death has been reported in two cases due to Myroides spp.
multi-drug resistance (15,16).
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As a result of our study, Myroides spp. was isolated from
urine culture samples taken from the urinary catheters of
thirty-six intensive care patients. No growth was detected in
the control cultures taken after 72 hours of exchanging the
urinary catheters of the patients. The most important risk
factors for Myroides spp. in these patients seems to be the
length of hospital stay and the presence of a urinary catheter.
The average length of hospital stay for the patients were
determined to be 41.3 days. However, isolated Myroides
spp. was not considered an infection agent, and antimicrobial
treatment was not applied to any of the patients.

The limitation of the study was that clonal relationship
between the isolates and the source of Myroides spp.
spread was not determined.

Conclusion

Myroides spp. were isolated, especially in patients with
long hospital stays and urinary catheters. It was determined
that the patients were controlled without treatment, only
with urinary catheter replacement. We believe that this
agent should be evaluated as having a very high rate of
urinary colonization, and the urinary catheter should be
changed first, urinary symptoms should be followed up, and
unnecessary antimicrobial use should be avoided.
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Comparison of USCOM and PiCCO Cardiac Output
Measurements in Intensive Care Unit

Yogun Bakim Unitesinde USCOM ve PiCCO ile Kalp
Debisi Olglimlerinin Karsilastirimasi

ABSTRACT Objective: In the management of haemodynamically unstable patients, cardiac
output (CO) measurement provides clinicians with important data on organ tissue perfusion.
This measurement can be performed by pulse-induced contour cardiac output (PICCO) using
thermodilution method, which is a less invasive method, and ultrasonic cardiac output monitoring
(USCOM), which is completely non-invasive. The aim of this study was to investigate the clinical
relevance of CO and cardiac index measurements obtained by USCOM in patient’s with sepsis and
septic shock by comparing them with the PiCCO technique, which has been used as a reference
measurement method in recent years.

Materials and Methods: In this prospective study, 36 patient’s with sepsis and septic shock
ventilated with 8-10 mL/kg tidal volume without respiratory effort were included. Patient’s with
arrhythmia, known heart failure or pulmonary embolism were excluded.

Results: After averaging the PiICCO and USCOM measurements performed by different clinicians,
the heart rate was found to be 3.23 L/min/m? with PICCO and 2.24 L/min/m? with USCOM.
When the two results were compared, the difference was statistically significant (p=0.01). Stroke
volume variation was 15.80% with PICCO and 52.89% with USCOM. When the two results were
compared, the difference was statistically significant (p=0.01).

Conclusion: There was no agreement between USCOM and PiCCO measurements in sepsis
patient’s. In our opinion, more studies are needed for USCOM reliability.

Keywords: PiICCO, USCOM, cardiac output

0z Amagc: Hemodinamik olarak stabil olmayan hastalarin yénetiminde, kardiyak output (CO)
Olcimu klinisyenlere organ doku perflizyonu hakkinda 6nemli veriler saglar. Bu 6lcim daha az
invaziv bir yéntem olan termodillisyon yontemi kullanilarak PICCO (pulse-induced contour cardiac
output) ve tamamen non-invaziv olan ultrasonik kardiyak output monitorizasyonu (USCOM) ile
yapilabilmektedir. Bu calismanin amaci, sepsis ve septik sok hastalarinda USCOM ile elde edilen
CO ve kardiyak indeks dlgtimlerinin, son yillarda referans dlgim yéntemi olarak kullanilan PICCO
teknigi ile karsilastirilarak klinik anlamliliginin arastiriimasidir.

Gereg ve Yontem: Bu prospektif calismaya, solunum eforu olmadan 8-10 mL/kg tidal volim ile
ventile edilen 36 sepsis ve septik sok hastasi dahil edildi. Aritmisi, bilinen kalp yetmezligi veya
pulmoner embolisi olan hastalar ¢alisma disi birakildi.

Bulgular: Farkl klinisyenler tarafindan yapilan PICCO ve USCOM olgtimlerinin ortalamasi alindiktan
sonra, kalp atim hizi PICCO ile 3,23 L/dk/m?2 ve USCOM ile 2,24 L/dk/m? olarak bulundu. Iki sonuc
karsilastinldiginda aradaki fark istatistiksel olarak anlamli bulunmustur (p=0,01). Inme hacmi
degisimi PICCO ile %15,80 ve USCOM ile %52,89 idi. iki sonuc karsilastirildiginda aradaki fark
istatistiksel olarak anlamliydi (p=0,01).

Sonug: Sepsis hastalarinda USCOM ve PiCCO 6lgtimleri arasinda uyum yoktu. USCOM guvenilirligi
icin daha fazla ¢alismaya ihtiyac oldugunu disUnlyoruz.

Anahtar Kelimeler: PICCO, USCOM, kardiyak output
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Introduction

In order to make the most accurate decision in the
management of hemodynamically unstable patients, the
use of many physiological parameters at the same time
will minimize the margin of error. In addition to parameters
such as blood pressure (BP), heart rate (HR), central venous
pressure (CVP) and blood lactate level, cardiac output (CO)
measurement provides clinicians with important data about
organ tissue perfusion in patients followed and treated in the
intensive care unit.

Although the use of a pulmonary artery catheter (PAC) for
CO measurement is considered the gold standard, its use
is gradually decreasing due to some risks. Instead of this
invasive technique, measurement of CO with devices such
as pulse-induced contour cardiac output (PiCCO), which uses
the thermodilution method and is less invasive, is coming to
the fore. Ultrasonic cardiac output monitoring (USCOM) is
a device that performs CO measurement completely non-
invasively by the continuous-wave Doppler method and
provides rapid and economical cardiac measurements. The
aim of this study was to investigate the clinical relevance
of USCOM in patients with sepsis and septic shock by
comparing the cardiac index (Cl) measurements obtained
by USCOM with the PiCCO technique, which is the most
commonly used measurement method in recent years.

Materials and Methods

Ethics Committee Approval

This study was conducted in the Anaesthesiology and
Reanimation Intensive Care Unit of Akdeniz University
Faculty of Medicine Hospital. Approval from the Akdeniz
University Faculty of Medicine Clinical Research Ethics
Committee was obtained before the commencement of
the study (decision no: 299, decision date: 18.06.2014).
The study was conducted in accordance with the principles
stated in the Declaration of Helsinki. Patients and their
relatives were informed and their consent was obtained for
this prospective study.

Patients

In this prospective study, 37 patients with sepsis and septic
shock hospitalized in the Department of Anaesthesiology
and Reanimation, Intensive Care Unit of Akdeniz University
Faculty of Medicine Hospital were included. One patient was

excluded from the study because the PICCO measurement
could not be performed due to a technical error. All patients
were followed up on mechanical ventilators. None of the
patients had arrhythmia, valvular heart disease or previously
known heart failure. We excluded patients diagnosed with
pulmonary embolism from the study.

Method

The ultrasonic heart monitor (USCOM Pty Ltd,,
Coffs Harbour, NSW, Australia) is a non-invasive bedside
measurement device. The USCOM records the blood
Doppler flow curve through the aortic or pulmonary valve
and calculates the CO by multiplying the stroke volume (SV)
and HR. The USCOM software uses an algorithm based
on the patient’s height to determine the aortic valve area.
Here, SV is the product of the velocity time integral (VTI)
and the cross-sectional area (CSA) of the selected valve. An
algorithmic result is obtained from the height and gender
data previously recorded for each patient (1,2).

CO:SVxHR

In the measurements, a Doppler flow curve with a
maximum blood flow characterized by a well-defined
waveform is recorded and displayed on the monitor as a time
velocity curve. After recording patient data (height, sex), the
optimum flow profile is frozen. CO is calculated based on SV
and HR (calculated with the device software using the SV
time rate curve and measured valve CSA values) (3). Initially,
the operator placed the ultrasound probe at the suprasternal
angle (aortic valve view) and manipulated it to obtain the best
waveform and audible signal. In the study, the USCOM was
used to measure the Cl in the direction of the aortic valve
axis from the jugular notch three times and the mean of
these measurements was taken as the basis.

PiCCO Pulsion Medical Systems, Feldkirchen, Germany
is a way to check blood flow that combines both steady
and changing blood flow information with pulse contour
analysis and transcardiopulmonary thermodilution (3,4). It is
a less invasive hemodynamic monitor that does not require
pulmonary artery catheterization, requires only a central
venous catheter and femoral artery catheter, and measures
continuous CO (5). The principle of operation is based on
transpulmonary thermodilution and pulse contour technology.
The PICCO catheter injects a known amount of cold liquid at
a known temperature through a central catheter. The device
measures the change in blood temperature near the tip of

Turk J Intensive Care 2024,22:212-7
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the PiICCO catheter in the artery after injection. The device
displays and calculates the curve of the resulting temperature
change. As the injected fluid passes through the heart and
lungs, the device can also determine parameters such as
preload and extra vascular lung fluid. The PICCO device was
the first pulse contour device used for CO measurement in
clinical practice. PiCCO provides information about patient
preload and systemic vascular resistance, guiding intensive
care specialists in planning fluid and inotropic therapy (6).

The study conducted measurements within the first 24
hours after admitting patients to intensive care. For patients
measured with PiICCO, we took three measurements from
the central catheter (vena jugularis interna or subclavian
vein) and simultaneously took three measurements from
the jugular notch with USCOM. We then calculated the
average of these measurements as the basis. To eliminate
observer-based variability and the risk of bias, all USCOM
measurements were performed by a single investigator
and PICCO measurements were performed by a separate
investigator.

This study was approved by the Akdeniz University
Faculty of Medicine Clinical Research Ethics Committee
with decision no. 299, dated June 18, 2014. Patients’
consent was not obtained due to the prospective design of
the research.

Statistical Analysis

In the statistical analysis of data, descriptive statistics
were presented with frequency, percentage, mean and
standard deviation values. Paired t-test and Wilcoxon
signed-rank were used to analyze the difference between
the measurement values of the two groups. Bland-Altman
analysis confirmed the difference in measurements using
the Jamovi program. We applied correlation analysis to
determine the relationship between measurement methods
and patient scores. In the study, p-values below 0.05 were
considered statistically significant. We conducted the
analyses using the SPSS 22.0 package program.

Results

Thirty-six patients hospitalized in intensive care and
diagnosed with sepsis and septic shock were included in
our study. PICCO device was installed for hemodynamic
monitoring of the patients and hemodynamic parameters
were evaluated simultaneously with USCOM methods. Table
1 presents the demographic characteristics of the patients.

Turk J Intensive Care 2024,22:212-7

The distribution of patients administered noradrenalin,
dobutamine, dopamine and adrenalin during follow-up is
given in Table 2. The results obtained by comparing the CO,
Cl, SV and SV index (SVI) measurements of the patients in
the study according to PICCO and USCOM devices are given
in Table 3 below.

According to the results obtained, it was determined
that CO, Cl, SV and SVI measurements gave different
results according to PICCO and USCOM devices. The CO
measurement values obtained in the PICCO device were
higher than those measured in USCOM device and the
difference was statistically significant.

Table 1. Demographic data

Gender (n, %)

Female 10 (27.8)
Male 26(72.2)
APACHE-II (min-max) 18.86 (5-35)
Age (years, SD) 59.2+18.5
Weight (kg) 76.1£8.5
MAP (mmHg) 79.9+16.6
Sepsis (n, %) 7 (19.4%)
Pneumosepsis 4 (57.1%)
Meningitis 1(14.3%)
Diabetic foot infection 1(14.3%)
Abdominal sepsis 1(14.3%)
Septic shock 29 (80.6%)
Pneumosepsis 16 (55.3%)
Abdominal sepsis 8(27.6%)
Urosepsis 1(3.4%)
Diabetic foot infection 2 (6.9%)
Catheter-related sepsis 1(3.4%)
Necrotizing soft tissue infection 1(3.4%)

Gender is expressed as number of people and percentage (%), APACHE-II value is
expressed as minimum and maximum. Age, weight expressed as mean (standard
deviation). MAP: Middle arterial pressure, APACHE-II: acute physiology and chronic
health evaluation-Il, min-max: minimum-maximum, SD: standard deviation

Table 2. Doses of vasopressors and inotropes used

Mean drug dose
Drug n (%) (mcg/kg/min)
Noradrenaline 23(63.9%) 0.5
Dobutamine 5(13.9%) 5.1
Dopamine 1(2.8%) 6.6
Adrenaline 1(2.8%) 0.1
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Table 3. Comparison of measurements according to PiCCO and
USCOM methods (n=36)
Measurement Method Mean = SD p-value
PiCCO 5.9+2.2
c uUscomMm 4.31£1.7 0.01
PiCCO 3.2¢1.1
d uUscoMm 2.2+0.8 0.01
PiCCO 64.1£23.8
Vv uscomMm 43.6%15.9 0.01
PiCCO 35.1+12.5
Vi uscoMm 22.8+8.1 0.01
PiCCO: Pulse-induced contour cardiac output, USCOM: ultrasonic cardiac output
monitoring, CO: cardiac output (L/min), Cl: cardiac index (L/min/m?), SV: stroke
volume (mL/beat), SVI: stroke index (mL/beat/m?)

Discussion

Hemodynamic monitoring plays an indispensable role in
intensive care and patient management, but it is important
to remember that no monitoring tool can improve patient
outcomes on its own (7). The fact that the changes in the
Cl determined by USCOM correspond very well with the
changes measured by PICCO is of great practical importance,
especially in clinical use (8).

We aimed to compare the Cl measurements obtained
by USCOM with the PICCO technique, which has been
used as a reference measurement method in recent
years, to investigate the clinical suitability of USCOM in
patients with sepsis and septic shock. According to the
data obtained, it was observed that Cl measurements gave
different results according to PICCO and USCOM devices,
(PICCO 3.23 L/min/m?, USCOM 2.24 L/min/m?). This
difference was statistically significant (p<0.05). Horster et
al. (9) evaluated seventy sepsis patients in their study and
found that the results obtained with the USCOM technique
were significantly similar to those obtained with PICCO. A
similar comparison was made in a meta-analysis including
six studies and there was a consistent and significant
relationship between USCOM measurements and PiCCO
measurements (10). The poor agreement between USCOM
and PiCCO measurements in our study may be due to a
number of factors. Although all measurements were made
by a single user in our study, we think that instantaneous
changes in patient dynamics, the environment factor, and
the fact that the appropriate angle for doopler measurement
of the patient varies for each patient and cannot be
standardized are the reasons for the incompatibility. The

quality of CO measurement depends on operator as well
as patient factors. Tan et al. (11) reported that 25% of the
examinations performed with the patient in the supine
position failed to produce a satisfactory Doopler profile, but a
change to a left lateral tilt of 15" to 30" provided a satisfactory
profile. Phillips et al. (12) found a deviation of 0.6 L/min/m?
and a mean error percentage of 56% in measurements
made with the USCOM technique and the results were
discordant. This result showed that USCOM measurements
tended to significantly underestimate Cl compared with
PiCCO measurements. Failure to obtain measurements in
16% of interventions raises questions about the applicability
of the USCOM device. There are also studies in the literature
comparing CO measurements by USCOM technique and
PAC. Jain et al. (13) obtained correlated results with PAC in
USCOM measurements in their study. Phillips et al. (14) found
poor accuracy and sensitivity between the two methods.
Vandenbogaerde et al. (15) found that 22% of the patient
population did not have an acceptable aortic flow signal,
and they concluded that the transoesophageal approach
was more reliable. In addition, mechanical ventilation may
cause difficulties in measuring CO with a US-based device.
The accuracy of USCOM depends on obtaining appropriate
VTl and heart valve area measurements. Appropriate CCA
measurement requires a good flow signal. An inappropriate
beam alignment in relation to the direction of blood flow
may lead to a suboptimal Doppler signal, which may lead
to an underestimation of the CO value. The inaccuracy of
CO determination, even for Doppler profiles that fulfill the
acceptability criteria, shows that factors other than operator-
dependent ones also contribute significantly to poor results.
Continuous wave Doppler devices have been studied since
the early 1980s. The main problems encountered are the
inability to obtain acceptable flow signals with a transthoracic
approach and the difficulty in measuring the CSA of the flow.
Further evaluation of the USCOM device in low and high CO
conditions is required (11). This study has several limitations.
The study was single-centre and had a limited number of
patients.

Hemodynamic monitoring techniques should be able
to identify failure and guide personalized hemodynamic
treatments when combined with clinical examinations
to assess perfusion adequacy. All monitoring will not
improve outcomes unless it is combined with appropriate
and effective treatment. Hemodynamic monitoring can
be invasive or non-invasive. In recent years, we see that

Turk J Intensive Care 2024,22:212-7
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non-invasive monitoring techniques have increased in
intensive care units, while invasive methods such as PAC
have decreased (16). We would like to remind you that no
matter what method is used, it is necessary to consider
each patient individually. We summarize the management of
intensive care hemodynamics in Figure 1.

The main goal after shock recognition is to guarantee
life-sustaining tissue perfusion levels. BP measurement,
skin mottling, and capillary refill time inform the progress
of resuscitation (17). Utilizing lactate levels for triage is
beneficial due to their good predictive value. Repeatedly
measuring lactate levels is useful because they tend to
decrease in recovered patients and frequently remain
elevated, sometimes even rising in cases where septic
shock is not properly managed. Lowering lactate levels
during resuscitation has been linked to a decrease in hospital
mortality (18). Quick echocardiographic analysis can help with
hemodynamic assessment (19). Assessing blood lactate
levels can help identify tissue perfusion impairments. It may
also be helpful to know the difference in carbon dioxide
partial pressure (pCO,) between central venous blood and
arterial blood (Pv-aCQ,) and central venous oxygen saturation
(ScvO,) when putting in a central venous catheter (20). CVP

CVP
Scv02
PvaCO2

AP

PPV
Lactate
PaCO2
Pa02 Sa02

Figure 1. Hemodynamic monitoring in intensive care

PAC: Pulmonary artery catheter, PAP: pulmonary artery pressure, PAOP: pulmonary
artery occlusion pressure, TPTD: transpulmonary thermodilution, EVLW: Extravascular
lung water, CVP: central venous pressure, PPV: pulse pressure variation, GEDV: global
end-diastolic volume, ECO: effective cardiac output

Turk J Intensive Care 2024,22:212-7

is a complex variable that reflects right ventricular preload
and function and is affected by intrathoracic pressure (21).
It should be measured in shock even if it is not a reliable
indicator of how the patient will react to fluids. Nevertheless,
it offers valuable insights about the patient’'s fluid state
and right ventricular reserve (22). In monitoring, more
complex patients (based on comorbidities, associated organ
dysfunction, or poor evolution) will benefit from the use of
transpulmonary thermodilution (TPTD) or eventually a PAC
combined with echocardiography when necessary (23).
TPTD is used to estimate calibrated measurements of CO,
fluid response, static volumetric preload indices, cardiac
function indices, extravascular lung water, and vascular
permeability. This comprehensive hemodynamic assessment
is particularly useful in fluid management as it provides a
dynamic assessment of fluid response and an assessment
of the risks associated with volume administration (22).

Conclusion

Although USCOM is not a substitute for invasive
methods such as PiCCQ, its use in patient management
under appropriate conditions is debatable. The USCOM
device is easy to use and safe as it utilizes ultrasound
technology, allowing for repeated measurements to track
changes over time. It avoids the complications of pulmonary
artery catheterization or central and arterial catheterization
procedures in PiICCO or transoesophageal echocardiography.
Awake patients can also tolerate it. Apart from all these,
USCOM is limited to the measurement of CO because it
is unfortunately inadequate to determine variables such
as pressure measurements (pulse pressure variation, SV
variation, systemic vascular resistance index) or ScvO,.

The poor agreement and failure rate in obtaining an
acceptable Doppler profile suggest that this device currently
has little clinical utility in intensive care. Further studies are
necessary to establish its reliability.

Consequently, the choice of monitoring technique should
be based on the patient’s condition, local experience and
availability, and the expected response to treatment. A
phased approach is recommended for the patient in septic
shock, evaluated individually.
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Reasons for Intensive Care Unit Admission
and Prognosis After Surgery for Gynaecologic
Malignancies

Jinekolojik Malignite Gerrahisi Sonrasi Yogun Bakim
Unitesine Basvuru Nedenleri ve Prognoz

ABSTRACT Objective: The aims of this study was to investigate factors associated with intensive
care unit (ICU) admission and prognosis following surgical treatment of gynaecological malignancy.
Materials and Methods: This study was designed as a retrospective cohort analysis, which
encompasses patients who were subjected to gynecologic oncological surgery and subsequently
monitored in the ICU from December 1%, 2022, to December 1%, 2023.

Results: Data of 57 patients who underwent gynaecological oncological surgery and were admitted
to ICU during the study period were analysed. Median age was 61.47 years, median body mass
index 27 kg/m?, American Society of Anaesthesiologists score 3+2.5. The most common indication
for ICU admission was haemodynamic instability with 73.6% (n=42), followed by respiratory failure
with 15.7% (n=9) and other reasons. Charlson comorbidity index, lactate and base deficit levels
were higher and albumin values were lower in patients with ICU stay of 3 days or more (p=0.04,
p=0.004, p=0.034, p=0.025). Only 2 patients (3.5%) developed mortality during the study period.
Conclusion: The most common indication for ICU follow-up after elective gynaecological oncology
surgery is hemodynamic instability with low ICU mortality and short length of stay in general.
Keywords: Comorbidities, gynecologic oncology surgery, intensive care unit

6z Amac: Bu calismanin amaci jinekolojik malignitelerin cerrahi tedavisi sonrasi yogun bakim
tinitesine (YBU) yatis ve prognoz ile iliskili faktérleri arastirmaktr.

Gerec ve Yontem: Bu calisma, 1 Aralik 2022 ile 1 Aralik 2023 tarihleri arasinda jinekolojik onkolojik
cerrahi uygulanan ve sonrasinda YBU izlenen hastalar kapsayan retrospektif bir kohort analizi olarak
tasarlanmistir.

Bulgular: Calisma déneminde jinekolojik onkolojik cerrahi gegiren ve YBU kabul edilen 57
hastanin verileri analiz edildi. Medyan yas 61,47, medyan vicut kitle indeksi 27 kg/m?, Amerikan
Anesteziyoloji Dernegi skoru 3+2,5 idi. YBU kabul icin en yaygin endikasyon %73,6 (n=42) ile
hemodinamik instabilite iken, bunu %15,7 (n=9) ile solunum yetmezligi, %10,5 (n=6) yerine
solunum yetmezligi ve diger nedenler izlendi. Charlson komorbidite indeksi, laktat ve baz acigi
diizeyleri 3 giin ve tizeri YBU'de kalan hastalarda daha yiiksek, albiimin degerleri ise daha diisiikti
(p=0,04, p=0,004, p=0,034, p=0,025). Calisma slresi boyunca sadece 2 hastada (%3,5) mortalite
gelisti.

Sonug: Elektif jinekolojik onkoloiji cerrahisi sonrasi YBU takibi igin en yaygin endikasyon hemodinamik
instabilite olup, genel olarak YBU mortalitesi diisiik ve YBU yatis siresi kisadir.

Anahtar Kelimeler: Komorbiditeler, jinekolojik onkoloji cerrahisi, yogun bakim Gnitesi
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Introduction

Gynaecological cancers are cancers of the female
reproductive system and are the most common cancers
among women worldwide. According to GLOBOCAN cancer
data, gynaecological cancers account for approximately 40%
of all cancer incidence in women worldwide. The estimated
annual number of new cases worldwide is 604,127 for
cervical cancer, 417,367 for endometrial cancer, 313,959 for
ovarian cancer and 45,240 for vulvar cancer. Furthermore,
gynecological cancers account for more than 30% of all
cancer deaths among women. Surgical intervention is
usually the preferred primary treatment modality for these
cancers (1,2).

Gynaecological oncology surgery involves resection of
tissues in both the lower and upper abdomen, especially in
ovarian cancer. To ensure complete cytoreduction, surgery
often goes beyond the removal of the uterus and ovaries
(hysterectomy and adnexectomy). It may also involve
removal of the bowel, bladder or liver, as well as the spleen
(splenectomy), parts of the peritoneum (peritonectomy)
or lymph nodes (lymphadenectomy) (3). These radical
operations for gynaecological cancers can take a long time
to complete and often result in a lot of blood loss. In the
light of this information, these patients are at risk for serious
complications that may result in postoperative morbidity and
mortality (4). Therefore, postoperative intensive care unit
(ICU) follow-up may be frequently required in this group of
patients undergoing major surgical procedures. Optimising
postoperative ICU management is crucial to improve patient
outcomes. However, there are no clear criteria or risk factors
that determine the optimal ICU admission strategy in this
patient group. Furthermore, limited information is available
on the epidemiology and prognosis of critical gynaecological
oncology patients requiring postoperative ICU management
(5-7).

The aim of this study was to evaluate the clinical
characteristics, prognosis, ICU length of stay and associated
factors in patients admitted to the ICU after gynaecological
oncological surgery.

Materials and Methods

The current study was carried our in accordance with
the Declaration of Helsinki and approved by the Clinical
Researches Ethics Commitee of University of Health

Sciences Turkey, Antalya Training and Research Hospital,
Antalya, Turkey (decision no: 18/3 date: 28.12.2023).

It was designed as a retrospective cohort study and
included patients who were followed up in the ICU after
gynaecological oncology surgery between 01 December
2022 and 01 December 2023. The data of the patients were
obtained from patient file database and the observation
results noted to the patient ICU charts. Patient informed
consent was waived due to the retrospective study design.
Researchers analyzed only anonymized data.

Patients over 18 years of age who underwent surgery
for gynaecological malignancies in our clinic and were
admitted from the operating room to the ICU were included
in the study. Patients younger than 18 years of age, patients
who were not operated for gynaecological malignancy and
patients who did not require postoperative ICU follow-up
were excluded from the studly.

Demographic and clinical data including age, body
mass index, comorbidities, diagnosis of gynaecological
malignancy, surgical resections performed, operative
time (the time between the onset of anaesthesia and the
completion of the surgical procedure), need for blood and
blood product replacement, indication for ICU admission
(haemodynamic instability, respiratory failure, heart failure),
need for mechanical ventilation, need for inotropes, length of
ICU stay and prognosis (exitus/survival) were obtained and
analysed. Laboratory parameters (haemoglobin, base deficit,
lactate, albumin) and arterial blood gas analysis (base deficit,
lactate) were recorded.

Patients with one or more of the following criteria were
considered haemodynamically unstable: Hypertension (20%
increase in mean arterial pressure at baseline), hypotension
(20% decrease in mean arterial pressure at baseline),
tachycardia (heart rate >100), bradycardia (heart rate <60)
(8,9). Respiratory failure was defined as arterial oxygen
pressure (PaO,) below 60 mmHg or arterial carbon dioxide
pressure above 50 mmHg in room air or Pa0, to inspired
oxygen fraction ratio (PaO,/FiO,) below 300 (10,11).

Comorbidities were measured using the Charlson
comorbidity index (CCl), a measure specifically designed to
categorise the impact of comorbidities and their prognostic
impact on mortality, which has been extensively validated in
cohorts of patients with malignancies (12).

The acute physiology and chronic health evaluation-Il
(APACHE-II) and sequential organ failure assessment
(SOFA) was used to measure the severity of a patient’'s
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condition on admission to the ICU (13). The preoperative
assessment of surgical risk, expressed by the American
Society of Anaesthesiologists (ASA) score, was based on
the physical status classification of the American Society of
Anaesthesiology.

Statistical Analysis

In our study, analyses were performed using Statistical
Package for the Social Sciences software version 21.0 (IBM
Inc, Chicago, IL, USA). Descriptive statistics of numerical
and qualitative (categorical) variables obtained in the study
were analysed and numerical parameters were expressed
as interquartile range (median, minimum and maximum) and
categorical variables were expressed as frequency. Shapiro-
Wilk test, histogram analyses and Q-Q plot graphs were
used for the compatibility of numerical variables with normal
distribution. For multiple group comparisons, One-Way
analysis of variance (ANOVA) or Kruskal-Wallis H tests were
performed. Distributional relationships between categorical
parameters were evaluated by Pearson chi-square analysis
or Fisher's Exact test. Pearson or Spearman’s correlation
analyses were used for correlation between numerical
parameters. In the whole study, type-I error rate was taken
as 5% and p<0.05 was accepted as significant.

Results

During the study period, there were 233 patients
undergoing gynaecological cancer surgery and 59 patients
were admitted to the ICU. Data from 57 patients who met
the inclusion criteria were analysed (Figure 1).

Clinical and demographic characteristics of patients are
presented in Table 1. The mean age was 61.47+12.13 years
and 34 (569.65%) patients had comorbidities. The mean
ASA score of the patients was Ill. Surgery was performed
for ovarian cancer in 61.4%, endometrial cancer in 36.8%
and colorectal cancer with isolated vaginal metastasis
in 1 patient. Total hysterectomy and bilateral salpingo-
oophorectomy were performed in 47 patients and systematic
pelvic lymphadenectomy in 31 patients. Primary debulking
was performed in 21 patients with ovarian cancer, interval
debulking in 9 patients and secondary cytoreduction surgery
in 5 patients. Splenectomy was performed in 8 patients
with ovarian cancer, ureteroneocystostomy in 2 patients,
peritonectomy in 12 patients and anastamosis of colorectal
resection in 9 patients. Laparoscopic surgery was performed
in 6 patients and all patients had endometrial cancer.
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Sentinel lymph node dissection was performed in 2 of these
patients. The mean operative time was 300 (90-620) minutes
and this time was longer in ovarian cancer surgery than in
other surgeries (p<0.001). Blood product transfusion was
required in 26 patients (45.6%) in the perioperative period,
24 patients required vasoactive drugs intraoperatively, and
2 of these patients continued to require vasoactive drugs
postoperatively. Operative time was higher in this patient
group (p<0.001).

The most common indication for ICU admission was
haemodynamic instability (hypotension in 18 patients,
hypotension with bradycardia in 2 patients, tachycardia
with hypotension in 4 patients, hypertension in 6 patients,
tachycardia with hypertension in 2 patients, tachycardia in
6 patients, bradycardia in 4 patients) with 73.6% (n=42),
followed by respiratory failure with 15.7% (n=9) and other
reasons. The mean APACHE-Il and SOFA scores at ICU
admission were 18.8+7.2 and 5+5.8, respectively. The mean
PaO,/FiO, at ICU admission was 320+55.6 mmHg and 36
(63.1%) patients required mechanical ventilation. Operative
time was higher in this patient group (p<0.001). The mean
length of stay on mechanical ventilation was 1 day (0-15).
The median values of haemoglobin 11.83 g/dL (11.83+1.72),
albumin 25.2 g/L (25.2+3.6), lactate 1.70 mmol/L (0.7-5.9)
and base deficit 1.70 mmol/L (-10.2-19.4) are shown in
Table 2. Patients who underwent ovarian cancer surgery had
a longer operation time and a higher need for mechanical
ventilator and blood product transfusion than patients who
underwent endometrial cancer surgery (p=0.007, p=0.026,
p=0.024).

Patients undergoing gynaecological cancer surgery
(n=233)

Excluded (n=174)

* No need for intensive care unit

follow-up (n=174)

Need for intensive care unit
follow-up (n=59)

Excluded (n=2)
e Lack of data (n=2)

Data from 57 patients were
analysed

Figure 1. Study flow diagram
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Table 1. Distribution summary of general descriptive data
Frequency
Parameters (n) %
Diagnosis
Endometrium CA 21 36.84%
Over CA-periton CA 35 61.4%
Isolated vaginal metastasis of colon
cancer 1 1.75%
Intraoperative replacements
No 31 54.39%
Yes (ES and/or FFP) 26 45.61%
Mechanical ventilation
No 21 36.84%
Yes 36 63.16%
Inotrope use”
No 55 96.49%
Yes 2 3.51%
Presence of comorbidities
No 23 40.35%
Yes 34 59.65%
Comorbidities®
HT 12 21.1%
DM 8 14.0%
Asthma 2 3.5%
Hyperthyroidism 1 1.8%
CAD 4 7.0%
Epilepsy 2 3.5%
Elephantiazis 1 1.7%
CRF 1 1.8%
COPD 2 3.5%
Prognosis
Alive 55 96.5%
Exitus’ 2 3.5%
Operation®
TAH-BSO 47 82.5%
Systematic pelvic, paraortic LN dissection | 31 54.4%
Colorectal resection anastomosis 9 15.8%
Laparoscopy 6 10.5%
Splenectomy 8 14.0%
Interval debulking 9 15.8%
Secondary cytoreduction 5 8.8%
Primer debulking 21 36.8%
Peritonectomy 12 21.1%
Sentinal LN dissection 2 3.5%
Ureteroneocystostomy 2 3.5%
“Noradrenaline, 'Causes of mortality: sepsis, ARF, ARDS and pulmonary embolism.
®Some patients have more than one characteristic (comorbidity or type of operation
performed). DM: Diabetes mellitus, HT: hypertension, CAD: coronary artery
disease, CRF: chronic renal failure, HL: hyperlipidaemia, COPD: chronic obstructive
pulmonary disease, CA: cancer (malignancy), ES: erythrocyte suspension, FFP: fresh
frozen platelet, LN: lymph node, TAH-BSO: total abdominal hysterectomy bilateral
salphingoopherectomy, ARDS: acute respiratory distress syndrome, ARF: acute
respiratory failure

The median length of stay in the ICU was 2 (1-20) days.
CCl, lactate and base deficit levels were higher and albumin
values were lower in patients with ICU stay of 3 days or
more (Table 3) (p=0.04, p=0.004, p=0.034, p=0.025). Only 2
patients (3.5%) developed mortality during the study period.
Mortality was due to massive pulmonary embolism in 1
patient undergoing ovarian cancer surgery and intraobdominal
sepsis/disseminated intravascular coagulation in 1 patient
undergoing endometrial cancer surgery.

Discussion

The results of our study revealed that the most common
indication for ICU follow-up after gynaecological oncology
surgery was haemodynamic instability (73.6%) and ICU
mortality was 3.5%. ICU length of stay was longer in
patients with low albumin level, comorbidity, high lactate
and base deficit.

Patients undergoing major gynaecological oncology
surgery often require postoperative management in the
ICU. In our study, 25.3% of patients who underwent
gynaecological oncological surgery required ICU follow-up
after surgery. Previous studies have also reported that 6% to
56% of patients require ICU follow-up after gynaecological
cancer surgery (14-18). In a systematic review including 7
studies evaluating the factors affecting ICU admission after
gynecologic oncology surgery, haemodynamic instability
was reported to be the most common indication for ICU
admission. Similar to the findings of this systematic review,
the most common indication for ICU admission in our study
was haemodynamic instability (19). In our study, the majority
of patients had comorbidities and the mean CCl was 5 (2-
10). Some studies evaluating the determinants of ICU
admission in patients undergoing gynaecological oncology
surgery have reported a significant association between
high CClI scores and ICU admission (14,17). In parallel with
these studies, the findings of our study reflect the fact that
pre-existing comorbidities predispose to ICU admission in
patients undergoing gynaecological oncology surgery.

In our study, the majority (61.4%) of the patients
admitted to the ICU were patients who underwent surgery
for ovarian cancer. Leath et al. (16) reported that the majority
(39%) of 185 gynaecological oncology patients admitted to
the ICU after surgery were patients who underwent surgery
for ovarian cancer. Similarly, in a recent study in which the
data of 666 patients admitted to the ICU after gynaecological
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Table 2. General distribution characteristics of quantitative parameters

Parameters Minimum Maximum Distributiont
Age (years) 20 83 61.47+12.13
BMI (kg/m?) 23 34 27+7.7

ASA (score) 1 4 3+2.5

Hb (g/dL) 6.7 16.4 11.83+1.72
Albumin (g/L) 18.3 37.1 25.2+3.6
APACHE-II (score) 5 34 18.8+7.2
SOFA (score) 0 11 5+5.8
PaOz/FiO2 (mmHg) 170 470 320455.6
Parameters Q1 Q3 Median

Base deficit (mmol/L) -10.2 19.4 1.70 (-10.2-19.4)
Lactat (mmol/L) 0.70 5.90 1.70(0.7-5.9)
Operation time (min) 90 620 300 (90-620)
ICU length of stay (days) 1 20 2 (1-20)

CCl (score) 2 10 5(2-10)

Age, Hb, BMI, ASA score, albumin, APACHE-II, PaO,/FiO, (mmHg) and SOFA (score) parameters were expressed as mean # standard devination. and other parameters were
expressed as interquartile range. BMI: Body mass index (kg/cm?), ASA: American Society of Anaesthesiologists, APACHE-II: acute physiological and chronic assessment-Il, SOFA:
sequential organ failure assessment, ICU: intensive care unit, CCl: Charlson comorbidity index, Hb: hemoglobin, PaO,/FiO,: Inspired oxygen fraction ratio

Table 3. Comparison of quantitative parameters according to intensive care unit length of stay

ICU length of stay

1day 2day 23 day

(n=23, 40.4%) (n=24, 42.1%) (n=9, 15.8%) p-value
Median (IQR)
CCl (score) 4 (2-6) 5(4-7) 7 (5-10) 0.04
Base deficit (mmol/L) -2 (-7.5-3.5) -3.05(-10.2-2.4) -4.9 (-8-19.4) 0.034
Lactate (mmol/L) 1.3(0.8-3.6) 2 (0.7-4.6) 3.8 (1.5-5.9) 0.004
Operation time (min) 270 (90-450) 350 (100-620) 260 (120-420) 0.282
Mean # standard devination'
Age (years) 58.74+13.33 63.54+11.87 63.33+9.87 0.367
Hb (g/dL) 12.29+1.02 11.3121.67 11.72+2.74 0.143
Albumin (g/L) 27.442.2 24.4+2.7 21.443.4 0.025
APACHE-II (score) 18.2216.13 18.47+7.21 20.2+£10.5 0.860
SOFA (score) 43+2.5 4435 5+4.5 0.734
ASA (score) 2+1.7 2.31+1.7 2.8%+1.2 0.687
BMI (kg/m?) 26+4.3 26.5+5.1 26.9+3.3 0.610
Pa0,/FiO, (mmHg) 380+90.1 374171 350+80.4 0.480

Parameters showing normal distribution characteristics were expressed as mean * standard devination. Those not showing normal distribution characteristics were expressed
as median (IQR). tOne-Way analysis of variance (ANOVA), *Kruskal-Wallis H test, p<0.05 means statistical significance between all days. CCI: Charlson comorbidity index,
APACHE-II: acute physiological and chronic assessment I, SOFA: sequential organ failure assessment, ASA: American Society of Anaesthesiologists, BMI: body mass index (kg/
cm?), IQR: interquartile range, Hb: hemoglobin, PaO,/FiO,: Inspired oxygen fraction ratio, ICU: intensive care unit
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oncology surgery were included in the analysis, it was
reported that approximately half of the patients were patients
who underwent surgery for ovarian cancer (7). Ovarian
cancer has the worst prognosis among gynaecological
malignancies and is usualy diagnosed at late stage (stage
[l or 1IV) (20). Therefore, aggressive surgical procedures are
often required in this patient group. As a result, prolonged
operative time, the need for continuous volume resuscitation
and the need for blood product transfusion may be frequent,
and it is essential to perform the necessary replacements
without causing haemodynamic instability.

In our study, ICU mortality was 3.5% and the mean
APACHE-II score of the patients was 18.8+7.2. ICU mortality
after gynaecological oncology surgery has been reported in
a wide range (0-28%) in previous studies (5,14,16,21). Our
study included patients who underwent elective surgery for
gynaecological malignancy, and the mortality rate (3.1%)
was similar to that reported by Krawczyk et al. (7). Van Le
et al. (22) reported that the mortality rate in gynaecological
oncology patients was 78% when the APACHE-Il score
was higher than 20 and 3% when it was lower than 20.
Considering the mean APACHE-II score of our patient
population in our study, our results confirm the analysis of
Van Le et al. (22) The causes of mortality in our study were
massive pulmonary embolism, sepsis and disseminated
intravascular coagulation. Although the mortality rate
was low, it should be kept in mind that this patient group
is vulnerable to serious complications that may result in
mortality and patients should be closely monitored in this
respect.

In this patient group, dehydration, hypotension due to
large intraoperative blood loss and the need for vasopressor
agents may develop. Perioperative hypotension is known to
be associated with unfavourable postoperative outcomes and
increased mortality (23). Therefore, careful monitoring of the
need for fluid resuscitation and blood product replacement to
prevent hypotension is very important to prevent mortality. In
our study, 45.6% of the patients received blood transfusion
and vasopressor agents were needed in only 2 patients
during postoperative period. In our clinic, we administer
fluid and blood product transfusion to our patients in the
peroperative period, including the preoperative period, taking
into account haemodynamic parameters and clinical findings.
One of the reasons for the low mortality rate may be the
careful fluid and blood resuscitation to prevent hypotension
in our clinic.

In our study, the length of ICU stay was generally
short (median 2 days). The ICU length of stay reported by
Heinonen et al. (5) was 5 days in both benign and malignant
cases. Leath et al. (16) reported a median ICU length of stay
of 2.2 days, which is similar to the results of our study. In
a systematic review of patients undergoing gynecological
oncology surgery, Thomakos et al. (19) reported that age,
high CCl and blood loss levels and long operation time were
associated with prolonged ICU stay. In a study of 95 patients
to determine perioperative variables associated with length
of stay in the surgical ICU and total cost of hospitalisation to
optimise resource utilisation in patients operated for ovarian
cancer, patient age >63 years was significantly associated
with ICU stay >48 hours. In a multivariate analysis, Diaz-
Montes et al. (24) showed that an albumin level <3.5 g/
dL was significantly associated with prolonged ICU stay. In
these studies, patients with ovarian cancer were evaluated
in general. In our study, there were 9 patients with ICU
length of stay of 3 days or more, and CCl, lactate and base
deficit levels were higher and albumin values were lower in
this patient group. In our study, the majority of our patient
population consisted of patients with ovarian cancer, but
there were also patients who underwent surgery for other
gynecological cancers. Therefore, there may have been
differences between the results of our study and the
reported data in terms of factors that may cause prolonged
hospitalisation.

This study has several limitations. It was a retrospective
single centre study. We analysed data and ICU interventions
without long-term outcomes and did not include the stage
of neoplastic disease, which was outside the scope of the
article. We are aware that the sample was not large enough
to make a definitive conclusion about the outcomes of
patients admitted to the ICU after gynaecological cancer
surgery.

Conclusion

The most common indication for ICU follow-up after
elective gynaecological oncology surgery is hemodynamic
instability with low ICU mortality and short length of stay
in general. However, ICU length of stay is longer in patients
with low albumin level, comorbidity, high lactate and base
deficit. Prospective studies with larger patient cohorts are
needed to identify factors associated with ICU length of stay
and to improve patient management and outcomes.
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Research Hospital, Antalya, Turkey (decision no: 18/3 date:
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